. —

'ﬁfja SS FOR THE PRODUCTI ON OF 1, 4- CYCLOHEXANEDI METHA
Fi egft-of the invention This |nvent|on relates to a process

pr oBucti on qf 1 , 4-cycl ohexanedi met hanol . Background of the invention

E>y

Y

“ ) {pﬁj'égﬁ\yj

T P'LA( rl_)
PROCESS

rield of the invention

This invention relates to a process for the
production of 1,4-cyclohexanedimethanol.
Background of the invention

1, 4-cyclohexanedimethanol is used to prepare highly
polymeric linear condensation polymers by reaction with
terephthalic acid and is useful as an intermediate in the
preparation of certain polyester and polyester amides. The
use of 1,4-cyclohexanedimethanol for such purposes is
disclosed in, for example, US-A-2901466. This document
teaches that the trang-isomer of polycyclohexylene-
dimethylene terephthalate has a higher melting point range
(315°-320°C) than the corresponding cis-isomer (260°-267°C).

One method for preparing 1,4-cyclohexanedimethanol
(hexahydroterephthalyl alcohol) involves the hydrogenation
of diethyl 1,4-cyclohexanedicarboxylate (diethyl
hexahydroterephthalate) in a slurry phase reactor in the
presence of a copper chromite catalyst at a pressure of 3000
psia (about 206.84 bar) and a temperature of 255°C, as is
described in Example 3 of US-A-2105664. The yield is said
to be 77.5%.

The hydrogenation of dimethyl 1,4-cyclohexane-
dicarboxylate (DMCD) to 1,4-cyclohexanedimethanol (CHDM) is
shown below in equation (1) :-

0
CH,0-C 4<::>> -OCH; + 4H, ¥==> HO- c32<<::>>CH2 -OH + 2CH,OH

1,4-DMCD 1,4-CHDM (1) .
The two geometrical isomers of CHDM thus produced are:
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The resulting 1,4-cyclohexanedimethanol product is
a mixture of these two isomers which have different melting
points. As reported on page 9 of the book "Fiber Chemistry"
edited by Menachem Lewis and Eli M. Pearce, published by
Marcel Dekker, Inc.: "Both the alicyclic ester [i.e.
dimethyl 1,4-cyclohexanedicarboxylate] and the alicyclic
diol [i.e.l,4-cyclohexanedimethanol] exist in two isomeric

forms, cis ... and trans ..., that are not interconvertible
without bond rupture”. The passage continues later:

"Control of the [gis-:trans-] ratio is important ({in 1,4-
cyclohexanedimethanol] since many polymer and fiber
properties depend on it".

The gis-isomer of 1, 4-cyclohexanedimethanol has a
melting point of 43°C and the trans has a melting point of
67°C. The higher melting point trans-isomer is often
preferred over the cis-isomer for use as a reagent in the
preparation of polyester and polyester-amides if a high
melting point for such materials is considered desirable.
As noted above, the trans-isomer of a typical polyester,
such as trans-polycyclohexylmethyl terephthalate, has a
higher melting point than the cig-isomer. Hence, for
example, US-A-5124435 discloses a polyester copolymer, the
1,4-cyclohexanedimethanol content of which has a trans-
isomer content of at least 80 mole %, and which has a high
heat resistance. The preferment of trans-1,4-cyclohexanedi-
methanol over cis-1,4-cyclohexanedimethanol is also
discussed in US-A-2917549, in US-A-4999090 and in GB-A-
988316.

A liquid phase process.for the production of 1,4-
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cyclohexanedimethanol by plural stage hydrogenation of
dimethyl terephthalate is described in US-A-3334149. This
utilises a palladium catalyst to effect hydrogenation of
dimetpyl terephthalate to dimethyl 1,4-cyclohexanedi-
carboxylate, followed by use of a copper chromite catalyst
in the liquid phase to catalyse the hydrogenation of that
diester to 1,4-cyclohexanedimethanol. In the procedure
described in Example 1 of that patent specification a
residence time of about 40 to 50 minutes is used in the
second stage of this process. The activity of the copper
chromite catalysts recommended in US-A-3334149 is such that
long residence times are required.

In a liquid phase process for the production of
1,4-cyclohexanedimethanol, such as is disclosed in US-A-
3334149, the trans-:cis- isomer ratio of the product 1,4-
cyclohexanedimethanol will tend towards an equilibrium
value. This equilibrium value has been reported variously
and may lie between about 2.57:1 (trxans-:cis- 1,4-
cyclohexanedimethanol) (as reported in GB-A-988316) and
about 3:1 (as reported in US-A-2917549). However, the
starting material, dimethyl 1,4-cyclohexanedicarboxylate, is
generally commercially obtainable as a mixture of c¢cis- and’

D trans-isomers wherein there is a preponderance of the cis-
isomer. Thus in a typical commercial grade of dimethyl 1,4-
cyclohexanedicarboxylate the trans-:cig- isomer ratio is
from about 0.5:1 to about 0.6:1. Moreover, the rate of
approach to the equilibrium product composition during the
hydrogenation process is slow in the liquid phase. Liquid
phase hydrogenation of a typical commercial grade of
dimethyl 1,4-cyclohexanedicarboxylate according to the
teaching of the prior art therefore provides a process
wherein the rate of approach to the appropriate trans-:cis-
isomer equilibrium ratio for 1,4-cyclohexanedimethanol,
reported to be about between 2.57:1 and about 3:1, is very
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slow. Hence in a commercial liquid phase process the
requirement, in terms of operating and catélyst consumption
costs, for high reactor throughput conflicts with the
requirement for a product which contains a high proportion
of the trans-isomer.

Attempts to deal with the problem of the presence
of an excess of the less desirable ¢is-1,4-cyclohexanedi-
methanol isomer in any process for 1,4-cyclohexanedimethanol
manufacture have focused on the isomerisation of the gisg-
isomer of cyclohexanedimethanol to the trans-isomer thereof.

US-A-2917549 discloses a process for isomerising
¢ig-1,4-cyclohexanedimethanol to trans-1,4-cyclchexanedi-
methanol which comprises heating ¢is-1,4-cyclohexanedi-
methanol at a temperature of at least 200°C in the presence
of an alkoxide of a lower atomic weight metal such as
lithium, sodium, potassium, calcium or aluminium.

However, the process of US-A-2917549 necessarily involves a
two-stage process wherein the initial gcig-/trans- 1,4-
cyclohexanedimethanol hydrogenation product is recovered
from the hydrogenation zone and subjected to temperatures in
excess of 200°C in the presence of a metal alkoxide catalyst
under an atmosphere of nitrogen. The capital and

‘ operational costs associated with a plant designed to carry
out the process taught in US-A-2917549 would be undesirably
high. Another disadvantage of such a plant is the
asgsociated hazard relating to the use of metal alkoxides as
catalysts in the isomerisation zone. Such catalysts are
required to effect the isomerisation, which is reported not
to occur under typical hydrogenation conditions using
hydrogenation catalysts such as copper/chrome or Raney
nickel catalysts, according to the teaching of Example 11 of
US-A-2917549. Furthermore, steps would be required to
prevent product contamination by the metal alkoxide
catalyst.
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jsomerisation of cis-1,4-cyclohexanedimethanol by
distillation in the presence of an alkali metal hydroxide or
alkoxide at a temperature of between 150°C and 200°C and at
a pressure of between 1 mm Hg and 50 mm Hg (between 1.33
millibar and 66.5 millibar). This process has very similar
disadvantages to those of US-A-2917549.

GB-A-988316 teaches a process for the preparation
of trans-1,4-cyclohexanedimethanol in which a mixture of
cis- and trans-isomers of dimethyl hexahydroterephthalate
(i.e. dimethyl 1,4-cyclohexanedicarboxylate) is hydrogenated
at elevated temperature and pressure in the presence of a
Cu/2Zn catalyst. Trans-1,4-dimethylolcyclohexane (i.e.
trans-1,4-cyclohexanedimethanol) is separated by
crystallisation from the reaction product and then the
residual product, now enriched in gis-1,4-cyclohexanedi-
methanol, is recycled to the hydrogenation zone whereupon it
undergoes isomerisation to a g¢is-/trans- 1,4-cyclohexanedi-
methanol mixture. The recycle procedure may be repeated to
obtain a 1,4-cyclohexanedimethanol product containing the
trans-isomer in substantial excess. However, the process
according to GB-A-988316 is more preferably operated under
conditions such that recycled cis-isomer enriched product is
combined with fresh dimethyl 1,4-cyclohexanedicarboxylate
feed on re-entry to the hydrogenation zone. The
effectiveness of recycling the cis-isomer to the
hydrogenation zone is largely a result of the dual function
of the copper/zinc catalyst which possesses both a
hydrogenating and an isomerising catalytic action. As would
be expected from thermodynamic principles, the isomerising
action is most effective when a mixture containing a
preponderance'of the cis-isomer is recycled to the
hydrogenation zone. However, recycling the gis-isomer in
this way is acknowledged to cause a new problem, that of the
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formation of unwanted by-products, such as l1-methyl-4-
hydroxymethylcyclohexane, which may be formed by operating
the hydrogenation reaction under too severe conditions. To

minimise the formation of such by-products, the
hydrogenation zone may be operated under "relatively mild
conditions", according to the teaching of GB-A-988316 (see,
for example page 2, lines 55 to 79 of GB-A-988316).
However, such mild conditions reduce the achieved conversion
of dimethyl 1,4-cyclohexanedicarboxylate with the result
that, for any one pass through the hydrogenation zone, a
significant quantity of dimethyl hexahydroterephthalate
(dimethyl 1,4-cyclohexanedicarboxylate} remains unconverted.
By the term "relatively mild conditions" is meant a
temperature of at least 200°C, preferably between 240°C and
300°C, and a pressure of 200 to 300 atmospheres (202.65 bar
to 303.98 bar), according to page 2, lines 26 to 32 of GB-A-
988316. The use of such high pressures at these elevated
temperatures can be hazardous, besides requiring reactors
with thick walls and flanges of special alloy constructed to
withstand such extreme pressures. Hence it is expensive to
construct a plant to operate at pressures as high as
envisaged in GB-A-988316. Furthermore it is potentially

j’ hazardous to operate a plant operating at 200 atmospheres
(202.65 bar) or above, as well as being very expensive, not
only in terms of the capital cost of the plant but also with
regard to operating costs. A substantial proportion of this
capital cost is associated with the rigorous safety
precautions that must be taken when operating a high
pressure conventional commercial scale hydrogenation plant.
It is also expensive to compress gaseous streams to such
high pressures and to circulate them through the plant.

Although there is a passing reference (see page 1,

line 84 of GB-A-988316) to use of "the gaseous phase", even
at temperatures of 300°C both gis- and trans- dimethyl
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hexahydroterephthalate would be in the liquid phase at
pressures of 200 to 300 atmospheres (202.65 bar to 303.98
bar) at the hydrogen:ester ratio envisaged in the Examples.
Thus in each of the Examples of GB-A-988316 liquid phase
conditions are used. According to Example 4, which uses a
feed mixture containing dimethyl hexahydroterephthalate
(i.e. 1,4-dimethyl cyclohexanedicarboxylate), and methanol
such as might be used in a recycling process, the isomers
present in the diol in the hydrogenation product are stated
to represent an equilibrium mixture of about 72% of the
trans- and about 28% of the cis-isomer, i.e. a trans-:cis-
ratio of about 2.57:1.

It is known to effect hydrogenation of certain
esters and diesters in the vapour phase. For example it has
been proposed to use a reduced copper oxide/zinc oxide
catalyst for effecting hydrogenation of esters in the vapour
phase. 1In this connection attention is directed to GB-B-
2116552. Also of relevance is WO-A-90/8121.

It is further known to produce diols, such as
butane-1,4-diocl, by catalytic hydrogenation of esters of
dicarboxylate acids, such as a dimethyl or diethyl ester of
maleic acid, fumaric acid, succinic acid, or a mixture of

’ two or more therecf. Such processes are described, for
example, in GB-A-1454440, GB-A-1464263, DE-A-2719867, UsS-A-
4032458, and US-A-4172961.

Production of butane-1,4-diol by vapour phase
hydrogenation of a diester, typically a dialkyl ester, of a
C4 dicarboxylic acid selected from maleic acid, fumaric
acid, succinic acid, and a mixture of two or more thereof
has been proposed. In such a process the diester is
conveniently a di-(C; to C, alkyl) ester, such as dimethyl
or diethyl maleate, fumarate, or succinate. A further
description of such a process can be found in US-A-4584419,
EP-A-0143634, WO-A-86/03189, WO-A-86/07358, and WO-A-
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pre activity of the copper chromte catalysts recomended in

334149 is such that long residence tinmes are required. In a liquid

P process for the production of 1 ,4-cycl ohexanedi net hanol, such as is
osed in US-A-3334149, the trans -C S isoner ratio of the product

1, 44cycl ohexanedi met hanol will tend towards an eqU|I|br|un1vaIue Thi s

equ - libriumvalue has been reported variously and ey ; meen about

| 88/00937.

! In all of the above-mentioned vapour phase

. processes the esters or diesters all have a vapour pressure
which is high compared to the vapour pressure of dimethyl
1,4-cyclohexanedicarboxylate and 1,4-cyclohexanedimethanol.
Summary of the Invention

It is accordingly an object of the present

invention to provide a process for the production of
cyclohexanedimethanol by hydrogenation of a dialkyl (e.g.
dimethyl) cyclohexanedicarboxylate which can be operated
with substantially increased safety and operating economy at
relatively low pressures. Another object of the invention
is to provide a process for production of 1,4-
cyclohexanedimethanol by hydrogenation of a di-(C; to C,
alkyl) cyclohexanedicarboxylate, such as dimethyl 1,4-
cyclohexanedicarboxylate, wherein the hydrogenation step
yields directly a 1,4-cyclohexanedimethancl product with a
higher transg-:cis- isomer ratio than is achievable by
conventional hydrogenation methods. Hence it is a still
further object of the invention to avoid the increased
capital and operating costs of the prior art processes
mentioned above which require the use of extreme
hydrogenation conditions or a separate isomerisation step.
It is also an object of the present invention to provide a
process wherein a mixture of cis- and trans- isomers of
dimethyl 1,4-cyclohexanedicarboxylate is reacted rapidly
with high conversion and high selectivity to a mixture of
cig- and trang-isomers of 1,4-cyclohexanedimethanol wherein
the trans-isomer is present in excess of the cig-isomer. An
additional object of the invention is to provide a process
for the production of 1,4-cyclohexanedimethanol which can be
operated so that a product having a particular desired
trans-:cis- isomer ratio, which may be changed at will from
time to time, can be produced from a given dimethyl 1,4-
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“in GB-A-988316) and about 3:1 (as reported in US-A-2917549).

e starting material, dinethyl 1.4-cyclohexanedi carboxylate, is
‘comercially obtainable as a m xture of Cis- and trans-isomers
ere is a preponderance of the G s-isoner. T ' i cal

i §l grade of dimethyl 1 ,4-cyclohexanedi carboxy HISa$RERrhead sang]C S
rfptio is fromabout 0.5:1 to about Q, 6:1. Mor er , REPeAgrat e of
to the equilibrium product conpdéi%i?m1 during the hydrogematton
is slowin the Iiquid phase. Liquid phase hydrogenation of a typ-

rcial grade of dinmethyl 1 ,4-cyclohexanedi carboxylate accordin
eachbyatPRRX3nRA HF 3 BPO%Y aQqK§Q§Qﬁqu#(} One more géject of the J

invention is to provide a process for the production of a

cyclohexanedimethanol product having a desired trans-:cis-

isomer ratio from a variety of dimethyl
cyclohexanedicarboxylate feedstocks having different trans-

:cis- isomer ratios in the feedstocks. Yet another object
of the present invention is to provide a process for the
production of 1,4-cyclohexanedimethanol which can be
operated for extended periods of time during which the
hydrogenation catalyst can lose activity whilst continuing
to yield a product with a substantially constant desired

trans-:¢is ratio.

According to the present invention there is
provided a continuous process for the production of 1,4-
cyclohexanedimethancl having a desired or predetermined
trans-:cis- isomer ratio by catalytic hydrogenation of a
dialkyl 1,4-cyclohexanedicarboxylate in the presence of an
ester hydrogenation catalyst, which process is capable of
being operated for an extended period of time during which
the hydrogenation catalyst declines in catalytic activity,
said process comprising:

(a) providing a hydrogenation zone containing a charge
of a granular hydrogenation catalyst capable of catalysing
the hydrogenation of esters;

{b) determining a Reference Activity (RA) of the
granular hydrogenation catalyst by measuring the extent of
conversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1,4-cyclohexanedimethanol in passage of a reaction mixture
comprising the dialkyl 1, 4-cyclohexanedicarboxylate and a
hydrogen-containing gas through the granular hydrogenation
catalyst at a preselected feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio;

e
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procegs for 1 ,4-cyclohexanedi net hanol manufacture have focused on the
i somefi sagj on of detexminingan Effective Residence Time (ERT) for

contact of the reaction mixture at the preselected feed
remperature and feed pressure with the granular
hydrogenation catalyst at the reference activity thereof
which produces 1,4-cyclohexanedimethanol having the desired
trans-:cis- isomer ratio;

(4) forming a vaporous feed stream comprising the
dialkyl 1,4-cyclohexanedicarboxylate and a hydrogen-
containing gas having a preselected hydrogen-containing
gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio;

(e) feeding the vaporous feed stream to the
hydrogenation zone at a substantially constant temperature
of from about 150°C to about 350°C and which is above the
dew point of the feed stream and at a substantially constant
pressure in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar) at a rate which
corresponds to an Actual Residence Time (ART) of the feed
stream in contact with the catalyst which yields 1,4-
cyclohexanedimethanol of the desired trang-:cis- isomer
ratio;

(£) recovering from the hydrogenation zone a product
stream containing 1,4-cyclohexanedimethanol;

(@) monitoring the Actual Activity (AA) of the granular
hydrogenation catalyst with passage of time by measuring the
extent of conversion of the dialkyl 1,4-cyclohexanedi-
carboxylate to 1,4-cyclochexanedimethanol under the actual
operating conditions of feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio; and

(h) adjusting at least one feed condition of the
vaporous feed stream to the hydrogenation zone selected from
(i) the dialkyl 1,4-cyclchexanedicarboxylate feed rate and
(ii) the hydrogen-containing gas:dialkyl 1,4-cyclohexanedi-
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ohexanedi net hanol to the trans-isoner thereof. US-A-2917549
di scl os a process for isomerising G S-1,4-cydohexanedi met hanol to
trans- 1,@- cycl ohexaned- inethanol which cronprises
C S- 1, 4&ycl ohexanedi net hanol at a tenperature of
presenc@g of an al koxide of a | ower atom c wei ght
sodi um fpotassi um cal ci um or al um nium However, '
US- A- 2937549 necessarily involves a two~sifage process mhereln the initial
C S-/trlans- 1, 4-cycl ohexaned- inethanol hydrogenation product is recovered
fromthe hydrogenation zone and subjected to tenperatures in excess of

carboxylate molar ratio while maintaining the feed stream
above its dew point to provide an Actual Residence Time

mer of

(ART) of the vaporous feed stream in contact with the
catalyst which corresponds to the Effective Residence Time
(ERT) required to provide 1,4-cyclohexanedimethanol having
the desired trans-:cis- isomer ratio in accordance with the
relationship:
ERT x RA
Y'Y

As used herein, the term "residence time" means the
time taken for the vaporous feed stream at the feed
temperature and feed pressure to the hydrogenation zone to
j pass through the empty volume of reactor occupied by the
! catalyst.

/ The choice of preselected feed conditions under which
to determine the Reference Activity (RA) is at the

/ discretion of the person skilled in the art. It is

I

i

convenient to use for this purpose a set of feed conditions
! which approximates to the set of feed conditions to be used
: at the beginning of catalyst life.

In practice the activity of the catalyst may not be

the same at any given time throughout the catalyst charge.
‘ However, what matters to the plant operator in selecting
appropriate operating conditions is the owverall activity of
the catalyst charge. A convenient yardstick of the activity
of a catalyst charge is the extent of conversion of the
dialkyl 1,4-cyclohexanedicarboxylate in the reaction mixture
in passage through the catalyst charge. Changes in the
extent of conversion under substantially constant reaction
conditions in the hydrogenation zone betocken a change in the
activity of the catalyst charge. Thus, for example, if the
extent of conversion of the dialkyl 1,4-cyclohexanedi-
carboxylate falls from 95% under a given set of operating
conditions to 90% with passage of time and the operating
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200[errfC in the presence of a netal al koxide catal yst under an atnosphere
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catal ysts, according to the teaching of Exanple 11 of US- A- 2917549,
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purposes of the present invention that the catalyst charge
has lost half its activity. If the conversion under

particular conditions at the reference activity is 99% and
the conversion later drops to 97%, then the percentage of
unconverted dialkyl 1,4-cyclohexanedicarboxylate has tripled
and the actual activity of the catalyst charge at that later
time will be 0.33, taking the reference activity as 1.0.

The dialkyl 1,4-cyclohexanedicarboxylate preferably
is a di-(Cy to C, alkyl) 1,4-cyclohexanedicarboxylate, such
as dimethyl, diethyl, di-n- or -iso-propyl, or di-p-, -iso-
or -gec-~-butyl 1,4-cyclohexanedicarboxylate, or, more
preferably, dimethyl 1,4-cyclohexanedicarboxylate.

The invention is predicated on the discovery that,
at a given temperature and pressure, the rates of
hydrogenation of the dialkyl 1,4-cyclohexanedicarboxylate
and isomerisation of 1,4-cyclohexanedimethanol are
substantially the same, so that at a given conversion of
dialkyl 1,4-cyclohexanedicarboxylate one will achieve a 1,4-
cyclohexanedimethanol product having a given trans-:cis-
isomer ratic. The benefits afforded by the invention
‘ include the ability (1) to maintain a constant trans-:cis-
J.' isomer ratio in the 1,4-cyclohexanedimethanol product
throughout the operating life of the catalyst and (2) to
vary the trans-:cig-isomer ratio in the 1,4-cyclochexanedi-
methanol product over a wide range, e.g. from about 1:1 to
about 3.84:1. Thus, not only is the conversion of the
dialkyl 1,4-cyclohexanedicarboxylate to the 1,4-cyclohexane-
dimethanol, extremely rapid under the vapour phase
hydrogenation conditions used, requiring only a matter of a
few seconds for substantially complete conversion tc occur,
but also the approach of the isomerisation of 1,4-
cyclohexanedimethanol to equilibrium that occurs in passage
through the hydrogenation zone is comparably rapid. This is
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t he net alM
i soneri sa
presence

koxi de catal yst US- A-4999090 di scl oses a process for the

of G S-1, 4-cycl ohexanedi net hanol by distillation in the

an al kali netal hydroxide or al koxide at a tenperature of

between 158[err]C and 200[err]C and at a pressure of between 1 nmm Hg and 50

mm Hg (bet
simlar di

process f

m xture off G S

L

en 133 mllibar and 66.5 mllibar). This process has very
advan- tages to those of US-A-2917549. GB-A-9
t he preparation of trns-1,4-cyclggexanedinet ano

a

]

a surprising finding since two separate reactions are
involved. Thus a close approach to the equilibrium
trans-:cis- 1,4-cyclohexanedimethanol ratio, at a constant
temperature, as well as essentially complete conversion of
dialkyl 1,4-cyclohexanedicarboxylate to 1,4-cyclohexane-
dimethanol, can be achieved by using a residence time of
less than about a minute of the reaction mixture in the
hydrogenation zone, typically in the range of from about 2
to about 15 seconds. This residence time is in stark
contrast to the extended residence times recommended in the
liquid phase hydrogenation processes of the prior art, such
as the 40 to 50 minutes residence time used in Example 1 of
US-A-3334149. '
The process of the invention is operated using
vaporous feed conditions with the feed stream being fed to
the hydrogenation zone in step (e) in essentially liquid
free vaporous form. Hence the feed stream is fed to the
hydrogenation zone at a feed temperature which is above the
dew point of the mixture. The process can be operated so
that vapour phase conditions will exist throughout the
hydrogenation zone. However, when using dimethyl 1,4-
cyclohexanedicarboxylate as starting material, the product,
1,4-cyclohexanedimethanol, is less volatile than the
starting material, dimethyl 1,4-cyclohexanedicarboxylate.
Thus there is, in this case, the possibility of condensation
of a 1,4-cyclohexanedimethanol-rich liquid occurring on the
catalyst, particularly if the temperature of the feed stream
is close to its dew point. Such condensation of a 1,4-
cyclohexanedimethanol-rich liquid on the catalyst is not
deleterious in the process of the invention because the heat
of hydrogenation of any dimethyl 1,4-cyclohexanedi-~
carboxylate present in the 1,4-cyclohexanedimethancl-rich
liquid can be dissipated by the heat sink effect of the 1,4-
cyclohexanedimethanol. However, it is essential that the

This Sheet Has Been Replaced

L




~and oners of dinmethyl hexahydroterephthalate (i.e. dinethyl
1,4-cy9y exanedi car boxyl ate) is hydrogenated at el evated tenperature and
pressur n the presence of a Cu/Zn catalyst. Trans-1

, 4- di nret@yl ol cycl ohexane (i.e. trans- 1, 4-cycl ohexanedi nethanol) is
separ at by crystallisation fromthe reaction product and then the
resi dual { product, now enriched in G S 1, 4-cycl ohexanedi net ]
recycled to the hydrogenation zone whereupon it undergoeq i
to a GS/trans- 1,4-cyc|ohexanedinethaﬁoﬁ4nrxture. The r
may be repeated to obtain a 1,4- cycl ohexanedi net hanol product containing

the tran-isoner in substantial excess. However, the process according to
feed stream be at a temperature above its dew point at the

inlet end of the catalyst bed if the advantage of vapour
phase feed conditions is to be realised. The use of vapour
phase feed conditions in the process of the invention has
the advantage that, compared with liquid phase operation of
the process, generally lower operating pressures can be

used. This generally has a significant and beneficial
effect not only on the construction costs but also on the
operating costs of the plant.

Care has to be taken that contact of droplets of a
dimethyl 1,4-cyclohexanedicarboxylate-rich liquid with the
catalyst is avoided because this can cause severe localised
overheating of, and damage to, the catalyst due to the
exothermic nature of the ester hydrogenation reaction. 1In
conventional liquid phase hydrogenation processes this
danger is obviated by flooding the catalyst with liquid and
by feeding the dimethyl 1,4-cyclohexanedicarboxylate to the
hydrogenation zone in admixture with an inert diluent,
conveniently 1,4-cyclohexanedimethanol.

In the hydrogenation zone the hydrogenatable
material undergoes extremely rapid hydrogenation to yield
1,4-cyclohexanedimethanol according to equation (1) above.

' In addition, a fast isomerisation reaction occurs under the
hydrogenation conditions used. Hence a feedstock rich in
cis-dimethyl 1,4-cyclohexanedicarboxylate tends to yield a
1,4-cyclchexanedimethanol product that has a higher content
of the trans-isomer thereof than the trans-content of the
diester starting material. If the hot reaction mixture is
passed over the hydrogenation catalyst at a suitable rate,
then the trang-:¢is- isomer ratio of the 1,4-

cyclohexanedimethanol present in the reaction product
mixture approaches the equilibrium value for vapour phase
hydrogenation conditions. In the case of hydrogenation of
dimethyl 1,4-cyclohexanedicarboxylate we have found that
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. ”iﬁis nore preferably operated underconditions such that recycled
C S-iso Fenriched product is conbined with fresh dinethyl 1
,4-cyc|o; 'anedlcarboxytate feed on re-entry to the hydrogenatlon zone. The

possesses both a hydrogenating and an isonerising catal yt4e :
woul d be expected fromthernmodynam c prisa-18iples, the isonerising ac
is nost effective when a m xture containing a preponderance of the

C S-isoner is recycled to the hydrogenati on zone. However, recycling the

G S-isoner chst BufiMpridmaekb9y €d0eH tRe CAUGER HEVS PELP eM i fiat
ratio is significantly higher than the ratio of between
2.57:1 and 3:1 which is reported to be achieved under liquid
phase reaction conditions when using a cis-rich dimethyl
1,4-cyclohexanedicarboxylate as feedstock.

If the hydrogenatable material comprises

substantially pure trans-dimethyl 1,4-cyclohexanedi-
carboxylate, then some gis-1, 4-cyclohexanedimethanol will be

formed. 1In this case the trans-:cig-isomer ratio of the

resulting 1,4-cyclohexaned1methanol product may be higher
than about 3.84:1 but will tend toward the equilibrium
trans-:gis-isomer ratio, i.e. about 3.84:1, with increasing
residence time in the hydrogenation zone.

The dialkyl 1,4-cyclohexanedicarboxylate supplied
to the hydrogenation zone may comprise substantially pure
cis-dimethyl 1,4-cyclohexanedicarboxylate, trans-dimethyl
1,4-cyclohexanedicarboxylate, or a mixture of the cig- and
trans- isomers thereof in any ratio. The molar ratio of
trans-dimethyl 1,4-cyclohexanedicarboxylate to gis-dimethyl
1,4-cyclohexanedicarboxylate in any such mixture may be in
the range of from about 0.01:1 to about 1000:1, preferably
in the range of from about 0.05:1 to about 1:1.

.. Dimethyl 1,4-cyclohexanedicarboxylate is
commercially available as high purity dimethyl 1,4-cyclo-
hexanedicarboxylate, technical grade dimethyl 1,4-cyclo-
hexanedicarboxylate, cis-dimethyl 1,4-cyclohexanedi-
carboxylate, or trans-dimethyl 1,4-cyclohexanedicarboxylate.
The preferred feedstock for the process of the invention is
technical grade dimethyl 1,4-cyclohexanedicarboxylate, as
the high purity, cig-, and transg- grades of dimethyl 1,4-
cyclohexanedicarboxylate require additional purification
stages in the course of their production. 1In a typical bulk
sample of commercially available dimethyl 1,4-cyclochexane-
dicarboxylate the trans-:cis- isomer ratio is from about

—_—
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of t ‘ormati on of unwanted by-products. such as 1

- 4- hydr oxynet hyl cycl ohexane, which may be fornmed by operating the
hydr og#nati on reacti on under too severe conditions. To minimse the
formation of such by-products, the hydrogenation zone nay be operated under
"relatively mld conditions", according to the teaching of GB-A- 988316
(see, for exanple page 2, lines 55 to 79_0{5GB'A'988316)- However, such
mld conditions reduce the achi eved conver-"sion of diEify—L

, 4-cycl ohexanedi carboxyl ate with the result that, for ‘oREEPars sAEolgh

the hydroggnatiop zone, a significant quantity of di netR
hexahydrotgr phtﬁatﬁggufdpnﬁfﬁyl 1, 4- cycl ohexanedi car boxyl ate) renmarns™
unconvert ed. When designing a plant to operate according to the

teachings of the present invention it is necessary to decide
on the volume of catalyst to be used for a projected
production rate of a 1,4-cyclohexanedimethanocl product
having a trans-:¢is- isomer ratio which corresponds to a
desired approach to the equilibrium value of about 3.84:1.
This volume will normally be selected to be sufficient to
provide the desired extent of conversion in order that the
trans-:cis- isomer ratio in the 1,4-cyclohexanedimethanol
product shall achieve that desired approach not only at the
beginning of the campaign when the catalyst can be expected
to be at its most active but also at the end of the useful
life of the catalyst. Placing the hydrogenation catalyst in
two or more hydrogenation zones which can be operated
singly, in series, or in parallel will give the plant
operator the greatest flexibility. In selecting a suitable
catalyst volume the plant designer should also consider the
size of the gas supply compressor, the gas recycle
compressor, and the associated pipework.
The hydrogen-containing gas used in the process may
comprise fresh make-up gas or a mixture of make-up gas and
‘.. recycle gas. The make-up gas can be a mixture of hydrogen,
opticnal minor amounts of components such as CO and CO,, and
inert gases, such as argon, nitrogen, or methane, containing
at least about 70 mole % of hydrogen. Preferably the make-
up gas contains at least 90 mole %, and even more preferably
at least 97 mole %, of hydrogen. The make-up gas can be
produced in any convenient manner, e.gl by partial oxidation
or steam reforming of natural gas followed by the water gas
shift reaction, and CO, absorption, followed possibly by
methanation of at least some of any residual traces of
carbon oxides. Pressure swing absorption can be used if a
high purity hydrogen make-up gas is desired. If gas recycle
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i m"relatively mld conditions" is neant a tenperature of at |east
200[ er . preferably between 240[err] C and 300[err]C, and a pressure of
200 to 0 at nospheres (202.65 bar to 303.98 bar), according to page 2,
lines 263to 32 of GB-A- 988316. The use of such high pressures at these
el evat edi!t enperatures can be hazardous, besides requiring.reactors with
thick walls and fl anges of speci al aIon constructed to fWHISSRRHTS
extreme pressures. Hence it is expensive t0l@orstruct a olannuygA (
pressures as high as envisaged in GB-A-988316. Furthernore
potentially hazardous to operate a plant operating at 200 atnDspheres

(202. 65 bar); Oneaha\%Ra % Weld ROdRSs"EhLar Y heXPeRsLYE: gh8t w@DhY i n

normally contain minor amounts of one or more products of

the hydrogenation reaction which have not been fully
condensed in the product recovery stage downstream from the
hydrogenation zone. Thus, when using gas recycle in the
process of the invention, the gas recycle stream will
typically contain a minor amount of an alkancl (e.g.
methanol) .

The process of the invention is operated at a feed
temperature of at least about 150°C and no higher than about
350°C. The feed temperature is preferably in the range of
from about 150°C to about 300°C, most preferably from about
200°C to about 260°C. '

The feed pressure is in the range of from about 150
psia (about 10.34 bar) up to about 2000 psia (about 137.90
bar) . Howéver, the benefits and advantages of vapour phase
feed conditions are best realised by using a feed pressure
of from about 450 psia (about 31.03 bar) up to about 1000
psia (about 68.95 bar).

The process requires that the vaporous feed stream
is above its dew point so that the dialkyl (e.g. dimethyl)
1,4-cyclohexanedicarboxylate is present in the vapour phase

'. at the inlet end of the or each catalyst bed. This means
that the composition of the vaporous feed mixture must be
controlled so that, under the selected operating conditions,
the temperature of the mixture at the inlet end of the or
each catalyst bed is always above its dew point at the
operating pressure. By the term "dew point” is meant that
temperature at which a mixture of gases and vapours just
deposits a fog or film of liquid. This dew point liquid
will normally contain all the condensable components of the

" vapour phase, as well as dissolved gases, in concentrations
that satisfy theé usual vapour/liquid criteria. Typically
the feed temperature of the vaporous feed mixture to the

e
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- 3- té*l of the capital regard to operating costs. A substanti al
proportifon of this capital cost is associated with the rigorous safety

precautions that nust be taken when operating a high pressure conventi onal
com

- 18 -

hydrogenation zone is from about 5°C up to about 10°C or
more above its dew point at the operating pressure.

A convenient method of forming a vaporous mixture
for use in the process of the invention is to spray liquid
dimethyl 1,4-cyclohexanedicarboxylate or a dimethyl 1,4-
cyclohexanedicarboxylate solution into a stream of hot
hydrogen-containing gas so as to form a saturated or
partially saturated vaporous mixture. Alternatively such a
vapour mixture can be obtained by bubbling a hot hydrogen-
containing gas through a body of the liquid dimethyl 1,4-
cyclohexanedicarboxylate or dimethyl 1,4-cyclohexanedi-
carboxylate solution. If a saturated vapour mixture is
formed it should then be heated further or diluted with more -
hot gas so as to produce a partially saturated vaporous
mixture prior to contact with the catalyst.

In the process of the invention the hydrogen-
containing gas:dialkyl 1,4-cyclohexanedicarboxylate molar
ratio, one of the driving forces for the hydrogenation and
isomerisation reactions, can vary within wide limits,
depending upon other process variables such as the feed
temperature and feed pressure employed and the activity of
the hydrogenation catalyst.

‘ In order to maintain the vaporous feed stream above
its dew point at the inlet end of the or each catalyst bed
at the operating pressure the hydrogen-containing
gas:dialkyl (e.g. dimethyl) 1,4-cyclohexanedicarboxylate
molar ratio is desirably at least about 10:1 up to about
8000:1, preferably in the range of from about 200:1 to about
1000:1. It is not, however, necessary that, when using
dimethyl 1,4-cyclohexanedicarboxylate as diester starting
material, the vaporous mixture in contact with all parts of
the or each catalyst bed should be so far above its dew
point as to prevent condensation.of a 1,4-cyclchexanedi-
methanol-rich liquid. (1,4-Cyclohexanedimethanol is less

—_——
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mer ci al al e hydrogenation plant. It is also expensive to conpress gaseous
streans to such high pressures and to cir- culate themthrough the plant.

Al t hough there is a passing reference (see page 1, line 84 of GB-A-988316)
to use of "the gaseous phase", even at tenperatures of 3 . both ,G S
and trans- dinethyl hexahydroteraphthal ate would be in the
pres- sures of 200 to 300 atnospheres (202.65 bar to 303 5
hydrogen ester ratio envisaged in the Exanpl a®. -Thus in each of t
Exanpl es of GB- A-988316 |iquid phase conditions are used. According to
Exanmpl e 4, which uses

volatile than dimethyl 1,4-cyclohexanedicarbexylate).
Although the process of the invention is operated
with the feed stream in the vapour phase, it is convenient

to express the feed rate of the dialkyl 1,4-cyclohexane-
dicarboxylate to the hydrogenation zone of step (e) of the
process as a space velocity through the hydrogenation
catalyst and to express that space velocity as a liquid
hourly space velocity. Hence it is convenient to express
the feed rate in terms of the ratio of the liquid feed rate
of the hydrogenatable material to the vaporisation zone to
the volume of the hydrogenation catalyst. Thus the
equivalent liquid hourly space velocity of the
hydrogenatable material through the hydrogenation catalyst™
is preferably from about 0.05 to about 4.0 h . 1In other
words it is preferred to feed the liquid hydrogenatable
material to the vaporisation zone at a rate which is
equivalent to, per unit volume of catalyst, from about 0.05
to about 4.0 unit volumes of hydrogenatable material per
hour (i.e. about 0.05 to about 4.0 m3h~1 per m3 of
catalyst). Even more preferably the liquid hourly space
velocity is from about 0.1 h™! to about 1.0 h™1
The Actual Residence Time of the reaction mixture
~ in contact with the hydrogenation catalyst is readily
calculated from the feed rate of the dialkyl 1,4-
cyclohexanedicarboxylate to the hydrogenation zone, from the
hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio, from the volume of catalyst in the
hydrogenation zone, and from the temperature and pressure in
the hydrogenation zone. 1If the plant includes two or more
hydrogenation zones connected in series or in parallel
downstream from the vaporisation zone, then the plant
operator can radically alter the effective volume of
catalyst by selecting how many zones should be in use at any
given time.
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a feed m xture containing dinmethyl hexahydroterephthalate (i.e. 1
cycl ohexanedi car boxyl ate), and net hanol such as m ght be used

. 4-di net hyl
in a recycl
hydr ogenat i

about 72% of the trans- and about 28% of the C S-isone
ratio of about 2.57: 1. It is known to effect hydrogen:

esters and

to use a reduced copper oxide/zinc oxide catalyst for effectlno

hydr ogenat i

i ng process, the isoners present in the dial in the
on product are stated to represent an eqU|I|br|un1n1xture of

diesters in the vapour phase. -Fa0 exanpl e i

on of esters in the vapour phase. In
The Actual Residence Time needed to produce from a

given dialkyl (e.g. dimethyl) 1,4-cyclohexanedicarboxylate
feedstock a 1,4-cyclohexanedimethanol product having a
desired trans-:cis- isomer ratio is dependent upon a number

of factors such as the dialkyl 1,4-cyclohexanedicarboxylate
feed rate, the hydrogen-éontaining gas:dialkyl (e.g.
dimethyl) 1,4-cyclohexanedicarboxylate molar ratio, and the
catalyst activity. Although the catalyst will tend to
decline in activity with passage of time in a commercial
plant, the rate of decline, although significant if measured
over a matter of months, is relatively slow. Thus it is
possible to establish the effects of changing the four most
important feed conditions, i.e. feed temperature, the feed '
pressure, the feed rate, and the hydrogen-containing
gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio, on
the trans-:cis- isomer ratio in the 1,4-cyclohexanedi-
methanol product experimentally over a period of time which
is sufficiently short for any change in catalyst activity to
be insignificant.

The activity of the catalyst at a reference time,
i.e. the Reference Activity (RA), which is conveniently
given the arbitrary value 1.0, is readily established either
in the laboratory or in an operating plant by measuring the
extent of conversion of a dialkyl (e.g. dimethyl) 1,4-
cyclohexanedicarboxylate in passage of the feedstock in a
vaporous feed stream in admixture with a hydrogen-containing
gas under a convenient set of standard operating conditions
using a known volume of catalyst. The Actual Activity (AA)
of the catalyst, which is conveniently expressed as a
decimal fraction of the Reference Activity (RA) (e.g. as
0.89, to take an arbitrary example), at any later time can
be determined by re-measuring the extent of conversion of
the dialkyl 1,4-cyclohexanedicarboxylate to 1,4-
cyclohexanedimethanol using the same operating conditions
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this connection attention is directed to GB-B-2116552. Also of relevance is
WO A-90/8121. It is further known to produce diols, such as

but ane-1, 4-diol, by catalytic hydrogenation of esters of dicarboxylate
acids, such as a dinethyl or diethyl ester of maleic acjid, fumaric aC|d
succinic acid, or a mxture of two or nore thereof. Sudhripkee -
descri bed, for exanpl e, in GB-A-1454440, GB-A-1464263. |DE- A FAL
US- A- 4032458, and US- A-4172961. Productj of butane-1
phase hydrogenation of a diester, typically a dialkyl ester, of a (Jerr]
di car bo-

and catalyst. From such operating data it is possible to
develop a body of data to enable the plant operator to
determine the Actual Activity of the catalyst under the
prevailing operating conditions without having to revert to
conditions corresponding to the preselected or standard
operating conditions under which the Reference Activity of
the catalyst was determined.

As the Actual Activity of the catalyst, determined
as described hereinabove, declines during extended operation
of the hydrogenation process, it is apparent that the Actual
I’ Residence Time (ART) will need to be increased in order to
maintain a given Effective Residence Time (ERT) according to
the relationship:

ERT x RA
AA.

The results of our experimental programme have
further shown that, by changing the operating conditions to
change the effective residence time, it is possible to
change the trans-:cis- isomer ratio in the 1,4-
cyclohexanedimethanol product to any desired value within a
wide range of values, e.g. from about 1:1 to about 3.84:1,
when using a dialkyl 1,4-cyclohexanedicarboxylate feedstock

ART =

. that has a txang-:gis-isomer ratio less than about 3.84:1,
e.g. a trans-:cis-isomer ratio of from about 0.5:1 to about

0.6:1. If a dialkyl 1,4-cyclohexanedicarboxylate feedstock
is used that has a trans-:cig-isomer ratio higher than about
3.84:1, for example if trans-dimethyl cyclohexanedi-
carboxylate is used as feedstock, then the trans-:cig-isomer
ratio in the 1,4-cyclohexanedimethanol produce may be higher
than about 3.84:1. A plant operator can utilise the
teachings of the invention to maintain a given trans-:cis-
isomer ratio in the 1,4-cyclohexanedimethanol product
throughout the life of a given catalyst charge despite
decline in its activity or to maintain this rutio despite
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xylic acid selected frommaleic acid, fumaric acid, succinic acid, and a
m xture of two or nore thereof has been pro- posed. In such a process the
diester is conveniently a di-(([err] to (Jerr] alkyl ester, such as

di rethyl or diethyl maleate, fumarate, or succinate. A further descrlptlon
of such a process can be found in US-A-4584419, EP—A—OlA
86/ 03189, WO A-86/07358, and WD A-80937. In all of the g
vapour phase processes the esters or diesters all have &
whi ch is high conpared to the vapour preSSure of dinethyl 1
, 4- cycl ohexanedi car boxyl ate and 1 , 4-cycl ohexanedi net hanol .

changes in the isomer content of the diester feedstock. It
also enables him to change the isomer ratio in the product
at will in response to changing product specification
requirements.

It will be appreciated that the effective residence
time appropriate to produce a desired trans-:cis- isomer
ratio in the 1,4-c§clohexanedimethanol product from one
particular feedstock, e.g. ¢ig- dimethyl 1,4-cyclohexane-
dicarboxylate, may not necessarily be the same for a
different feedstock, e.g. the trans- diester. Hence it may
' be necegsary to carry out one or more experiments for each

new feedstock that is used in order to determine for that
feedstock what are the particular combinations of effective
residence time and effective operating conditions required
to produce a particular trans-:cig- isomer ratio in the
product. Such effective operating conditions are typically
conditions selected ifrom within the ranges of feed
temperature, feed pressure, feed rate and hydrogen-
containing gas:dialkyl 1,4-cyclohexanedicarboxylate molar
ratio recommended for use in steps (d) and (e) of the
process of the invention. Having determined for one
feedstock what are appropriate operating conditions for one
) " feedstock having a particular trans-:¢cis- isomer ratio, then
if the new feedstock has only a slightly different isomer
ratio it may suffice to carry out only one test or a few
tests in order to determine with sufficient accuracy what
changes are needed to the operating conditions which were
appropriate for the former feedstock to achieve with the new
feedstock the desired new effective residence time which
will yield the desired isomer ratio. On the other hand, if
the new dialkyl 1,4-cyclohexanedicarboxylate feedstock
differs very markedly in its trans-:cis- isomer ratio from
that of the former feedstock, then a more extensive
experimental programme may be necessary to yield the
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Summary of the Invention It is accordingly an object of the present

I nvention to provide a process for the production of cycl ohexanedi net hanol
by hydrogenation of a dialkyl (e.g. dinethyl) cycl ohexanedi caboxyl ate which
can be operated with substantially increased safety and operating econony
at relatively | ow pressures. Another object of the invent 0_provide
a proc- ess for production of 1,4-cyclohexanedi net hanol
adi-(Cerr] to (Jerr] alkyl) cycl ohexanedi car boxyl at e,
1, 4- cycl ohexanedi car boxyl at e, wherein the2hydrogenati on step y|e S
directly a 1, -cyl ohexaned-

relevant data from which the new effective residence time
can be determined.

It is recognised by those skilled in the art that,
as catalyst activity declines, the feed temperature and/or
the feed pressure may be adjusted so as to improve the rate
of hydrogenation of dialkyl 1,4-cyclohexanedicarboxylate.
When increasing the feed temperature and/or feed pressure to
the hydrogenation zone, it is possible to use the same
relationship to control the trans-:cis- isomer ratio in the

product 1,4-cyclohexanedimethanol, except that now a

' different Effective Residence Time (ERT) will be required.
This new Effective Residence Time (ERT) can easily be
determined by monitoring the product trang-:cis-isomer
content and adjusting the Actual Residence Time (ART) as
necessary in order to achieve the desired trans-:cis-isomer
ratio in the product 1,4-cyclohexanedimethanol.

As the activity of the catalyst changes with time,
it is possible to alter the feed fate, without altering the
temperature, in order to change the effective residence time
and so maintain the molar conversion of dialkyl (e.g.
dimethyl) 1,4-cyclohexanedicarboxylate substantially at a
constant value. 1In this way changes in the feed rate can be

l' used to keep the trans-:cis- isomer ratio of the product
1,4-cyclohexanedimethanol substantially at a desired
constant value.

A further option is to increase the feed
temperature to the hydrogenation zone while reducing the
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio in order to maintain a constant approach to the
dew point of the feed stream. Thus, for example, it is
possible to increase the feed temperature of the feed
stream, a step which would increase the amount by which the
temperature exceeds the dew point of the feed stream if the

other operating conditions were not changed, and e
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I met hanol product with a higher trans-C S isonmer ratio than is achi evabl e
by conventional hydrogenati on nmethods. Hence it is a still further object
of the invention to avoid the increased capital and opergting costs of the
prior art proc- esses nentioned above which require the USEIO§ER TE
hydr ogenati on conditions or a separate isonerisation step. Ithg ff
obj ect of the present invention to provide ggprocess wherein s
cis- and trans - isoners of dinmethyl 1,4-cyclohexanedicarboxylate is
Efgcted &apldly wi th high converS|on and hi gh select|V|ty to a m xture of
- and trans sonmers. of_1 d met hanal ere
trans- |sonerﬁﬁ9%ﬁiﬂﬁﬁﬂsiﬁ %&8@?@1 q?ﬁ%%@F%QQ5ﬁnﬁP Fﬁﬁnﬁﬁﬁlgﬁgngﬁalkyl
1,4-cyclohexanedicarboxylate molar ratio, a step which would
otherwise decrease the amount by which the dew point of the

feed stream exceeds its dew point if the other operating

conditions were not changed, so as to leave the difference
between the dew point and the feed temperature effectively
the same, i.e. so as to operate at a substantially constant
approach to the dew point. One skilled in the art will
recognise that, when changing feed temperature to the
hydrogenation zone, a new effective residence time will be

~ required in order to maintain the target trans-:cis- isomer
ratio in the 1,4-cyclohexanedimethanol product.

With passage of time the activity of the catalyst -
tends to decline. However, it has been found in the course
of our experimental programme that it is possible to
reactivate the catalyst by treating the partially
deactivated hydrogenation catalyst with a flow of a
hydrogen-containing gas, which is substantially free from
dialkyl (e.g. dimethyl) 1,4-cyclohexanedicarboxylate, under
appropriate temperature and pressure conditions. If such a
procedure is used in the course of a particular production
campaign, then the Actual Activity (AA) may be increased

- again and it may be necessary after such reactivation to
increase the feed rate and/or to reduce the residence time
from the corresponding values in use preceding the
reactivation procedure in order to re-achieve the effective
residence time and the desired extent of conversion of
dimethyl 1,4-cyclohexanedicarboxylate required to achieve
the desired trans-:cis- isomer ratio in the 1,4-cyclohexane-
dimethanol product.

In a particularly preferred process the dialkyl
1,4-cyclohexanedi¢arboxylate is a gis-rich isomer mixture
and the operating conditions are selected so as to produce a
1,4-cyclohexanedimethanol product in which the trans-:cis-
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object of the invention is to provide a process for the production of

1, 4- cycl ohexanedi nmet hanol which can be operated so that a product having a
particul ar desired trans- C S- isonmer ratio, which nay be changed at will
fromtinme to tinme, can be produced froma given dinethy
1, 4- cycl ohexanedi car boxyl at e feedstock One nore object of t é%mynﬁ%h'
to provide a process for the production of a cycl ohexanedi rthanQ&%
having a desired trans-:C S-isoner ratie Rsom a variety of di nEthy
cydohexanedi car boxyl at e feedstocks having different trans-C S isoner
ratios in the feedstocks. Yet another object of the present invention is to

provide a jydmeIs dtdlo e iR AHECHaAReObel rdomy baliexaned;getBantbut
3.84:1, and is more preferably at least about 2.6:1 up to
about 3.84:1. The process of the invention thus readily

permits the preparation in a single step from such a cis-
rich feedstock of a 1,4-cyclohexanedimethanol product in
which the trang-:cis- isomer ratio is in excess of about 2:1
up to about 3.84:1, for example from about 2.6:1 to about
2.7:1. It is preferred that this ratio is at least about
2.6:1. The invention permits production in a single step of
a 1,4-cyclohexanedimethanol product with a trans-:cis-

' isomer ratio of from about 3.1:1 up to about 3.84:1, e.g.
about 3.2:1 up to about 3.7:1. Higher transg-:cig- isomer
ratios can be achieved in the 1,4-cyclohexanedimethanol
product by starting from trans-dimethyl 1,4-cyclohexane-
dicarboxylate.

It is surprising that the vapour phase feed
conditions used in the process of the invention can generate
from a ¢gig-rich diester feedstock a 1,4-cyclohexanedi-
methanol product mixture whose trans-:cig-isomer ratio is in
excess of the ratio that is the normal reported equilibrium
ratio under liquid phase conditions. Thus, although the
normal trans-:cis- isomer equilibrium ratio in the 1,4-

._ cyclohexanedimethanol product from a cig-rich diester
feedstock, under liquid phase conditions, is reported to be,
under favourable conditions, as high as about 3:1, the
present invention, which operates with the feed ester (e.g.
dimethyl 1,4-cyclohexanedicarboxylate) always in the vapour
phase, enables production from a dialkyl 1,4-
cyclohexanedicarboxylate feedstock with a trang-:gcis- isomer
ratio less than about 1:1 of 1,4-cyclohexénedimethanol with
a trans-:cis-isomer ratio as high as 3.84:1.

In the prior art it is made clear that the
hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate
(dimethyl hexahydroterephthalate) is liable to give significant
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whi ch can be operated for extended periods of tine during which the

hydr ogenation catal yst can | ose activity whilst con- tinuing to yield a
product with a substantially constant desired trans-C S ratio. According to
the present invention there is provided a continuous proc¢ss—+e he
production of 1 ,4-cycl ohexaned- inethanol having a desir¢d ﬂﬁv”rHTPAsBr
pr edet er m ned trans-O S isoner ratio by catal ytic hydrogehatioffEBEAGED
di al kyl 1,4- cycl ohexanedi carboxylate in the, Eresence of an ester
hydr ogenati on catal yst, which process is capable of being oper- ated for an
extended period of tine during which the hydrogenation catal yst declines in

catalytic actlyit¥y ;38 4ePb9C38auces. Thus GB-A-988316 acknowledges the

problem caused by formation of unwanted by-products, such as 1-
methyl-4-hydroxymethylcyclohexane. It is surprising to find
that the process of the invention can be operated so that,
despite the presence of a very large excess of hydrogen and
the use of a very large partial pressure of hydrogen
compared to the relatively low vapour pressure of dimethyl
1,4-cyclohexanedicarboxylate, the reaction proceeds rapidly
with a very high conversion of dimethyl 1,4-cyclohexanedi-
carboxylate to the desired product, i.e. 1,4-cyclohexane-
- dimethanol, but yet with a very high selectivity to that
product and therefore with a very low yield of by-products.

Thus undexr favourable conditions the conversion of dimethyl'
1,4-cyclohexanedicarboxylate to 1,4-cyclohexanedimethancl
can be as high as 98 mole¥% or higher with a selectivity to
1,4-cyclohexanedimethanol of greater than 96 mole%. 1In
addition it surprising to find that it is possible, under
suitable reaction conditions, to convert a starting ester
(e.g. dimethyl 1,4-cyclohexanedicarboxylate) that has a
trans-:cis- isomer ratio less than 1:1 in a single step to a
cyclohexanedimethanol product with a trans-:cig- isomer
ratio that is greater than 1:1 and normally in the range of

— from about 2.6:1 up to as high as about 3.84:1, a value that
is much higher than the highest equilibrium trans-:cis-
isomer ratio that is disclosed in the prior art. It is
further surprising to find that this conversion can be
accomplished at relatively low operating temperatures and
pressures.

In a commercial plant it may be preferred to employ
at least two hydrogenation zones, each containing a charge
of a heterogensous ester hydrogenation catalyst, connected
in parallel. Each of these zones is capable of independent
isolation from the supply of vaporous feedstock mixture.
Hence an isolated zone may be subjected to conditions
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conprising: (a) providing a hydrogenation zone containing a charge of a
granul ar hydrogenati on catal yst capable of catal ysing the hydrogenation of
esters; (b) determning a Reference Activity (RA) of the granular
hydrogenatlon catal yst by neasuring the extent of con- version of the

di al kyl 1, 4-cycl ohexanedi carboxylate to 1 ,4-cycl ohexanedifm
passage of a reaction mxture conprising the di al kyl
1, 4- cycl ohexanedi car boxyl ate and a hydrogen contalnlng gas
granul ar hydr o- 27

substantially different from those prevailing in the
remaining zone or zones, for example, whereunder the
catalyst charge therein may be reactivated or replaced
whilst the process of the invention is continued in the
remaining zone or zones. This arrangement also permits
operation under the conditions taught in WO-A-91/01961. 1In
this case two hydrogenation reactors connected in parallel
are used. In a first phase of operation with a fresh charge
of catalyst one only of the reactors is used, the other one
being in standby mode with the catalyst bathed in hydrogen.

' After a period of operation over which the catalyst activity
may decline somewhat the second reactor is used, whilst the .
first one is placed in standby condition. After a further
period of operation both reactors are used in parallel until
the time comes to replace the entire catalyst charge.

It is also possible to use two or more
hydrogenation zones connected in series and to bypass one or
more of these if it is desirable to reduce the quantity of
catalyst on line at any given time.

The granular catalyst used in the process of the
invention may be any catalyst capable of catalysing
hydrogenation or hydrogenolysis of an ester to the

. corresponding alcohol or mixture of alcohols. It may be
formed into any suitable shape, e.g. pellets, rings or
saddles. .

Typical ester hydrogenation catalysts include
copper-containing catalysts and Group VIII metal-containing
catalysts. Examples of suitable copper-containing catalysts
include copper-on-alumina catalysts, reduced copper
oxide/zinc oxide catalysts, with or without a promoter,
manganese promoted copper catalysts, and reduced copper
chromite catalysts, with or without a promoter, while
suitable Group VIII metal-containing catalysts include
platinum catalysts and palladium catalysts. Suitable copper
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-4- genation catalyst at a preselected tenperature, feed pressure, dialkyl
1 , 4-cycl ohexanedi car boxyl ate feed rate, and hydrogen-contai ni ng gas
di al kyl 1 , 4-cydohexanedi carboxyl ate nolar rati o;

THIS SHEET s BEEN
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oxide/zinc oxide catalyst precursors include Cu0O/2ZnoO
mixtures wherein the Cu:2n weight ratioc ranges from about
0.4:1 to about 2:1. An example is the catalyst precursor
bearing the designation DRD 92/71. Promoted copper
oxide/zinc oxide precursors include Cu0/ZnO mixtures wherein
the Cu:2n weight ratio ranges from about 0.4:1 to about 2:1
which are promoted with from about 0.1 % by weight up to
about 15% by weight of barium, manganese or a mixture of
barium and manganese. Such promoted Cu0/Zn0 mixtures
include the Mn-promoted Cu0O/ZnO precursor available under

." the designation DRD 92/92. Suitable copper chromite
catalyst precursors include those wherein the Cu:Cr weight
ratio ranges from about 0.1:1 to about 4:1, preferably from
about 0.5:1 to about 4:1. Catalyst precursors of this type
are the precursors available under the designation DRD 89/21
or under the designation PG 85/1. Promoted copper chromite
precursors include copper chromite precursors wherein the
Cu:Cr weight ratio ranges from about 0.1:1 to about 4:1,
preferably from about 0.5:1 to about 4:1, which are promoted
with from about 0.1 % by weight up to about 15% by weight of
barium, manganese or a mixture of barium and manganese.
Manganese promoted copper catalyst precursors typically have

.' a Cu:Mn weight ratio of from about 2:1 to about 10:1 and can
include an alumina support, in which case the Cu:Al weight
ratio is typically from about 2:1 to about 4:1. An example
is the catalyst precursor DRD 92/89.

All of the above mentioned catalysts available
under the general designations DRD or PG can be obtained
from Davy Research and Development Limited, P.O. Box 37,
Bowesfield Lane, Stockton-on-Tees, Cleveland TS18 3HA,
England.

Other catalysts which can be considered for use
include Pd/ZnO catalysts of the type mentioned by P.S.
Wehner and B.L. Gustafson in Journal of Catalysis 136, 420-

e
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(C determning an Effective Residence Tine (ERT) for contact of the
reaction mxture at the preselected feed tem perature and feed pressure
with the granular hydrogenation catalyst at the reference activity thereof
whi ch pro- duces 1, 4-cydohexanedi met hanol having the desired trans-G S- .
I somer ratio; (d) formng a vaporous feed strean1conpr|s}ngﬂgggggpaAkyEaﬂ

1, 4-cycl ohexanedi car boxyl ate and a hydrogen-contain. ingjgas haymmgﬁa
presel ected hydrogen-contai ni ng gasdi al-kgls 1, 4- cycl ohexaredicartoxyrate
nolar ratio; (e) feeding the vaporous feed streamto the hydrogenati on zone
at a substantially constant tenperature of from

426 (1992), supported palladium/zinc catalysts of the type
disclosed in US-A-4837368 and US-A-5185476, and chemically
mixed copper-titanium oxides of the type disclosed in US-A-
4929777.

Further catalysts of interest for use in the
process of the invention include the rhodium/tin catalysts
reported in A. El Mansour, J.P. Candy, J.P. Bournonville,
O.A. Ferrehi, and J.M Basset, Angew. Chem. 101, 360 (1989).

Any recognised supporting medium may be used to
provide physical support for the catalyst used in the

' process of the invention. This support can be provided by
materials such as zinc oxide, alumina, silica, alumina-
silica, silicon carbide, zirconia, titania, carbon, a
zeolite, or any suitable combination thereof.

The catalysts that are particularly preferred for
use in the process of the invention are the reduced forms of
the copper chromite, promoted copper chromite, and manganese
promoted copper catalyst precursors described above.

The or each hydrogenation zone may comprise a
shell-and-tube reactor which may be operated under
isothermal, or near isothermal, conditions with the catalyst
in the tubes and the cooclant in the shell or vice versa.
Usually, however, it will be preferred to use adiabatic
reactors since these are cheaper to construct and install
than shell-and-tube reactors. Such an adiabatic reactor may
contain a single charge of a hydrogenation catalyst or may
contain two or more beds of catalyst, or beds of different
hydrogenation catalysts. If desired, external or internal
inter-bed heat exchangers may be provided in order to adjust
the inlet temperature to one or more beds of catalyst
downstream from the inlet to the adiabatic hydrogenation
reactor.

In an alternative procedure the plant includes at
least two hydrogenation zones, each containing a charge of
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150[err]C to 350[err] C and which is above the dew point of the feed stream
and at a substantially constant pressure in the range of from 150 psia
(10,34 bar) to 2000 psia (137,90 bar) at a rate which corresponds to an
Actual Residence Tine (ART) of the feed streamin contact with the catal yst
which yields 1 ,4-cyclohexanedi methanol of the desired trans-G S isoner
ratio; (f) recoverlng fromthe hydrogenation zone a produgt—stfeam -
contain§ng 1 , 4-cycl ohexanedi et hanol ; (g)zgmnitoring the A&?%aW ¥&?$%?F§N
(AA) of the granular hydr ogenat i on catalyst W th passage @f ti CPROC
measuri ng

granular hydrogenation catalyst, and the vaporous feed
stream is supplied to at least one of the hydrogenation
zones, in a first phase of operation, while at least one
other hydrogenation zone is supplied with a stream of

hydrogen-containing gas thereby to reactivate the charge of

hydrogenation catalyst therein. 1In a second phase of

operation the at least one other hydrogenation zone is

supplied with the vaporous feed stream while the at least

one hydrogenation zone is supplied with a stream of

hydrogen-containing gas thereby to reactivate the charge of
' hydrogenation catalyst therein.

In this procedure the or each hydrogenation zone
that is not on line is supplied with a stream of hydrogen-
containing gas thereby to reactivate the catalyst charge.
Normally it will be preferred to carry out this reactivation
at elevated temperature, typically at a temperature of about
100°C or more up to about 350°C. In this reactivation step
the inlet temperature to the respective hydrogenation zone
or zones may be lower than, substantially equal to, or
higher than, e.g. about 10°C to about 50°C higher than, the
inlet temperature of the vaporous feed stream to the on line
hydrogenation zone or zones. The stream of hydrogen-

. containing gas used in such a reactivation step may comprise
a hot stream of recycle and make-up gas.

In one form of this alternative procedure is
recovered from the zone or zones undergoing reactivation of
the catalyst a stream of hydrogen-containing gas which is
admixed with a vaporous hydrogen-containing stream of the
dialkyl cyclohexanedicarboxylate to form the vaporous feed
stream to the on line zone or zones. In another form there
is recovered from the zone or zones whose catalyst is
undergoing reactivation a stream of hydrogen-containing gas
which is admixed with the reaction product stream from the
on line zone or zones. In a still further form of this
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the extent of conversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1, 4- cycl ohexanedi net hanol under the actual operating conditions of feed
tenperature, feed pressure, dialkyl 1 .4-cyclohexanedicarb
rate, and hydrogen-contai ning gasdi al kyl 1 ,4-cycl ohexaneo
nolar ratio; and (h) adjusting at |east one feed conditio 1L
feed streamto the hydrogenation zone selected from (i) the dlalkyl 1
, 4- cycl ohexanedi car boxyl ate feed rate andg4ii) the hydrogen-containing
gasdialkyl 1 , 4-cycl ohexanedi car boxyl ate carboxylate nolar ratio while
mai nt ai n-

alternative procedure there is recovered from the zone or
zones undergoing catalyst reactivation a stream of hydrogen-
containing gas which is used to vaporise the dialkyl
cyclohexanedicarboxylate to form a vaporous hydrogen-
containing stream of the dialkyl cyclohexanedicarboxylate.
It is further convenient to form the vaporous feed stream to
the on line zone or zones by admixing hot recycle gas with a
vaporous hydrogen-containing stream of dialkyl cyclohexane-
dicarboxylate. The direction of flow of the stream of
hydrogen-containing gas through the or each hydrogenation

l’ zone in which catalyst reactivation is occurring may be the
same as, or opposite to, the direction of flow of the
vaporous feed stream through that zone when it is on line.

In summary, the process of the invention can be

controlled to produce a desired trans-:cis- ratio in the
cyclohexanedimethanol product. This control is achievable
due to the surprising discovery that, in the process of the
invention, the trans-:cis- isomer ratio in the 1,4-
cyclohexanedimethanol product is a function of the extent of
dimethyl 1,4-cyclohexanedicarboxylate conversion effected in
the hydrogenation zone. The extent of conversion of
dimethyl 1,4-cyclohexanedicarboxylate in turn dependent upon
the effective residence time, which is, in turn, a function

' of the activity of the catalyst, of the veolume of catalyst,
of the feed temperature, of the temperature profile through
the catalyst bed or beds, of the feed pressure, of the
hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate ratio, and of the feed rate of the reaction
mixture through the catalyst, under the vapour phase
hydrogenation conditions used. Hence, by controlling the
amount of conversion of dimethyl 1,4- cyclohexanedl—
carboxylate that is occurring in the hydrogenation zone as
the catalyst ages, or following catalyst reactivation, the
plant operator can exercise control over the trans-:cis-

—_—
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ing the feed stream above its dew point to provide an Actual Residence Tine
(ART) of the vaporous feed streamin contact with the catal yst which
corresponds to the Effective Residence Tine (ERT) required to pro- vide 1

, 4- cycl ohexanedi nmet hanol having the desired trans-C S- isomer ratio in
accordance with the relationship: [err] As used herein, the term"residence
time" nmeans the tine takKen for the vaporous feed streamat the feed tenper-
ature and feed pressure to the hydrogenatjon zone to pas hrough the enpty
vol une of reactor occupied by the cata-~ B ' “ﬂSSHEETHAS

REPLACED

BEEN |

ratio of the 1,4-cyclohexanedimethanol product.
Brief description of the drawings

Figure 1 is a simplified flow diagram of a plant
for production of 1,4-cyclohexanedimethanocl in two

hydrogenation reactors connected in parallel by
hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate;
Figure 2 is a simplified flow diagram of an
experimental apparatus for production of 1,4-
cyclohexanedimethanol in a single hydrogenation zone by
hydrogenation of dimethyl 1,4-cyclchexanedicarboxylate; and
’ Figure 3 is a graph showing the relationship
between the effective residence time and the trans-:cis-
ratio of the resulting 1,4-cyclohexanedimethanol product
derived from the experimental results for two combinations
of feed temperatures and feed pressures.
Detailed description of the preferred embodiments
It will be understood by those skilled in the art
that Figure 1 of the drawings is diagrammatic and that
further items of equipment such as temperature and pressure
sensors, pressure relief valves, control valves, level
controllers and the like would additionally be required in a
commercial plant. The provision of such ancillary items of
' equipment forms no part of the present invention and would
be in accordance with conventional chemical engineering
practice. Moreover it is not intended that the scope of the
invention should be limited in any way by the precise
methods of heating, vaporising and condensing various
process streams or by the arrangement of heaters, heat
exchangers, vaporising or condensing apparatus provided
therefor. Any suitable arrangement of equipment other than
that depicted in Figure 1 which fulfils the requirements of
the invention may be used in place of the illustrated
equipment in accordance with conventional chemical

engineering techniques.
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| yst. The choice of preselected feed conditions under which to determ ne

the Reference Activity (RA) is at the discretion of the person skilled in
the art. It is convenient to use for this purpose a set of feed conditions
whi ch approximates to the set of feed conditions to be used at the
begi nning of catalyst Ife. In practice the activity of the )
be the same at any given tine throughout the catalyst charge.
what matters to the plant operator in selecting appropriate
conditions is the overall activity of the ciatyst

Referring to Figure 1 of the drawings, a technical
grade of dimethyl 1,4-cyclohexanedicarboxylate is supplied
in line 1, in a first phase of operation, to a vaporiser
nozzle 2 located in an upper part of a vaporiser vessel 3
above a bed of packing 4. A stream of hot hydrogen-
containing gas is supplied to the bottom of vaporiser
vessel 3 in line 5. A saturated vaporous mixture
comprising dimethyl 1,4-cyclohexanedicarboxylate is
recovered in line 6 from the top of vaporiser vessel 3.

The resulting vaporous mixture is mixed with further hot

. hydrogen-containing gas from line 7 under the control of
valve 8. The combined stream which now has a
hydrogen:dimethyl 1,4-cyclohexanedicarboxylate molar ratio
of about 400:1 and is at a pressure of about 905 psia (about
62.40 bar) and at a temperature of about 220°C, is fed by
way of valve 9 and line 10 to a hydrogenation reactor 11
which contains a bed of a pelleted heterogeneous
hydrogenation catalyst 12, such as reduced copper chromite
or the chromium-free catalyst designated DRD92/89. The
hydrogenation reaction product mixture exits reactor 11 via
line 13 and passes through valve 14 to enter line 15. The
hydrogenation reaction product mixture in line 15 is cooled

" in heat interchanger 16 and the resulting partially
condensed mixture passes on in line 17 through cooler 18 in
which it is further cooled. The resulting mixture of gas
and condensate flows on in line 19 to a gas-liquid separator
20 from which a mixture of methanol and crude 1,4-
cyclohexanedimethanol is recovered in line 21. The
uncondensed gaseocus mixture in line 22 comprises unreacted
hydrogen together with inert gases and methanol vapour and
is compressed by meadns of compressor 23 to give a compressed
gas stream in line 24.

The compressed recycled gas in line 24 is combined
with make-up hydrogen-containing gas from line 2S. The

—_—
T \
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charge. A convenient yardstick of the activity of a catalyst charge is the
extent of conversion of the dialkyl 1,4-cyclohex- anedicarboxylate in the
reaction mxture in passage through the catalyst charge. Changes in the
extent of conversion under substantially constant reaction cong tlons in

s

4 ” —

'\S l.), R Y
LAY

conditions to 90% w th passage of tinme and the operating conditions areT
changed, then it can be said for the purposes of the present invention that

the catal ystompaned hakchee! iRahline! $6a¢k! Keh¥ed! by! §€s£80e through
heat exchanger 16 and flows on in line 27 to heater 28 in
which its temperature is raised further to a suitable
temperature for effecting vaporisation of the dimethyl 1,4-
cyclohexanedicarboxylate feed. The resulting hot gas in
line 29 is then divided intoc two streams, one being the
stream in line 5 and the other being a stream in line 30.
This latter stream is heated further in heater 31 to a
temperature of about 235°C and passes on by way of line 32,
valve 33 and lines 34 and 35 to the bottom end of a second

- hydrogenation reactor 36 which, in this first phase of
operation, is in reactivation mode. Reactor 36 contains a )
charge of hydrogenation catalyst 37. The hot gas exiting
the top of reactor 36 in line 7 is admixed, as already
described above, with the saturated vaporous mixture in line
6 to increase the hydrogen:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio therein and to raise its temperature
above its dew point, e.g. at least 5°C to 10°C above its dew
peint.

The plant also includes lines 38 and 39 and valves
40 and 41 both of which are closed in this phase of
operation. Line 42 indicates a line by means of which a

‘I' stream containing any "heavies" cpllecting in the bottom of
vaporiser vessel 3 can be drawn off. Reference numeral 43
indicates a purge gas line through which a purge gas stream
can be taken in order to limit the build up of inert gases
in the circulating gas. Such inert gases may enter the
plant in the make up gas stream in line 25.

With passage of time the activity of the catalyst
charge 12 will have declined somewhat. The plant operator
can maintain the desired transg-:cis- isomer ratio in the
1,4-cyclohexanedimethanol product by monitoring this ratio
in the exit stream from the on line hydrogenation zone. By
altering the reaction conditions, for example, by reducing
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version under particular conditions at the reference activity-is 99% and
the conversion later drops to 97% then the per- centage of unconverted
di al kyl 1, 4-cycl ohexanedi carboxyl ate has tripled and the actual activity of
the catalyst charge at that later time will be 0.33, taking the reference
activity as 1.0. The dial kyl 1, 4-cycl ohexanedi carboxyl ate
di-(derr] to (Jerr] alkyl) 1,4-cycl ohexanedi carboxyl ate,
diethyl di-n- or -iSO prpropyl, or di-n- -1SGor - Sec-buty
1, 4- cycl ohexanedi car boxyl ate, or nore preferably, dinme- thyl
1, 4- cycl ohexanedi car boxyl at e.

the space velocity through the hydrogenation catalyst, the

effective residence time can be maintained substantially
constant and thus the extent of conversion of dimethyl 1,4-
cyclohexanedicarboxylate can be maintained at a

substantially constant value. 1In this way it is possible to
maintain the trang-:cis- isomer ratio in the product at the
desired value, for example, a value in the range of from
about 2.6:1 to about 2.7:1 or higher, up to about 3.84:1
(e.g. from about 3.1:1 up to about 3.7:1).
After a period of operation the activity of the
. catalyst charge 12 will have declined to a point at which
reactivation may be desirable. Although the reasons for
catalyst deactivation have not been clarified, it can be
postulated that a possible cause of this loss of catalyst
activity is the formation of traces of involatile polyesters
on the catalyst surface due to ester exchange reactions
between, for example, dimethyl 1,4-cyclohexanedi-
carboxylate, on the one hand, and 1,4-cyclohexanedi-
methanol, or methyl 4-hydroxymethylcyclohexanecarboxylate,
which can be postulated to be an intermediate product of the
hydrogenation reaction, or hydroxymethylcyclohexylmethyl
1,4-cyclohexanedicarboxylate, which is the ester interchange
.... product between dimethyl 1,4-cyclohexanedicarboxylate and
1,4-cyclohexanedimethancl, on the other hand. The resulting
di- or trimeric materials can then undergo further reaction
with components of the vaporous mixture to cause these
oligomeric chains to grow. Polyethers and mixed polyether-
polyesters can also be formed.

Such polymeric byproducts on the catalyst surface
are susceptible to hydrogenation. Hence reactivation of the
catalyst by treatment with a hot hydrogen-containing gas is
possible. It has further been shown in the course of
experimental work to investigate the hydrogenation of
dimethyl 1,4-cyclohexanedicarboxylate which forms the
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The invention is predicated on the discovery that, at a given tenperature
and pressure, the rates of hydrogenation of the dial kyl

1, 4- cycl hexanedi car boxyl ate and i sonerisation of 1,4-cycl ohexanedi net hanol
are substantially the sanme, so that at a given conversion of dialkyl

1, 4-cycl ohexanedi car boxyl ate one will achieve a 1 ,4- cyclohexanedlneth-
anol product having a given trans G S-isomer ratlo The bensg S

trans-Cis-isonmer ratio in the 1, 4-cycl ohexanedi met hanol produ i
the operating life of the catalyst and (2) to vary the trans- G S-i somer

ratio in theatk§reyakdohexanedpieEBAROLnPEREYUSH ONSE, afd¢ dphdBdieer €. O
reason, the passage of a hot stream of hydrogen-containing
gas over partially deactivated catalyst has a beneficial
effect in at least partially restoring the activity of the
catalyst.

Accordingly in a second phase of operation valve 33
is shut and valve 41 is opened, while valve 14 is closed and
valve 40 is opened. In this way hydrogenation reactor 36
with its fresh or reactivated catalyst charge 37 is brought
on line, whilst reactor 11 goes into reactivation mode and

. its partially deactivated charge of catalyst 12 is
reactivated. In this second mode of operation the saturated
vaporous mixture in line 6 is mixed with hot hydrogen-
containing gas from line 10 to form a vaporous feed mixture
which flows in line 7 through reactor 36 and its catalyst
charge 37. The resulting reaction mixture passes by way of
lines 35 and 38 through valve 40 to line 15. The hot
hydrogen-containing gas from line 32 passes through valve 41
to line 39 and then through line 13 to the bottom of
hydrogenation reactor 11.

In this second phase of operation the plant
operator can also monitor the trang-:¢is- isomer ratio in

Jll. the 1,4-cyclohexanedimethanol product of the exit stream
from the on line hydrogenation zone and can adjust the
conditions, as before, to maintain the effective residence
time of the reaction mixture in the hydrocgenation zone
substantially constant and hence maintain the trans-:gis-
1,4-cyclohexanedimethanol ratio at the desired level.

When the catalyst charge 37 has become deactivated
to some extent the valves 14, 33, 40 and 41 can be
readjusted to switch the flows through hydrogenation
reactors 11 and 36 back to those of the first phase of
operation.

The above described steps can be repeated as often

—_—

——
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from1:1 to 3.84:1. Thus, not only is the conversion of the dialkyl 1

, 4- cycl ohexanedi carboxyl ate to the 1, 4-cycl ohexan- edi nethanol, extrenely
rapi d under the vapour phase hydrogenation conditions used, requiring only
a matter of a few seconds for substantially conplete conversion to occur,
but al so the approach of the isonerisation of 1,4-cyclohexan-_ed nethanol

to equilibriumthat occurs in passage throu%p the hydr ogenatTHis SHREICHAS By |
conparably rapid. This is a sur- REFLACED

as may be expedient, bringing the reactors 11 and 36 on line
in turn until the reactivation procedure no longer results
in the desired increase in catalyst activity or until the
plant has to be shut down for maintenance or other reasons,
whereupon the catalyst charges 12 and 37 can be discharged
and replaced by fresh charges of catalyst or catalyst
precursor.

The make-up gas in line 25 can be a mixture of
hydrogen, optional minor amounts of components such as CO
and CO,, and inert gases, such as argon, nitrogen, or

. methane, containing at least about 70 mole % of hydrogen.
Preferably the make-up gas contains at least 90 mole %, and
even more preferably at least 97 mole %, of hydrogen. The
make-up gas can be produced in any convenient manner, e.g.
by partial oxidation or steam reforming of natural gas
followed by the water gas shift reaction, and CO,
absorption, followed possibly by methanation of at least
some of any residual traces of carbon oxides. Pressure
swing absorption can be used if a high purity hydrogen make-
up gas is desired.

At start up of the plant the reactors 11 and 36
are each charged with a charge of a heterogeneous

l' hydrogenation catalyst precurscr, such as a copper chromite
catalyst precursor. Preferably, however, the reactors 11
and 36 are charged with a chromium-free hydrogenation
catalyst, such as DRD92/89. The catalyst precursor is then
reduced carefully following the catalyst supplier's
instructions. If the process of EP-A-0301853 is used to
reduce a copper chromite precursor, then both beds of
catalyst 12 and 37 can be reduced simultaneously. In other
cases it may be expedient to reduce the beds 12 and 37
separately. After pre-reduction of the catalyst precursor
hot hydrogen-containing gas is circulated through the plant.
When the appropriate feed temperatures to vaporiser vessel 3
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prsing finding since two separate eactions are involved. Thus a cl ose
approach to the equilibriumtrans-C S 1,4- cycl ohexanedi net hanol ratio, at
a constant tenperature, as well as essentially conplete conversion of
di al kyl 1, 4- cycl ohexanedi carboxylate to 1 ,4-cycl ohexanedi net hanol, can be

achi eved by using a residence tinme of |ess than about a m fUfgQHLIG L —
reaction mxture in the hydrogenation zone, typically in the raqggigﬂggﬁgm

about 2 to about 15 seconds. This reside Tine is in starkcontras

t he extended residence tinmes recommended in the |iquid phase hydrogena-
and to reactor 11 have been achieved the flow of dimethyl
1,4-cyclohexanedicarboxylate in line 1 is commenced to bring
the plant on line in the first phase of operation.

The invention is further described with reference

to the following Examples. The compositions of catalysts A
and B used in the Examples are listed in Table I. The
oxygen content of the catalyst has been excluded from the
analysis in each case. The Examples, taken together with
the information summarised in Figure 3, provide the man
skilled in the art with teaching as to the reaction

' conditions that he needs to select at any particular moment

in the production campaign in response to changes in

catalyst activity.

\\\
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tion processes of the prior art, such as the 40 to 50 m nutes residence
time used in Exanple 1 of US-A-3334149. The process of the invention is
oper at ed usi ng vaporous feed conditions with the feed streambeing fed to

t he hydrogenation zone in step (e) in essentially liquid free vaporous
form Hence the feed streamis fed to the hydrogena- tion zone at a feed
tenperature which is above the dew point of the mxture. The process can be
operated so that vapour phase copd%;igns wi |l exist throughout the

hydr ogenati on zone. However, when USing dinethyl 1,4-cyclohexan-

edi car boxyl at e as st art+rRg—ratrer+at——the product 1, 4-cycl ohexanedi net hanol ,
Is less volatile than the%stg‘rtingcnal_t'erial,

21

Q
N

Pore
volu
mm3/

Density

g/cm?
1.420
1.452

.1

Surface
area m2/g
2
47

Al
<0.01

20.4

THIS SHEET HAS BEEN
REPLACED

|

Ba
<0.01
<0.01

TABLE I

Mn
09
6.4

Zn
<0.01
<0.01

Cr
9.0
0.26

Composition wt¥
1

.6

Cu
57
41.1
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DRD 89/21
DRD 92/89

Catalyst

A
B




di met hyl 1 , 4-cycl ohexanedi carboxyl ate. Thus there is, in this case, the
possibility of condensation of a 1,4-cydohexan- edinethanol-rich liquid
occurring on the catalyst, particularly if the tenperatur :QF~Lhe§ngg‘
streamis close to its dew point. Such condensation of a 1”“SSHBETHASPE“,
, 4- cycl ohexanedi net hanol -rich liquid on the catalyst is REMEKkguéan
the process of the invention because the heat of hydrogenation o
di net hyl 1. 4-cycl ohexanedi carboxyl ate prdfert in the 1, 4-

cycl ohexanedi nmet hanol -rich liquid can be dissipated by the heat sink effect
of the 1, 4-cycl ohexanedi net hanol. How ever, it is essential that the feed
stream beExedmpld exper at ure above its dew point at the inlet end of the
catal yst bed if tk¥k

e hydrogenation of a technical grade of
dimethyl 1,4-cyclohexanedicarboxylate was investigated using
the experimental apparatus illustrated in Figure 2.

The composition of the technical garde feed was:
34.47 wt% trans-dimethyl 1,4-cyclohexanedicarboxylate, 62.61
wt% cis-dimethyl 1,4-cyclohexanedicarboxylate, 1.50 wt%

methyl hydrogen 1,4-cyclohexanedicarboxylate of formula

0 0
[ [
HO-C C-OCH3

and 0.05 wt% water, with the balance being impurities.

In a commercial plant, hydrogen gas is separated
from the hydrogenation product and is advantageously
recycled through the hydrogenation zone. The hydrogen
recycle stream will contain a quantity of methanol vapour
produced by the hydrogenation of dimethyl 1,4-cyclohexane-
dicarboxylate. Hence, the vaporous mixture supplied to the
hydrogenation zone in a commercial plant will generally
contain methanol in addition to hydrogen and an unsaturated
organic compound. In order that the experimental rig
described hereinbelow should accurately predict the likely
results obtained during commercial operation, the liquid
feed supplied to the vaporiser was supplemented by a
quantity of liquid methanol corresponding to the quantity of
methanol which would be contained in the recycle hydrogen
stream in a commercial plant. Although hydrogen is recycled
in the experimental rig described hereinbelow, the quantity
of methanol contained within the recycle hydrogen stream is
proportionately less than would be contained in a
corresponding commercial recycle stream. This difference
arises because the recycle gas in the experimental rig is
cooled substantially below the temperature to which it would
be desirably cooled in a commercial plaht. More methanol is
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advant age of vapour phase feed conditions is to be realised. The use of

vapour

phase feed conditions in the process of the invention has the

advant age that conpared with Iiquid phase operation of the process,

general |y |lower operating pressures can be used. This generally has a
significant and beneficial effect not only on the constyuetian costs but
al so on the operating costs of the plant. Care has to ue7¥%KémrTm@B1ﬁ@
of droplets of a dinmethyl 1 ,4-cyclohexanedi carboxyl at ¢,
the catal yst is avoi ded because this can4dause severe |ocalised OvVe

of, and danmage to, the catalyst due to the exothermc

therefore "knocked out" of the experimental recycle hydrogen
stream. This discrepancy between the experimental rig and a
commercial plant is necessitated by the delicacy of the
equipment, particularly the analytical equipment, used in
the experimental rig. 1In this Example and in all succeeding
Examples, methanol is added to the experimental liquid feed
in a quantity which is substantially equal to the
proportionate quantity of methanol which would be present in
the experimental recycle stream if the rig were operated
under commercial conditions minus the quantity of methanol
actually present in the experimental recycle hydrogen
stream. In the Examples, all parameters such as conversion
rates and hourly space velocities are calculated on a
methanol free basis.

The experimental apparatus is illustrated in Figure
2. An approximately 70 wt% solution of the technical
grade of dimethyl 1,4-cyclohexanedicarboxylate in methanol
is fed from reservoir 100 by way of valve 101, line 102 and
valve 103 to liquid feed pump 104. Burette 105 provides a
buffer supply whilst burette 106 is fitted with a liquid
level controller (not shown) that controls valve 101 so as
to ensure that liquid feed is supplied from reservoir 100 to
liquid feed pump 104 at a constant head. The liquid feed is
pumped through non-return valve 107 and isolation valve 108
into line 109, which can be heated by electrical heating
tape 110, before the heated liquid enters the upper part of
an insulated vaporiser vessel 111 above a bed of é6mm x 6mm
glass rings 112. A stainless steel demister pad 113 is
fitted at the top end of the vaporiser vessel 111. A stream
of hot hydrogen-containing gas is supplied to the bottom of
vaporiser 111 in line 114. A liquid drain line 115 fitted
with a drain valve 116 enables withdrawal of any unvaporised
liquid feed material (e.g. "heavies") from the base of the
vaporiser vessel 111. The vaporisation of EEE“}EQ“id feed
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n!!t?e of the ester hydrogenation reaction. In conventional |iquid phase
hydr ogenati on processes this danger is obvi- ated by flooding the catalyst
with liquid and by feeding the dinethyl 1 ,4-cycl ohexanedi carboxylate to

t he hydrogenation zone in adm xture with an inert diluent, conveniently

1, 4- cycl ohexanedi met hanol . I n the hydrogenati on zone the hydrogenatabl e
mat eri al undergoes extrenely rapid hydrogenation to yiq
cycl ohexanedi nmet hanol according to equati-oa2( %) above.l
i somerisation reaction occurs under the hydrogenation
Hence a feedstock rich in G s-dinmethyl 1,4-cyclohexanedi carboxyl ate tends

to yield aguypplied to the vaporiser vessel 111 is assisted by heating
tape 117. A saturated vaporous mixture comprising dimethyl

1,4-cyclohexanedicarboxylate and hydrogen is recovered in
line 118 from the top of vaporiser vessel 111. The vaporous
mixture is heated by heating tape 119 in order to raise its
temperature above the dew point of the mixture prior to
entering the top end of hydrogenation reactor 120 which
contains a bed of 200 ml (321.1 g) of a pelleted copper
chromite hydrogenation catalyst 121. The catalyst was
catalyst A of Table I. Glass rings are packed in reactor

. 120 above and below the catalyst bed 121. The vaporous
mixture passeg downward through catalyst bed 121 where
conversion of dimethyl 1,4-cyclohexanedicarboxylate to 1,4-
cyclohexanedimethanol occurs under adiabatic conditions.
Adiabaticity is maintained by electrical heating tapes (not
shown) within insulating material around reactor 120 under
the control of appropriately positioned thermocouples (not
shown). The overall reaction is mildly exothermic with a
general increase in catalyst bed temperature of
approximately 1 to 2°C. The hydrogenation product mixture
exits the hydrogenation reactor 120 in line 122 and is
passed through heat exchanger 123 which simultaneously cools

. the hydrogenation product mixture and heats a supply of
hydrogen-containing gas from line 124. Condensation of the
bulk of the 1,4-cyclohexanedimethanol in line 122 occurs in
heat exchanger 123. The gas in line 124 comprises hydrogen-
containing gas from line 125 and, optionally, an inert gas
or a mixture of inert gases such as nitrogen, argon or
methane supplied in line 126. The gas in line 125 comprises
make-up hydrogen supplied in line 127 and recycle hydrogen
supplied in line 128. Make-up hydrogen in line 127 may be
supplied to line 125 in either or both of two streams in
lines 129 and 130 via a system of pressure controllers 131
to 136 and a mass flow controller 137 from high purity
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?_ ;!'Eyclohexanedi met hanol product that has a higher content of the
T ans-i soner thereof than the trans-content of the diester starting

material. |

f the hot reaction mxture is passed over the hydrogenation

catalyst at a suitable rate, then the trans-:Ci s- isomer ratio of the

1, 4- cycl ohexanedi met hanol present in the reaction product mxture

appr oaches
condi tions.

carboxyl ate we have found that this equilibriurn rati©

3.84:1. Thi
and 3:1 whi
condi ti ons

the equi- libriumvalue for vapour phase

! | LTI
In the case of hydrogenati on of 4di ret hyl 4

s ratiois significantly higher than the ratio of between™2
\?\#dz%ge@p(yythqldteq.sbqng&his%%@g)qnder | i qui d phase reaction

en USIn%ﬁi heated hydrogen-containing gas from heat
exchanger 123 passes on in line 114 and is heated further by
electrical heating tape 138 for supply to the vaporiser
vessel 111.

The cooled hydrogenation product from heat
exchanger 123 passes on through line 139 to be cooled
further in cooler 140 to a temperature near ambient
temperature. The liquid/vapour mixture from cooler 140
passes on in line 141 to a first knockout pot 142 where
liquid hydrogenation product is collected for eventual
supply by means of valve 143, line 144 and control valve 145
to product line 146. A vaporous mixture comprising hydrogen
and uncondensed methanol exits the top of knockout pot 142
in line 147 and is further cooled to a temperature of 10°C
in cooler 148. The further cooled liquid/vapour mixture
from cooler 148 is supplied via line 149 to a second
knockout pot 150 wherein condensed methanol is collected for
eventual supply through valve 151 and line 152 to product
line 146. The gas and uncondensed materials from knockout
pot 150 are supplied via line 153 through suction pot 154
into line 155 and then through valve 156 to gas recycle
compressor 157. Gas is recycled through valve 158 lines
128, 125, 124 and 114 to vaporiser 111. 1In order to control
the concentration of inert gases, such as nitrogen, in the
circulating gas a purge gas stream may be bled from the
system in line 159 under the contrecl of valve 160.

Reference numeral 161 indicates a bypass valve.

At start up of the apparatus the charge of catalyst
was placed in reactor 120 which was then purged with
nitrogen. The catalyst charge was then reduced according to
the teachings of EP-A-0301853.

Technical grade dimethyl 1,4-cyclcochexanedi-

carboxylate, appropriately diluted with nghanol, was then

TTT—
T —
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Cs-rich dimethyl 1 ,4-cycl ohexanedi carboxyl ate as feedstock. If the

hydr ogenat abl e naterial conprises substantially pure trans-di nethyl

1, 4-cycl ohexanedi car boxyl ate, then sonme G s-1, 4-cycl ohexanedi net hanol wil|
be formed. In this case the trans-:C s-isomer ratio of ftf
cycl ohexanedi net hanol product nay be hi gher than about | 3.
toward the equilibriumtrans -:Cs-isonmer ratio i.e. ab
i ncreasing residence tinme in t he hydr ogendé4 i on zone. The di al kyl -
, 4- cycl ohexanedi car boxyl ate supplied to the hydrogenati on zone may conprlse
substantlally pure G s-

pumped to the vaporiser 111 at a rate of 86 ml/h
corresponding to a liquid hourly space velocity of 0.43 h-1l.
The H,:dimethyl 1,4-cyclohexanedicarboxylate mole ratio in
the vaporous mixture in line 118 was 338:1. The reactor 120
was maintained at a temperature of 230°C and a pressure of

901 psia (62.12 bar). The hydrogenation zone was therefore

operated under conditions which prevented the condensation

of both dimethyl 1,4-cyclohexanedicarboxylate and the less

volatile 1,4-cyclohexanedimethanol product. The temperature

throughout the hydrogenation zone was above the dew point at
' the operating pressure.

The liquid in line 146 was analysed periodically by '
capillary gas chromatography using a 15 m long, 0.32 mm
internal diameter fused silica column coated internally with
a 0.25 pum film of DB wax, a helium flow rate of 2 ml/minute
with a gas feed split ratio of 100:1 and a flame ionisation
detector. The instrument was fitted with a chart recorder
having a peak integrator and was calibrated using a
commercially available sample of dimethyl 1,4-cyclohexane-
dicarboxylate of known composition. The exit gas was also
sampled and analysed by gas chromatography using the same
technique. The identities of the peaks were confirmed by
comparison of the retention times observed with those of

l. authentic specimens of the materials in question and by mass
spectroscopy. Included amongst the compounds detected in
the reaction mixture were'1,4-cyclohexanedimethanol,
dimethyl 1,4-cyclohexanedicarboxylate, 4-methoxymethyl
cyclohexanemethanol, di-(4-methoxymethylcyclohexylmethyl)
ether, and methanol. After making due allowance for the
methanol present in the feed solution of dimethyl 1,4-
cyclohexanedicarboxylate from reservoir 100, 2 moles of
methanol were detected for every 1 mole of dimethyl 1,4-
cyclohexanedicarboxylate converted in accordance with the
stoichiometry of the hydrogenation reaction. The results
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, 4- cycl ohexanedi car boxyl ate, trans-di nethyl 1

- 4- cyclohexanedlcarboxylate or a mxture of the G s- and trans- isoners

t her eof in any ratio. The nolar ratio of trans-dinmethyl

1, 4-cycl ohexanedi carboxyl ate to G s-dinmethyl 1,4- cyclohexanedicarboxyl ate
In any such m xture may be in the range of fron10 01:1 to 1000:1,
preferably in the range of fromO0.05:1 to 1:1. Di net hylThIS $+7ZET HAS BEEN
1, 4- cycl ohexanedi car boxyl ate is commercially avail abl ¢ as hirphApBEDI ty
di rethyl 1 ,4-cycl ohexanedi carbo- xyl at e45techni cal grade di nmetnyl

1, 4- cycl ohexanedi car boxyl ate. Ci s-di nethyl 1, 4-cycl ohexanedi carboxyl ate, or
trans-

are listed in Table II below, together with the results from
the succeeding Examples 2 to 8. The actual activity of the
catalyst is based upon a figure of 1.0 for the reference
activity of the freshly reduced catalyst as measured under
standard operating conditions at the start of the run. In
Example 1 the actual activity of the catalyst was determined
to be 0.68 because the percentage of unconverted dimethyl
1,4-cyclohexanedicarboxylate under standard operating
conditions was 1.47 times the percentage of unconverted
dimethyl 1,4-cyclohexanedicarboxylate under those standard
' operating conditions when using fresh catalyst. Hence the
actual activity, compared to the reference activity of the
fresh catalyst of 1.0 was 1/1.47, i.e. 0.68.

S e
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di met hyl 1, 4-cycl ohexanedi car boxyt-ate—The preferred feedstocck for the
process of the invention is technicgﬁl rade di net hyl

| , 4- cycl ohexanedi car boxyl ate, as the R Replazed-  and Trans- grades of
di et hyl 1, 4-cycl ohexanedi car bo- xyl 1 ; itional purification
stages in the course of their produc | i cal bul k sanpl e of
comercially avail able dinethyl 1 ,4-cycl ohexanedi carboxyl ate the
trans-:Cis- isoner ratio is fromabout 0.5:1 to about 0.6: 1. \Wen

designing a plant to operate according to the teachingp 1gts thepiesgntn
I nvention it is necessary to de@<%%cylthe vol une of catal ysept.Qchre useé
for a projected production rate of a 1, 4-cycl ohexanedi metiTanotr—product
havi ng a
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trans- G sd-i somer ratio whi-eh-coarresponds to a desired approach to the
equi | i brium val ueltsfshabgnt.3,84: 1. This volume will normally be selected to

be sufficient to p B ReBlaced o extent of conversion in order that the
trans-:C s- isoner [ |
achi eve that desire

1, 4- cycl ohexnedi net hanol product shal
t only at the beginning of the canpaign
when the catal yst can be expected to be at its nost active but also at the
end of the useful life of the catalyst. Pl4ting the hydrogenation_catal yst
in two or nore hydrogenation zones which can be oper at 0§k RaEYT HAB BEENI S,
or in parallel will give the plant operator the greategt fl epkijacEby. |n
sel ecting a suitable catal yst volune the plant designer '

Notes to Table II:

DMCD = dimethyl 1,4-cyclohexanedicarboxylate
LHSV = liquid hourly space velocity

CHDM = cyclohexanedimethanol

Gas = hydrogen-containing gas containing

more than 98% v/v hydrogen.

Examples 2 to 8

Using a similar procedure to that described in
Example 1 and the same feed solution, 7 further runs were

l' carried out using the copper chromite catalyst (catalyst A

in Table I). The runs were designed to determine the
expected catalyst life under a variety of operating
conditions. The results obtained are summarised in Table
II. In each case the vaporous mixture in contact with the
catalyst was above the dew point. The actual activity of
the catalyst in each Example was determined, prior to or
just after taking the readings listed under standard
conditions of feed temperature, feed pressure, feedstock
flow rate, and hydrogen flow rate.

The data of Examples 1 to 8 were obtained from an
extended operating run and show that, despite a considerable

. decline in catalyst activity over the time span of the

Examples, a constant trans-:cis-isomer ratio can be obtained
by maintaining a constant effective residence time (ERT).

Examples 1 to 3 show the maintenance of a
trans-:cis- isomer ratio in the 1,4-cyclohexanedimethanol
product at a feed rate equivalent to a liquid hourly space
velocity of 0.41 to 0.43. Minor changes in the pressure and
in the hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio suffice to maintain the effective
residence time substantially constant and thereby to
maintain a substantially constant trang-:cig- isomer ratio
in the 1,4-cyclohexanedimethanol product. Over the period



p——

shoul d al so consi der the size—of—the gas supply conpressor, the gas recycle
conpressor, and theﬂﬁsm&@mﬁhﬂﬂggtpe rk. The hydrogen-contai ni ng gas used

in the process nay c ke-up gas or a mxture of make-up gas
and recycle gas. The ﬂ”} an be a mxture of hydrogen, optional
m nor anounts of co

THIS SHEET HAS BEEN
- 48 - REPLACED

of these Examples the conversion of dimethyl 1,4-
cyclochexanedicarboxylate averaged 99.0%. From Example 4
onwards the dimethyl 1,4-cyclohexanedicarboxylate feed rate
was reduced so as to maintain the conversion of dimethyl
1,4-cyclohexanedicarboxylate at an average of 98.8% over the
remainder of the test period. During this time there was a
significant decline in catalyst activity as measured under
the standard test conditions. However, the trang-:cis-
isomer ratio of the 1,4-cyclohexanedimethanol product and
the selectivity to 1,4-cyclohexanedimethanol were maintained
- at a nearly constant level by adjustment of the feed
temperaturé and the hydrogen-containing gas:dimethyl 1,4-
cyclohexanedicarboxylate molar ratio. Only minor changes in '
feed pressure were necessary over this period.
Examples 8 to 17
The effect on dimethyl 1,4-cyclochexanedicarboxylate
hydrogenation of altering the operating conditions is
summarised in the results listed in Table III. These
results demonstrate how the feed conditions can be changed
to achieve a selected trans-:cig- isomer ratio in the 1,4-
cyclohexanedimethanol product.
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and CJerr] and inert gases, such as argon, nitrogen, .or nethane,
containing at |east about 70 nole % of hydrogen. Pref- erably the make-up
gas contains at |east 90 nol eThs SRat.onerdgREG Preferably at least 97 nole
% of hydrogen. The nake-up ga ed in any conveni ent manner,
e.g. by partial oxidation or ﬂm ;mm of natural gas fol- |owed by
the water gas shift reaction, orptio' ottt yosstbly by
nmet hanati on of at |east some of any reS|duaI traces Lo

Pressure swi ng absorption can be used if a high purlity a b Up gas
is desired. If gas recycle is uti43sed in the process then the recycle gas

wll normally contain m nor anmounts of one or nore
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products of the hydrogenation reaction which have not been fully condensed

I n the product recovery stage downstream fromthe hydrogenati on zone. Thus,
when using gas recycle in the process of the invention, the gas recycle
streamw || typically contain a m nor anount of an al kanol (e g. nethanol).
The process of the invention is operated at a feed tenperature of at | east
150[ err] C and no higher than 350[err]C. The feed tenperiat sresi sapmekerlabl y
in the range of from 150[err]C to 300[ errkf. -nost pr¢f er abkgpLihcem 200[ferr] C
to 260[err]C. The feed pressure is in the range of from 150 psia (10,34
bar) up to 2000 psia (137.90 bar). However, the benefits

Examples 10, 13 and 17 illustrate the effect of
changing the feed pressure and that increasing the feed
pressure increases the trang-:cis- isomer ratio obtained.
Examples 12, 13 and 16 illustrate the effect of changing the
feed rate and that an increased feed rate decreases the
trang-:cig- isomer ratio. Examples 9, 15 and 17 illustrate
the effect of changing the feed temperature, with increasing
feed temperature increasing the trans-:cis- isomer ratio.

In all the Examples the hydrogen:diester ratio has been
.' ' adjusted as appropriate in order to ensure that the product
is in the vapour phase.

Example 9 to 17 set out data obtained during an
extended hydrogenation run, using the same catalyst charge
as was used in Examples 1 to 8. The results of these
Examples were obtained over a relatively short time span so
that there was little change in actual catalyst activity, as
measured under the standard operating conditions, over these
Examples. It can be seen that a wide range of trans-:cis-
isomer ratios can be obtained in the 1,4-cyclohexanedi-
methanol product by appropriate variation of the operating
conditions. Comparison of Examples ¢ and 11 shows that
l’ similar low trans-:cis- isomer ratios in the product can be
achieved at substantially different pressures by adjustment
of the feed temperature and the hydrogen-containing
gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio, even
though the dimethyl 1,4-cyclohexanedicarboxylate feed rates
were the same. Examples 15 and 17 show that, at similar
pressures but at different dimethyl 1,4-cyclohexanedi-
carboxylate feed rates, adjustment of the temperature and
hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio yields similar trans-:cig- isomer
ratios in the product. Examples 10 and 13 illustrate the
effect of pressure, again under substantially constant

_—_

This Sheet Has Been R,

LT



XL ATNT Gr? tor e "
5 TN TR O R BN ST A

and advant ages of vapour phase feed conditions are best realised by using a
feed pressure of from450 psia (31.03 bar) up to 1000 psia (68.95 bar). The
process requires that the vaporous feed streamis above its dew point so
that the dialkyl (e.g. dimethyl) 1,4- cycl ohexanedi carboxylate is present

in the vapour phase at the inlet end of the or eaCth?%ﬁL¥%&TQQS{ﬁ£N

means that the conposition of the vaporous feed m xt] sh fgcontrol | ed
so that, under the sel ected operating QogQiLions, t he—tempe+rature—of 1 he
m xture at the inlet end of the or each Catal yst bed is always above its
dew point at the operating

conditions, apart from the necessary adjustment of the
hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio in order to give the same approach
to the dew point in the feed stream. Examples 14 and 16
show the effect of a substantial change in the feed rate of
dimethyl 1,4-cyclohexanedicarboxylate at constant feed
temperature but with minor variations in pressure and
hydrogen-containing gas:dimethyl 1,4-cyclohexane-
dicarboxylate molar ratio.

In Figure 3 there is shown a graph showing the
. relationship between the effective residence time and the
trans-:¢cis- isomer ratio of the resulting 1,4-cyclohexane-
dimethanol product for two different combinations of feed
temperature and feed pressure. In Figure 3 the continuous
line indicates the correlation between the transg-:cis-
isomer ratio and effective residence time for a feed
pressure of 900 psia (62.05 bar) and a feed temperature of
240°C while the broken line is the corresponding line for a
feed pressure of 450 psia (31.03 bar) and a feed temperature
of 215°C. Similar lines can be drawn for other combinations

of feed temperature and feed pressure. From such graphs a
person skilled in the art can select the appropriate

‘. operating conditions needed to achieve constant effective
residence time and thus a substantially constant trans-:cis-
isomer ratio.
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pressure. By the term"dew point" is nmeant that tenperature at which a 4+
m xture of gases and vapours just deposits a fog or filmof liquid. This ;
dew point liquid will normally contain all the condensabl e conponents of —
t he vapour phase, as well as dissolved gases, in concentrations that satify
the usual vapour/liquid criteria. Typically the feed tenperature of the
vaporous feed m xture to the hydrogenation zone is fromabout 5[err]Cup to
about 10[err]C or nore above its dew pointssat. the operating pressure. A

conveni ent nmethod of formng a vaporous mixture for use-HT e PreGRsEN pf
. _met! g a vap THIS SHEET RIASHEE
the invention is to spray liquid di nethyl THIS S EPLACED
CLAIMS
1. A continuous process for the production of 1,4-

cyclohexanedimethanol having a desired or predetermined
trans-:¢cis- isomer ratio by catalytic hydrogenation of a
dialkyl 1,4-cyclohexanedicarboxylate in the presence of an
ester hydrogenation catalyst, which process is capable of
being operated for an extended period of time during which
the hydrogenation catalyst declines in catalytic activity,
said process comprising:

." (a) providing a hydrogenation zone containing a charge
of a granular hydrogenation catalyst capable of catalysing
the hydrogenation of esters;

(b) determining a Reference Activity (RA) of the
granular hydrogenation catalyst by measuring the extent of
conversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1,4-cyclohexanedimethancl in passage of a reaction mixture
comprising the dialkyl 1,4-cyclohexanedicarboxylate and a
hydrogen-containing gas through the granular hydrogenation
catalyst at a preselected feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate

. molar ratio;

(c) determining an Effective Residence Time (ERT) for
contact of the reaction mixture at the preselected feed
temperature and feed pressure with the granular
hydrogenation catalyst at the reference activity thereof
which produces 1,4-cyclohexanedimethanol having the desired
trans-:cig- isomer ratio;

(d) forming a vaporous feed stream comprising the
dialkyl 1,4-cyclohexanedicarboxylate and a hydrogen-
containing gas having a preselected hydrogen-containing
gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio;

(e) feeding the vaporous feed stream to the

U ) ““ﬁ""‘fm‘lﬁm"d
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1 , 4-cycl ohexanedi car boxyl ate or a dinmethyl 1, 4-cycl ohexanedi carboxyl ate
solution into a stream of hot hydrogen-con- taining gas so as to forma
saturated or partially saturated vaporous m xture. Alternatively such a
vapour m xture can be obtained by bubbling a hot hydrogen-containing gas
through a body of the liquid dinethyll 1.4- cyclohexanegl‘:r S BeReT yAABREEN

di met hyl 1, 4-cycl ohexanedi car boxyl ate solution. If a s turaﬁg@LM@pmur
m xture is forned it should then be heated_.further uted—wW Th nor e hot
gas so as to produce a partially saturated”Vaporous mixture prior to
contact with the catal yst

hydrogenation zone at a substantially constant temperature
of from about 150°C to about 350°C and which is above the
dew point of the feed stream and at a substantially constant
pressure in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar) at a rate which
corresponds to an Actual Residence Time (ART) of the feed
stream in contact with the catalyst which yields 1,4-
cyclohexanedimethanol of the desired trans-:cis- isomer

ratio;

(£) recovering from the hydrogenation zone a product
' stream containing 1, 4-cyclohexanedimethanol;

(g) monitoring the Actual Activity (AA) of the granular.

hydrogenation catalyst with passage of time by measuring the
extent of conversion of the dialkyl 1,4-cyclohexanedi-
carboxylate to 1,4-cyclochexanedimethanol under the actual
operating conditions of feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio; and
(h) adjusting at least one feed condition of the
vaporous feed stream to the hydrogenation zone selected from
(i) the dialkyl 1,4-cyclohexanedicarboxylate feed rate and
‘., (ii) the hydrogen-containing gas:dialkyl 1,4-cyclohexanedi-
carboxylate molar ratio while maintaining the feed stream
above its dew point to provide an Actual Residence Time
(ART) of the vaporous feed stream in contact with the
catalyst which corresponds to the Effective Residence Time
(ERT) required to provide 1,4-cyclohexanedimethanol having

the desired trang-:cis- isomer ratio in accordance with the
relationship:
ERT x RA
ART = ————
AA.
2. A process according to claim 1, in which the

Hll!lll T Illl Th”lﬁiﬂlli"lr Hllilfﬁld




e process of the invention the hydrogen-containing gasxi al kyl

1, 4- cycl ohexanesdi caroxyl ate nolar ratio, one of the driving forces for the

hydr ogenati on and i sonerisation reactions, can vary within wide linmts,
dependi ng upon ot her process variables such as the feed tenperature and

feed pressure enployed and the activity of the hydrogenatd at al In
order to maintain the vaporous feed stream above its dew|pdiiaits EEJHN@BE . 6

end of the or each catalyst bed at the ope tlng pressura t he REPLACED

hydr ogen- cont ai ni ng gas: di akyl (eg. dineth 4- cycl ohexanedr carboxyt
nolar ratio is

dialkyl cyclohexanedicarboxylate is trans-dimethyl 1,4-
cyclohexanedicarboxylate.

3, A process according to claim 1, in which the
dialkyl cyclohexanedicarboxylate is cjis-dimethyl 1,4-
cyclohexanedicarboxylate.

4. A process according to claim 1, in which the
dialkyl 1,4-cyclohexanedicarboxylate comprises a mixture of
the ¢is- and trans- isomers of dimethyl cyclohexanedi-

. carboxylate.

5. A process according to any one of claims 1 to 4, in
which the hydrogen-containing gas:dialkyl cyclohexanedi-
carboxylate mole ratio in the vaporous mixture is in the
range of from about 200:1 to about 1000:1.

6. A process according to any one of claims 1 to 5, in
which the feed temperature to the hydrogenation zone is in
the range of from about 150°C to about 300°C.

7. A process according to claim 6, in which the feed
' temperature to the hydrogenation zone is in the range of
from about 200°C to about 260°C.

8. A process according to any one of claims 1 to 7, in
which the feed pressure is in the range of from about 450
psia (about 31.03 bar) to about 1000 psia (about 68.35 bar).

9. A process according to any one of claims 1 to 8, in
which the catalyst is selected from reduced manganese
promoted copper catalysts, reduced copper chromite
catalysts, and reduced promoted copper chromite catalysts.

TTe— —_—
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desirably at least 10:1 up to 8000:1, preferably in the range of from 200:1
to 1000:1. It is not, however, necessary that. when using dinethyl

1, 4- cycl ohexanedi car boxyl ate as diester starting material, the vaporous

m xture in contact with all parts of the or each catal yst bed should be so
far above its dew point as to prevent condensation of a 1,4-cyclohexan-

edi net hanol -rich liquid. (1, 4-Cycl ohexanedi nethanol is
di methy 1, 4-cycl ohexanedi car boxyl ate). A%hough the prjo Eégs“'tﬁﬁtl‘lfé BEEN
invention is operated with the feed streamin the vapour—phaREPLAGED;
convenient to express the feed rate of the dialkyl

1, 4- cydohexanedi car hopybesest actbed inglrgesldino zae wiiicH athd e) of the
process

catalyst comprises not more than about 15% by weight of at
least one promoter selected from barium, manganese, and
mixtures thereof.

11. A process according to any one of claims 1 to 10,
in which the dialkyl 1,4-cyclohexanedicarboxylate is
supplied at a rate corresponding to a liquid hourly space
velocity of from about 0.05 to about 4.0 h-1l.

‘ 12. A process according to any one of claims 1 to 11,
in which the effective residence time is selected to yield a
1,4-cyclohexanedimethanocl product having a trang-:cis-
igomer ratio of from about 2.0:1 to about 3.84:1.

13. A process according to any one of claims 1 to 12,
in which in step (h) adjustment of the at least one feed
condition includes the step of adjusting the dialkyl 1,4-
cyclohexanedicarboxylate feed rate.

—
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as a space velocity through the hydrogenation catal yst and to express tha§;=-&>

space velocity as a liquid hourly space veloc- ity. Hence it is convenient
to express the feed rate in terms of the ratio of the liquid feed rate of

t he hydrogenatable mate- rial tothe vaporisation zone to the volune of the
hydr ogenati on catal yst. Thus the equivalent |liquid hourly space velocity of

t he hydrogenatable material through the hydrogenation catalyst is

preferably fromO0.05 to 4.0 h[err]. In otherggords it is preferred to feed
the |Iiquid hydrogenatable material to the vaporisation zone at a rate which

I's equivalent to, per unit volune of catalyst, fromO0.05 to 4.0 unit

vol umes of hydrogenat able nateri al perAEgEﬁA&*.e. 0.05 to 4

nerr]

of

PROCESS

A continuous process is described for the
production of 1,4-cyclohexanedimethanocl having a
desired or predetermined trans-:cis- isomer ratio by
catalytic hydrogenation of a dialkyl 1,4-cyclohexane-
dicarboxylate in the presence of an ester hydrogenation

catalyst, which process is capable of being operated for an

extended period of time during which the hydrogenation
catalyst declines in catalytic activity, said process
comprising:

(a) providing a hydrogenation zone containing a charge
of a granular hydrogenation catalyst capable of catalysing
the hydrogenation of esters;

(b) determining a Reference Activity (RA) of the
granular hydrogenation catalyst by measuring the extent of
conversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1,4-cyclohexanedimethanol in passage of a reaction mixture
comprising the dialkyl 1,4-cyclohexanedicarboxylate and a
hydrogen-containing gas through the granular hydrogenation
catalyst at a preselected feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio; :

(c) ‘determining an Effective Residence Time (ERT) for
contact of the reaction mixture at the preselected feed
temperature and feed pressure with the granular
hydrogenation catalyst at the reference activity thereof
which produces 1,4-cyclohexanedimethancl having the desired
trans-:cis- isomer ratio;

" This Sheet Has Been Replaced
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catalyst). Even nore preferably the liquid hourly space velocity is from
0.1 hferr] to 1.0 h[err] The Actual Residence Tine of the reaction m xture
in contact with the hydrogenation catalyst is readily calculated fromthe
feed rate of the dialkyl 1 ,4-cyclohexanedi carboxyl atepta_the hydrogenation
zone, fromthe hydrogen-containing gas:dinethyl 1 THIS SHEET A S BEE
, 4- cycl ohexanedi car boxyl ate nol ar-ratio, fromthe vol upe 0fmmﬂ@&m§P % Jt he
hydrogenati on zone, and fromthe tenperatgse and pressure in
hydr ogenati on zone. If the plant includes two or nore hydrogenation zones
con- nected in series or in parallel downstreamfromthe vaporisation zone,
then the ?é?nt Opefg%gingag 5§§é§3$$yf§2é streé% comprising the

dialkyl 1,4-cyclohexanedicarboxylate and a hydrogen-

containing gas having a preselected hydrogen-containing

gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio;

(e) 'feeding the vaporous feed stream to the

hydrogenation zone at a substantially constant temperature

of from about 150°C to about 350°C and which is above the

dew point of the feed stream and at a substantially constant

pressure in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar) at a rate which

l' corresponds to an Actual Residence Time (ART) of the feed
stream in contact with the catalyst which yields 1,4-
cyclohexanedimethanol of the desired trans-:cis- isomer
ratio;
(£) recovering from the hydrogenation zone a product
stream containing 1,4-cyclohexanedimethanol;
(g} monitoring the Actual Activity (AA)} of the granular
hydrogenation catalyst with passage of time by measuring the
extent of conversion of the dialkyl 1,4-cyclohexanedi-
carboxylate to 1,4-cyclohexanedimethanol under the actual
operating conditions of feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and

. hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio; and
(h) adjusting at least one feed condition of the
vaporous feed stream to the hydrogenation zone selected from
(i) the dialkyl 1,4-cyclohexanedicarboxylate feed rate and
(ii) the hydrogen-containing gas:dialkyl 1,4-cyclohexanedi-
carboxylate molar ratio while maintaining the feed stream
above its dew point to provide an Actual Residence Time
(ART) of the vaporous feed stream in contact with the
catalyst which corresponds to the Effective Residence Time
(ERT) required to provide 1,4-cyclohexanedimethanol having
the desired transg-:cis- isomer ratio in accordance with the

This Sheet Has Been Replaced
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ffective volune of catalyst by selecting how many zones should be in use
t any given tine, The Actual Residence Tine needed to produce froma given
i al kyl (e.g. dinethyl) 1,4-cycl ohexanedi carboxyl ate REPLACEMENT SHEET

- 58 -

relationship:

ERT x RA

';rw
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feedstock a 1, 4-cycl ohexanedi met hanol product having a desired trans-Gs- [

o a

7

I soner ratio is dependent upon a nunmber of factors such as the dial kyl €.
1, 4- cycl ohexanedi car boxyl ate feed rate, the hydrogen-containing gas:dial kyl
(e.g. dinme- thyl) 1, 4-cycl ohexanedi carboxylate nolar ratio, and the

catal yst activity. Al though the catalyst will tend to decline in activity
with passage of tine in a connercial1p/3nt, the rate of decline, although
significant if measured over a matter of nonths, is relatively slow Thus

it is possible to establish the effects of changing the four nost inportant

feed conditions,

.e. feed tenperature, the feed pressure, the feed rate,
and t he hydrogen-contai ni ng gas:di nethyl 1 ,4-cycl ohexanedi car -
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boxyl ate molar ratio, on. .t
1, 4- cycl ohexanedi net hanol

Y BSadsonoal.oQMEr ratio in the

product experlnentally over a period of tine
which is sufficiently short for any change in catalyst activity to be
insignificant. The activity of the catalyst at a reference tine, i.e. the
Ref erence Activity (RA), which is conveniently given the arbi- trary val ue
1.0, is readily established either i

|2 %Pe | aboratory or in an operating
pl ant by neasuring the extent of con ér sion of a dialkyl (e.g. dinmethyl)
1 ,4-cycl ohexanedi carboxyl ate in passage of the feedstock in a vaporous

feed streamin adm xture with a hydrogen-containing gas under a conveni ent
set of standard operating conditions using a known vol -
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ume of catalyst. The Actual Activity (AA) of the catalyst which is

conveni ent]y pxpressed as a decimal fraction of the Reference Activity (RA)
(e.g. as 0.89, to take an arbitrary exanple), at any later time can be
determ ned:by re-nmeasur- ing the extent of conversion of the dialkyl 1

, 4-cycl ohexanedi car boxyl ate to 1,4-E¥£h$hexanedinethanol usi ng the sane
operating conditions and catal yst. such operating data it is possible
to devel op a body of data to enable the plant operator to determ ne the
Actual Activity of the catalyst under the prevailing operating conditions
wi t hout having to revert to conditions corresponding to the presel ected or
standard operating conditions under which the Reference
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Activity of the catal yst was;

Y""& i e e ..
e ActuﬁflﬁﬁfMﬁﬁfﬁHﬁffthe j

cat al yst,
operation of the hydrogenati;
Resi dence Tine (ART) will n
Ef fecti ve Residence Tine (ERT) accordi
of our ‘experinental programe have fur

o change (nERpRARE: EpE. FRECREpSTICHR B 3 £ AERSED IR, fossi bl

determ ned as desc| iTHEdSthéfndistap@ize,l decli fies aurtrmg—extierided

n pr@@@9§341t i s tappal e Acit dal
’h derfﬁm%p !

to be increaset in pr itn

E;_;g of the invention
| This invention relates to a process for the
production of 1,4-cyclohexanedimethanol.
Background of the invention
1,4-cyclohexanedimethanol is used to prepare highly
polymeric linear condensation polymers by reaction with
terephthalic acid and is useful as an intermediate in the
preparation of certain polyester and polyester amides. The
use of 1,4-cyclohexanedimethanol for such purposes is
disclosed in, for example, US-A-2901466. This document
teaches that the trans-isomer of polycyclohexylene-
dimethylene terephthalate has a higher melting point range
(315°-320°C) than the corresponding cis-isomer (260°-267°C).
One method for preparing 1,4-cyclohexanedimethanol

/(hexahydroterephthalyl alcohol) involves the hydrogenation

of diethyl 1,4-cyclohexanedicarboxylate (diethyl
hexahydroterephthalate) in a slurry phase reactor in the
presence of a copper chromite catalyst at a pressure of 3000
psia (about 206.84 bar) and a temperature of 255°C, as is
described in Example 3 of US-A-2105664. The yield is said
to be 77.5%.

The hydrogenation of dimethyl’ 1,4-cyclchexane-
dicarboxylate (DMCD) to 1,4-cyclohexanedimethanol (CHDM) is
shown below in equation (1):-

i\
CH3O-C-OC-OCH3 + 4H, = HO-CHZOCHZ-OH + 2CH5OH
1,4-DMCD 1,4-CHDM (1).

The two geometrical isomers of CHDM thus produced are:

e

a given
?g_to t he rel atenship—Thedrdsults
her shown that, by changlng tthe
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anol product to any desired value within a wi de range of val ues, e. g from
1:1 to 3.84:1, when using a dialkyl 1,4- cyclohexanedlc- . '

that has a trans-:Ci s-isomer ratio |less than 3.84:1,]
trans-:C s-isomer ratio of from0.5:1to 0.6:1. If a
, 4-cycl ohexanedi car boxl ate feedstock is used that ha$
rati o higher than about 3.84:1, for exanple i.f trans dit net®

ratio in the 1, 4-cycl ohexanedi net hanol produce may b

pl ant operator Ilse he t I ngs of h NV
given tran-: !f@rh o %Hl 4-cycl gﬁexég'
t hr oughout
H H CH2OH
cis-CHDM trang-CHDM

The resulting 1,4-cyclohexanedimethanol product is
a mixture of these two isomers which have different melting
points. As reported on page 9 of the book "Fiber Chemistry"
edited by Menachem Lewis and Eli M. Pearce, published by
Marcel Dekker, Inc.: "Both the alicyclic ester [i.e.
dimethyl 1,4-cyclohexanedicarboxylate] and the alicyclic
diol (i.e.l,4-cyclohexanedimethanol] exist in two isomeric
forms, cis ... and trans ..., that are not interconvertible
without bond rupture". The passage continues later:
"Control of the ([cis-:trang-] ratio is important (in 1,4-

cyclohexanedimethanol] since many polymer and fiber
properties depend on it".

The cig-isomer of 1,4-cyclohexanedimethanol has a
melting point of 43°C and the trans has a melting point of

67°C. The higher melting point trans-isomer is often

preferred over the cisg-isomer for use as a reagent in the
preparation of polyester and polyester-amides if a high
melting point for such materials is considered desirable.
As noted above, the trans-isomer of a typical polyester,

such as trans-polycyclohexylmethyl terephthalate, has a

higher melting point than the cig-isomer. Hence, for
example, US-A-5124435 discloses a polyester copolymer, the
1,4-cyclohexanedimethanol content of which has a trans-
isomer content of at least 80 mole %, and which has a high
heat resistance. The preferment of trans-1,4-cyclohexanedi-

methanol over ¢ig-1,4-cyclohexanedimethanol is also
discussed in US-A-2917549, in US-A-4999090 and in GB-A-
988316.

A liquid phase process for the production of 1,4-




the life of a given catal yst charge despite decline pR-its—attivi
maintain this ratio despite changes in the isoner c ﬂﬁﬁtA@ﬂMﬁﬂe

ftéélEJst e£ °

feedstock. It also enables himto change the isoner yafto 1n the pr ddlict at
will in response to changi ng product specification rgeq |qu53ts witl | be
appreciated that the effective residence tine appropfi to produce 3

desired trans-:Cis- isoner ratio in the l,g-gyclohexan
fromone particul arfeedstock e.g. C s- dinethyl

‘oduet

1, 4- cycl ohexanedi car boxyl at e, may not necessanly be ttre—same Tor

a

dlfferent f eedst ock, dﬁ%e the trans - diester. Hence it may be %ecessary to

cyclohexane thanol by plural stage hydrogenation o

carry

dimethyl terephthalate is described in US-A-3334149. This
utilises a palladium catalyst to effect hydrogenation of

dimethyl terephthalate to dimethyl 1,4-cyclohexanedi-

carboxylate, followed by use of a copper chromite catalyst
in the liquid phase to catalyse the hydrogenation of that
diester to 1,4-cyclohexanedimethanocl. 1In the procedure

described in Example 1 of that patent specification a

residence time of about 40 to 50 minutes is used in the
second stage of this process. The activity of the copper

chromite catalysts recommended in US-A-3334149 is such
long residence times are required. '

that

In a liquid phase process for the production of

1,4-cyclohexanedimethanol, such as is disclosed in US-A-

3334149, the tramns-:cis- isomer ratio of the product 1,

cyclohexanedimethanol will tend towards an equilibrium

4 -

value. This equilibrium value has been reported variously

and may lie between about 2.57:1 (trans-:cis- 1,4-

cyclohexanedimethanol) (as reported in GB-A-988316) and

about 3:1 (as reported in US-A-2917549). However, the

starting material, dimethyl 1,4-cyclohexanedicarboxylate, is

generally commercially obtainable as a mixture of cis-

and -

trans-isomers wherein there is a preponderance of the cis-
isomer. Thus in a typical commercial grade of dimethyl 1,4-

cyclochexanedicarboxylate the trans-:cis- isomer ratio is
from about 0.5:1 to about 0.6:1. Moreover, the rate of

approach to the equilibrium product composition during

the

hydrogenation process is slow in the liquid phase. Liquid

phase hydrogenation of a typical commercial grade of

dimethyl 1,4-cyclohexanedicarboxylate according to the
teaching of the prior art therefore provides a process
wherein the rate of approach to the appropriate trans-

:cig-

isomer equilibrium ratio for 1,4-cyclohexanedimethanol,
reported to be about between 2.57:1 and about 3:1, is very
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out one or nore experinments for each new feedstock that is used in_qrder to

determ ne for that feedstock what are the particul a ﬁ 1_%?&?§P@§EEW
effective residence time and effective operating copditinn -Lequi-+ed to
produce: a particular trans-:Cis- isonmer ratio in th

: roduct. Such
effective operating conditions are typically conditilons t@IDE dWofr
within the ranges of feed tenperature, feed pressurg, |feed rate and

hydr ogen- cont ai ni ng gas: di al kyl 1, 4-cycl ohexanedi cajbo- xylate nolar fatio

recommended for use in steps (d) and (e) of the prodess of the invent
Havi ng determ ned for one feedstock what are appropriate operating

condi ti onssioy- orEeReR kR R kPR Al phkquiciirhase @recea@ss-thsoner rati o,

then requirement, in terms of operating and catalyst consumption
costs, for high reactor throughput conflicts with the
requirement for a product which contains a high proportion
of the trans-isomer,
Attempts to deal with the problem of the presence
of an excess of the less desirable ¢cis-1,4-cyclohexanedi-

methanol isomer in any process for 1,4-cyclohexanedimethanol
manufacture have focused on the isomerisation of the c¢is-
isomer of cyclohexanedimethanol to the trang-isomer thereof.

US-A-2917549 discloses a process for isomerising
¢is-1,4-cyclohexanedimethanol to trans-1,4-cyclohexanedi-
methanol which comprises heating g¢is-1,4-cyclohexanedi-
methanol at a temperature of at least 200°C in the presence
of an alkoxide of a lower atomic weight metal such as

lithium, sodium, potassium, calcium or aluminium.

However, the process of US-A-2917549 necessarily involves a
two-stage process wherein the initial cis-/trans- 1,4-
cyclohexanedimethanol hydrogenation product is recovered
from the hydrogenation zone and subjected to temperatures in
excess of 200°C in the presence of a metal alkoxide catalyst
under an atmosphere of nitrogen. The capital and
operational costs associated with a plant designed to carry
out the process taught in US-A-2917549 would be undesirably
high. BAnother disadvantage of such a plant is the
associated hazard relating to the use of metal alkoxides as
catalysts in the isomerisation zone. Such catalysts are
required to effect the isomerisation, which is reported not
to occur under typical hydrogenation conditions using
hydrogenation catalysts such as copper/chrome or Raney
nickel catalysts, according to the teaching of Example 11 of
US-A-2917549. Furthermore, steps would be required to
prevent product contamination by the metal alkoxide

catalyst.
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if the new feedstock has only a slightly different isomer ratio it may

suffice to carry out only one test or a fewtests in order_to dn_

with sufficient accuracy what changes are needed 0 egpgu
conditions which were appropri- ate for the fornern BFH%C i

with the new feedstock the desired new effective re4|dence t|&§1w1
yield the desired i somer ratio. On the otHer- hand,| ilf 1RDHed

1, 4- cycl ohexanedi car boxyl at e feedstock differs verly %ELE;_QQLM.L&,
trans-:Cs- isonmer ratio fromthat of the forner fleedstock then a
extensive experi menggl AP 995650 1B e L EHEH s

data from which the neM/eEfectlve resi dence tine can be determ ned.

jsomerisation of cis-1,4- -cyclohexanedimethanol by
dlstlllatlon in the presence of an alkali metal hydroxide or
alkoxide at a temperature of between 150°C and 200°C and at
a pressure of between 1 mm Hg and 50 mm Hg (between 1.33
millibar and 66.5 millibar). This process has very similar
disadvantages to those-of US-A-2917549.

GB-A-988316 teaches a process for the preparation
of trans-1,4-cyclohexanedimethancl in which a mixture of
cis- and trans-isomers of dimethyl hexahydroterephthalate
(i.e. dimethyl 1,4-cyclohexanedicarboxylate) is hydrogenated
at elevated temperature and pressure in the presence of a
Cu/2Zn catalyst. Trans-1,4-dimethylolcyclohexane (i.e.
trans-1,4-cyclohexanedimethanol) is separated by
crystallisation from the reaction product and then the
residual product, now enriched in c¢is-1,4-cyclohexanedi-
methanol, is recycled to the hydrogenation zone whereupon it
undergoes isomerisation to a cig-/trans- 1,4-cyclohexanedi-
methanol mixture. The recycle procedure may be repeatéd to
obtain a 1,4-cyclohexanedimethanol product containing the

trans-isomer in substantial excess. However, the process

according to GB-A-988316 is more preferably operated under
conditions such that recycled cig-isomer enriched product is
combined with fresh dimethyl 1,4-cyclohexanedicarboxylate
feed on re-entry to the hydrogenation zone. The
effectiveness of recycling the gis-isomer to the
hydrogenation zone is largely a result of the dual function
of the copper/zinc catalyst which possesses both a
hydrogenating and an isomerising catalytic action. As would
be expected from thermodynamic principles, the isomerising
action is most effective when a mixture containing a
preponderance of the cig-isomer is recycled to the
hydrogenation zone. However, recycling the gis-isomer in
this way is acknowledged to cause a new problem, that of the




It is recognised by those skilled in the art that, as;ggt%ﬁx§i~ag§mq1ﬁy
declines, the feed tenperature and/or the feed pressyur - eﬂadjuq ted so
as to inprove the rate of hydrogenation of dialkyl e
1, 4- cycl ohexanedi car boxyl ate. Wen increasing the fepd t dfBESTPE 4nd/ or
feed pressure to the hydrogenation zone, it is possiple to use the gane
relation- ship to control the trans-:C s~ ksener ratjo in the product |1
, 4- cycl ohexanedi net hanol , except that now a differeni_Effec-tive-Restdence
Time (ERT) will be required. This new Effective Residence Time (ERT) can

casi |y be deharmingd &by AR BY- %&%dﬂi auchyERgs 1 Chachygugt content
nc

and adjustlng the Actual Resi as necessary in ord
hyd roxymethylcyclohexane, whic may be formed by operatlng

the hydrogenation reaction under too severe conditions. To
minimise the formation of such by-products, the
hydrogenation zone may be operated under "relatively mild
conditions", according to the teaching of GB-A-988316 (see,
for example page 2, lines 55 to 79 of GB-A-988316).
However, such mild conditions reduce the achieved conversion
of dimethyl 1,4-cyclohexanedicarboxylate with the result
that, for any one pass through the hydrogenation zone, a
significant quantity of dimethyl hexahydroterephthalate
(dimethyl 1,4-cyclohexanedicarboxylate) remains unconverted.
By the term "relatively mild conditions" is meant a
temperature of at least 200°C, preferably between 240°C and
300°C, and a pressure of 200 to 300 atmospheres (202.65 bar
to 303.98 bar), according to page 2, lines 26 to 32 of GB-A-
988316. The use of such high pressures at these elevated
temperatures can be hazardous, besides requiring reactors
with thick walls and flanges of special alloy constructed to
withstand such extreme pressures. Hence it is expensive to
construct a plant to operate at pressures as high as
envisaged in GB-A-988316. Furthermore it is potentially
hazardous to operate a plant operating at 200 atmospheres
(202.65 bar) or above, as well as being very expensive, not
only in terms of the capital cost of the plant but also with
regard to operating costs. A substantial proportion of this
capital cost is associated with the rigorous safety
precautions that must be taken when operating a high
pressure conventional commercial scale hydrogenation plant.
It is also expensive to compress gaseous streams to such
high pressures and to circulate them through the plant.
Although there is a passing reference (see page 1,
line 84 of GB-A-988316) to use of "the gaseous phase", even
at temperatures of 300°C both cis- and trans- dimethyl
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to achieve the desired trans-:Cis-isoner ratio in the product
1, 4- cycl ohexanedi net hanof. As the activity of the catal yst changes with

time,

is possible to alter the feed rate, w thogt—atterin tie
tenmperature, in order to change the effective residiPeAth adlEE o
mai ntain the nol ar conversion of dialkyl (e.g. dingt T I, 4"
- 7 -
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hexahydroterephthalate would be in the léquid phase at
pressures of 200 to 300 atmospheres (202.65 bar to 303.98
bar) at the hydrogen:ester ratio envisaged in the Examples.
Thus in each of the Examples of GB-A-988316 liquid phase

conditions are used. According to Example 4, which uses a
feed mixture containing dimethyl hexahydroterephthalate
(i.e. 1,4-dimethyl cyclohexanedicarboxylate), and methanol
such as might be used in a recycling process, the isomers
present in the diol in the hydrogenation product are stated
to represent an equilibrium mixture of about 72% of the
trans- and about 28% of the cis-isomer, i.e. a trans-:cis-
ratio of about 2.57:1.

It is known to effect hydrogenation of certain
esters and diesters in the vapour phase. For example it has
been proposed to use a reduced copper oxide/zinc oxide
catalyst for effecting hydrogenation of esters in the vapour
phase. In this connection attention is directed to GB-B-
2116552. Also of relevance is WO-A-90/8121.

It is further known to produce diols, such as
butane-1,4-diol, by catalytic hydrogenation of esters of
dicarboxylate acids, such as a dimethyl or diethyl ester of
maleic acid, fumaric acid, succinic acid, or a mixture of
two or more thereof. Such processes are described, for
example, in GB-A-1454440, GB-A-1464263, DE-A-2719867, US-A-
4032458, and US-A-4172961.

Production of butane-1,4-diol by vapour phase
hydrogenation of a diester, typically a dialkyl ester, of a
C4 dicarboxylic acid selected from maleic acid, fumaric
acid, succinic acid, and a mixture of two or more thereof
has been proposed. 1In such a process the diester is
conveniently a di-(C,; to C, alkyl) ester, such as dimethyl
or diethyl maleate, fumarate, or succinate. A further
description of such a process can be found in US-A-4584419,
EP-A-0143634, WO-A-86/03189, WO-A-86/07358, and WO-A-
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cycl ohexanedi car boxyl ate substantially at a constant value. In this way
changes in the feed rate can be used to keep the trans-:C s- isoner ratio
of the product 1 ,4-cyclohexanedi nethanol substanl¢;&44¢makva—u fired
constant value, A further option is to increase q@?ﬂ%&%f%mﬁﬁe¢ature to the
hydrogenation zone while reducing the hydrogen-¢o ga :
1. 4-cycl ohexanedi carboxyl ate nolar ratio in orderito gﬁyqi
approach to the dew point of the feed stream_ Thu ? ‘ekanpl e
possible to increase the feed tenperature of th
woul d i ncrease the anount by which the tenperat
the feed stge JHIJH t he ot her operating

In all of the above-mentioned vapour phase

re exceeds the dew point of

processes the esters or diesters all have a vapour pressure
which is high compared to the vapour pressure of dimethyl
1,4-cyclohexanedicarboxylate and 1,4-cyclohexanedimethanol.
Ssummary of the Invention

It is accordingly an object of the present
invention to provide a process for the production of
cyclohexanedimethanol by hydrogenation of a dialkyl (e.g.
dimethyl) cyclohexanedicarboxylate which can be operated
with substantially increased safety and operating economy at
relatively low pressures. Another object of the invention
is to provide a process for production of 1,4-
cyclohexanedimethanol by hydrogenation of a di-(C; to Cy
alkyl) cyclohexanedicarboxylate, such as dimethyl 1,4-
cyclohexanedicarboxylate, wherein the hydrogenation step
yields directly a 1,4-cyclohexanedimethanol product with a
higher trans-:cis- isomer ratio than is achievable by
conventional hydrogenation methods. Hence it is a still
further object of the invention to avoid the increased
capital and operating costs of the prior art processes
mentioned above which require the use of extreme
hydrogenation conditions or a separate isomerisation step.
It is also an object of the present invention to provide a
process wherein a mixture of gig- and trans- isomers of

dimethyl 1,4-cyclohexanedicarboxylate is reacted rapidly
with high conversion and high selectivity to a mixture of
¢is- and trang-isomers of 1,4-cyclohexanedimethanol wherein
the trans-isomer is present in excess of the gis-isomer. An

additional object of the invention is to provide a process
for the production of 1,4-cyclohexanedimethanol which can be
operated so that a product having a particular desired
trans-:¢cis- isomer ratio, which may be changed at will from
time to time, can be produced from a given dimethyl 1,4-
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conditions were not changed, and sinultaneously to reduce t he

hydr ogen- cont ai ni ng gasi di al kyl 1 , 4-cycl ohexanedigeat= tQuchp
ratio, a step which would ot herwi se decrease the dmBGRkA | he dew
point of the feed stream exceeds its dew point if e ot her opera

condi tions were not changed, so as to leave the diff rqquEnéBﬂke he dew
point and the feed tenperature effectively? the same,|i.e. so as t perate
at a substantially constant approach to the dew poln iTTed i the

art wll recognise that. when changing feed tenperature to the
hydr ogenat ppol ghereaned neartsdtelati e/ f geditterice t iQne Wdde kb jeerpuiated hen
order to mah@étgﬁfoﬁ hes t@g g;?fo‘}fci’élsa pQ'cSceésS%I i 'p@ddﬁéﬂ%r} of a

, 4- cyclohe ane
cyclochexanedimethanol product having a desired trans-:cis-

isomer ratio from a variety of dimethyl
cyclohexanedicarboxylate feedstocks having different trans-
:cis- isomer ratios in the feedstocks. Yet another object
of the present invention is to provide a process for the
production of 1,4-cyclohexanedimethanol which can be
operated for extended periods of time during which the
hydrogenation catalyst can lose activity whilst continuing
to yield a product with a substantially constant desired
trans-:gcis ratio.

According to the present invention there is
provided a continuous process for the production of 1,4-
cyclohexanedimethanol having a desired or predetermined.
trans-:cis- isomer ratio by catalytic hydrogenation of a
dialkyl 1,4-cyclohexanedicarboxylate in the presence of an
ester hydrogenation catalyst, which process is capable of
being operated for an extended period of time during which
the hydrogenation catalyst declines in catalytic activity,
said process comprising:

() providing a hydrogenation zone containing a charge
of a granular hydrogenation catalyst capable of catalysing
the hydrogenation of esters;

(b) determining a Reference Activity (RA) of the
granular hydrogenation catalyst by measuring the extent of
conversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1,4-cyclohexanedimethanol in passage of a reaction mixture
comprising the dialkyl 1,4-cyclohexanedicarboxylate and a
hydrogen-containing gas through the granular hydrogenation
catalyst at a preselected feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate

molar ratio;
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I met hanol product. Wth passage of time the activity of the catal

st tends

to decline. However, it has been found in the course-of ? TCXPek
programme that it is possible to reactivate the cLﬁﬁfb&quﬁyﬁf [
partially deactivated hydrogenation catalyst withial tlow of a

hydr ogen-contai ning gas, which is substantially fyee fppEQ WP&Y!

rent al
mg the

dimethyl) 1 ,4-cyclohex- anedicarboxyl ate,lunder pppropriate tengerature
a

and pressure conditions. If such a procedure is uged—mtte Tourse

particul ar production canpaign, then the Actual Aftivity (AA_my

i ncreased a(%g;ti N andiddedn 18 NGF SR fd Hesidence Time (ERT) for

contact of the reaction mixture at the preselected feed
cemperature and feed pressure with the granular
hydrogenation catalyst at the reference activity thereof

which produces 1,4-cyclohexanedimethanol having the desired

trans-:cis- isomer ratio;

(d) forming a vaporous feed stream comprising the
dialkyl 1,4-cyclohexanedicarboxylate and a hydrogen-
containing gas having a preselected hydrogen-containing
gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio;
(e) feeding the wvaporous feed stream to the

hydrogenation zone at a substantially constant temperature
of from about 150°C to about 350°C and which is above the
dew point of the feed stream and at a substantially constant
pressure in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar) at a rate which
corresponds to an Actual Residence Time (ART) of the feed

stream in contact with the catalyst which yields 1,4-
cyclohexanedimethanol of the desired trans-:cis- isomer

ratio;

(£) recovering from the hydrogenation zone a product

stream containing 1,4-cyclohexanedimethanol;

(g) monitoring the Actual Activity (AA) of the granular
hydrogenation cafalyst with passage of time by measuring the

extent of conversion of the dialkyl 1,4-cyclohexanedi-

carboxylate to 1,4-cyclohexanedimethancl under the actual

operating conditions of feed temperature, feed pressure,

dialkyl 1,4-cyclohexanedicarboxylate feed rate, and

hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate

molar ratio; and
(h) adjusting at least one feed condition of the
vaporous feed stream to the hydrogenation zone selected

from

(i) the dialkyl 1,4-cyclohexanedicarboxylate feed rate and
(ii) the hydrogen-containing gas:dialkyl 1,4-cyclohexanedi-
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such reactivation to increase the feed rate and/o
time fromthe correspondi ng values in use precedi
procedure in order to re-achieve the effective re
desired extent of con- version of dinethyl 1,4-cy
required to achieve the desired trans-:C s- isone
cycl ohexanedi net hanol product In a particularly phgef
1, 4- cycl ohexanedi carboxylate is a Gis-ric

di al kyl

8 @g~r ési dence
dhthﬁ _ggQLév T|

i Hence tinme an the
I)hewaméMjﬁﬁbb xyl at e
atio in the 1 4-
process tie

i soner mjxture-and the

operating conditions are selected so as to produce a 1
4- cycl ohexanedi net hanol product in which the trans-:C s-isoner

carboxylate molar ratio while maintaining the feed stream
above its dew point to provide an Actual Residence Time
{ART} of the vaporous feed stream in contact with the
catalyst which corresponds to the Effective Residence Time
(ERT) required to provide 1,4-cyclohexanedimethanol having
the desired trans-:cis- isomer ratio in accordance with the

relationship:
ERT x RA
ART = ————
AA.

As used herein, the term "residence time" means the
time taken for the vaporous feed stream at the feed
temperature and feed pressure to the hydrogenation zone to
pass through the empty volume of reactor occupied by the
catalyst.

The choice of preselected feed conditions under which
to determine the Reference Activity (RA) is at the
discretion of the person skilled in the art. It is
convenient to use for this purpose a set of feed conditions
which approximates to the set of feed conditions to be used
at the beginning of catalyst life.

In practice the activity of the catalyst may not be
the same at any given time throughout the catalyst charge.
However, what matters to the plant operator in selecting
appropriate operating conditions is the overall activity of
the catalyst charge. A convenient yardstick of the activity
of a catalyst charge is the extent of conversion of the
dialkyl 1,4-cyclohexanedicarboxylate in the reaction mixture
in passage through the catalyst charge. Changes in the
extent of conversion under substantially constant reaction
conditions in the hydrogenation zone betoken a change in the
activity of the catalyst charge. Thus, for example, if the
extent of conversion of the dialkyl 1,4-cyclohexanedi-
carboxylate falls from 95% under a given set of operating
conditions to 90% with passage of time and the operating
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ratio is in the range of fromabout 2:1 up to about 3.-84+i—afd-iS 10} e
preferably at |east about 2.6:1 up to about 3.84: 1. RﬁéUﬁE&%@§§§3f??1e
invention thus readily permts the preparation in ajsijmgtre step from guch a
G s-rich feedstock of a 1,4- cycl ohexanedi nmet hanol % dqu??gcw@ggh t he

1,7 Tor

trans-:Cis- isoner ratio is in excess of 2:1 up to 3 exanmpl ¢ from
2.6:1to 2.7:1. it is preferred that this ratio is The
i nvention permts production in a single-stép-of a 1} 4-
cycl ohexanedi net hanol product with a trans-:C s-i soner—ratto of from3.1:1
up to 384:1, e.g. 3.2:1 up to 3.7:1. Hgher trans-:Cis- isomer ratios can

be achi evedondithiens, 4reycothekangddpethanoitpcadube bzidt fioti ngefrom

trans-di mephyl,oled of the present invention that the catalyst charge
has lost half its activity. 1If the conversion under
particular conditions at the reference activity is 99% and

the conversion later drops to 97%, then the percentage of
unconverted dialkyl 1,4-cyclohexanedicarboxylate has tripled
and the actual activity of the catalyst charge at that later
time will be 0.33, taking the reference activity as 1.0.

The dialkyl 1,4-cyclohexanedicarboxylate preferably
is a di-(C; to C4 alkyl) 1,4-cyclohexanedicarboxylate, such
as dimethyl, diethyl, di-p- or -iso-propyl, or di-n-, -iso-
or -sec-butyl 1,4-cyclohexanedicarboxylate, ox, more
preferably, dimethyl 1,4-cyclohexanedicarboxylate.

The invention is predicated on the discovery that,
at a given temperature and pressure, the rates of
hydrogenation of the dialkyl 1,4-cyclohexanedicarboxylate
and isomerisation of 1,4-cyclohexanedimethanol are
substantially the same, so that at a given conversion of
dialkyl 1,4-cyclohexanedicarboxylate one will achieve a 1,4-
cyclohexanedimethanol product having a given trans-:cis-
isomer ratio. The benefits afforded by the invention
include the ability (1) to maintain a constant trans-:cis-
isomer ratio in the 1,4-cyclohexanedimethanol product
throughout the operating life of the catalyst and (2) to
vary the trans-:cis-isomer ratio in the 1,4-cyclochexanedi-
methanol product over a wide range, e.g. from about 1:1 to
about 3.84:1. Thus, not only is the conversion of the
dialkyl 1,4-cyclohexanedicarboxylate to the 1,4-cyclohexane-
dimethanol, extremely rapid under the vapour phase
hydrogenation conditions used, requiring only a matter of a
few seconds for substantially complete conversion to occur,
but also the approach of the isomerisation of 1,4-
cyclohexanedimethanol to equilibrium that occurs in passage
through the hydrogenation zone is comparably rapid. This is
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cycl ohexanedi carboxylate. It is surprising that

conditions used in the process of the invention|cRPPIGERMERE SHEEOM a Ci s-

rich diester feedstock a 1, 4-cycl ohexanedi net hapol—product—TiXtjurie whose

trans-:Cis-isonmer ratio is in excess of the ratijo|th ' rima
o HEC .

reported equilibriumratio under |iquid phase condit | t hough
the normal trans-:Ci s- isonmer equilibriumriai-o i m-the ]

, 4- cycl ohexanedi net hanol product froma G s-rich dester feedstock| under

| i quid phase conditions, is reported to be, undesr- itions, as

high as aboytg3rdrid ey PF ESEIMHg | MMEY QR MPLRPY A RS ons are
involved. Thus a close approach to the equilibrium
trans-:cis- 1,4-cyclohexanedimethanol ratio, at a constant
temperature, as well as essentially complete conversion of
dialkyl 1,4-~cyclohexanedicarboxylate to 1,4-cyclohexane-
dimethanol, can be achieved by using a residence time of
less than about a minute of the reaction mixture in the
hydrogenation zone, typically in the range of from about 2
to about 15 seconds. This residence time is in stark
contrast to the extended residence times recommended in the
liquid phase hydrogenation processes of the prior art, such
as the 40 to 50 minutes residence time used in Example 1 of
US-A-3334149. '
The process of the invention is operated using
vaporous feed conditions with the feed stream being fed to
the hydrogenation zone in step (e) in essentially liquid
free vaporous form. Hence the feed stream is fed to the
hydrogenation zone at a feed temperature which is above the
dew point of the mixture. The process can be operated so
that vapour phase conditions will exist throughout the
hydrogenation zone. . However, when using dimethyl 1,4-
cyclohexanedicarboxylate as starting material, the product,
1,4-cyclohexanedimethanol, is less volatile than the
starting material, dimethyl 1,4-cyclohexanedicarboxylate.
Thus there is, in this case, the possibility of condensation
of a 1,4-cyclohexanedimethanol-rich liquid occurring on the
catalyst, particularly if the temperature of the feed stream
is close to its dew point. Such condensation of a 1,4-
cyclohexanedimethanol-rich liquid on the catalyst is not
deleterious in the process of the invention because the heat
of hydrogenation of any dimethyl 1,4-cyclohexanedi-
carboxylate present in the 1,4-cyclohexanedimethanol-rich
liquid can be dissipated by the heat sink effect of the 1,4-
cyclohexanedimethanol. However, it is essential that the




with the feed ester (e.g. dinethyl 1,4-cyclohexanedi
t he vapour phase, enabl es production froma dial Kyl | REPLACEMENT SHEET
1, 4- cycl ohexanedi car boxyl ate feedstock with a trans-: Gs—t+sSofrer—ai i
than about 1:1 of 1, 4-cycl ohexan- edi nethanol with 3 raié-}ﬁg%é'sone
ratio as high as 3.84:1. In the prior art it is nmadg dle Riaf e

hydr ogenati on of dinmethyl 1,4-cycl ohexanedigasboxyl g (di pethyl hekahy-

droterephthalate) is liable to give significant quantities of by-products.
Thus GB- A-988316 acknow edges t he probl em caused by ' ted
by- product geegushr@sm 1p8BAEVA - AalydE QXY PE AN FY o OD X AP ool | Se SLROT TSI NT

to find
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inlet end of the catalyst bed if the advantage of vapour
phase feed conditions is to be realised. The use of vapour
phase feed conditions in the process of the invention has
the advantage that, compared with liquid phase operation of
the process, generally lower operating pressures can be
used. This generally has a significant and beneficial
effect not only on the construction costs but also on the
operating costs of the plant.

Care has to be taken that contact of droplets of a
dimethyl 1,4-cyclohexanedicarboxylate-rich liquid with the
catalyst is avoided because this can cause severe localised
overheating of, and damage to, the catalyst due to the
exothermic nature of the ester hydrogenation reaction. In
conventional liquid phase hydrogenation processes this
danger is obviated by flooding the catalyst with liquid and
by feeding the dimethyl 1,4-cyclohexanedicarboxylate to the
hydrogenation zone in admixture with an inert diluent,
conveniently 1,4-cyclohexanedimethanol;

In the hydrogenation zone the hydrogenatable
material undergoes extremely rapid hydrogenation to yield
1,4-cyclohexanedimethanol according to equation (1) above.
In addition, a fast isomerisation reaction occurs under the
hydrogenation conditions used. Hence a feedstock rich in
cis-dimethyl 1,4-cyclohexanedicarboxylate tends to yield a
1,4-cyclochexanedimethanol product that has a higher content
of the trans-isomer thereof than the trans-content of the

diester starting material. If the hot reaction mixture is
passed over the hydrogenation catalyst at a suitable rate,
then the trans-:cis- isomer ratio of the 1,4-

cyclohexanedimethanol present in the reaction product
mixture approaches the equilibrium value for wvapour phase
hydrogenation conditions. 1In the case of hydrogenation of
dimethyl 1,4-cyclohexanedicarboxylate we have found that
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that the process of the invention can be operated sg h@ﬁECEm%ﬂPN%EETh
presence of a very |arge excess of hydrogen and the e
partial pressure of hydrogen conpared to the relatively om/vapour Jrassure
of dinmethyl 1,4- cycl ohexanedicarboxylate, the reactli dn pPRECI®IG api bl y
with a very high conversion of dinmethyl 1, 4 cycl ohgxgnedi car- boxyflate to
the desired product, i.e. 1 ,4-cyclohexanedinethanol], but yet with a very
hi gh selectivity to that product and therefore with la_very lnM}uaol ﬁf|
b roducts,, .Thus_u r avourable condi tions the cq version o i met hy
1y4p cycl oh %xag]ne cgﬁeb ARG 530 Ghsh ST 06t Baddl: lcan B Sas hi gh
as 98 nol e%@lmlmalgmlﬁncaamﬂl}ed‘ughdxy thanl the ratio of between

2.57:1 and 3:1 which is reported to be achieved under liquid

phase reaction conditions when using a gis-rich dimethyl
1,4-cyclohexanedicarboxylate as feedstock.

If the hydrogenatable material comprises
substantially pure trans-dimethyl 1,4-cyclohexanedi-

carboxylate, then some ¢is-1,4-cyclohexanedimethanol will be
formed. 1In this case the trans-:cis-isomer ratio of the
resulting 1,4-cyclohexanedimethanol product may be higher
than about 3.84:1 but will tend toward the equilibrium
trans-:cis-isomer ratio, i.e. about 3.84:1, with increasing
residence time in the hydrogenation zone.

The dialkyl 1,4-cyclohexanedicarboxylate supplied
to the hydrogenation zone may comprise substantially pure
cis-dimethyl 1,4-cyclohexanedicarboxylate, trans-dimethyl

1,4-cyclohexanedicarboxylate, or a mixture of the cis- and
trans- isomers thereof in any ratio. The molar ratio of
trans-dimethyl 1,4-cyclohexanedicarboxylate to cis-dimethyl

1,4-cyclohexanedicarboxylate in any such mixture may be in
the range of from about 0.01:1 to about 1000:1, preferably
in the range of from about 0.05:1 to about 1:1.

Dimethyl 1,4-cyclohexanedicarboxylate is
commercially available as high purity dimethyl 1,4-cyclo-
hexanedicarboxylate, technical grade dimethyl 1,4-cyclo-
hexanedicarboxylate, cisg-dimethyl 1,4-cyclohexanedi-
carboxylate, or trans-dimethyl 1,4-cyclohexanedicarboxylate.
The preferred feedstock for the process of the invention is
technical grade dimethyl 1,4-cyclohexanedicarboxylate, as
the high purity, ¢is-, and trans- grades of dimethyl 1,4-

cyclohexanedicarboxylate require additional purification
stages in the course of their production. 1In a typical bulk
sample of commercially available dimethyl 1,4-cyclohexane-
dicarboxylate the trang-:cis- isomer ratio is from about

THIS SHEET HAS BEEN
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cycl ohexanedi met hanol of greater than 96 nole% |In d0grg @Bk i i ng
to find that it is possible, under suitable reac- tilo EégkﬁMERT%HEF_o
convert a starting ester (e.g. dinethyl 1,4-cyc|ohexaned|carbox e) t hat

has a trans-:Cis- isomer ratio less than 1:1 in a sijngl e1StRC
cycl ohexanedi net hanol product with a trans-:C s- isdqndgr ratio that S
greater than 1:1 and nornmally in the rangeisf -from gbout  2.6:1 up to @s
hi gh as about 3.84:1, a value that is nmuch higher than _the bhighest
equi librium trans-G s-isomer ratio that is disclosed in the prior art. It
is further W prisd gbd: fg gl £ hat this conver- sion can be acconplished at

relatively | ow operating tenperatures and pressures.
Whenl designing a plant to operate according to the

teachings of the present invention it is necessary to decide
on the volume of catalyst to be used for a projected
production rate of a 1,4-cyclohexanedimethanol product
having a trans-:cis- isomer ratio which corresponds to a
desired approach to the equilibrium value of about 3.84:1.
This volume will normally be éelected to be sufficient to
provide the desired extent of conversion in order that the
trans-:cis- isomer ratio in the 1,4-cyclohexanedimethanol
product shall achieve that desired approach not only at the
beginning of the campaign when the catalyst can be expected
to be at its most active but also at the end of the useful
life of the catalyst. Placing the hydrogenation catalyst in
two or more hydrogenation zones which can be operated
singly, in series, or in parallel will give the plant
operator the greatest flexibility. 1In selecting a suitable
catalyst volume the plant designer should also consider the
size of the gas supply compressor, the gas recycle
compressor, and the associated pipework.

The hydrogen-containing gas used in the process may
comprise fresh make-up gas or a mixture of make-up gas and
recycle gas. The make-up gas can be a mixture of hydrogen,
optional minor amounts of components such as CO and CO,, and
inert gases, such as argon, nitrogen, or methane, containing
at least about 70 mole % of hydrogen. Preferably the make-
up gas contains at least 90 mole %, and even more preferably
at least 97 mole %, of hydrogen. The make-up gas can be
produced in any convenient manner, e.Q. by partial oxidation
or steam reforming of natural gas followed by the water gas
shift reaction, and CO, absorption, followed possibly by
methanation of at least some of any residual traces of
carbon oxides. Pressure swing absorption can be used if a
high purity hydrogen make-up gas is desired. If gas recycle

THIS SHEET HAS BEEN
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In a coomercial plant it may be preferred to enploy at |east two
hydr ogenati on zones, each containing a charge of a heterogeneous ester

hydrogenati on catal yst, connected in parallel. Each T S T
capabl e of independent - 9- Ré%ﬁaﬁméﬁn "
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is utilised in the process then the recycﬂe—g&s—wii‘
normally contain minor amounts of one or more products of

the hydrogenation reaction which have not been fully
condensed in the product recovery stage downstream from the
hydrogenation zone. Thus, when using gas recycle in the
process of the invention, thé-éas recycle stream will
typically contain a minor amount of an alkanol (e.gq.
methanol) .

The process of the invention is operated at a feed
temperature of at least about 150°C and no higher than about
350°C. The feed temperature is preferably in the range of
from about 150°C to about 300°C, most preferably from about
200°C to about 260°C. ’

The feed pressure is in the range of from about 150
psia (about 10.34 bar) up to about 2000 psia (about 137.90 '
bar). However, the benefits and advantages of vapour phase
feed conditions are best realised by using a feed pressure
of from about 450 psia (about 31.03 bar) up to about 1000
psia (about 68.95 bar).

The process requires that the vaporous feed stream
is above its dew point so that the dialkyl (e.g. dimethyl)
1,4-cyclohexanedicarboxylate is present in the vapour phase
at the inlet end of the or each catalyst bed. This means
that the composition of the vaporous feed mixture must be
controlled so that, under the selected operating conditions,
the temperature of the mixture at the inlet end of the or
each catalyst bed is always above its dew point at the
operating pressure. By the term "dew point" is meant that
temperature at which a mixture of gases and vapours just
deposits a fog or film of liquid. This dew point liquid
will normally contain all the condensable components of the
vapour phase, as well as dissolved gases, in concentrations
that satisfy the usual vapour/liquid criteria. Typically
the feed temperature of the vaporous feed mixture to the

THIS SH7ET HAS BEEN
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I solation fromthe supply of vaporous feedstock m xture spl at ed
zone may be subjected to conditions sub- stantiall (ﬁﬂi@@ﬁﬁﬁﬁ @ﬂ#ﬁh)se

prevailing the remai ning zone or zones, for exanpl g, whereunder thg¢
catal yst charge therein may be reactivated or repl acegd W hEL 99 pr dcess
of the invention is continued in the remain{gg.zone or zones. This .
arrangenent also permts operation under the condit§y ons—taoght—n
WO A-91/01961. In this case two hydrogena- tion reactors connected
paral | el sed .a first era |on W th fres gharge of
cat al yst onngﬁPgeg?Q%ﬁﬁ ?gﬁstg f%mu§€ ME  HeE otther© ﬂ% $ gtandby
node with tmereadhbyst ibat dewd p01hydaogene dﬁéfﬂtfnqmﬁremhm&eopeatlon

A convenient method of forming a vaporous mixture

for use in the process of the invention is to spray liquid
dimethyl 1,4-cyclohexanedicarboxylate or a dimethyl 1,4-
cyclohexanedicarboxylate solution into a stream of hot
hydrogen-containing gas so as to form a saturated or
partially saturated vaporous mixture. Alternatively such a
vapour mixture can be obtained by bubbling a hot hydrogen-
containing gas through a body of the liquid dimethyl 1,4-
cyclohexanedicarboxylate or dimethyl 1,4-cyclohexanedi-
carboxylate solution. If a saturated vapour mixture is
formed it should then be heated further or diluted with more
hot gas so as to produce a partially saturated vaporous
mixture prior to contact with the catalyst.

In the process of the invention the hydrogen-
containing gas:dialkyl 1,4-cyclohexanedicarboxylate molar
ratio, one of the driving forces for the hydrogenation and
isomerisation reactions, can vary within wide limits,
depending upon other process variables such as the feed
temperature and feed pressure employed and the activity of
the hydrogenation catalyst.

In order to maintain the vaporous feed stream above
its dew point at the inlet end of the or each catalyst bed
at the operating pressure the hydrogen-containing
gas:dialkyl (e.g. dimethyl) 1,4-cyclohexanedicarboxylate
molar ratio is desirably at least about 10:1 up to about
8000:1, preferably in the range of from about 200:1 to about
1000:1. It is not, however, necessary that, when using
dimethyl 1,4-cyclohexanedicarboxylate as diester starting
material, the vaporous mixture in contact with all parts of
the or each catalyst bed should be so far above its dew
point as to prevent condensation of a 1,4-cyclohexanedi-
methanol-rich liquid. (1,4-Cyclohexanedimethanol is less
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over which the catalyst activity may decline sonewhat the s ctor is
urther
comes

to replace the entire catal yst charge. It is also pofsible to(ﬂﬁ
nore hydrogenation zones connected in series and t ypH@§> End or
these if it is desirable to reduce the quaRki Ly of {catal yst
given tinme. The granul ar catalyst used in the procgs
be any catal yst capabl e of catal ysing hydrogenation

volatile than dimethyl 1,4-cyclohexanedicarboxylate).

Although the process of the invention is operated
with the feed stream in the vapour phase, it is convenient
to express the feed rate of the dialkyl 1,4-cyclohexane-
dicarboxylate to the hydrogenation zone of step (e) of the
process as a space velocity through the hydrogenation
catalyst and to express that space velocity as a liquid
hourly space velocity. Hence it is convenient to express
the feed rate in terms of the ratio of the liquid feed rate
of the hydrogenatable material to the vaporisation zone to
the volume of the hydrogenation catalyst. Thus the
equivalent liquid hourly space velocity of the
hydrogenatable material through the hydrogenation catalyst:
is preferably from about 0.05 to about 4.0 h™l. 1In other
words it is preferred to feed the liquid hydrogenatable
material to the vaporisation zone at a rate which is
equivalent to, per unit volume of catalyst, from about 0.05
to about 4.0 unit volumes of hydrogenatable material per
hour (i.é. about 0.05 to about 4.0 m3h~1 per m3 of
catalyst). Even more preferably the liquid hourly space
velocity is from about 0.1 h"l to about 1.0 h™1

The Actual Residence Time of the reaction mixture
in contact with the hydrogenation catalyst is readily
calculated from the feed rate of the dialkyl 1,4-
cyclohexanedicarboxylate to the hydrogenation zone, from the
hydrogen-containing gas:dimethyl 1,4-cyclchexanedi-
carboxylate molar ratio, from the volume of catalyst in the
hydrogenation zone, and from the temperature and pressure in
the hydrogenation zone. If the plant includes two or more
hydrogenation zones connected in series or in parallel
downstream from the vaporisation zone, then the plant
operator can radically alter the effective volume of
catalyst by selecting how many zones should be in use at any
given time.

THIS SHERT HA"
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or hydrogenol ysis of an ester to the correspondi ng al cohol ar k-
al cohols. It may be forned into any suitabl e shape, %EQLA(}EW“ENE'[SH‘:H'
saddl es. Typical ester hydrogenation catal ysts i nclijude—eepper=cort
catal ysts and G oup VIII netal -containing cata- |ysjts. Eéﬁgp e@9pf sui tabl e
copper-contai ni ng catal ysts include copper-on-alumina c st

copper oxide/zinc oxide catalysts, with orygvthout | jpronoter jamnese
pronoted copper catalysts, and reduced copper chromte cat- alysts, gnth or
Wi thout a pronoter, while suitable Goup VIII netal sts

I ncl ude platlnun1caf€

lYictugilReSLdence Time needed to produce from a
given dialkyl (e.g. dimethyl) 1,4-cyclohexanedicarboxylate
feedstock a 1,4-cyclohexanedimethanocl product having a
desired trans-:cis- isomer ratio is dependent upon a number

of factors such as the dialkyl 1,4-cyclohexanedicarboxylate
feed rate, the hydrogen-containing gas:dialkyl (e.g.
dimethyl) 1,4-cyclohexanedicarboxylate molar ratio, and the
catalyst activity. Although the catalyst will tend to
decline in activity with passage of time in a commercial
plant, the rate of decline, although significant if measured
over a matter of months, is relatively slow. Thus it is
possible to establish the effects of changing the four most
important feed conditions, i.e. feed temperature, the feed
pressure, the feed rate, and the hydrogen-containing
gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio, on
the trans-:cis- isomer ratio in the 1,4-cyclohexanedi-
methanol product experimentally over a period of time which
is sufficiently short for any change in catalyst activity to
be insignificant.

The activity of the catalyst at a reference time,
‘i.e. the Reference Activity (RA), which is conveniently
given the arbitrary value 1.0, is readily ‘established either
in the laboratory or in an operating plant by measuring the
extent of conversion of a dialkyl (e.g. dimethyl) 1,4-
cyclohexanedicarboxylate in passage of the feedstock in a
vaporous feed stream in admixture with a hydrogen-containing
gas under a convenient set of standard operating conditions
using a known volume of catalyst. The Actual Activity (AA)
of the catalyst, which is conveniently expressed as a
decimal fraction of the Reference Activity (RA) (e.g. as
0.89, to take an arbitrary example), at any later time can
be determined by re-measuring the extent of conversion of
the dialkyl 1,4-cyclohexanedicarboxylate to 1,4-
cyclohexanedimethanol using the same operating conditions




pal | adi um catal ysts. Suitable copper oxide/zinc oxi
I ncl ude CuQd' ZnO m xtures wherein the Cu:Zn wei ght r

desi gnation DRD 92/71. Pronoted copper oxide/zinc oxjde preegrs0s |
CuQ' ZnO m xtures wherein the Cu:Zn weight ratio ranggsjfrom about O.
about 2:1 which are pronoted with fromabqut 0.1 %b i
15% by wei ght of barium manganese or a m“%ture of barium and nmanga :
Such pronmoted CuQ' ZnO m xtures include the M- pronoted—CoQ ZnO precur sor
avai |l abl e under the designation DRD /92. Suitable copper chromte catal yst
precur sor sap@ctaeelyst. From such operating data it is possible to

develop a body of data to enable the plant operator to
determine the Actual Activity of the catalyst under the

prevailing operating conditions without having to revert to
conditions corresponding to the preselected or standard
operating conditions under which the Reference Activity of
the catalyst was determined.

As the Actual Activity of the catalyst, determined
as described hereinabove, declines during extended operation
of the hydrogenation process, it is apparent that the Actual
Residence Time (ART) will need to be increased in order to
maintain a given Effective Residence Time (ERT) according to
the relationship:

ERT x RA
AA.
The results of our experimental programme have

ART =

further shown that, by changing the operating conditions to
change the effective residence time, it is possible to
change the trans-:cis- isomer ratio in the 1,4-
cyclohexanedimethanol product to any desired value within a
wide range of values, e.g. from about 1:1 to about 3.84:1,
when using a dialkyl 1,4-cyclohexanedicarboxylate feedstock
that has a trans-:gig-isomer ratio less than about 3.84:1,
e.g. a trans-:gis-isomer ratio of from about 0.5:1 to about
0.6:1. If a dialkyl 1,4-cyclohexanedicarboxylate feedstock
is used that has a trans-:cis-isomer ratio higher than about

3.84:1, for example if trans-dimethyl cyclohexanedi-
carboxylate is used as feedstock, then the trans-:gcis-isomer
ratio in the 1,4-cyclohexanedimethanol produce may be higher
than about 3.84:1. A plant operator can utilise the

teachings of the invention to maintain a given trans-:cis-
isomer ratio in the 1,4-cyclohexanedimethanol product
throughout the life of a given catalyst charge despite
decline in its activity or to maintain this rutio despite

REPLAC.O



those wherein the Cu: Cr weight ratio ranges from abqut 0. 1-1-+te—abouty 4: 1,
preferably fromabout 0.5:1 to about 4:1. Catalyst mragmm£6M§N6ﬁHfﬁfs type
are the precursors avail abl e under the designation DRP—-89/21—or under} t he

designation PG 85/ 1. Pronoted copper chromte precurs bq&&gﬁ@% opper
chromte precursors wherein the Cu:Cr weight ratio rargeg fif'o ouf p.1:1
to about 4:1. preferably fromabout 0.5:4 22 -about 4:1*_mchh—ape—&£070ted

with fromabout 0.1 % by weight up to about 1 5% by meight of barium
manganese or a m xture of barium and nmanganese. Mangarese—pro-_Notled copper
cat al yst pEﬁﬁHééQr§nt mecggbmePaasn@e&J M Wl dfedd@dd Osdadefim aboyt 2:

to about 10;1 and Cfn i ncl ud
also enables him to change the isomer ratio in the product

at will in response to changing product specification
requirements.

It will be appreciated that the effective residence
time appropriate to produce a desired trans-:cis- isomer
ratio in the 1,4—c§clohexanedimethanol product from one
particular feedstock, e.g. cis- dimethyl 1,4-cyclohexane-
dicarboxylate, may not necessarily be the same for a
different feedstock, e.g. the trans- diester. Hence it may

be necessary to carry out one or more experiments for each
new feedstock that is used in order to determine for that
feedstock what are the particular combinations of effective
residence time and effective operating conditions required
to produce a particular trans-:cis- isomer ratio in the
product. Such effective operating conditions are typically
conditions selected from within the ranges of feed
temperature, feed pressure, feed rate and hydrogen-
containing gas:dialkyl 1,4-cyclohexanedicarboxylate molar
ratio recommended for use in steps (d) and (e) of the
process of the invention. Having determined for one
feedstock what are appropriate operating conditions for one
feedstock having a particular trans-:cis- isomer ratio, then
if the new feedstock has only a slightly different isomer
ratio it may suffice to carry out only one test or a few
tests in order to determine with sufficient accuracy what
changes are needed to the operating conditions which were
appropriate for the former feedstock to achieve with the new
feedstock the desired new effective residence time which
will yield the desired isomer ratio. On the other hand, if
the new dialkyl 1,4-cyclohexanedicarboxylate feedstock
differs very markedly in its trans-:cis- isomer ratio from
that of the former feedstock, then a more extensive
experimental programme may be necessary to yield the
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an al unmina support, in which case the Cu: Al wei ght dﬁmgﬁg}.&ﬁlﬁ)ﬁﬂﬁﬁ L from

about 2:1 to about 4:1. An exanple is the cat- alyst 189.
Al'l of the above nentioned catal ysts avail abl e undeq the ggﬂﬁrgfﬁ
designati ons DRD or PG can be obtained from Davy Rege rch “ Devel nt
Limted, P.O Box 37, Bowesfield Lane. Stockton-on-Te = SIL83HA,

Eng- land. O her catal ysts which can be congidered fior use incIudeAEg§ZnO

catal ysts of the type nmentioned by P.S. Whner e

relevant data from which the new effective residence time
can be determined.

It is recognised by those skilled in the art that,
as catalyst activity declines, the feed temperature and/or
the feed pressure may be adjusted so as to improve the rate

of hydrogenation of dialkyl 1,4-cyclohexanedicarboxylate.

When increasing the feed temperature and/or feed pressure to
the hydrogenation zone, it is possible to use the same
relationship to control the trans-:cis- isomer ratio in the

product 1,4-cyclohexanedimethanol, except that now a
different Effective Residence Time (ERT) will be required.
This new Effective Residence Time (ERT) can easily be
determined by monitoring the product trans-:cis-isomer

content and adjusting the Actual Residence Time (ART) as

necessary in order to achieve the desired trans-:gcis-isomer
ratio in the product 1,4-cyclohexanedimethanol.

As the activity of the catalyst changes with time,
it is possible to alter the feed rate, without altering the
temperature, in order to change the effective residence time
and so maintain the molar conversion of dialkyl (e.g.
dimethyl) 1,4-cyclohexanedicarboxylate substantially at a
constant value. In this way changes in the feed rate can be
used to keep the trans-:cis- isomer ratio of the product

1,4-cyclohexanedimethanol substantially at a desired
constant value.

A further option is to increase the feed
temperature to the hydrogenation zone while reducing the
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio in order to maintain a constant approach to the
dew point of the feed stream. Thus, for example, it is
possible to increase the feed temperature of the feed
stream, a step which would increase the amount by which the
temperature exceeds the dew point of the feed stream if the
other operating conditions were not changed, and

;f::':"hx )
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and B.L Gustafson in Journal of Catalysis 136, 420- 4&@;:“1;%@@}4; SHgppof t ed
pal | adi unmf zi nc catalysts of the type dis- closed ir Ys—A-433+368—=

US- A-5185476, and chemically m xed copper-titaniun1ox|des of the t /pe
disclosed in US- A-4929777. Further catalysts of i tdredf Bkf WHe [nlthe
process of the invention include the rhodiumn catclysts reported jnfA E
Mansour, J.P. Candy, J.P. Bournonville. O% FerreHli, and J. M Basset

Angew. Chem 101. 360 (1989). Any recognised supporLLng_nedLunLnay—ﬂe used

to provi de physical support for the catalyst used in the process

simultaneously to reduce the hydrogen-containing gas:dialkyl
1,4-cyclohexanedicarboxylate molar ratio, a step which would
otherwise decrease the amount by which the dew point of the
feed stream exceeds its dew point if the other operating
conditions were not changed, so as to leave the difference
between the dew point and the feed temperature effectively
the same, i.e. so as to operate at a substantially constant
approach to the dew point. One skilled in the art will
recognise that, when changing feed temperature to the
hydrogenation zone, a new effective residence time will be
required in order to maintain the target trans-:cis- isomer

ratio in the 1,4-cyclohexanedimethanol product.

' With passage of time the activity of the catalyst °
tends to decline. However, it has been found in the course
of our experimental programme that it is possible to
reactivate the catalyst by treating the partially
deactivated hydrogenation catalyst with a flow of a
hydrogen-containing gas, which is substantially free from
dialkyl (e.g. dimethyl) 1,4-cyclohexanedicarboxylate, under
appropriate temperature and pressure conditioms. If such a
procedure is used in the course of a particular production
campaign, then the Actual Activity (AA) may be increased
again and it may be necessary after such reactivation to
increase the feed rate and/or to reduce the residence time
from the corresponding values in use preceding the
reactivation procedure in order to re-achieve the effective
residence time and the desired extent of conversion of
dimethyl 1,4-cyclohexanedicarboxylate required to achieve
the desired trans-:cis- isomer ratio in the 1,4-cyclohexane-
dimethanol product.

In a particularly preferred process the dialkyl
1,4-cyclohexanedicarboxylate is a gig-rich isomer mixture
and the operating conditions are selected so as to produce a
1,4-cyclohexanedimethanol product in which the trans-:gis-

[ leo : R LN
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of the invention. This support can be provided by materials such as zinc

oxide, alumna, silica, alumna-silica. silicon car 0, I tania,
carbon, a zeolite, or any suitable conbination thjrgiﬁﬁhqikiﬁaggﬁqs1s t hat
are particularly preferred for use in the process [off the inventioh gare the
reduced forns of the cop- per chronmite, pronoted dogpefl 9chEOHI&E, | and
manganese pronoted copper catal yst precur sz s- desdrijbed above. Thg pr each
hydr ogenati on zone may conprise a shell-and-tube rjeactor wnich pe
operated under isothermal, or near isothermal, corditions with the fatalyst

in the tubgsomed +hess0okanh tRe!hEnghebt Son| MouteTSA SR labodtonever

3.84:1, and is more preferably at least about 2.6:1 up to
about 3.84:1. The process of the invention thus readily
permits the preparation in a single step from such a cis-
rich feedstock of a 1,4-cyclohexanedimethanol product in
which the trans-:cis- isomer ratio is in excess of about 2:1

up to about 3.84:1, for example from about 2.6:1 to about
2.7:1. It is preferred that this ratio is at least about
2.6:1. The invention permits production in a single step of
a 1l,4-cyclohexanedimethanol product with a trans-:cis-
isomer ratio of from about 3.1:1 up to about 3.84:1, e.g.
about 3.2:1 up to about 3.7:1. Higher trans-:cis- isomer
ratios can be achieved in the 1,4-cyclohexanedimethanol
product by starting from trans-dimethyl 1,4-cyclohexane-
dicarboxylate.

It is surprising that the vapour phase feed
conditions used in the process of the invention can generate
from a ¢cis-rich diester feedstock a 1,4-cyclohexanedi-
methanol product mixture whose trans-:cis-isomer ratio is in
excess of the ratio that is the normal reported equilibrium
ratio under liquid phase conditions. Thus, although the
normal trans-:cis- isomer equilibrium ratio in the 1,4-

cyclohexanedimethanol product from a gis-rich diester
feedstock, under liquid phase conditions, is reported to be,
under favourable conditions, as high as about 3:1, the
present invention, which operates with the feed ester (e.g.
dimethyl 1,4-cyclohexanedicarboxylate) always in the vapour
phase, enables production from a dialkyl 1,4-
cyclohexanedicarboxylate feedstock with a trans-:gis- isomer
ratio less than about 1:1 of 1,4-cyclohexanedimethanol with

a trans-:cis-isomer ratio as high as 3.84:1.

In the prior art it is made clear that the
hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate
(dimethyl hexahydroterephthalate) is liable to give significant
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it will be preferred to use adi abatic reactors since thgqg@gﬁgﬁpﬁﬁﬁ@?r to
construct and install than shell-and-tube reac- tors. “c” afr-adi~abat i ic
reactor may contain a single charge of a hydrogenatignijc S By
contain two or nore beds of catalyst, or beds of diffleren Hﬁééaﬁghation
catal ysts. If desired, external or internal inter-bed Heat exchange ey
be provided in order to adjust the inlet 4e@®erature{to one or nore befds of
catal yst downstream fromthe inlet to the adiabatic hydr~egeration—eactor.
In an alternative procedure the plant includes at |east two hydrogenation

zones, eachpeO Al MG A PP AR P @rhus GB-A-988316 acknowledges the

problem caused by formation of unwanted by-products, such as 1-

methyl-4-hydroxymethylcyclohexane. It is surprising to find
that the process of the invention can be operated so that,
despite the presence of a very large excess of hydrogen and
the use of a very large partial pressure of hydrogen
compared to the relatively low vapour pressure of dimethyl
1,4-cyclohexanedicarboxylate, the reaction proceeds rapidly
with a very high conversion of dimethyl 1,4-cyclohexanedi-
carboxylate to the desired product, i.e. 1,4-cyclohexane-
dimethanol, but yet with a very high selectivity to that
product and therefore with a very low yield of by-products.
Thus under favourable conditions the conversion of dimethyl'
1,4-cyclohexanedicarboxylate to 1,4-cyclchexanedimethanol
can be as high as 98 mole% or higher with a selectivity to
1,4-cyclohexanedimethanol of greater than 96 mole%. 1In
addition it surprising to find that it is possible, under
suitable reaction conditions, to convert a starting ester
(e.g. dimethyl 1,4-cyclohexanedicarboxylate) that has a
trans-:cis- isomer ratio less than 1:1 in a single step to a
cyclohexanedimethancl product with a trans-:cis- isomer

ratio that is greater than 1:1 and normally in the range of
from about 2.6:1 up to as high as about 3.84:1, a value that
is much higher than the highest equilibrium trang-:cis-

isomer ratio that is disclosed in the prior art. It is
further surprising to find that this conversion can be
accomplished at relatively low operating temperatures and
pressures.

In a commercial plant it may be preferred to employ
at least two hydrogenation zones, each containing a charge
of a heterogenecus ester hydrogenation catalyst, connected
in parallel. Each of these zones is capable of independent
isolation from the supply of vaporous feedstock mixture.
Hence an isolated zone may be subjected to conditions




ular hydrogenation catalyst, and the vaporous feed streamis supplied to at
| east one of the hydrogenation zones, in a first phaseagﬁ_@@ﬁtﬂ$l @ETﬂhlle
at | east one ot her hydrogenation zone is suppllﬁd mLt rhea |
hydr ogen- cont ai ni n as thereby to reactivate the charge o rogen@atiji on
cgtalgst t her ei n. ?nga second phase of operation thela I%ﬁélfbﬁEMOther
hydrogenation zone is supplied with the vaporous feed $tream while the at
| east one hydrogenation zone is sup- plied evth a stfeam of _
hydr ogen- contai ni ng gas thereby to reactivate the charge of hydrogenatii on
catal yst therein.

substantially different from those prevailing in the

remaining zone or zones, for example, whereunder the
catalyst charge therein may be reactivated or replaced
whilst the process of the invention is continued in the
remaining zone or zones. This arrangement also permits
operation under the conditions taught in WO-A-91/01961. 1In
this case two hydrogenation reactors connected in parallel
are used. In a first phase of operation with a fresh charge
of catalyst one only of the reactors is used, the other one
being in standby mode with the catalyst bathed in hydrogen.
After a period of operation over which the catalyst activity
may decline somewhat the second reactor is used, whilst the
first one is placed in standby condition. After a further
period of operation both reactors are used in parallel until
the time comes to replace the entire catalyst charge.

It is also possible to use two or more
hydrogenation zones connected in series and to bypass one or
more of these if it is desirable to reduce the quantity of
catalyst on line at any given time.

The granular catalyst used in the process of the
invention may be any catalyst capable of catalysing
hydrogenation or hydrogenolysis of an ester to the
corresponding alcohol or mixture of alcohols. It may be
formed into any suitable shape, e.g. pellets, rings or
saddles.

Typical ester hydrogenation catalysts include
copper-containing catalysts and Group VIII metal-containing
catalysts. Examples of suitable copper-containing catalysts
include copper-on-alumina catalysts, reduced copper
oxide/zinc oxide catalysts, with or without a promoter,
manganese promoted copper catalysts, and reduced copper
chromite catalysts, with or without a promoter, while
suitable Group VIII metal-containing catalysts include
platinum catalysts and palladium catalysts. Suitable copper
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In this procedure the or each hdroyenation zone that_is not on line is
supplied with a stream of hydrogen-contain- ing gas thEMﬂ@EME&Tr gfr
the catal yst charge. Normally it will be preferred
reactivation at elevated tenperature, typically at e
100[err]C or nore up to 350[err]C. In this reactiva
tenperature to the respective hydrogenatlog zones ylbe | ower tha
substantially equal to, or higher than, e.G. 10[err]Cto 50[err]C

oxide/zinc oxide catalyst precursors include Cu0/Zn0O
mixtures wherein the Cu:Zn weight ratio ranges from about
0.4:1 to about 2:1. An example is the catalyst precursor
bearing the designation DRD 92/71. Promoted copper
oxide/zinc oxide precursors include Cu0O/Zn0O mixtures wherein
the Cu:2n weight ratio ranges from about 0.4:1 to about 2:1
which are promoted with from about 0.1 % by weight up to
about 15% by weight of barium, manganese or a mixture of
barium and manganese. Such promoted CuQ/Zn0 mixtures
include the Mn-promoted Cu0/ZnO precursor available under
the designation DRD 92/92. Suitable copper chromite
catalyst precursors include those wherxein the Cu:Cr weight
ratio ranges from about 0.1:1 to about 4:1, preferably from
about 0.5:1 to about 4:1. Catélyst precursors of this type
are the precursors_available under the designation DRD 89/21
or under the designation PG 85/1. Promoted copper chromite
precursors include copper chromite precursors wherein the
Cu:Cr weight ratio ranges from about 0.1:1 to about 4:1,
preferably from about 0.5:1 to about 4:1, which are promoted
with from about 0.1 % by weight up to about 15% by weight of
barium, manganese or a mixture of barium and manganese.
Manganese promoted copper catalyst precursors typically have
a Cu:Mn weight ratio of from about 2:1 to about 10:1 and can
include an alumina support, in which case the Cu:Al weight
ratio is typically from about 2:1 to about 4:1. An example
is the catalyst precursor DRD 352/89.

All of the above mentioned catalysts available
under the general designations DRD or PG can be obtained
from Davy Research and Development Limited, P.O. Box 37,
Bowesfield Lane, Stockton-on-Tees, Cleveland TS18 3HA,
England.

Other catalysts which can be considered for use
include PA/2n0 catalysts of the type mentioned by P.S.
Wehner and B.L. Gustafson in Journal of Catalysis 136, 420-
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hi gher than, the inlet tenperature of the vaporous feed strean1to the on
l'ine hydrogenatlon zone or zones. The stream of hydrcov -0
used in such a reactivation step may conprise a hot ¢ AT0
make-up gas. In one formof this alternative proceduje_ls recovered1
' ' (| ¥st 1§ BEC €amm O
hydrogen-containing gas which is adm xed-w$ h-a vaporjoys
i ni di‘carboxytratet orm
the vaporous feed streamto the on line zone or zones. In another for

there is rgspvyi668¢ fL H%é?@e& opg1 Ly f&ﬂ?én\fwé%fggéy%f'éhy%ego' ng

reactivation a_streamo con alni n
disclosed in US- A 4837368 and US- A 5185476 and chemically
mixed copper-titanium oxides of the type disclosed in US-A-
4929777.

Further catalysts of interest for use in the

process of the invention include the rhodium/tin catalysts
reported in A. El Mansour, J.P. Candy, J.P. Bournonville,
O.A. Ferrehi, and J.M Basset, Angew. Chem. 101, 360 (1989).

Any recognised supporting medium may be used to
provide physical support for the catalyst used in the
process of the invention. This support can be provided by
materials such as zinc oxide, alumina, silica, alumina-
silica, silicon carbide, zirconia, titania, carbon, a
zeolite, or any suitable combination thereof.

The catalféts that are particularly preferred for
use in the process of the invention are the reduced forms of
the copper chromite, promoted copper chromite, and manganese
promoted copper catalyst precursors described above.

The or each hydrogenation zone may comprise a
shell-and-tube reactor which may be operated under
isothermal, or near isothermal, conditions with the catalyst
in the tubes and the coolant in the shell or vice versa.
Usually, however, it will be preferred to use adiabatic
reactors since these are cheaper to construct and install
than shell-and-tube reactors. Such an adiabatic reactor may
contain a single charge of a hydrogenation catalyst or may
contain two or more beds of catalyst, or beds of different
hydrogenation catalysts. If desired, external or internal
inter-bed heat exchangers may be provided in order to adjust
the inlet temperature to one or more beds of catalyst
downstream from the inlet to the adiabatic hydrogenation
reactor.

In an alternative procedure the plant includes at
least two hyd-ogenation zones, each containing a charge of
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adm xed with the reaction product streamfromthe on Ii zone_Qr_zones. In
a still further formof this alternative proce- dure treﬁeﬁysgmggpwgp@ﬁ*’
fromthe zone or zones undergoi ng catal yst reactivatio of—
hydr ogen- contai ni ng gas which is used to vaporise the ii;f
ai

cycl ohexanedi carboxyl ate to form a vaporous hydrogen-c¢n %{‘}&Efsﬂ%a '
the dial kyl cycl ohexanedi carboxylate. It isyfurther cofv ent to for
vaporous feed streamto the on line zone or zones by afim xi ng hot recyclie
gas with a vaporous hydrogen-containing stream of di al ket :
cyclohexanedicarfoxylate; The direction of flow of the stream of

hydr ogen- coBF aRHf Af B¥dreaenaghoRr neatrl vikh MAUrPPenARIPYDHNELEH whi ch

cat al yst stream is supplied to at least one of the hydrogenation

zones, in a first phase of operation, while at least one
other hydrogenation zone is supplied with a stream of
hydrogen-containing gas thereby to reactivate the charge of
hydrogenation catalyst therein. 1In a second phase of
operation the at least one other hydrogenation zone is
supplied with the vaporous feed stream while the at least
one hydrogenation zone is supplied with a stream of
hydrogen-containing gas thereby to reactivate the charge of
hydrogenation catalyst therein.

In this procedure the or each hydrogenation zone
that is not on line is supplied with a stream of hydrogen-
containing gas thereby to reactivate the catalyst charge.
Normally it will be preferred to carry out this reactivation
at elevated temperature, typically at a temperature of about
100°C or more up to about 350°C. In this reactivation step
the inlet temperature to the respective hydrogenation zone
or zones may be lower than, substantially equal to, or
higher than, e.g. about 10°C to about 50°C higher than, the
inlet temperature of the vaporous feed stream to the on line
hydrogenation zone or zones. The stream of hydrogen-
containing gas used in such a reactivation step may comprise
a hot stream of recycle and make-up'gas.

In one form of this alternative procedure is
recovered from the zone or zones undergoing reactivation of
the catalyst a stream of hydrogen-containing gas which is
admixed with a vaporous hydrogen-containing stream of the
dialkyl cyclohexanedicarboxylate to form the vaporous feed
stream to the on line zone or zones. In another form there
is recovered from the zone or zones whose catalyst is
undergoing reactivation a étream of hydrogen-containing gas
which is admixed with the reaction product stream from the
on line zone or zones. In a still further form of this

THIS SHIEET HAS BEEN
* " REPLACED



reactivation is occurring may be the same as, or opposite to, the direction

of flow of the vaporous |eed streamthrough that zon
In summary, the process of the invention can be contr
desired trans-:Cis- ratio in the cycl ohexan- edi nethang product Thi$
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control is achievable due to the surprising di scovery} tlhatl? PRCtH® pfogess

of the invention, the trans-:C s- isoner-rattie in th
1, 4- cycl ohexanedi nehanol product is a function of th
, 4-cycl ohexan- edi carboxyl ate conversion effected in

extent of dinethyl 1

zone. The extent, 0f OBk nd 2B WY relotatytl @BE%ARRM! zone or

zones undergoing catalyst reactivation a stream of hydrogen-
containing gas which is used to vaporise the dialkyl
cyclohexanedicarboxylate to form a vaporous hydrogen-
containing stream of the dialkyl cyclohexanedicarboxylate.
It is further convenient to form the vaporous feed stream to
the on line zone or zones by admixing hot recycle gas with a
vaporous hydrogen-containing stream of dialkyl cyclohexane-
dicarboxylate. The direction of flow of the stream of
hydrogen-containing gas through the or each hydrogenation
zone in which catalyst reactivation is occurring may be the
same as, Or opposite to, the direction of flow of the
vaporous feed stream through that zone when it is on line.
In summary, the process of the invention can be
controlled to produce a desired trans-:cis- ratio in the
cyclohexanedimethanol product. This control is achievable
due to the surprising discovery that, in the process of the
invention, the trans-:cis- isomer ratio in the 1,4-
cyclohexanedimethanol product is a function of the extent of
dimethyl 1,4-cyclohexanedicarboxylate conversion effected in
_the'hydrogenation zone. The extent of conversion of
dimethyl 1,4-cyclohexanedicarboxylate in turn dependent upon
the effective residence time, which is, in turn, a function
of the activity of the catalyst, of the volume of catalyst,
of the feed temperature, of the temperature profile through
the catalyst bed or beds, of the feed pressure, of the
hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate ratio, and of the feed rate of the reaction
mixture through the catalyst, under the vapour phase
hydrogenation conditions used. Hence, by controlling the
amount of conversion of dimethyl l,4-cyciohexanedi-
carboxylate that is occurring in the hydrogenation zone as
the catalyst ages, or following catalyst reactivation, the
plant operator can exercise control over the trang-:cis-
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carboxylate in turn dependent upon the effective residence time, which is,

in turn, a function of the activity of the catal yst, off
catalyst of the feed tenperature, of the tenperature p‘o
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catal yst bed or beds, of the feed pressure, of the hydfogen- contalnlng
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gas: di met hyl 1, 4-cycl ohexanedi carboxyl ate ratio, and of hel? of
the reaction m xture through the catal yst- 3@nder the vapour phase

hydr ogenati on conditi ons used. Hence, by control - Ilngfthe anount of
conversion of dinmet 1 ,4-cyclohexanedicarboxylate t hat -Ag-l.R.t he

Py dr ogenat Lodv £61ée fend he, £34 A YSte 0% i Rt HaRldLOY et al yst

reactlvatlon | ant ‘operator can_exercise confrol over the
trans-: G s-Batebh ggscrlptlon of the drawings

Figure 1 is a simplified flow diagram of a plant
for production of 1,4-cyclohexanedimethanol in two
hydrogenation reactors connected in parallel by
hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate;

Figure 2 is a simplified flow diagram of an
experimental apparatus for production of 1,4-
cyclohexanedimethanol in a single hydrogenation zone by
hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate; and

Figure 3 is a graph showing the relationship
between the effective residence time and the trans-:cis-

ratio of the resulting 1,4-cyclohexanedimethanol product
derived from the experimental results for two combinations
of feed temperatures and feed pressures.
Detailed description of the preferred embodiments

It will be understood by those skilled in the art
that Figure 1 of the drawings is diagrammatic and that
further items of equipment such as temperature and pressure
sensors, pressure relief valves, control valves, level
controllers and the like would additionally be required in a
commercial plant. The provision of such ancillary items of
equipment forms no part of the present invention and would
be in accordance with conventional chemical engineering
practice. Moreover it is not intended that the scope of the
invention should be limited in any way by the precise
methods of heating, vaporising and condensing various
process streams or by the arrangement of heaters, heat
exchangers, vaporising or condensing apparatus provided
therefor. BAny suitable arrangement of equipment other than
that depicted in Figure 1 which fulfils the requirements of
the invention may be used in place of the illustrated
equipment in accordance with conventional chemical

engineering techniques.
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the 1, 4-cycl ohexanedi net hanol product. Brief description of the dramnngs
Figure 1 is a sinplified flow diagramof a plant for
1, 4- cycohexanedi net hanol in two hydrogenation reactor$
paral | el by hydrogenation of dinethyl 1,4-cyclohexanedi
2is asinplified flow di agram of an experlnental app
of 1 ,4-cycl ohexanedi net hanol in a single hydr
hydr ogenati on of dimethyl 1, 4-cycl ohexanedi arboxylat-'

Referring to Figure 1 of the drawings, a technical
grade of dimethyl 1,4-cyclohexanedicarboxylate is supplied
in line 1, in a first phase of operation, to a vaporiser
nozzle 2 located in an upper part of a vaporiser vessel 3
above a bed of packing 4. A stream of hot hydrogen-
containing gas is supplied to the bottom of vaporiser
vessel 3 in line 5. A saturated vaporous mixture
comprising dimethyl 1,4-cyclohexanedicarboxylate is
recovered in line 6 from the top of vaporiser vessel 3.

The resulting vaporous mixture is mixed with further hot
hydrogen-containing gas from line 7 under the control of
valve 8. The combined stream which now has a
hydrogen:dimethyl 1,4-cyclohexanedicarboxylate molar ratio
of about 400:1 and is at a pressure of about 905 psia (about
62.40 bar) and at a temperature of about 220°C, is fed by
way of valve 9 and line 10 to a hydrogenation reactor 11
which contains a bed of a pelleted heterogeneous
hydrogenation catalyst 12, such as reduced copper chromite
or the chromium-free catalyst designated DRD92/89. The
hydrogenation reaction product mixture exits reactor 11 via
line 13 and passes through valve 14 to enter line 15. The
hydrogenation reaction product mixture in line 15 is cooled
in heat interchanger 16 and the resulting partially
condensed mixture passes on in line 17 through cooler 18 in
which it is further cooled. The resuiting mixture of gas
and condensate flows on in line 19 to a gas-liquid separator
20 from which a mixture of methanol and crude 1,4-
cyclohexanedimethanol is recovered in line 21. The
uncondensed gaseous mixture in line 22 comprises unreacted
hydrogen together with inert gases and methanol vapour and
is compressed by means of compressor 23 to give a compressed
gas stream in line 24.

The compressed recycled gas in line 24 is combined
with make-up hydrogen-containing gas from line 25. The
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Figure 3 is

time and the trans-:Cis-ratio of the resulting 1,4-c Cégﬂﬁ%ﬁﬁﬁﬁi ano
product derived fromthe experinental results for t : '
tenperatures and feed pressures. Detail ed descriptio
It wll be understood by those skilled i hat Figure 1
of the drawings is diagrammatic and that further ite | sugh as
tenperature and pressure sensors, pressure relief va
| evel controllers and the
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a graph show ng the rel atonship between the
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combined mixture in line 26 is heated by passage through
heat exchanger 16 and flows on in line 27 to heater 28 in
which its temperature is raised further to a suitable
temperature for effecting vaporisation of the dimethyl 1,4-
cyclohexanedicarboxylate feed. The resulting hot gas in
line 29 is then divided into two streams, one being the
stream in line 5 and the other being a stream in line 30.
This latter stream is heated further in heater 31 to a
temperature of about 235°C and passes on by way of line 32,
valve 33 and lines 34 and 35 to the bottom end of a second
hydrogenation reactor 36 which, in this first phase of
operation, is in reactivation mode. Reactor 36 contains a
charge of hydrogenation catalyst 37. The hot gas exiting
the top of reactor 36 in line 7 is admixed, as already
described above, with the saturated vaporous mixture in line
6 to increase the hydrogen:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio therein and to raise its temperature
above its dew point, e.g. at least 5°C to 10°C above its dew
point.

The plant also includes lines 38 and 39 and valves
40 and 41 both of which are closed in this phase of
operation. Line 42 indicates a line by means of which a
stream containing any "heavies" collecting in the bottom of
vaporiser vessel 3 can be drawn off. Reference numeral 43
indicates a purge gas line through which a purge gas stream
can be taken in order to limit the build up of inert gases
in the circulating gas. Such inert gases may enter the
plant in the make up gas stream in line 25.

With passage of time the activity of the catalyst
charge 12 will have declined somewhat. The plant operator
can maintain the desired trang-:cis- isomer ratio in the
1,4-cyclohexanedimethanol product by monitoring this ratio
in the exit stream from the on line hydrogenation zone. By
altering the reaction conditions, for example, by reducing
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constant and thus the extent of conversion of dimethyl 1,4-
cyclohexanedicarboxylate can be maintained at a
substantially constant value. In this way it is possible to
maintain the trans-:cis- isomer ratio in the product at the
desired value, for example, a value in the range of from
about 2.6:1 to about 2.7:1 or higher, up to about 3.84:1
(e.g. from about 3.1:1 up to about 3.7:1).

After a period of operation the activity of the
catalyst charge 12 will have declined to a point at which
reactivation may be desirable. Although the reasons for
catalyst deactivation have not been clarified, it can be
postulated that a possible cause of this loss of catalyst
activity is the formation of traces of involatile polyesters
on the catalyst surface due to ester exchange reactions
between, for example, dimethyl 1,4-cyclohexanedi-
carboxylate, on the one hand, and 1,4-cyclohexanedi-
methanol, or methyl 4-hydroxymethylcyclohexanecarboxylate,
which can be postulated to be an intermediate product of the
hydrogenation reaction, or hydroxymethylcyclohexylmethyl
1,4-cyclohexanedicarboxylate, which is the ester interchange
product between dimethyl 1,4-cyclohexanedicarboxylate and
1,4-cyclohexanedimethanol, on the other hand. The resulting
di- or trimeric materials can then undergo further reaction
with components of the vaporous mixture to cause these
oligomeric chains to grow. Polyethers and mixed polyether-
polyesters can also be formed.

Such polymeric byproducts on the catalyst surface
are susceptible to hydrogenation. Hence reactivation of the
catalyst by treatment with a hot hydrogen-containing gas is
possible. It has further been shown in the course of
experimental work to investigate the hydrogenation of
dimethyl 1,4-cyclohexanedicarboxylate which forms the
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tional chem cal engineering techniques. Referring to Figure 1 of the
drawi ngs, a technical grade of dinethyl 1 ,4-cyclgh -Ta aje is
REPORCMERY T
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supplied inline 1, in a first phase of operation, zzle 2
| ocated in an upper part of a vaporiser vessel 3 gbqve a bed of phcking 4.
A stream of hot hydrogen-containing gas is suppligd|tolPREDAPION Of
vaporiser vessel 3 in line 5. A saturated_vaporoug m xture conprifgijng
di met hyl 1, 4-cycl ohexanedi carboxylate is recovered in line & 1T the top
of vaporiser ves- sel 3. The resulting vaporous mixture is mxed wfth

further hot hydrogen-containin as fromline 7 under_the control of
bagkgrgund to the pgegent invention that, for whatever

reason, the passage of a hot stream of hydrogen-containing
gas over partially deactivated catalyst has a beneficial
effect in at least partially restoring the activity of the
catalyst.

Accordingly in a second phase of operation valve 33
is shut and valve 41 is opened, while valve 14 is closed and
valve 40 is opened. In this way hydrogenation reactor 36
with its fresh or reactivated catalyst charge 37 is brought
on line, whilst reactor 11 goes into reactivation mode and
its partially deactivated charge of catalyst 12 is
reactivated. In this second mode of operation the saturated
vaporous mixture in line 6 is mixed with hot hydrogen-
containing gas from line 10 to form a vaporous feed mixture
which flows in line 7 through reactor 36 and its catalyst
charge 37. The resulting reaction mixture passes by way of
lines 35 and 38 through valve 40 to line 15. The hot
hydrogen-containing gas from line 32 passes through valve 41
to line 39 and then through line 13 to the bottom of
hydrogenation reactor 11.

In this second phase of operation the plant

"operator can also monitor the trans-:cis- isomer ratio in
the 1,4-cyclohexanedimethanol product of the exit stream
from the on line hydrogenation zone and can adjust the
conditions, as before, to maintain the effective residence

time of the reaction mixture in the hydrogenation zone

substantially constant and hence maintain the grans-:cis-
1,4-cyclohexanedimethanol ratio at the desired level.

When the catalyst charge 37 has become deactivated
to some extent the valves 14, 33, 40 and 41 can be
readjusted to switch the flows through hydrogenation
reactors 11 and 36 back to those of the first phase of
operation.

The above described steps can be repeated as often




val ve 8. The conbi ned stream whi ch now has a hydroge@: | y

1, 4- cycl ohexanedi car boxyl ate nol ar rati o of about 400: HﬂﬁhaﬁngﬁHgET
pressure of about 905 psia (about 62.40 bar) and at h }enperature of]f gbout
22[err]C. is fed by way of valve 9 and line 10 to a hydr dJ2D&Ci 141 dagt or

11 which contains a bed of a pelleted heterogeneous hydrogenati on cat -
- 37 -

as may be expedient, bringing the reactors 11 and 36 on line
in turn until the reactivation procedure no longer results
in the desired increase in catalyst activity or until the
plant has to be shut down for maintenance or other reasons,
whereupon the catalyst charges 12 and 37 can be discharged
and replaced by fresh charges of catalyst or catalyst
precursor.

The make-up gas in line 25 can be a mixture of
hydrogen, optional minor amounts of components such as CO
and CO,, and inert gases, such as argon, nitrogen, or
methane, containing at least about 70 mole % of hydrogen.
Preferably the make-up gas contains at least 90 mole %, and
even more preferably at least 97 mole %, of hydrogen. The
make-up gas can be produced in any convenient manner, e.g.
by partial oxidation or steam reforming of natural gas
followed by the water gas shift reaction, and C02
absorption, followed possibly by methanation of at least
some of any residual traces of carbon oxides. Pressure
swing absorption can be used if a high purity hydrogen make-
up gas is desired.

At start up of the plant the reactors 11 and 36
are each charged with a charge of a heterogeneous
hydrogenation catalyst precursor, such as a copper chromite
catalyst precursor. Preferably, however, the reactors 11
and 36 are charged with a chromium-free hydrogenation
catalyst, such as DRD92/89. The catalyst precursor is then
reduced carefully following the catalyst supplier's
instructions. 1If the process of EP-A-0301853 is used to
reduce a copper chromite precursor, then both beds of
catalyst 12 and 37 can be reduced simultaneously. In other
cases it may be expedient to reduce the beds 12 and 37
separately. After pre-reduction of the catalyst precursor
hot hydrogen-containing gas is circulated through the plant.
When the appropriate feed temperatures to vaporiser vessel 3
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al yst 124, such as reduced copper chromte or the chro
desi gnat ed DRDO2/89. The hydrogenation reaction produc
is cooled in heat interchanger 16 and the resulting pa t: y
m xture passes on in line 17 through cooler 18 in whic & further
cooled. The resulting m xture of gas and condensate fl Q796 19fto
a gas-liquid separator 20 fromwhich a m-x8ere of nethiank

1, 4- cycl ohexanedi net hanol is recovered in line 21. Th uncondensed gasepus
m xture in line 22 conprises unreacted hydrogen togeth ases
and Imet Nangind/ &R0 e adilr $1CAAMECH3EH B¥nTEIS PheCPTBLOBECR1AZHGL 0! Ve 2

conpr essed gas streamin |
4-cyclohexanedlcarboxylate in line 1 is commenced to bring

the plant on line in the first phase of operation.

The invention is further described with reference
to the following Examples. The compositions of catalysts A
and B used in the Examples are listed in Table I. The
oxygen content of the catalyst has been excluded from the
analysis in each case. The Examples, taken together with
the information summarised in Figure 3, provide the man
skilled in the art with teaching as to the reaction
conditions that he needs to select at any particular moment
in the production campaign in response to changes in
catalyst activity.




24. The conpressed recycled gas in line 24 is conbined with make-up

hydr ogen-contai ning gas fromline 25. The com bined mxture in line 26 is
heated by passage through heat exchanger 16 and flows on in line 27 to
heater 28 in which its tenperature |sn{9a| sed further to a suitable
tenperature for effecting vaporisatio of the dinethyl 1,4-cycl ohexanedi -
carboxyl ate feed. The reswting—hot—gas—+n-iine 29 is then divided into two
streans, one being the stjireamg Ilne 5 and|the other being a streamin

n
line 30. This latter strgam,i € h@ated Burfher in heater 31 to a tenperature
of about 235[err]C ™ NN
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Density
g/cm3
1.420
1.452

area m2/g
28
47.1

Surface

Al
<0.01
20.4

Ba
<0.01
<0.01

TABLE I

Mn
09
6.4

Zn
<0.01
<0.01

0
.26

Composition wt%
Cr

6
.1

Cu
57
41

DRD 89/21
DRD 92/89
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and passes on by way of line 32, valve 33 and lines 34 and 35 to the bottom
end of a second hydrogenation reactor 36 which, in thifs § hase—of
< REPUAREMENT SeeT

f

operation, is in reactivation node. Reactor 36 contaiif
hydr ogenati on catal yst 37. The hot gas exiting the toj reactor 36 }in
line 7 is admixed, as already described above, wi th the{salQpgeegogador
ous mxture in line 6 to increase the hyduagen dinethyl {1

, 4- cycl ohexanedi carboxyl ate nolar ratio therein and tp rarseits
tenperature above its dew point, e g. at least 5[ err]C_to _10[err]C aboje
its dew pafaoine pl ant al so includes |lines 38 and 39 and val ves 40 and 41

both of which are closed in this phase of operation.
The hydrogenation of a technical grade of

dimethyl 1,4-cyclohexanedicarboxylate was investigated using
the experimental apparatus illustrated in Figure 2.

The composition of the technical garde feed was:
34.47 wt% trans-dimethyl 1,4-cyclohexanedicarboxylate, 62.61

wt% cis-dimethyl 1,4-cyclohexanedicarboxylate, 1.50 wt%
methyl hydrogen 1,4-cyclohexanedicarboxylate of formula
0 o
l l
HO-C C-OCH,
and 0.05 wt%¥ water, with the balance being impurities.

In a commercial plant, hydrogen gas is separated
from the hydrogenation product and is advantageously
recycled through the hydrogenation zone. The hydrogen
recycle stream will contain a quantity of methanol vapour
produced by the hydrogenation of dimethyl 1,4-cyclohexane-
dicarboxylate. Hence, the vaporous mixture supplied to the
hydrogenation zone in a commercial plant will generally
contain methanol in addition to hydrogen and an unsaturated
organic compound. In order that the experimental rig
described hereinbelow should accurately predict the likely
results obtained during commercial operation, the liquid
feed supplied to the vaporiser was supplemented by a
quantity of liquid methanol corresponding to the quantity of
methanol which would be contained in the recycle hydrogen
stream in a commercial plant. Although hydrogen is recycled
in the experimental rig described hereinbelow, the quantity
of methanol contained within the recycle hydrogen stream is
proportionately less than would be contained in a
corresponding commercial recycle stream. This difference
arises because the recycle gas in the experimental rig is
cooled substantially below the temperature to which it would
be desirably cooled in a commercial plant. More methanol is
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line 42 indicates a line by neans of which a strean1ggnLaLnLng~an¥___mn

“heavi es" collecting in the bottom of vaporiser ves-!sgiri3ceambsHaraY
Ref erence nuneral 43 indicates a purge gas line}thred '

of f.

gas streamcan be taken in order to limt the build
the circulating gas. Such inert gases may enter the
gas streamin line 25. Wth passage of trn&lthe acti
charge 12 will have declined somewhat The pl ant opergtor can maintain,
desired trans-:Cis- isoner ratio in the 1 ,4-cyclohe '

piof inert_gasesifin
I ant“‘?r?é%@% e lup

ify of the_catg

by noni t or ithgreffiorer aknockadt BEteXbE the experimental recycle hydrogen

stream. This discrepancy between the experimental rig and a
commercial plant is necessitated by the delicacy of the
equipment, particularly the analytical equipment, used in
the experimental rig. In this Example and in all succeeding
Examples, methanol is added to the experimental liquid feed
in a quantity which is substantially equal to the
proportionate quantity of methanol which would be present in
the experimental recycle stream if the rig were operated
under commercial conditions minus the quantity of methanol
actually present in the experimental recycle hydrogen
stream. In the Examples, all parameters such as conversion
rates and hourly space velocities are calculated on a
methanol free basis.

The experimental apparatus is illustrated in Figure
2. An approximately 70 wt% solution of the technical
grade of dimethyl 1,4-cyclohexanedicarboxylate in methanol
is fed from reservoir 100 by way of valve 101, line 102 and
valve 103 to liquid feed pump 104. Burette 105 provides a
buffer supply whilst burette 106 is fitted with a liquid
level controller (not shown) that controls valve 101 so as
to ensure that liquid feed is supplied from reservoir 100 to
liquid feed pump 104 at a constant head. The liquid feed is
pumped through non-return valve 107 and isolation valve 108
into line 109, which can be heated by electrical heating
tape 110, before the heated liquid enters the upper part of
an insulated vaporiser vessel 111 above a bed of émm x 6mm
glass rings 112. A stainless steel demister pad 113 is
fitted at the top end of the vaporiser vessel 111. A stream
of hot hydrogen-containing gas is supplied to the bottom of
vaporiser 111 in line 114. A liquid drain line 115 fitted
with a drain valve 116 enables withdrawal of any unvaporised
liquid feed material (e.g. "heavies") from the base of the
vaporiser vessel 111. The vaporisation of the liquid feed

THIS SHepT HAS BEEN
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streamfromthe on |line hydrogenation zone. By altering the reactiona
conditions, for exanple, by reducing the space velog1%y”, 1,¢P
hydr ogenati on catal yst, the effective residence tiné é“nﬁ §- e
substantially constant and thus the extent of conve33|on of di et hy
1, 4- cycl ohexanedi car boxyl at e can be mai ntai ned at ajsybstamdi@ali®36 cpnst ant
value. In this way it is possible to maintai#2the trhans-Cis- isonerjrptio
in the product at the desired value, for exanple, ajlvatueth the range of

fromabout 2.6:1 to about 2.7:1 or higher, up to abqut 3.84:1 (e.g..from

about 3.1:1 wppboiadodb 8hé: Yhporiser vessel 111 is assisted by heating
tape 117. A saturated vaporous mixture comprising dimethyl

1,4-cyclohexanedicarboxylate and hydrogen is recovered in
line 118 from the top of vaporiser vessel 111. The vaporous
mixture is heated by heating tape 119 in order to raise its
temperature above the dew point of the mixture prior to
entering the top end of hydrogenation reactor 120 which
contains a bed of 200 ml (321.1 g) of a pelleted copper
chromite hydrogenation catalyst 121. The catalyst was
catalyst A of Table I. Glass rings are packed in reactor
120 above and below the catalyst bed 121. The vaporous
mixture passes downward through catalyst bed 121 where
conversion of dimethyl 1,4-cyclohexanedicarboxylate to 1,4-
cyclohexanedimethanol occurs under adiabatic conditions.
Adiabaticity is maintained by electrical heating tapes (not
shown) within insulating material around reactor 120 under
the control of appropriately positioned thermocouples (not
shown). The overall reaction .is mildly exothermic with a
general increase in catalyst bed temperature of
approximately 1 to 2°C. The hydrogenation product mixture
exits the hydrogenation reactor 120 in line 122 and is
passed through heat exchanger 123 which simultaneously cools
the hydrogenation product mixture and heats a supply of
hydrcgen-containing gas from line 124. Condensation of the
bulk of the 1,4-cyclohexanedimethanol in line 122 occurs in
heat exchanger 123. The gas in line 124 comprises hydrogen-
containing gas from line 125 and, optionally, an inert gas
or a mixture of inert gases such as nitrogen, argon or
methane supplied in line 126. The gas in line 125 comprises
make-up hydrogen supplied in line 127 and recycle hydrogen
supplied in line 128. Make-up hydrogen in line 127 may be
supplied to line 125 in either or both of two streams in
lines 129 and 130 via a system of pressure controllers 131
to 136 and a mass flow controller 137 from high purity
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After a period of operation the activity of the catalyst charge 12 w |
declined to a point at which reactivation may be desir
reasons for catal yst deactivati on have not been clarif
postul ated that a pos- sible cause of this |loss of catplySt activity Hs
formation of traces of involatile polyesters on the catal ysty ppiipos qu
ester exchange reactions between, for exahtﬁ%a' di met hy
1, 4- cycl ohexanedi car boxyl ate. on the one hand, and 1, 4} :
cycl ohexanedi net hanol , or nethyl 4-hydroxymnethyi cycl ohgxanecarboxyl ate. |

REPLAGENEA gi&é?“ﬁ“

have

t he
2 t o

whi ch can bey@gosgeh atelindebe émot ndleswre) . di at e product—of the

hydrogenation reactipp, ﬂ%z@gﬁkﬁgﬁgﬁiggpgégEggq{Hgtags]from heat

, 4- cycl ohexanedi car boxyl a

exchanger 123 passes on in line 114 and is heated further by
electrical heating tape 138 for supply to the vaporiser
vessel 111.

The cooled hydrogenation product from heat
exchanger 123 passes on through line 139 to be cooled
further in cooler 140 to a temperature near ambient
temperature. The liquid/vapour mixture from cooler 140
passes on in line 141 to a first knockout pot 142 where
liquid hydrogenation product is collected for eventual
supply by means of valve 143, line 144 and control valve 145
to product line 146. A vaporous mixture comprising hydrogen
and uncondensed methanol exits the top of knockout pot 142
in line 147 and is further cooled to a temperature of 10°C
in cooler 148. The further cooled liquid/vapour mixture
from cooler 148 is supplied via line 149 to a second
knockout pot 150 wherein condensed methanol is collected for
eventual supply through valve 151 and line 152 to product
line 146. The gas and uncondensed materials from knockout
pot 150 are supplied via line 153 through suction pot 154
into line 155 and then through valve 156 to gas recycle
compressor 157. Gas is recycled through valve 158 lines
128, 125, 124 and 114 to vaporiser 111. In order to control
the concentration of inert gases, such as nitrogen, in the
circulating gas a purge gas stream may be bled from the
system in line 159 under the control of valve 160.

Reference numeral 161 indicates a bypass valve.

At start up of the apparatus the charge of catalyst
was placed in reactor 120 which was then purged with
nitrogen. The catalyst charge was then reduced according to
the teachings of EP-A-0301853.

Technical grade dimethyl 1,4-cyclohexanedi-
carboxylate, appropriately diluted with methanol, was then
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the ester

I nt erchange product between di net hyl
and 1, 4- cycl ohexanedi net hanol, on the other hand. The| rREPUALHIITARHERY
trimeric materials can then undergo further reaction M| of
vaporous m xture to cause these oligoneric chains to grp @%ﬁg@?g _ @nd
m xed pol yet her-pol yesters can al so be forned. Such polynérl dyct

1, 4- cyelohexanedi.carbaoxyl at e

t he

S on

the catalyst surface are susceptible to hydrqgenation t jon
of the cat- alyst by treatnment with a hot hydrogen-co talnlng gas is
It has further been shown in the course of k to

possi bl e.

I nvestigate the‘%%dro enation of dinethyl 1 ,4- cyclohexaqsplcarboxylate

whi ch forns RHEP

J’3RPRiRer 111 at a rate of 86 m
corresponding to a liquid hourly space velocity of 0.43 h-1,
The H,:dimethyl 1,4-cyclohexanedicarboxylate mole ratio in
the vaporous mixture in line 118 was 338:1. The reactor 120
was maintained at a temperature of 230°C and a pressure of
901 psia (62.12 bar). The hydrogenation zone was therefore
operated under conditions which prevented the condensation
of both dimethyl 1,4-cyclohexanedicarboxylate and the less
volatile 1,4-cyclohexanedimethanol product. The temperature
throughout the hydrogenation zone was above the dew point at
the operating pressure.

The liquid in line 146 was analysed periodically by
capillary gas chromatography using a 15 m long, 0.32 mm

internal diameter fused silica column coated internally with

a 0.25 pm film of DB wax, a helium flow rate of 2 ml/minute
with a gas feed split ratio of 100:1 and a flame ionisation
detector. The instrument was fitted with a chart recorder
having a peak integrator and was calibrated using a
commercially available sample of dimethyl 1,4-cyclohexane-
dicarboxylate of known composition. The exit gas was also
sampled and analysed by gas chromatography using the same
technique. The identities of the peaks were confirmed by
comparison of the retention times observed with those of
authentic specimens of the materials in question and by mass
spectroscopy. Included amongst the compounds detected in
the reaction mixture were 1,4-cyclohexanedimethanocl,
dimethyl 1,4-cyclohexanedicarboxylate, 4-methoxymethyl
cyclohexanemethanol, di-(4-methoxymethylcyclohexylmethyl)
ether, and methanol. After making due allowance for the
methanol present in the feed sdlution of dimethyl 1,4-
cyclohexanedicarboxylate from reservoir 100, 2 moles of
methanol were detected for every 1 mole of dimethyl 1,4-
cyclohexanedicarboxylate converted in accordance with the
stoichiometry of the hydrogenation reaction. The results




present invention that for whatever reason, the passage of a hot strean1of

hydr ogen- cont ai ni ng gas over partially deac- tivate

beneficial effect in at least partially restoring tweRa%ﬁﬁgMENX SHERTh,

catal yst. Accordingly in a second phase of operatiop ffalTve 33 1S s

valve 41 is opened, while valve 14 is closed and valvg 43 ipEcopened.

this way hydrogenation reactor 36 with its fresh or|rpactivated cat

charge 37 is brought on line. whilst reactor 11 goey Hateo—+eacttyat
and its partially deactivated charge of‘cé?aryst 12}is reactivated.

JJ

4

ut

and
In

alfyst

|
1

n node
nthis

second node of operation the saturated vaporous mxture in linée 6 1s m xed

wi th hot hydrogen-containing gas from

are listed in Table II below, together with the results from

the succeeding Examples 2 to 8. The actual activity of the

catalyst is based upon a figure of 1.0 for the reference

activity of the freshly reduced catalyst as measured under

standard operating conditions at the start of the run. 1In
Example 1 the actual activity of the catalyst was determined

to be 0.68 because the percentage of unconverted dimethyl
1,4-cyclohexanedicarboxylate under standard operating
conditions was 1.47 times the percentage of unconverted

dimethyl 1,4-cyclchexanedicarboxylate under those standard

operating conditions when using fresh catalyst. Hence the

actual activity, compared to the reference activity of the

fresh catalyst of 1.0 was 1/1.47, i.e. 0.68.




line 10 to forma vaporous feed m xture which flows in line 7 through
reactor 36 and its catal yst charge 37. The resulting reaction m xtur
passes by way of lines 35 and 38 through valve 40 tp qu&gg@p@mﬂ@ggﬁot
hydr ogen-contai ning gas fromline 32 passes through|vare—4% 39 and
then through line 13 to the bottom of hydrogenati onjrgactor nithis

second phase of operation the plam %%perator can al o okt D&C 'fgﬂé
trans--:Cis- isomer ratio in the 1.4- cycl ohexanedi fref hanol product] ¢f the
exit streamfromthe on |ine hydr ogenatlon zone and|can adjust the

-

conditions. as UEFFUIEI toyarntarr—tire—effecttye— -t e
reaction mxtureng n0 t he hydrogenation zong sub%t antiallyfcon-
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stant and hence maintain the trans-: G s-1,4-cycl ohexanedi net hanol ratio at

the desired | evel

When the catal yst charge 37 has becone deactivated to

some extent the valves 14, 33, 40 and 41 can be redd- 6) teh the
o RePER NS

fl ows through hydrogenation reactors 11 and 36 back

first

phase of operation. The above described steps can be [repeated as offten as

may be expedi ent,

bringing the reactors 1144nd 36 on |l i 1& DEC 1996

Notes to Table II:

DMCD = dimethyl 1, 4-cyclohexanedicarboxylate -
LHSV = liquid hourly space velocity

CHDM = cyclohexanedimethanol

Gas = hydrogen-containing gas containing

more than 98% v/v hydrogen.
Examples 2 to 8

Using a similar procedure to that described in
Example 1 and the same feed solution, 7 further runs were
carried out using the copper chromite catalyst (catalyst A
in Table I). The runs were designed to determine the
expected catalyst life under a variety of operating
conditions. The results obtained are summarised in Table
II. In each case the vaporous mixture in contact with the
catalyst was above the dew point. The actual activity of
the catalyst in each Example was determined, prior to or
just after taking the readings listed under standard
conditions of feed temperature, feed pressure, feedstock
flow rate, and hydrogen flow rate.

The data of Examples 1 to 8 were obtained from an
extended operating run and show that, despite a considerable
decline in catalyst activity over the time span of the
Examples, a constant trans-:cis-isomer ratio can be obtained
by maintaining a constant effective residence time (ERT).

Examples 1 to 3 show the maintenance of a
trans-:cig- isomer ratio in the 1,4-cyclohexanedimethanol
product at a feed rate equivalent to a liquid hourly space
velocity of 0.41 to 0.43. Minor changes in the pressure and
in the hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio suffice to maintain the effective
residence time substantially constant and thereby to
maintain a substantially constant trans-:cis- isomer ratio
in the 1,4-cyclohexanedimethancl product. Over the period

THIS SHEET HAs BE
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REPLACEMENT SHEET in turn until the reactivation results in the desired
I ncrease in catalyst activity or until the plant has to be shut d n for
mai nt enance or ot her reasons, whereupon the catal yst ck“'"bo 2 T can
be di scharged and replaced by fresh charges of catal yst U@ﬁFgﬁﬁg

make-up gas in line 25 can be a m xture of hydrogen, optl na m nor anpupts
of conponents such as CO and 19 DEC 19%

- 48 - R

of these Examples the conversion of dimethyl 1,4-
cyclohexanedicarboxylate averaged 99.0%. From Example 4
onwards the dimethyl 1,4-cyclohexanedicarboxylate feed rate
was reduced so as to maintain the conversion of dimethyl
1,4-cyclohexanedicarboxylate at an average of 98.8% over the
remainder of the test period. During this time there was a
significant decline in catalyst activity as measured under
the standard test conditions. However, the trans-:cis-
isomer ratio of the 1,4-cyclohexanedimethanol product and
the selectivity to 1,4-cyclohexanedimethanol were maintained
at a nearly constant level by adjustment of the feed
temperature and the hydrogen-containing gas:dimethyl 1,4-
cyclohexanedicarboxylate molar ratio. Only minor changes in
feed pressure were necessary over this period.
Examples 9 to 17

The effect on dimethyl 1,4-cyclohexanedicarboxylate
hydrogenation of altering the operating conditions is
summarised in the results listed in Table III. These
results demonstrate how the feed conditions can be changed
to achieve a selected trans-:cis- isomer ratio in the 1,4-

cyclohexanedimethanol product.
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at least 90 nole % and even nore preferably at |east|9,
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partial oxidation or steamreform ng of natural gas f¢
gas shift reaction, and CJerr] absbryption. foll owed
nmet hanati on of at |east sone of any residual traces of
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catal yst precursor, such as a copper chromte catalyst precursor.
Preferably, however, the reactors 11 and 36 are charged with a
chromi um free hydrogenati on catal yst, such as DRD92189. The catal yst .4

is th d d - fully follow ng the ot r
precursor is then reduced care- fully g ﬁ§$Lé@%@§H2§aﬁﬁr

Instructions. |If the process of EP-A-0301853 is used

p
chromte precursor, then both beds of catalyst 12 anfi B7 can be redgc
simul taneously. In other cases it may be expgdient tf¢ - edifz @EEhE0beds {12
and 37 separately. After pre-reduction of the catal y$t{precursor hot
hydr ogen-containing gas is cir- culated through the £I ~—VWhén the |
appropriate feed tenperatures to vaporiser vessel 3 and to reactor.ll-have
been

Examples 10, 13 and 17 illustrate the effect of
changing the feed pressure and that increasing the feed
pressure increases the trans-:cis- isomer ratio obtained.
Examples 12, 13 and 16 illustrate the effect of changing the
feed rate and that an increased feed rate decreases the
trans-:cis- isomer ratio. Examples 9, 15 and 17 illustrate
the effect of changing the feed temperature, with increasing
feed temperature increasing the trans-:cis- isomer ratio.

In all the Examples the hydrogen:diester ratio has been
adjusted as appropriate in order to ensure that the product
is in the vapour phase.

Example 9 to 17 set out data obtained during an
extended hydrogenation run, using the same catalyst charge
as was used in Examples 1 to 8. The results of these
Examples were obtained over a relatively short time span so
that there was little change in actual catalyst activity, as
measured under the standard operating conditions, over these
Examples. It can be seen that a wide range of trans-:cis-
isomer ratios can be obtained in the 1,4-cyclohexanedi-
methanol product by appropriate variation of the operating
conditions. Comparison of Examples 9 and 11 shows that
similar low trans-:gcis- isomer ratios in the product can be
achieved at substantially different pressures by adjustment
of the feed temperature and the hydrogen-containing
gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio, even
though the dimethyl 1,4-cyclohexanedicarboxylate feed rates
were the same. Examples 15 and 17 show that, at similar
pressures but at different dimethyl 1,4-cyclohexanedi-
carboxylate feed rates, adjustment of the temperature and
hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio yields similar trans-:cis- isomer

ratios in the product. Examples 10 and 13 illustrate the
effect of pressure, again under substantially constant




achi eved the flow of dinethyl 1,4-cyclohexanedicarboxylate in line 1 is
commenced to bring the plant on line in the first phas el BB RN €
invention is further described with reference to the floljepyiianEsSHdtést
The conpositions of catalysts A and B used in the Exa ee~ar€“%ﬁ§r‘ 11
Tabl e 1. The oxygen content of the catal yst has been e ﬂgg giqﬁﬁé E
anal ysis in each case. The Exanpl es, taken together w p tgo
sumari sed in Figure 3, provde the man skidiled in the AQglas
y partlcular norent

to the reaction conditions that he needs to sel ect at
in the production cam

conditions, apart from the necessary adjustment of the

3_‘30_

hydrogen-containing gas:dimethyl 1,4-cyclohexanedi-
carboxylate molar ratio in order to give the same approach
to the dew point in the feed stream. Examples 14 and 16
show the effect of a substantial change in the feed rate of
dimethyl 1,4-cyclohexanedicarboxylate at constant feed
temperature but with minor variations in pressure and
hydrogen-containing gas:dimethyl 1,4-cyclohexane-
dicarboxylate molar ratio.

In Figure 3 there is shown a graph showing the
relationship between the effective residence time and the
trans-:cis- isomer ratio of the resulting 1,4-cyclohexane-
dimethanol product for two different combinations of feed
temperature and feed pressure. In Figure 3 the continuous
line indicates the correlation between the trans-:cis-

isomer ratio and effective residence time for a feed
pressure of 900 psia (62.05 bar) and a feed temperature of
240°C while the broken line is the corresponding line for a
feed pressure of 450 psia (31.03 bar) and a feed temperature
of 215°C. Similar lines can be drawn for other combinations
of feed temperature and feed pressure. From such graphs a
person skilled in the art can select the appropriate
operating conditions needed to achieve constant effective
residence time and thus a substantially constant trans-:cis-

isomer ratio.

THIS 1. BT HAS BEEN
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pai gn in response Lg—ghanges—+n—ea%a+yst activity. TABLE 1 Catal yst

Conposition wt % DenS|ty Porevol - area nferr]/g
g/cnferr] umamﬂ " I m Mh Ba Al A DRD
89/ 21 57.6 19.0 Tr]€0. 01 *0.909 * [err]O 01 [err]D A ™
- 52 - =3
1% DEC 1%
CLAIMS
1. A continuous process for the production of 1,4-

cyclohexanedimethanol having a desired or predetermined
Erans-:cis- isomer ratio by catalytic hydrogenation of a
dialkyl 1,4-cyclohexanedicarboxylate in the presence of an
ester hydrogenation catalyst, which process is capable of
being operated for an extended period of time during which
the hydrogenation catalyst declines in catalytic activity,
said process comprising:

(a)
of a granular hydrogenation catalyst capable of catalysing

providing a hydrogenation zone containing a charge

the hydrogenation of esters;
(b)
granular hydrogenation catalyst by measuring the extent of

determining a Reference Activity (RA) of the

conversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1,4-cyclohexanedimethanol in passage of a reaction mixture
comprising the dialkyl 1,4-cyclohexanedicarboxylate and a
hydrogen-containing gas through the granular hydrogenation
catalyst at a preselected feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio;

(c)
contact of the reaction mixture at the preselected feed

determining an Effective Residence Time (ERT) for
temperature and feed pressure with the granular
hydrogenation catalyst at the reference activity thereof
which produces 1,4-cyclohexanedimethanol having the desired
trans-:cis- isomer ratio;

(d)
dialkyl 1,4-cyclohexanedicarboxylate and a hydrogen-
containing gas having a preselected hydrogen-containing

forming a vaporous feed stream comprising the

gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio;

(e) feeding the vaporous feed stream to the

THIS SHEET HAS BEEN
REPLACED




B DRD 92/89 41.4—0.26 [err]0.01 6.4 [err]0.01 20. 4 47.1
1.452 211 Exa rogénation of at rTal ™

di mrethy 1, 4-cycl ohex Mgﬁﬂgﬂi s investigated %) el -

i mental apparatus ill wstra re 2. The conppsftion of the feg¢hnical
garde feed was: 34.47 W% trans--dinetyl 1,4-cycloh xhnqq;§a§bpggldtc,

62.61 wt % cis-di nethyl 1, 4-cycl ohexanedi carboxyl ate} [1.50 W % et hyl
hydrogen 1, 4-cycl ohexanedi car boxyl ate of fasnul a

>

hydrogenation zone at a substantially constant temperature
of from about 150°C to about 350°C and which is above the
dew point of the feed stream and at a substantially constant
pressure in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar) at a rate which
corresponds to an Actual Residence Time (ART) of the feed
stream in contact with the catalyst which yields 1,4-
cyclohexanedimethanol of the desired trans-:cis- isomer

ratio;

(£) recovering from the hydrogenation zone a product
stream containing 1,4-cyclohexanedimethanol;

(g) monitoring the Actual Activity (AA) of the granular.
hydrogenation catalyst with passage of time by measuring the
extent of conversion of the dialkyl 1,4-cyclohexanedi-
carboxylate to 1,4-cyclohexanedimethanol under the actual
operating conditions of feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1, 4-cyclohexanedicarboxylate
molar ratio; and

(h) adjusting at least one feed condition of the
vaporous feed stream to the hydrogenation zone selected from
(1) the dialkyl 1,4-cyclohexanedicarboxylate feed rate and
{ii) the hydrogen-containing gas:dialkyl 1,4-cyclohexanedi-
carboxylate molar ratio while maintaining the feed stream
above its dew point to provide an Actual Residence Time
(ART) of the vaporous feed stream in contact with the
catalyst which corresponds to the Effective Residence Time
(ERT) required to provide 1,4-cyclohexanedimethanol having
the desired trans-:cis- isomer ratio in accordance with the

relationship:
ERT x RA
ART = —4m8M8M8 ——
AA.
2. A process according to claim 1, in which the

THIS SI'SET HAS BEEN
REPLACED




[err] and 0.05 wt% water, with the bal ance being inp
commerci al plant, hydregen—gas-is separated fromth

and is advantageouslyu C t he hydrogen
recycle streamwl| , m !ﬂm of net hanol v
y

hydr ogenati on of dimethyl® 1t 4wc xanedi car boxyl

WEBt%QﬁHﬁN?iéﬂfﬁ&r%duct
| OR=Z6He™The ydr ogen

OU@ﬁE guggg pyil t he
vaporous m xture supplied to-the hydrogena- tion zon 5 el § pl ant
wi Il generally contain nethanol in additiancgt,o hydrogen and an unsat_ﬁated
organi c com

_ m

dialkyl cyclohexanedicarboxylate is trans-dimethyl 1,4-

cyclohexanedicarboxylate.

3. A process according to claim 1, in which the
dialkyl cyclohexanedicarboxylate is cis-dimethyl 1,4-
cyclohexanedicarboxylate.

4. A process according to claim 1, in which the
dialkyl 1,4-cyclohexanedicarboxylate comprises a mixture of
the cis- and trans- isomers of dimethyl cyclohexanedi-
carboxylate.

5. A process according to any one of claims 1 to 4, in’
which the hydrogen-containing gas:dialkyl cyclohexanedi-
carboxylate mole ratio in the vaporous mixture is in the
range of from about 200:1 to about 1000:1.

6. A process according to any one of claims 1 to 5, in
which the feed temperature to the hydrogenation zone is in
the range of from about 150°C to about 300°C.

7. A process according to claim 6, in which the feed
temperature to the hydrogenation zone is in the range of
from about 200°C to about 260°C.

8. A process according to any one of claims 1 to 7, in
which the feed pressure is in the range of from about 450
psia (about 31.03 bar) to about 1000 psia (about 68.95 bar).

9. A process according to any one of claims 1 to 8, in
which the catalyst is selected from reduced manganese
promoted copper catalysts, reduced copper chromite
catalysts, and reduced promoted copper chromite catalysts.
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pound. In order that the experinmental rig described herei nbel ow shoul d
accurately predict the likely results obtained during conmercial operation,
the liquid feed suppt+ed—to-the-vaporiser was sup [

i quid netha- nol corr TR guantity o
contained in the recycfm"mm‘ﬂ;ﬂlﬂummmm in a co #cial plant.

hydrogen is recycled in*thé eRp@rlnentaI_rgg descii bedq Gy g

guantity of nethanol contained

10. A process according to claim 9,7in which the
catalyst comprises not more than about 15% by weight of at
least one promoter selected from barium, manganese, and
mixtures thereof.

11. A process according to any one of claims 1 to 10,
in which the dialkyl 1,4-cyclohexanedicarboxylate is
supplied at a rate corresponding to a liquid hourly space
velocity of from about 0.05 to about 4.0 hi,

12. A process according to any one of claims 1 to 11,
in which the effective residence time is selected to yield a
1,4-cyclohexanedimethanol product having a trans-:cis-
isomer ratio of from about 2.0:1 to about 3.84:1.

13. A process according to any one of claims 1 to 12,
in which in step (h) adjustment of the at least one feed
condition includes the step of adjusting the dialkyl 1,4-
cyclohexanedicarboxylate feed rate.




13 within the recycle oportionately | ess than would be contained in a
correspondi ng commercial recycle stream This difference arises because the
recycle gas in the experinmental rig is cooled substantially beIOM/the
tenperature to which it would be desirably cooled in a connercum
More nethanol is therefore "knocked out" of the experinen

hydr ogen stream This discrepancy between the experinentg
comercial plant is
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necessitated by the delicacy of the equipnment, particularly the analytical
equi pnent, used in the experinental rig. In this Exanple and in al
succeedi ng Exanpl es, nethanol is added to the experinental liquid feed in a
gquantity which is sub- stantially equal to the proportionate quantity of

met hanol which woul d be present in the experinental recycle streamif the
rig were operated under commercial conditions mnus the quantity of

met hanol actually present in the experiQentaI recycl e hy,
t he Exanples all paraneters such as conversion rates an
velocities are cal- culated an a nethanol free basis.
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The experinental apparatus is.illustrated in Figure 2. An approximtely 70
wt % solution of the technical grade of dinethyl

1, 4- cycl ohexanedi car boxyl ate in nmethanol is fed fromreser

of valve 101, line 102 and valve 103 to liquid feed punp Oﬂgpggk
provi des a buffer supply whilst burette 106 is fitted wt |
controller (not shown) that controls valve 101 so as to epsyre that |iquild
feed is supplied fromreservoir 100 to Ii31ui d feed punp 1p4 at1%D¢E@ﬁ!§l9§nt
head. The liquid feed is punped through non-return valve 0{_and isol ati
valve 108 into line 109, which can be heated by electric '
10, before the heated liquid enters the upper part of an
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I ser vessel 111 above a bed of 6mm x 6mm gl ass rings 112. A stainless steel
dem ster pad 113 is fitted at the top end of the vaporiser vessel 111. A
stream of hot hydrogen-containing gas is supplied to the bottom of
vaporiser 111 in line 114. Aliquid drain line 115 fitted with a drain

val ve 1 16 enables w thdrawal of any unvaporised |liquid feed material (e.g.
"heavi es" fromthe base of the vaporisgs vessel 11 1. The vaporisation of
the liquid feed supplied to the vaporiser vessel 111555 ' by heating
tape 117. A saturated vaporous m xture conprising gi’

top of vaporiser vessel 1 1 1. The vABSERAET ni xt ur

5 In production of 1,4-cyclohexanedimethanol, by
hydrogenation of a dialkyl 1,4-cyclohexanedicarboxylate using
a granular ester hydrogenation catalyst, a Reference Activity
(RA) of the catalyst is determined and so is an Effective
Residence Time (ERT) of the reaction mixture in contact with

10 the catalyst at its reference activity'which produces
1,4-cyclohexanedimethanol having the desired trans-:cis-
isomer ratio. A vaporous feed stream is fed at a rate
corresponding to an Actual Residence Time (ART) which yields
the desired trans-:cis- isomer product ratio. The Actual

15 Activity (AA) of the.catalyst is determined and the dialkyl
1,4-cyclohexanedicafboxylate feed rate and/or the
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio is adjusﬁed, while maintaining the feed stream
above its dew point, to provide an Actual Residence Time

20 (ART) corresponding to the Effective Residence Time (ERT)
required to provide 1,4-cyclohexanedimethanol having the
desired trans-:gis- isomer ratio so that:

ERT x RA

ART =
25 AA

S BEEN
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tape 119 in order to raise its tenperature above the dew point of the
m xture prior to entering the top end of hydrogen- ation reactor 120 which
tontains a bed of 200 mM (321.1 g) of a pelleted copper._chromte
hydrogenati on catal yst 121. The catal yst was catal yst TA.of, Tabl & e
rings are packed in reactor 120 above and bel ow t he cat al wsridvegs 121. | The
vaporous m xture passes downward through.catal yst bed™ = }sion
of dinmethyl 1.4-cycl ohexanedi carbox- ylate to 1.4-cycl ohexanedi net hanol
occurs under padicaBat #6R CoMEl PROFECT AT &t ,ci-t Y YCEOHEKANBD DRETHANG ect ri cal
heating tapes (not shown) wi thin insulating matérral around reactor 120
under the control of appropriately positioned therno-

Field of the invention
This invention relates to a process for the

ass

production of 1,4-cyclohexanedimethanol.
Background of the invention
1,4-cyclohexanedimethanol is used to prepare highly
polymeric linear condensation polymers by reaction with
terephthalic acid and is useful as an intermediate in the
preparation of certain polyester and polyester amides. The
use of 1,4-cyclohexanedimethanol for such purposes is
Nt disclosed in, for example, US-A-2901466. This document
teaches that the trans-isomer of polycyclohexylene-
dimethylene terephthalate has a higher melting point range
(315°-320°C) than the corresponding gis-isomer (260°-267°C).
One method for preparing 1,4-cyclohexanedimethanol
(hexahydroterephthalyl alcohol) involves the hydrogenation
of diethyl 1,4-cyclohexanedicarboxylate (diethyl
hexahydroterephthalate) in a slurry phase reactor in the

presence of a copper chromite catalyst at a pressure of 3000
psia (about 206.84 bar) and a temperature of 255°C, as is
described in Example 3 of US-A-2105664. The yield is said
to be 77.5%.

The hydrogenation of dimethyl 1,4-cyclohexane-
dicarboxylate (DMCD) to 1,4-cyclohexanedimethanol (CHDM) is
shown below in equation (1):-

@) 0
i I
1,4-DMCD 1, 4-CHDM (1) .

The two geometrical isomers of CHDM thus produced are:
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coupl es (not shown). The overall reaction is mldly exothermc with a
general increase in catalyst bed tenperature of approximtely 1 to 2[err]C
20 in

-The hydrogenation product m xture exits the hydrogenaty ton
ling 122 and is passeg—th t _exchanger 123 itriggge‘%gn%ﬁﬁl

cgol s the hydrogenati §nTBiSoduct misxgame]and heats ajsypply of ~
hydr ogen- cont ai ni ng gés.fr oRFPLiAED124, ndensationjoff thg Npy Iggng
1, 4- cydohexanedi et hafol in 1ine 12 drs in heat |ekchanger 123.
in line 124 conprj hydr egen- cont ai ning gas fromline n
optionally, an i r?gﬁﬁsﬁsagg (T prﬁoQ%TrIQNcﬁngln‘b'rcf’C% WETHANOL t r oge
argon or nedebapRonsupplied in line 126. The gas in line 125 com

|.A

Field of the invention
This invention relates to a process for the production of 1,4-cyclohexanedimethanol.

Background of the invention

1,4-cyclohexanedimethanol is used to prepare highly palymeric linear condensation polymers by reaction with
terephthalic acid and is useful as an intermediate in the preparation of certain polyester and colyester amides. The use
of 1,4-cyclohexanedimethanal for such purposes is disclosed in, for example, US-A-2901466. This document teaches
that the frans-isomer of polycyclohexylenedimethyiene terephthalate has a higher melting point range (315°-320°C)
than the corresponding cig-isomer {260°-267°C).

One methed for preparing 1,4-cyclohexanedimethanol (hexahydroterephthalyi alcohol) involves the hydrogenation
of diethyl 1,4-cyclohexanedicarboxylate (diethyl hexahydrotsrepithalate) in a slurry phase reacter in the presence of a
copper chromite catalyst at a pressure of 3000 psia (about 206.84 bar} and a temperature of 255°C, as is described in
Example 3 of US-A-2105664. The yield is said to be 77.5%.

The hydrogenation of dimethyl 1,4-cycichexanedicarbaxylate (DMCD) to 1,4-cyclohexanedimethanol (CHDM) is
shown below in equation (1):- .

o ? |
- | :

CHBO-C<<::>>C-OCH3 + 4H, = Ho-caz<<::>>c32-oa + -2CHOH

1,4-DMCD | 1,4-CHDM (1) .

The two geometrical isomers of CHDM thus produced are:

HO-H,C, CH,OH HO-H,C H
<~ W

)¢ H H CH,OH
¢is-CHDM trans-CHDM

. The resulting 1.4-cyclohexanedimethanol product is 2 mixture of these two isomers which have different melting
points. As reported on page 9 of the book "Fiber Chemistry” edited by Menachem Lewis and Eli M. Pearce, published
by Marcel Dekker, Inc.: "Both the alicyclic ester {i.e. dimethyl 1,4-cyciohexanedicarboxylate] and the alicyclic diol
[i..1,4-cyclohexanedimethanol] exist in two isomeric forms, is ... and traps ..., that are not interconvertile without -
bond rupture”. The passage continues later: "Control of the [cis-traps-] ratio is important [in 1,4-cyclohexanedimetha-
nol] since many polymer and fiber properties depend on it".

The gis-isomer of 1,4-cyclohexanedimethanol has a melting point of 43°C and the trans has a melting point of 67°C.
The higher melting point trans-isomer is often preferred over the gis-isomer for use as a reagent int the preparation of
polyaz:‘.ter and polyester-amides if a high melting point for such materials is considered desirable. As noted above, the
lf.ans.jus‘omer of a typical polyester, such as frans-polycycichexyimethyl terephthalate, has a higher malting point than
the gig-isomer. Hence, for example, US-A-5124435 discloses a polysster copolymer, the 1,4-cyclohexanedimethanol
contant of which has a trang-isomer content of at least 80 mole %, and which has a high heat resistanca. The brefer- .
ment of frans-1.4-cyclohaxanedimathanol over gis-1,4-cycichexanedimethano! is also discussed in US-A-2917549, in
US-A-49938090 ard in GB-A-988318.

A liquid phase process for the production of 1.4-cyclohexanedimethanci by plural stage hydrogenation of dimethyl
terephthalate is described in US-A-3334149. This utilises a palladium catalyst to effect hydroganation of dimethyl
terephthalatd to dimathyl 1,4-cyclohexanedicarboxylate, followed by use of a copper chromite catalyst in the liquid
phase ta catalyse the hydrogenation of that diester to 1,4-cyciohexanedimethancl. In the procedura described in Exam-
ple 1 of that patent specification a residence time of about 40 to 50 minutes is"used in the second stage of this process.



prises make-up hydrogen supplied in line 127 and recycle hydrogen supplied
in. litne 128. Make-up hydrogen in line 127 may be supplied to line 125 in
.either or both of two streanms in lines 129 and 130 via a system of pressure
controllers 131 to 136 and a nass_L%OM/controller 134-trom hi gh purlty
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the trans-gis- iscmer ratio of the product 1,4- cyclohexanedumathancl will tend 'owards an equilibricm vaT e"“h; s eqm
libnum vaiue has been reported varicusly and may lie between about 2.57:1 (rans-igis- 1.4-cyclchexanedimethanal)
{as repcried in (GB-A-983316) and about 3:1 (as reported in US-A-2917549). However, the starting material, dimethyl
1,4-cyclohexanedicarbexylate, is generally commercially cttainable as a2 mixture of ¢is- and frans-iscmers wherein
there is a preponderance of the gig-isomer. Thus in a typical commercial grade of dimethyl 1,4-cyclchexanedicarboxy-
iate the frans-:cis- isomer ratio is from atout 0.5:1 to about 0.6:1. Moreover, the rate cf approach to the equilibrium
product composition during the hydrogenaticn process is slow in the liquid phase. Liquid phase hydrogenaticn of a typ-
ical commercial grade of dimethyl 1.4-cycichexanedicartaxylate according to the teaching of the prior art therefore pro-
vides a procass wherein the rate of approach to the appropriate trans-gis-iscmer equilibrium ratio for 1,4-
cyclohexanedimethancl, reported to be about between 2.57:1 and about 3:1, is very slcw. Hence in a cormmercial liquid
phase process the requirement, in terms of operating and catalyst consumgtion costs, for high reactor throughput con-
flicts with the requirement for a product which contains a high propertion of the trans-isomer.

Attermpts to deal with the problem of the presence of an excess of the less desirable gig-1,4-cyclohexanedimetha-
nol isomer in any process for 1,4-cyclchexanedimethanol manufacture have focused on the isomerisation of the gis-iso-
mer of cycichexanedimethanal to the {ransg-isomer thersot.

US-A-2917549 discloses a process for isomerising cis-1,4-cyclohexanedimethanal to trans-1,4-cyclohexaned-
imethanof which comprises heating gis-1,4-cyclohexanedimethanol at a temperature of at least 200°C in the presence
of an alkexide of a lower atormic weight metal such as lithium, sodium, potassium, calcium or aluminium. However, the
process of US-A-2917549 necessarily involves a two-stage process wherein the initial gis-frans- 1,4-cyclohexaned-
imethanol hydrogenation product is recovered from the hydrogenation zone and subjected to temperatures in excess of
200°C in the presence of a metal alkoxide catalyst under an atmasphere of nitrogen. The capital and cperational costs
asscciated with a piant designed o carry out the process taught in US-A-2917549 would be undesirably high. Anather
disadvanrtage cf such 2 plant is the associated hazard relating to the use of metal alkoxides as catalysts in the isomer-
isation zone. Such catalysts ara required to effect the isomerisation, which is reported not ta accur under typical hydro-
genation conditions using hydrogenation catalysts such as copper/chrome or Raney nickel catalysts, according to the
teaching of Example 11 of US-A-2817549. Furthermore, steps would be required to prevent product contamination by
the metal alkoxide catalyst.

US-A-4998090 discloses a process for the isomerisation of cis-1,4-cyclohexanedimethanol by distillation in the
presance of an aliali metal hydrexide or alkoxide at a temperature of between 150°C and 200°C and at a pressure of
between 1 mm Hg and 50 mm Hg (between 1.33 millibar and 66.5 millibar). This process has very similar disadvan-
tages to those of US-A-2917549.

GB-A-988316 teaches a process for the preparation of trang-1.4-cyclohexanedimethanol in which a mixture of gis-
and frans-isomers of dimethy! hexahydroterephthalate (i.e. dimethyl 1,4-cyclohexanedicarboxylate) is hydrogenated at
elevated temperature and pressure in the presence of a Cu/Zn catalyst. Trans-1,.4-dimethylolcyciohexane (i.e. frans-
1,4-cyclohexanedimethanol) is separated by crystallisation from the reaction product and then the residual product,

* now enriched in ¢is-1,4-cyclohexanedimethanoal, is recycled to the hydrogenation zone whereupon it undergoes isom-
erisation to a gig-Arang- 1,4-cyclohexanedimethanol mixture. The recycle procedure may be repeated to cbtain a 1,4-
Cyclohexanedimethanol product containing the rans-isomer in substantial excess. However, the process according to
GB-A-988316 is mora preferably operated under conditions such that recycled cis-isomer enriched product is combined
with fresh dimethyl 1,4-cyclohexanedicarboxylate feed on re-entry to the hydrogenation zone. The effectiveness of recy-
cling the gig-isomer to the hydrogenation zone is largely a result of the dual function of the copper/zinc catalyst which
possesses both a hycrogenating and an isomerising catalytic action. As would be expected from thermodynamic prin-
ciples, the isomerising action is most effective when a mixture containing a-preponderance of the cis-isomer is recycled
to the hydrogenation zone. However, recyciing the gs-isomer in this way is aciknowledged 0 cause a new problem, that
of the formation of unwanted by-products, such as 1-methyl-4-hydroxymethylcyclohexane, which may be formed by
operating the hydrogenation reaction urder too severe conditions. To minimise the formation of such by-preducts, the
hydrogenation zone may be operated under “relatively mild conditions", according to the teaching of GB-A-988316
(see, for example page 2, linas 55 to 79 of GB-A-988316), However, such mild conditions reduce the achieved conver-
sion of dimethyl 1,4-cyciohexanedicarboxylate with the resuit that, for any one pass through the hydrogenation zone, a
significant quantity of dimethyl hexahydroterephthalate (dimethy! 1,4-cyclohexanedicarboxylate) remains unconverted.
8By the term “relatively mild conditions" is meant a temperatura of at least 200°C, preferably between 240°C and 300°C,
and a pressure of 200 to 300 atmospheras (202.65 bar to 303.98 bar), according to page 2. lines 26 to 32 of GB-A-
988316. The use of such high prassures at thesa slevated tamperatures can be hazardous, besides requiring raactars
with thick walls and flanges of special alioy constructed to withstand such extrame pressures. Hence it is expensive o
constructa plant to operata at pressuraes as high as envisaged in GB-A-988316. Furtharmora it is potentially hazardous
to operate a plant operating at 200 atmosphares (202.65 bar) or above, as well as being vary expensive, not only in
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mercial scale hydrogenation plant. It is also expensive 10 comprass gaseous streams !0 such high pressures and to cir-
culate them through the plant.

Although thera is a passing reference (See page 1, line 84 of GB-A-988316) o use cf "the gasecus chase”, even
at ternperatures of 300°C beth zis- and trans- dimethyl hexahydroteraphthalate wauld be in the liquid phase at pres-
sures of 200 to 300 atmospheres (202.65 bar to 303.98 bar) at the hydrogen:ester ratio envisaged in the Examples.
Thus in each of the Examples of GB-A-988316 kquid phase conditions are used. According to Example 4, which uses
a feed mixture containing dimethyl hexahydroterephthalate (i.e. 1,4-dimethyl cyclohexanedicarbexylate), and methanoi
such as might be used in a recycling process, the isomers prasent in the diol in the hydrogenation preduct are stated
to represent an equilibrium mixture of about 72% of the {rans- and about 28% of the cis-isomer, i.e. a {tans-:cis-ratio of
about 2.57:1.

Itis known te effect hydrogenation of certain esters and diesters in the vapour phase. For example it has been pro-
posed to use a reduced copper oxide/zinc oxide catalyst for effecting hydrogenation of esters in the vapour phase. In
this connection attention is directed to GB-B-2116552. Also of relevance is WO-A-50/8121.

It is further known to produce diols, such as butane-1,4-diol, by catalytic hydrogenation of esters of dicarboxylate
acids, such as a dimethy! or diathyl ester of maleic acid, fumaric acid, succinic acid, or 2 mixture of twa or more thereof.
Such processes are described, for example, in GB-A-1454440, GB-A-1464263, DE-A-2719867, US-A-4032458, and
US-A-4172961.

Production of butane-1,4-diol by vapour phase hydragenation of a diester, typically a dialkyl ester, of a C, dicarba-
xylic acid selected from maleic agid, fumaric acid, succinic acid, and a mixture of two or mora thereof has been pro-
posed. In such a process the diester is conveniently a di-(C4 to C4 alkyf) ester, such as dimethyl or ciethyl maieate,
fumarate, or succinate. A further description of such a process can be found in US-A-4584419, EP-A-0143634, WC-A-
86/03189, WO-A-86/07358, and WO-A-88/00937.

in all of the above-mentioned vapour phase processes the esters or diesters all have a vapour pressure which is
high compared to the vapour pressure of dimethyt 1,4-cyclohexanedicarboxylate and 1,4-cyclohexanedimethanol.

Summary of the Invention

itis accordingly an object of the prasent invention to provide a process for the production of cyciohexanedimethanol
by hydrogenation of a dialiyl (e.g. dimethyl) cyclohexanedicarboxylate which can be cperated with substantially
increased safety and operating economy at relatively low pressures. Another cbject of the invention is to provide.a proc-
ess for production of 1,4-cyclohexanedimethano! by hydrogenation of a di-(C4 1o C, alkyl) cyclohexanedicarbaxyiate,
such as dimethyl 1,4-cyclohexanedicarboxylate, wherein the hydrogenation step yields directly a 1,4-cyclohexaned-
imethano! preduct with a higher irans-Gis- isomer ratio than is achievable by conventional hydrogenation methods.
Hence it is a still further object of the invention to avoid the increased capital and cperating costs of the prior art proc-
esses mentioned above which require the use of extreme hydrogenation conditions or a separate isomerisation step. 1t
is also an object of the present invention to provide a process wherein a mixture of cig- and frapg- isomers of dimethyl
1,4-cyclohexanedicarboxylate is reacted rapidly with high conversion and high selectxvuty to a mixture of cig- and frans-
isomers of 1,4-cyclohexanedimethanol wherein the trans-isomer is present in excess of the cig-isomer. An additional
object of the invention is to provide a process for the production of 1,4-cyclohexanedimethanol which can be operated
50 that a product having a particular desired trans-:cis- isomer ratio, which may be changed at will from titne to time,
can be produced from a given dimethyl 1,4-cyclohexanedicarboxylate feedstock. One more object of the irvention is to
provide a process for the production of a cyclohexanedimethanol product having a desired {rans-.gis-isomer ratio from
a variety of dimethy! cyclohexanedicarboxylate feedstocks having different trans-:cis- isomer ratios in the feedstocks,
et another object of the present invention is to provide a process for the production of 1,4-cyclohexanedimethanol
which can be operated for extended periods of time during which the hydrogenation catalyst can lose activity whilst con-
tinuing to yield a product with a substantially constant desired trang-cis ratio. '

According to the present invention there is provided a continuous precess for the production of 1,4-cyclohexaned-
imethanol having a desired or predetermined trans-icis- isomer ratio by catalytic hydrogenation of a dialkyl 1.4-
cyclohexanedicarboxylate in the presence of an ester hydrogenation catalyst, which process is capabie of being oper-
ated for an extended period of time during. which the hydrogenation catalyst declines in catalytic activity, said process
comprising:

{a) providing a hydrogenation zone containing a charge of a granular hydrogenation catalyst capable of catalysing
the hydrogenation of esters;

(b) determining a Reference Activity (RA) of the granular hydrogenation catalyst by measuring the extent of con-
version ot the dialkyl 1,4-cyclohexanedicarboxylate to 1,4-cyclohexanedimathanol in passage of a reaction mixture
comprising the dialkyl 1,4-cyclohexanedicarbaxylate and a hydrogen-containing gas through the granular hydro-
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and hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate moiar ratio;

(c) determining an Effective Residence Time (ERT) for contact of the reaction mixture at the greselected feed tem-
parature and feed prassure with the granufar hydrogenation catalyst at the referenca activity thereof which pro-
duces 1,4-cycichexanedimethanal having the desired trans-:gis- isomer ratio;

(d) forming a vaperous feed stream comprising the dialkyl 1,4-cyclohexanedicarboxylate and a hydrogen-contain- -
ing gas having a preselected hydrogen-containing gas:diaflyl 1,4-cyclohexanedicarboxylate melar ratio;

(e) teeding the vaporous feed stream to the hydrogenation zone at a substantially constant temperature of from
156°C to 350°C and which is above the dew point of the feed stream and at a substantially constant pressure in the
range of from 150 psia (10.34 bar) to 2000 psia (137.90 bar) at a rate which corresponds to an Actual Residence
Time (ART) of the feed stream in contact with the catalyst which yieids 1,4-cycichexanedimetharol of the desired
trans-:cis- isomer ratio:

{f) recovering frcm the hydrogenation zone a product stream containing 1,4-cyclohexanedimethanol;

{g) monitoring the Actual Activity (AA) of the granular hydrogenation catalyst with passage of time by measuring
the extent of conversion of the dialkyl 1,4-cyclohexanedicarboxylate to 1,4-cyclchexanedimethanol under the
actual operating conditions cf feed temperature, feed pressure, dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydragen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio; and

(h) adjusting at feast one feed condition of the vaporous feed stream to the hydrogenation zone selected from

(1) the dialky! 1.4-cyclohexanedicarboxylate feed rate and

(if) the hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate carboxylate molar ratio whila maintain-
ing the feed stream above its dew point to provide an Actual Residence Time (ART) ¢f the vaporous feed
stream.in contact with the catalyst which corresponds to the Effective Residence Time (ERT) required to pro-
vide 1,4-cyclohexanedimethanci having the desired trans-.cis- isomer ratio in accordance with the relationship:

EAT xRA

ART = vy

As used herein, the term “residence time” means the time taken for the vaporous feed stream at the feed temper-
ature and feed pressura to the hydrogenation zone to pass through the empty volume of reactor cccupied by the cata-
lyst

The choice of preselected feed conditions under which to determing the Reference Activity (RA) is at tha discretion
of the person skdlled in the art. It is convenient to use for this purpese a set of feed conditions which appro:amates o
the set of feed conditions to be used at the beginning of catalyst [ife.

. In practice the activity of the catalyst may not be the same at any given fime throughout the catalyst charge. How-
ever, what matters to the plant operator in selecting appropriate operating conditions is the overall activity of the catalyst

-- charge. A convenient yardstick of the activity of a catalyst charge is the extent of conversion of the dialkyl 1,4-cycichex-

anedicarboxylate in the reaction mixture in passage through the catalyst charge. Changes in the extent of conversion
under substantially constant reaction conditions in the hydrogenation zone betoken a change in the activity of the cat-
alyst charge. Thus, for examnple, if the extent of conversion of the diallyl 1,4-cycichexanedicarboxylate falls from 95%
under a given set of operating conditions to $0% with passage of ime and the operating conditions are not changed,
then it can be said for the purposes of the presant invention that the catalyst charge hds lost half its activity. If the con-
version under particular conditions at the reference activity is 99% and the conversion later drops to 97%, then the per-
centage of unconverted dialkyl 1,4-cyclchexanedicarboxylate has tripled and the actual activity of the catalyst charge
at that later time will be 0.33, taking the referenca activity as 1.0.

The dialky! 1,4-cyclohexanedicarboxylate preferably is a di-(C, to C, alkyl) 1,4-cyclohexanedicarboxylate, such as
dimethyl, diethyl di-n- or -iso-propyl, or di-n- -isg-or -gec-butyl 1,4-cyclohexanedicarboxylate, or, more preferably, dime-
thyl 1,4-cyclohexanedicarboxylate.

The invention is predicated on the discovery that, at a given termperature and pressure, the rates of hydrogenation
of the dialiyl 1,4-cyclohexanedicarboxylate and isomerisation of 1,4-cyclohexanedimethanal are substantially the
same, so that at a given conversion of dialkyl 1,4-cyclohexanedicarboxylate one will achieve a 1,4-cyclohexanedimeth-
anal product having a given frans-gis-isomer ratio. The benefits afforded by the invention include the ability (1) to main-
tain a constant frans-cis-isomer ratio in the 1,4-cyclohexanedimethanol product throughout the operating life of the
Catalyst and (2) to vary the trans-cis-isdmer ratio in the 1,4-cyclohexanedimethanol product over a wide range, e.g.
from 1:1 to 3.84:1. Thus, not only is the convarsion of the dialkyl 1,4-cyclohexanedicarboxylate to the 1,4-cyclohaxan-
edimethanol, extremely rapid under the vapour phase hydrogenation conditions used, requiring only a matter of a few
seconds for substantially complete conversion to occur. but aiso the approach of the isomerisation of 1,4-cyclohexan-
edimethanol to-equilibrium that occurs-in passage through the hydrogenation zone is comparably rapid. This is a sur-
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lohexanedicarboxylate to 1 4-c ,'clohexanedmethanol can be achieved by using a residence time of less than about
a minute of the reaction mixture in the hydrogenaticn zone, typically in the range of from about 2 0 about 15 saconds.
This residence time is in stark contrast 1o the extended residence times recommended :n the liguic phase hydrogena-
tion processes of the prior art, such as the 40 to SO minutes residence time used in Example T of US-A-3334149,

The process of the invention is operated using vaporous feed conditions with the feed stream being fed o the
hydrogenation zone in step (8) in essertially liquid free vaporous form. Henca the feed stream is fed to the hydrogena-
ticn zore at a feed temperature which is above the dew point of the mixture. The process can be operated so that
vapour phase conditions will exist throughout the hydrogenation zone. However, when using dimethyl 1,4-cyclohexan-
edicarbexylate as starting material, the product, 1,4-cyclchexanedimethanal, is less velatile than the starting material,
dimethyl 1,4-cycichexanedicarboxylate. Thus there is, in this case, the possibility of condensation of a 1,4-cyclohexan-
ecimethanoi-rich fiquid occurring on the catalyst, particularly if the temperature of the feed stream is close {o its dew
peint. Such cendensation of a 1,4-cyclohexanedimethanol-rich liquid on the catalyst is rot deleterious in the process of
the invention because the heat of hydrogenation of any dimethyl 1,4-cyclohexanecicarboxylate present in the 1,4-
cyclchexanedimethanol-rich liquid can be dissipated by the heat sink effect of the 1,4-cyclohexanedimethanol. How-
ever, it is essential that the feed stream be at a temperature above its dew point at the inlet end of the catalyst bed if the
advantage of vapeour phase feed conditions is to be realised. The use of vapour phase feed conditicns in the process of
the invention has the advamage that, compared with liquid phase operation of the process, generally lower operating
pressures ¢an be used. This generally has a sigrificant and beneficial effect not only on the construction costs but alsa
on the cperating costs of the plant.

Care has {o be taken that contact of droplets of a dimethyi 1,4-cyclohexanedicarboxyiate-rich liquid with the catalyst
is avoided because this can cause severe localised overheating of, and damage to, the catalyst due !0 the excthermic
nature of the ester hydrogenation reaction. n conventional liquid phase hydrogenation processes this danger is obvi-
ated by flooding the catatyst with liquid and by feeding the dimethyl 1,4-cyclohexanedicarbaxylate to the hydrogenation
zone in admixture with an inert diluent, conveniertly 1.4-cyclohexanedimethanol,

In the hydrogenation zone the hydrogenatable material undergoes extremely rapid hydrogenation to yield 1.4-
cyclohexanedimethanol according to equation (1) above. In addition, a fast isomerisation reaction occurs under the
hydrogenation conditions used. Hence a feedstack rich in gig-dimethyl 1,4-cyclohexanedicarboxylate tends to yield a
1,4-cyclohexanedimethanol product that has a higher content of the trans-isomer thereof than the trans-content of the
diester starting material. If the hot reaction mixture is passed over the hydrogenation catalyst at a suitable rate, then the
trans-:cig- isomer ratio of the 1,4-cyciohexanedimethanc! present in the reaction product mixture approaches the equi-
librium value for vapour phase hydrogenation conditions. In the case of hydrogenation of dimethyl 1,4-cyciohexanedi-
carboxylate we have fourd that this equilibrium ratio is in the region of 3.84:1. This ratic is significantly higher than the
ratio of between 2.57:1 and 3:1 which is reported o be achieved under liquid phase reaction conditions when using a
gis-rich dimethyl 1,4-cyclohexanedicarboxylate as feedstock.

If the hydrogenatable material comprises substantially pure rang-dimethyl 1 4-cydohaxanednwrboxylate then
some cis-1,4-cycichexanedimethano! will be formed. In this case the frans-gis-isomer ratio of the resulting 1,4-
cyclohexanedimethanol product may be higher than about 3.84:1 but will tend toward the equitibrium trans-cis-isomer
ratio, i.e. about 3.84:1, with increasing residence time in the hydrogenation zone.

The dialkyl 1,4-cyclohexanedicarboxylate supplied to the hydrogenation zone may comprise substantially pure cig-
dimethy! 1,4-cyclohexanedicarboxylate, frans-dimethyl 1,4-cyclohexanedicarbaxylate, or a mixture of the gis- and trans-
isomers thereof in any ratio. The molar ratic of trang-dimethyl 1,4-cyclohexanedicarboxylate to cis-dimethyl 1,4~
cyclohexanedicarbaoxylate in any such mixture may be in the range of from 0.01:1 to 1000:1, preferably in the range of
from 0.05:1 to 1:1.

Dimethyl 1.4-cyclohexanedicarboxylate is commercially available as high pur:ty dimethyl 1,4-cyclohexanedicarbo-
xylate, technical grade dimethyl 1,4-cyclohexanedicarboxylate, cis-dimethyl 1,4-cyclohexanedicarboxylate, or irans-
dimethyt 1,4-cyclohexanedicarboxylate. The preferred feedstock for the process of the invention is technical grade
dimethyl 1,4-cyclohexanedicarboxylate, as the high purity, gis-, and {rans- grades of dimethyl 1,4-cyciohexanedicarbo-
xylate require additional purification stages in the course of their production. In a typical bulkk sample of commercially
available dimethyl 1 A-cyclohexanedlcarboxyiate the trans-:cis- isomer ratio is from about 0.5:1 to about 0.6:1.

When desxgmng a piant to operate according to the teachings of the present invention it is necessary to decide on
the volume of catalyst to be used for a projected production rate of a 1.4-cyclohexanedimethanol product having a
trans-.cis- isomer ratio which corresponds to a desired approach to the equilibrium value of about 3.84:1. This volume
will narmally be selected to be sufficient to provide the dasired extent of conversion in order that the {rans-igis- isomer
ratio in the 1,4-cyclohaxanedimethanal product shafl achieve that desired approach nat only at the heginning of the
campaign when tha catalyst can be expected to be at its mast active but also at the and of the usaful life of the catalyst.
Placing the hydrogenation catalyst in two or mare hydrogaenation zones which can be operated singly, in series, or in

" parallel will giva the plant operator the greatest flexibility. In selecting a suitable catalyst voluma the plant designer
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The nydregen-containing gas used in the process may comprise fresh make-up gas or a mixture of make-up gas
and recycle gas. The make-up gas can be a mixture of hydrogen, opticnal minor amounts of compaonents such as CO
and CO,, and inart gasas, such as argon, nitrogen, ar methane, contairng at least about 70 mele % of hydrogen. Pref-
erabiy the make-up gas contains at feast 90 mole %, and even more preferably at least 97 mole %, of hycrogen. The
make-up gas can be prociuced in any converient manner, a.g. by partial oxidation or steam reforming of natural gas fol-
lowea by the water gas shift reaction, and CO, absorption, followed possibly by methanation of at ieast some of any
residual traces of carbon oxides. Pressure swing ahsarption can be used if a high purity hydrogen make-up gas is
desired. if gas recycle is utilised in the process then the recycle gas will normally contain minor amounts of one or mere
products of the hydrogenation reaction which have not been fully condensed in the product recovery stage downstream
from the hydrecgenation zone. Thus. when using gas recycle in the process of the invention, the gas recycie stream will
typicaily centain a minor amourt of an alkanol {(e.g. methanal).

The process of the invention is operated at a feed temperature of at least 150°C and no higher than 350°C. The
feed temperature is preferably in the range of from 150°C to 300°C. most preferably from 200°C to 260°C.

The feed pressure is in the range of from 180 psia {10.34 bar) up to 2000 psia (137.90 dar). Hewever, the benefits
and acdvantages of vapour phase feed conditions are best realised by using a feed pressure of frorm 4350 psia (31.03 bar)
up to 1000 psia (€8.95 bar).

The process requires that the vaporous feed straam is above its dew point so that the dialkyl {e.g. dimethyl) 1,4-
cycichexanedicarbaxylate is present in the vapour phase at the inlet end of the or each catalyst bed. This means that
the compesition of the vaporous feed mixture must be controlled so that, under the selected cperating conditions, the
ternperature of the mixture at the inlet end of the or each catalyst bed is always above its dew point at the operating
pressure. By the term "dew point” is meant that ternperature at which a mixture of gases and vapours just depcsits a
fog or film of liquid. This dew point liquid will normally contain 4l the condensable components of the vagour phase, as
well as dissolved gases, in concentrations that satisfy the usual vapourfiquid criteria. Typically the feed temperature of
the vaporous feed mixture to the hydrogenation zone is from about 5°C up to about 10°C or more above its dew point
at the cperating pressure.

A convenient method of forming a vaporous mixture for use in the process of the invention is to spray liquid dimethy!
1,4-cyclohexanedicarboxylate or a dimethyl 1,.4-cyclohexanedicarboxylate solution into a stream of hot hydrogen-con-
taining gas so as to form g saturated or parfially saturated vaporous mixture. Alternatively such a vapour mixture can
be obtained by bubbling a hot hydrogen-containing gas through a body of the liquid dimethyl 1,4-cyclohexanedicarbox-
ylate or dimethyl 1,4-cyclohexanedicarboxylate solution. If a saturated vapour mixture is formed it should then be
heated further or diluted with more hot gas so as to produce a partially saturated vaporous mixture prior to contact with
the catalyst.

In the precess of the invention the hydrogen-cortaining gas:xdialkyf 1 4—cydohexanedmrbaxy1a‘le moelar ratio, one
of the driving forces for the hydrogenation and isomerisation reactions, can vary within wide limits, depending upon
other process variables such as the feed temperature and feed pressure smployed and the activity of the hydrogenation
catalyst.

in order to maintain the vapcrous feed stream above its dew point at the intet end of the or each catalyst bed at the
operating pressure the hydrogen-containing gas:dialkyl (e.g. dimethyl) 1,4-cyclohexanedicarboxylate molar ratio is
desirably at least 10:1 up to 8000:1, preferably in the range of from 200:1 to 1000:1. It is not, however, necessary that,
when using dimathwl 1 4-cyclohexanedicarboxylate as diester starting material, the vaporous mixture in contact with all
parts of the or each catalyst bed should be so far above its dew point as to prevent condensation of a 1,4-cycichexan-
ecimethanol-rich liquid. (1,4-Cyclohexanedimethanal is less volatile than dimethyl 1,4-cyclohexanedicarboxylate).

Although the protess of the invention is operated with the feed stream in the vapour phase, it is convenient to
express the feed rate of the dialkyi 1,4-cyciohexanedicarboxylate to the hydrogenation zone of step (e) of the process
as a space velocity through the hydrogenation catalyst and to express that space velocity as a liquid hourly space veloc-
ity. Hence itis convenient to express the feed rate in terms of the ratio of the liquid feed rate of the hydrogenatable mate-
rial to the vaporisation zone to the volume of the hydrogenation catalyst. Thus the equivalent liquid hourly space velocity
of the hydrogenatable material through the hydrogenation catalyst is preferably from 0.05 to 4.0 h™'. In other words it is
preferred to feed the liquid hydrogenatable material to the vaporisation zone at a rate which is equivalent to. per unit
volume of catalyst, from 0.05 to 4.0 unit volumes of hydrogenatable material per hour {i.e. 0.05 to 4.0 m®h™! per m® of
catalyst}. Even more preferably the liquid hourly space velocity is from 0.1 h'' to 1.0 h™.

The Actual Residence Time of the reaction mixture in contact with the hydrogenation catalyst is readily calculated
trom the feed rate of the dialky! 1,4-cyclohexanedicarboxylate to the hydrogenation zone, from the hydrogen-containing
gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio, from the volume of catalyst in the hydrogenation zone, and from
the temperature and pressure in the hydrogenation zone. !f the plant includes two or more hydrogenation zones con-
nacted in serias or in parallel downstream from the vaporisation zone, then the plant cperator can radically alter the
effective volume of catalyst by selecting how many zones should be in use at any given time.

The Actua Residence Time needed to produce from a given dialkyl (e.g. dimethyl) 1,4-cyclohexanedicarboxylate
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thyl) 1.4-cyciohexanedicarboxyiate molar ratio, and the catalyst activity. Although the catalyst will tend to decline in
activity with passage of lime in a commaercial plant, the rate of decline, althaugh significant it measured over a3 matter of
months, is relatively slow. Thus it is possible 10 establish the effects of changing the four most important feed conditions,
i.2. feec temparature, the feed prassure, the feed rate, and the hydrcgen-containing gas:dimethyl 1,4-cyclohexaneciicar-
boxylate molar ratio, on the lrans-:cis- isomer ratio in the 1,4-cyclohexanedimethanc! product experimentally over g
period of time which is sufficiently short for any change in catalyst activity to be insignificant.

The activity of the catalyst at a reference time, i.e. the Reference Activity (RA), which is conveniently given the arbi-
trary value 1.0, is readily established either in the labaratary or in an aperating plant by measuring the extent of conver-
sion of a dialkyl (e.q. dimethyl) 1,4-cyciohexanedicarboxylate in passage of the feedstock in 2 vaporous feed stream in
admixture with a hydrogen-containing gas under a convenient set of standard operating conditions using a known vol-
ume of catalyst. The Actual Activity (AA) of the catalyst, which is conveniently expressed as a decimal fraction of the
Reference Activity (RA) (e.g. as 0.89, o take an arbitrary example), at any later time can be determined by re-measur-
ing the extent of conversion of the dialky! 1,4-cyclohexanedicarboxylate to 1,4-cyclohexanedimethanc! using the same
operating conditions and catalyst. From such operating data it is pessible to develcp a body of data to enable the piant
operater to determine the Actual Activity of the catalyst under the prevailing operating conditions without having ta
revert to conditions corresponding to the preselected or stancard operating corxlitions under which the Reference
Activity of the catalyst was determined.

As the Actual Activity of the catalyst, determined as described hereinabove, declines during extended operation of
the hydrogenation process, it is agparent that the Actual Residence Time (ART) will need {o be increased in orcer to
maintain a given Effective Residence Time (ERT) according to the relationship:

ERT x RA
AA,

ART =
The results of our experimental programme have further shown that, by changing the cperating conditions to’

change the effective residence time, it is possible to change the {rans-gis- isomer ratio in the 1,4-cyclohexanedimeth-
anoi product to any desired value within a wide range of values, e.g. from 1:1 to 3.84:1, when using a dialigyt 1,4-

cyclohexanedicarboxylate feedstock that has a trans- Gis-isomer ratio less than 3.84:1, e.g. a frans-:cis-isomer ratio of

from 0.5:1 to 0.6:1. If 2 dialkyl 1,4-cyclohexanedicarboxylate feedstock is used that has a frans-:Gis-isomer ratio higher
than about 3.84:1, for example if trans-dimethyl cyclohexanedicarboxylate is used as feedstock, then the trans-:gis-iso-
mer ratio in the 1,4-cyclohexanedimethanol produce may be higher than 3.84:1. A plant operator can utilise the teach-
ings of the invention to maimain a given frans-:cis-isomer ratio in the 1,4-cyclohexanedimethanol product throughout
the (ife of a given catalyst charge despite decline in its activity or to maintain this ratio despite changes in the isomer
content of the diester feedstock. it also enables him to change the isomer ratio in the product at will in response o
changing product specification requirements.

it will be appreciated that the effective residence time appropriate to produce a desired frans-:gis- isomer ratio in
the 1,4-cyclohexanedimethanol product from one particular faedstock, e.g. gig- dimethy! 1,4-cyclohexanedicartoxylate,
may not necessarily be the same for a different feedstock, e.g. the frans- diester. Hence it may be necessary to carry
out one or more experiments for each new feedstock that is used in order o determine for that feedstock what are the
particular combinations of effective residence time and sfiective operating conditions required 1o produce a particular
trans-:cis- isomer ratio in the product. Such effective operating conditions are typically conditions selected from within
the ranges of feed temperature, feed prassure, feed rate and hydrogen-containing gas:diatkyl 1,4-cyclohexanedicarbo-

. Xylate molar ratio recommended for use in steps (d) and (e) of the process of the invention. Having determined for one

feedstock what are appropriate operating conditions for one feedstock having a particular irans-:cis- isomer ratio, then
if the new feedstock has only a slightly different isomer ratio it may suffice to carry out only one test or a few tests in
order to determine with suificient accuracy what changes are needed to the operating conditions which were approgri-
ate for the former feedstock to achieve with the new feedstock the desired new effective residence time which will yield
the desired isomer ratio. On the other hand, if the new dialkyt 1,4-cyclohexanedicarboxylate feedstock differs very mark-
edly in its frans-:cis- isomer ratio from that of the former feedstack, then a mare extensive experimental programme may
be necessary to yield the relevant data from which the new effective residence time can be determined.

s recognised by those skilled in the art that, as catalyst activity declines, the feed temperature and/or the feed
Pressure may be adjusted so as to improve the rate of hydrogenation of dialkyl 1,4-cyclohexanedicarboxylate. Whan
Increasing the feed temperature and/or faed pressure to the hydrogenation zone, it is possible to usa the same relation-
ship to control the trang-:cis- isomer ratio in the product 1,4-cyclohexanedimethanol, except that now a different Effec-
tive Rasnence Time (ERT) wilt be required. This new Effeclive Residence Time (ERT) can easily be determined by
monitoring the product trans- gis-isomer cantant and adjusting the Actual Rasidence Time (ART) as necessary in arder
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freshly cyclohexanedicarboxylate substanha!ly at a constant value. In this way changes in the feed rate can be used to keep

the m;ﬁ isomaer ratio of the prociuct 1.4-cyclohexanedimathanol substantially at a desired constant value, °

A lurther option is 0 increass the feed tamperature to the hydrogenation zone while reducing the hydrcgen-con-
taining gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio in order to maintain a constant approach to the dew point
of the ‘eed stream. Thus, for example, it is possible to increase the feed temperature of the feed stream, a step which
would increase the amount by which the temparature exceeds the dew point of the feed stream if the other operating
conditions werg nct changed, and simuitanecusly to reduce the hydragen-containing gas:dialkyl 1,4-cycichexanedicar-
boxylate molar ratic, a step which would ctherwise decrease the amount by which the dew point of the feed stream
exceeds its dew point if the other operating conditions were not changed, sc as 1o leave the difference between the dew
paint and e feed temperature effectively the same, i.e. so as 1o operate at a substantially constant approach to the
dew point. One skdffed in the art will recognise that, when changing feed temperature to the hydrogenation zone, a new
effective residence time will be required in order to maintain the target trans- Cis- isomer ratio in the 1,4-cyclohexaned-
tmethancl product.

With passage of ime the activity of the catalyst tends to decline. Howevaer, it has been found in the course of our
experimental programme that it is possible to reactivate the catalyst by treating the partially deactivated hydrcgenaticn
catalyst with a flow of a hydrogen-containing gas, which is substantially free from dialkyl (e.g. dimethyl) 1,4-cyclohex-
anedicarboxylate, under appropriate temperature and pressurs concitions. If such a precedure is used in the course of
a particular production campaign, then the Actual Activity (AA) may be increased again and it may be necessary after
such reactivation to increase the feed rate and/or to reduce the residence time from the correspending values in use
preceding the reactivation procedure in order to re-achieve the effective residence ime ard the desired extent of con-
version of dimethyl 1,4-cyclohexanedicarboxylate required to achieve the desired frans-:cis- isomer ratio in the 1,4-
cyclohexanedimethanol product.

In & particularly preferred proecess the dialkyt 1 Mydoha:anediarbmyiate is a cis-rich isomer mixture and the
operating conditions are selected so as o producs a 1,4-cyclohexanedimethanol product in which the irans-:cis-isomer
ratio is in the range of from about 2:1 up to about 3.84:1, and is more preferably at least about 2.6:1 up to about 3.84:1.
The process of tha invention thus readily permits the preparation in a single step from such a gis-rich feedstock of 3 1,4~
cyclohexanedimathano! product in which the trans-:cis- isomer ratio is in excess of 2:1 up to 3.84:1, for example from

. 2.8:110 2.7:1. it is preferred that this ratio is at least 2.6:1. The invention permits production in a single step of a 1,4-
cyclohexanedimethanol product with a lrans-:cig-isomer ratio of from 3.1:1 up to 3.84:1, e.g. 3.2:1 up to 3.7:1. Higher
trans-cis- isomer ratios can be achieved in the 1,4-cyclchexanedimethanal product by starung from trans-dimethyl 1,4-
cyclohexanedicarboxylate.

It is surprising that the vapour phase feed conditions used in the procass of the invention can generate from a gig-
rich diester feedstock a 1,4-cyclohexanedimeathanol product mixture whose trans-:gis-isomer ratio is in excess of the
ratio that is the normal reported equilibrium ratio under fiquid phase conditions. Thus, although the normal frans-:cis-
isomer equilibrium ratic in the 1,4-cyclohexanedimethanc! product from a gig-rich diester feedstock, under liquid phase
conditions, is reported to be, under favourabie conditions, as high as about 3:1, the present invention, which operates
with the feed ester (e.g. dimethyi 1,4-cyclohexanedicarbaxyiate) always in the vapour phase, enables production from
a dialkyl 1,4-cyclohexanedicarbaxylate feedstock with a trans-cig- isomer ratio less than about 1:1 of 1,4-cyclohexan-
edimethano! with a trang-‘gig-isomer ratio as high as 3.84:1.

In the prior art it is made clear that the hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate (dimethyt hexahy-
droterephthalate) is liable to give significant quantities of by-products. Thus GB-A-988316 acknowledges the problem
caused by formation of unwanted by-products, such as 1-methyl-4-hydroxymethylcyciohexane. It is surprising to find
that the process of the invention can be operated so that, despite the presence of a very large excess of hydregen and
the use of a very large partial pressure of hydrogen compared to the relatively low vapour pressure of dimethyi 1,4-
cyclohexanedicarbaxylate, the reaction proceeds rapidly with a very high conversion of dimethyl 1,4-cyclohexanedicar-
boxylate to the cesired product, i.e. 1,4-cycichexanedimethanol, but yet with a very high selectivity ta that product and
therefare with a very low yield of by-products. Thus under favourable conditions the conversion of dimethyl 1,4-
cyclohexanedicarbaxylate to 1,4-cyclohexanedimethanol can be gs high as 98 moleSb or higher with a selectivity to 1,4-
cyclohexanedimethanol of greater than 96 mole%. In addition it surprising to find that it is possible, under suitable reac-
tion conditions, to convert a starting ester (e.g. dimethyl 1,4-cyclohexanedicarboxylate) that has a trans-:gis- isomer
ratio less than 1:1 in a single step to a cyclohexanedimethanol product with a trans-'cis- isomer ratio that is greater than
111 and normally in the range of from about 2.6:1 up !0 as high as about 3.84:1, a value that is much higher than the
highest equilibrium trans-:cig-isomer ratio that is disclosed in the prior art. It is further surprising to find that this conver-
sion can be accomplished at ralatively low operating temperatures and prassures.

In a commercial plant it may be preferred to employ at least twa hydrogenation zones. sach containing a charge of
a heterogenaous aster hydrogenation catalyst, connected in paraliel. Each of these zonas is capable of independent
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stantially ditferent from those prevailing in the remaining zone or zones, for example, whereunder the catdiyst charge
therein may be reactivated or reglaced whilst the process of the invention is continued-n-the-remaring-2erla or zones.
This arrangement also permits operation under the conditions taught in WO-A-91/01961. In this case two hydrcgena-
tion reactors connected in parallel are used. In a first phase of operaticn with a fresh charge of catalyst ona only of the
reactors is used, the ather one being in standby mode with the catalyst bathed in hydrogen. After a period ¢f coeration
aver whuch the catalyst activity may decline somewhat the second reactor is used, whilst the first one is placed in
standby condition. After a further period of operation both reactors are used in parallef until the time ccmes to reglace
the ertire catalyst charge.

itis also possibie to use two or more hydrogenation zones connected in series and to bypass one or more of these
if it is desirable to reduce the quantity of catalyst on line at any given time.

The granular catalyst used in the pracess of the invantion may be any catalyst capable of catalysing hydrogenation
or hydrogenofysis of an ester to the corresponding alcohol or mixture of alcohals. it may be formed into any suitable
shape, e.g. pellets, rings or saddies.

Typical ester hydrogenation catalysts include oopper-contammg catalysts ard Group VIl metal-containing cata-
lysts. Examples of suitable copper-containing catalysts incfude copper-on-alumina catalysts, reduced ccpper oxide/zine
oxide catalysts, with or without a promoter, manganese promated copper catalysts, and reduced cogper chromite cat-
alysts, with or without a promoter, while suitable Group VIl metal-containing catalysts include platinum catalysts and
pallaciium catalysts. Suitable copper oxidefzinc oxide catalyst precursors include CuC/ZnQ mixtures wherein the Cu:Zn
weight ratio ranges {rom about 0.4:1 to about 2:1. An example is the catalyst precursar bearing the designation DRD
92/71. Promoted copper axide/zinc oxide precursors include CuO/Zn0O mixtures wherein the Cu:Zn weight ratio ranges
from about 0.4:1 to about 2:1 which are promoted with from about 0.1 % by weigiit up to about 15% by weight of barium,
manganese or a mixture of barium and manganese. Such promoted CuO/ZnO mixtures include the Mn-promoted
CuO/Zn0 precursor available under the designation DRD 92/92. Suitable copper chromite catalyst precursors include
thase wherein the Cu:Cr weight ratio ranges from abaut 0.1:1 to about 4:1, preferably from about 0.5:1 to about 4:1.
Catalyst precursors of this type are the precursors availabie under the designation DRD 89/21 or under the designation
PG 85/1. Promated copper chromite precursors include copper chromite precursors wherein the Cu:Cr weight ratio
ranges from about 0.1:1 to about 4:1, preferably from about 0.5:1 to about 4:1, which are promated with from about 0.1
% by weight up to about 15% by weight of barium, manganese cr a mixture of barium and manganese. Manganese pro-
mated copper catalyst pracursors typically have a Cu:Mn weight ratio of from about 2:1 to abaut 10:1 and ¢an include

_an alumina support, in which case the Cu:Al weight ratio is typically from about 2:1 to about 4:1. An example is the cat-
alyst precursor DAD 92/89.

All of the above mentioned catalysts available under the general designations DRD or PG can be obtained from
Davy Research and Development Limited, P.O. Bax 37, Bowesfiald Lane, Stockton-on-Tees, Cleveland TS18 3HA, Eng-
land.

" Other catalysts which can be considered for use include Pd/ZnQO catalysts of the type mentioned by P.S. Wehner
and B.L. Gustafson in Journal of Catalysis 136, 420-426 (1992), supported palladium/zinc catalysts of the type dis-
closed in US-A-4837368 and US-A-5185476, and chemically mixed copper-titanium oxides of the type disclosed in US-
A-4929777.

Further catalysts of interest for use in the process of the invention include the rhodiumdin catalysts reported in A.
El Mansour, J.P. Candy, J.P. Bournonville, O.A. Ferrehi, and J.M Basset. Angew. Chem. 101, 360 (1989).

Any recognised supporting medium may be used fo provide physical suppart for the catalyst used in the process
of the invention. This support can be provided by materials such as zinc oxide, alumina, silica, alumina-silica, sificon
carbide, zirconia, fitania, carbon, a zealite, or any suitable cormbination thereof.

The catalysts that are particularly preferred for use in the process of the invéntion are the reduced forms of the cop-
per chromite, promated copper chromite, and manganese promoted copper catalyst precursors described above.

The or each hydrogenation zong may comprise a shell-and-tube reactar which may be operated under isothermal,
or near isathermal, conditions with the catalyst in the tubes and the coolant in the shelt or vice versa. Usually, however,
it will be preferred to use adiabatic reactors since these are cheaper to construct and instali than shell-and-tube reac-
tors. Such an adiabatic reactor may contain a single charge of a hydrogenation catalyst or may contain two or mora
beds of catalyst, or beds of ditferent hydrogenation catalysts. If desired, external or internal inter-bed heat exchangers
may be provided in order to adjust the inlet temperature to one or mare beds of catalyst downstream from the inlet to
the adiabatic hydrogenation reactor.

Inan alternative procedure the plant includes at least two hydrogenation zones, each containing a charge of gran-
ular hydrogenation catalyst, and the vaporous feed stream is supplied to at least one of the hydrogenation zones, in a
first phase of operation, while at least one othar hydrogenation zone is suppiied with a stream of hydrogen-containing
gas thereby to reactivate the charga of hydrogenation catalyst therain. In a second phase of aperation the at least one
other hydrogenation zone is supplied with the vaporous feed stream while the at least one hydrogenation zone is sup-
plied with a straam of hydrogen-containing gas thergby to reactivate the charge of hydrogenation cataiyst therain,

Conglitions sub-
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In this procadure the or each nydrogenation zone that is not on line s s pplie"dzflmg\!:r@rﬂzf hydrogen-contain-
ing gas thareby to reactivate the catalyst charge. Normaily it will be pretarr to carry out this reactivation at elevated
temperatura, typically at a temperature of 100°C or mora up to 350°C. In this reactivation step !he inlet tafmperatura to
the respective hydrogenation zone or zongs may be lower than, substarmaljy equal to, ar higher than, e.g. §0°C o 50°C
higher than, the inlat temperature of the vapcrous feed straam to the on line hydrogenation zone or zones. The stream
of hydrogen-containing g2s used in such a reactivation stap may comprisae a hot strzam of recycle and make-up gas.

in ane form of this alternative procedure is recovered from the zone ar zenes undergoing reactivation of the catalyst
a stream of hydrogen-containing gas which is admixed with a vaporous hydrogen-containing stream of the diaikyl
cyclohexanedicarbexylate to ‘orm the vaporous feed stream to the on line zone or zones. In ancther form there is recov-
ered from the zone or zones whosa catalyst is undergoing reactivation a stream of hydrogen-containing gas which is
admixed with the reaction product stream fram the on ling zone or zones. In g still further form of this alternative proce-
dure there is recovered from the zcne or zones undergoing catalyst reactivation a stream cf hydrogen-containing gas
which is used to vaporise the dialkyf cyclohexanedicarboxylate to form a vaporous hydrogen-containing stream of the
cialkyl cyclohexanecicarboxylate. It is further convenient to form the vaporous feed stream to the on line zane or zones
by admixing hct recycle gas with a vaperous hydrogen-containing stream of dialky! cyclohexanedicarboxylate. The
direction of flow ot the stream of hydrogen-containing gas through the or each hydrogenation zone in which catalyst
reactivation is occurring may be the same as, or opposite 0, the direction of flow of the vagorous feed stream through
that zone when it is an line.

In summary, the process of the invention can be controlied to produce a desired trans-cis- ratio in the cyclohexan-
edimethancl preduct. This control is achievable due to the surprising discovery that, in the process of the invention, the
rans-:cis- isomer ratio in the 1,4-cyclohexanedimethanol product is a function of the extent of dimethyl 1,4-cyclohexan-
edicarbaxylate conversion effected in the hydrogenation zone. The extent of conversion of dimethyl 1,4-cyclohexanedi-
carboxylate in turn dependent upen the effective residenca time, which is, in turn, a function of the activity of the
catalyst, of the volume of catalyst, of the feed tenperature, of the temperature prefils through the catalyst bed or beds,
of the feed pressure, of the hydrogen-containing gas:dimethyl 1,4-cyclohexanedicarbaxylate ratio, and of the feed rate
of the reaction mixture through the catalyst, under the vapour phase hydrogenation conditions used. Hence, by control-
ling the amount of conversion of dimethy! 1,4-cycichexanedicarboxylate that is occurring in the hydrogenation zone as
the catalyst ages, or following catalyst reactivation, the plant operator can exercise control over the Irans-cis-ratio of
the 1.4-cyclohexanedimethanol product.

- Brief description of the drawings

Figure 1 is a simplified flow diagram of a plant for production of 1,4-cyclohexanedimethanol in two hydrogenation
reactors connected in parallel by hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate;

Figure 2 is a simplified flow diagram of an experimental apparatus for production of 1,4-cyclohexanedimsathana! in
a single hydrogenation zone by hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate; and

Figure 3 is a graph showing the refafionship between the effective residence time and the trans-cis-ratio of the
resulting 1.4-cyclohexanedimethanol product derived from the experimental results for two combinations of feed
temperatures and feed pressures.

Detailed description of the preferred gmbodiments

It will be understood by those skilled in the art that Figure 1 of the drawings is diagrammatic and that further items
of equipment such as temperature and pressure sensors, prassure ralief valves, control valves, level controllers and the
like would additionaily be required in 2 commercial plant. The provision of such ancillary tems of equipment forms no
part of the present invention and woukd be in accordance with conventional chemical engineering practice. Moreover it
is not intended that the scope of the invention should be limited in any way by the precise methods of heating, vaporis-
ing and condensing various process streams or by the arrangement of heaters, heat exchangers, vaporising or con-
densing apparatus provided therefor. Any suitable arrangement of equipment other than that depicted in Figure 1 which
fultits the requirements of the invention may be used in place of the illustrated equipment in accordance with conven-
tional chemical engineering techniques.

Referring to Figure 1 of the drawings, a technical grade of dimethyl 1.4-cyclohexanedicarboxylate is supplied in line
1, in a first phase of cperation, to a vaporiser nozzle 2 lecated in an upper part of a vaporiser vessel 3 above a bed of
packing 4. A stream of hot hydrogen-containing gas is supplied to the bottom of vaporiser vessel 3 in line 5. A saturated
vaparous mixture comprising dimethyl 1,4-cyclohexanedicarboxylata is recovared in line 6 from the top of vaporiser ves-
sel 3. The resulting vaparous mixture is mixed with further hot hydrogen-containing gas fram line 7 under the contral of
vaive 8. The combined stream which now has a hydrogen:dimethyl 1,4-cyclohexanedicarboxylate molar ratio of about
400:1 and is at a pressure of about 905 psia (about 62.40 bar) and at a temparature of about 220°C, is fed by way of
valve 9 and line 10 to a hydrogenation reactor 11 which contains a bed of a pelletad heterogenecus hydrogenation cat-
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alyst 12, such as reduced cooper chromite or tha chromium-free catalysf‘ d‘é’fﬁﬂate?ﬁﬂﬂ%rhe hydfogenatzon

raacﬂon product mixture in lina 15 is cooled in heat interchanger 16 and & a5y
passes on in ling 17 thraugh cooler 18 in which it is further coaled. The resulting mixture of gas and condensate flows
on in fine 19 10 a gas-iiquid separator 20 from which a mixture of methanol and crude 1,4-cyclohexanedimethanol is
recovered in ling 21. Tha uncondensed gaseous mixture in fine 22 cormprises unreacted hydrogen tegether with inert
gases anc methanoi vapour and is compressed by means of compressor 23 10 give a compressed gas stream in line
24,

The ccmpressed recycied gas inline 24 is combined with make-up hydrogen-containing gas frem line 25. The com-
tined mixture in line 26 is heated by passage through heat exchanger 16 and flows cn in line 27 to heater 28 in which
its temperature is raised further to a suitable tamperature for effecting vaporisation of the dimethyl 1,4-cycichexanedi-
carboxylate feed, The resulting hot gas in line 29 is then divided into two streams, one being the stream in line 5 and
the other being a stream in line 30. This latter stream is heated further in heater 31 to a temperature of abcut 235°C
ard passes on by way of line 32, vaive 33 and lines 34 and 35 to the bottom end of a second hydrogenation reactor 36
which, in this first phase of operation, is in reactivation mode. Reactor 36 contains a charge of hydrogenation catalyst
37. The hot gas axiting the top of reactor 36 in line 7 is admixed, as already described above, with the saturated vapar-
ous mixture in line 6 to increase the hydrogen:dimethyi 1,4-cyciohexanedicarboxylate mclar rano therein and to raise its
temperature above it dew point, e.g. at least 5°C to 10°C above its dew point.

The plant also includes lines 38 and 39 and valves 40 and 41 both of which are dosed in this phase of cperation.
Une 42 indicates a line by means of which a stream containing any “heavies™ collecting in the bottom of vaporiser ves-
sel 3 can be drawn off. Reference numeral 43 indicates a purge gas line through which a purge gas stream can be taken
in order to fimit the build up of mert gases in the circulating gas. Such inert gases may enter the plant in the make up
gas stream in line 25.

- With passage of time the activity of the catalyst charge 12 will have declined somewhat. The plant operator can
maintain the desired frans-:cis- isomer ratio in the 1,4-cyclohexanedimethanol product by monitoring this ratio in the exit
stream from the on line hydrogenation zone. By altering the reaction conditions, for example, by reducing the space
velocity through the hydrogenation catalyst, the effective residence time can be maintained substantially constant and
thus the extent of conversion of dimethyl 1,4-cyclohexanedicarbaxylate can be maintained at a substantially constant
value. In this way it is possible to maintain the trans-gis- isomer ratio in the product at the desired value, for example,
a value in the range of from about 2.6:1 to about 2.7:1 ¢r higher, up to about 3.84:1 (eg from about 3.1:1 up to about

3.7:1).

Adter a period of operation the activity of the catalyst charge 12 will have declined to a point at which reactivation
may be desirable. Although the reasons for catalyst deactivation have not been clarified, it can be postulated that a pos-
sible cause of this loss of catalyst activity is the formation of traces of involatile polyesters on the catalyst surface due
to ester exchange reactions between, for example, dimethyl 1,4-cyclohexanedicarboxylate, on the one hand, and 1,4-
cyclohexanedimethanal, or methy! 4-hydroxymethylcyclohexanecarboxylate, which can be postulated to be an interme-
diate product of the hydrogenation reaction, or hydraxymethyicyciohexylmethyl 1,4-cyclohexanedicarboxylate, which is
the ester interchange product between dimethy! 1,4-cyciohexanedicarbaxylate and 1,4-cyciohexanedimethanal, on the
other hand. The resulting di- or rimeric materials can then undergo further reaction with components of the vaporcus
mixture to cause these oligomeric chains to grow. Polyethers and mixed polysther-polyesters can also be formed.

Such polymeric byproducts on the catalyst surface are susceptible to hydrogenation. Hence reactivation of the cat-
alyst by treatment with a hot hydrogen-containing gas is possible. It has further been shown in the course of experimen-
tal work to investigate the hydrogenation of dimethyi 1,4-cyclohexanedicarboxylate which forms the background to the
present invention that, for whatever reason, the passage of a hot stream of hydrogen-containing gas over partiaily deac-
tivated catalyst has a beneficial effect in at least partially restoring the activity of the catalyst.

Accordingly in a second phase of operation valve 33 is shut and valve 41 is opened, while vaive 14 is closed and
valve 40 is opened. In this way hydrogenation reactor 36 with its fresh or reactivated catalyst charge 37 is brought on
line, whilst reactor 11 goes into reactivation mode and its partially deactivated charge of catalyst 12 is reactivated. In
this second mode of operation the saturated vaporous mixture in fine 6 is mixed with hot hydrogen-containing gas from
line 10 to form a vaporous feed mixture which flows in fine 7 through reactor 36 and its catalyst charge 37. The resulting
reaction mixture passes by way of lines 35 and 38 through vaive 40 to line 15. The hot hydrogen-containing gas from
line 32 passes through valve 41 to line 39 and then through line 13 to the bottom of hydrogenation reactor 11.

In this second phase of operation the plant operator can alse maonitor the trans-igis- isomer ratio in the 1,4-
cyclohexanedimethanol product of the exit stream from the on line hydrogenation zone and can adjust the conditions,
as before, to maintain the efféctive residence time of the reaction mixture in the hydrogenation zone substantially con-
stant and hence maintain the trans-:is-1,4-cyclohexanedimethanol ratio at the desired level.

When the catalyst charge 37 has bacome deactivated to some extent the valves 14, 33, 40 and 41 can be read-
justed to switch the flows through hydroganation reactors 11 and 36 back to those of the first phase of operation.

The above described steps can ba repeated as often as may be expedient, bringing the reactors 11 and 36 on line

I
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in turn until the rea A proceqaure ng longer reguits in the desiredﬂq’ease in catalyst activity of until the plant has

ta be shut down for maintanance or other reasons, whereupon the catalyst charges 12°a e ischarged and
replaced by fresh charges of catalyst or catalyst pracursor.

The make-up gas in line 25 can ba a mixtura of hydrogen, optional minor amounts of components such as CO and
CO., and inert gases, such as argon, nitrogen, or methane, containing at least about 70 mole % of hydrogen. Prafarably
the make-up gas contains at least 90 mole %. and even mare preferakly at least 97 mole % ot hydrogen. Tha make-up
gas can be produced in any convaenient manner, .g. by partial oxidation or steamn reforming of natural gas followed by
the water gas shift reaction, and CO, abscrption, foliowed pessibly by mathanation of at least soma of any residual
traces of carban axides. Pressure swing absomtion can ba used if a high purity hydrogen make-up gas is desired.

At start up of the plant the reactors 11 and 36 are each charged with a charge of a heterogeneous hydrogenation
catalyst precursor, such as a copper chromite catalyst precurser. Preferably, however, the reactors 11 and 36 are
charged with a chromium-free hydrogenation catalyst, such as DRD92/83. The catalyst precursor is then reduced care-
fully following the catalyst supplier's instructions. if the process of EP-A-0301853 is used to reduce a copper chromite
precursor, then both beds of catalyst 12 and 37 can be reduced simultaneously. In other cases it may be expediert to
reduce the beds 12 and 37 separatsly. After pra-reduction of the catalyst precurser hot hydrogen-containing gas is cir-
culated through the plant. When the appropriate feed temperatures to vaporiser vessel 3 and to reactor 11 have been
achieved the flow of dimethyl 1,4-cyclohexanedicarboxylate in line 1 is commenced to bring the plant on line in the first
phase of cperation.

The invention is further described with reference to the following Examples. The compositions of catalysts A and 8
used in the Examples ara listed in Tabla 1. The oxygen content of the catalyst has been excluded from the analysis in
each case. The Examples, taken together with the information summarised in Figure 3, provide the man skilled in the
art with teaching as to the reaction conditions that he needs to select at any particular moment in the production cam-
paign in response to changes in catalyst activity.

TABLE {
Catalyst . Composition wit% Surtace Density Pore vol-
' area m?/g giem® | ume mmifg
Cu Cr Zn Mn Ba Al
A DRD 892t | 57.6 | 19.0 | <0.01 | 0.09 | <0.01 | <0.01 28 1.420 200
8 DRO92/89 | 41.1 | 0.26 | <0.01 | 6.4 <0.01 20.4 471 1.452 211
X e 1

The hydrogenation of a technical grade of dimethyl 1,4-cyclohexanedicarboxylate was investigated using the exper-
imental apparatus illustrated in Figure 2.

The composition of the technical garde feed was: 34.47 wi% frans-dimethyl 1,4-cyclohaxanedicarboxylate, 62.61
wi% gis-dimethyl 1,4-cyciohexanedicarboxylate, 1.50 wi% methyl hydrogen 1,4-cyclohexanedicarboxylate of formula

o 0
I |
HO-C C-OCH,

and 0.05 wit% water, with the balance being impurities.

In a commercial plant, hydrogen gas is separated from the hydroganation product and is advantagsously racycled
through the hydrogenation zone. The hydrogen recycle stream will contain a quantity of methano! vapour produced by
the hydrogenation of dimethyl 1,4-cyclohexanedicarboxyiate. Henca, the vaporous mixture supplied to the hydrogana-
tion zone in a commaercial plant will generally contain methanal in addition to hydrogan and an unsaturated organic com-
pound. In order that the experimental rig described hereinbelow should accurately predict the likely results obtained
during commaercial operation. the liquid feed supplied to the vaporiser was supplemented by a quantity of liquid metha-
nol corresponding to the quantity of methano! which would be contained in'the racycle hydrogen stream in a commercial
plant. Although hydrogen is recycled in the experimental rig described hereinbelow. the quantity of methanol contained
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temperatura to which it woulkd be desirably cooled in a commaercial plant.jMaore methan
the experimental recycle hydragen straam. This discrepancy batween the experimental rig and a comme cial plart is
necassitated by the delicacy of the equipment, particularty the anatytical equipment, us tng. In this
Sxampie and in all succeeding Sxamples, methanal is added to the experimental licuid feed in a quantity which is suo-
stantially equal ‘o the proportionate quantity of mathanal which would be present in the experimertal recycle stream it
the rig wera operated under cornmaercial conditions minus the guantity of methanol actually present in the experimental
recycle hydrogen stream. in the Examples, all parameters such as conversicn rates and hcurly space velocities are cai-
culated cn a methanol free basis.

The experimental apparatus is ilfustrated in Figure 2. An approximately 70 wit% soiution of the technical grade of
dimethyl 1,4-cyclohexanedicarboxylate in methanol is fed from reservoir 100 by way of valve 101, fine 102 and vaive
143 o liquid feed pump 104. Surette 103 provides a buffer suppfy whilst burette 1086 is fitted with a liquid level cantroller
{nct shown) that controls valve 101 so as o ensure that liquid feed is supplied from reservoir 100 to liguid feed pump
104 at a constant head. The liquid feed is pumped through nen-return vaive 107 and isolation vaive 108 into fine 1089,
which can be heated by electrical heating tape 110, before the heated liquid enters the upper part ¢t an insulated vapor-
iser vessal 111 above a bed of 5mm x 6mm glass rings 112. A stainless steel demister pad 113 is fitted at the tcp end
of the vaporiser vessel 111. A siream of hot hydrogen-containing gas is supplied to the bottom of vagoriser 111 in line
114, Aliquid drain ling 115 fitted with a drain valve 116 enables withdrawal of any unvaparised liquid feed material (e.g.
“heavies”) from the base of the vapcriser vessel 111. The vaparisation of the liquid feed supplied ta the vaporiser vessel
111 is assisted by heating tape 117. A saturated vaporous mixture comprising dimethy! 1,4-cycichexanedicarboxylate
and hydrogen is recovered in line 118 from the top of vaporiser vessel 111. The vaporous mixture is heated by heating
tape 119 in order to.raise its temperature abova the dew point of the mixturs prior to antering the top end of hydrogen-
atien reactor 120 which contains a bed of 200 mi (321.1 g) of a pelleted copper chromite hydrogenation catalyst 121,
The catalyst was catalyst A of Table |, Glass rings are packed in reactor 120 ahove and below the catalyst bed 121. The
vaporous mixiure passes downward through catalyst bed 121 where conversion of dimethyl 1,4-cyclohexanedicarbox-
ylate % 1,4-cyclohexanedimethanol occurs under aciiabatic conditions. Adiabaticity is maintained by electrical heating
tapes (not shown) within insulating material around reactor 126 under the control of appropriately positioned thermo-"
couples (not shown). The overall reaction is mildly excthermic with a general increase in catalyst bed temperature of
approximately 1 to 2°C. The hydrogenation product mixture exits the hydrogenation reactor 120 in line 122 and is

. passed through heat exchanger 123 which simuitaneously cools the hydrogenation product mixture and heats a supply

of hydrogen-containing gas from fine 124. Condensation of the bulk of the 1,4-cycichexanedimethanci in fine 122
occurs in heat exchanger 123. The gas in fine 124 comprises hydrogen-containing gas from line 125 and, optionally, an
inert gas or a mixture of inert gases such as nitrogen, argon or methane supplied in line 125. The gas in line 125 com-
prises make-up hydrogen supplied in line 127 and recycle hydrogen supplied in line 128. Maka-up hydrogen in line 127
may be supplied o line 125 in either or both of two streams in lines 129 and 130 via a system of pressure cantrollers
131 to 138 and a mass flow controfler 137 from high purity hydrogen cylinders (not shown).

The heated hydrogen-containing gas from heat exchanger 123 passes on in line 114 and is heated further by elec-
trical heating tape 138 for supply io the vaporiser vessel 111,

The cooled hydrogenation product from heat exchanger 123 passes on through line 139 to be cooled further in
cooler 140 to a temperaturs near ambient temperature. The liquidivapour mixture from cooler 140 passes on in fing 141
to a first knockout pot 142 where liquid hydrogenation product is collected for eventua! supply by means of vaive 143,
line 144 and control valve 145 to product Tine 146, A vaporous mixture comprising hydrogen and uncondensed metha-
nol exits the top of knockout pot 142 in line 147 and is further cooled to a temperature of 10°C in cooler 148. The further
cooled liquidivapour mixture from cooler 148 is supplied via line 149 10 a second knockout pot 150 wherein condensed
methanot is coliected for eventual supply through valve 151 and line 152 to product line 148. The gas and uncondensed
materials from knockout pot 150 are supplied via line 153 through suction pot 154 into line 155 and then through vaive
156 to gas recycle compressar 157. Gas is recycled through valve 158 lines 128, 125, 124 and 114 1o vaporiser 111,
In order to control the concentration of inart gases, such as nitrogen, in the circulating gas a purge gas stream may be
bled from the system in line 159 under the control of vaive 160.

Reference numeral 161 indicates 3 bypass valve.

At start up of the apparatus the charge of catalyst was placed in reactor 120 which was then purged with nitrogen.
The catalyst charge was then reduced according to the teachings of EP-A-0301853.

Technical grade dimethy! 1,4-cyclohaxanedicarboxylate, appropriately diluted with methanol, was then pumped to
the vaporiser 111 at a rate of 86 mit corresponding to a liquid hourly space velocity of 0.43 h'!. The Hadimethyl 1,4-
cyclohexanedicarbaxylate mole ratio in the vaporous mixture in line 118 was 338:1. The reactor 120 was maintained at
a temperature of 230°C and a pressure of 901 psia {62.12 bar). The hydrogenation zone was therefore operated under
conditions which preventad the condensation of both dimethyl 1,4-cyclohaexanadicarbaxylate and the lass volatile 1,4-
cyclohexanedimethanol product. The temperature throughout the hydrogenation zene was above the dew point at the

r



pressure,

Exanpl es, SRTA
a constant effective(resi denggc:

feedstock flow rate, and hydrogen flow rate. The data of Exanples
1 to 8 were obtained froman extended operating run a

a consi derabl e decli _
a constant [tTRSSHAE Sl Spre—ratio can be

in_catalyst activity over the

HERT) .
- 14 -

operating pressure, .-

The liquid in line 148 was analysed pericdically by capillary gas chromatography U m inter-
nal diameter fused silica column coated internally with a 0.25 um film of DB wax. a helium flow rate of 2 mi/minuta with
a gas feed split ratio of 100:1 and a flame ionisation detsctor. The instrument was fitted with a chart recorder having a
peak intagrator and was calibrated using a commercially available sample of dimethy! 1,4-cyclohexanedicarboxyiata of
known: compasition. The exit gas was aisc sampled and analysed by gas chromatography using the same technique.
The identities of the peaks ware confirmed by comparison of the retention times observed with thosa of authentic spec-
imens of the materials in question and by mass spectroscopy. Included amengst the compounds detected in the reac-
tion mixture were 1,4-Cyclohexanedimethanol, dimethyl 1.4-cyclchexanedicartoxylate, 4-methaxymethyl
cyclohexanemethanol, di-(4-methoxymathytcyclohexyimethyl) ether, and methanol. After making due allowance or the
methanol present in the feed solution of dimethy! 1,4-cyclohexanedicarboxyiate from raservoir 100, 2 moles of methancl
were detected for every 1 mole of dimethyl 1,4-cyclahexanedicarboxylate converted in accardance with the stoichiom-
etry of the hydrogenation reaction. The results are listed in Table Il below, together with the resuits from the succeeding
Examples 2 to 8. The actual activity of the catalyst is based upon a figure of 1.0 for the reference activity of the freshiy
reduced catalyst as measured under standard operating conditions at the start of the run. In Example 1 the actual activ-
ity cf the catalyst was determined to be 0.68 because the percentage of unconverted dimethyl 1,4-cyclohexanedicar-
boxylate under standard operating conditions was 1.47 times the percentage of unconverted dimethyl 1,4-
cyclohexanedicarboxylate under those standard operating conditions when using fresh catalyst. Hence the actual activ-
ity, compared to the reference activity of the fresh catalyst of 1.0 was 1/1.47, i.e. 0.68.

) TABLE I} N
Example | Pressure |InletTemp. | LHSVh' | Gas:DMCD| Acwal Actual Effective | Trans-:cis-
No. psia (bar) °C .| mol ratio Resi- Activity Resi- CHDOM
) . dence dence ratio
Time sec- Time sec-
onds onds
1 901 (62.12) 230 0.43 338 6.7 0.68 46 3.0
2 899 (61.98) 234 . 0.41 342 6.9 0.66 45 3.0
3 899 (61.98) 234 0.41 348 6.8 0.65 4.5 30
4 902 (62.19) 231 028 404 84 0.54 45 3.0 .
S 903 (62.26) 230 g.29 381 84 0.52 45 3.0
6 901 (62.12) 233 0.31 48 9.2 0.47 44 3.0
7 902 (62.19) 232 | 031 339 8.5 0.48 44 3.0
8 903 (62.26) 233 0.31 350 9.2 0.46 4.4 3.0
Notes to Table iI:
DMCD = dimethyl 1,4-cycichexanedicarboxylate
LHSV = liquid hourly space velocity
CHDM = cyclohexanedimethanol
Gas = hydrogen-containing gas containing more than 98% viv hydrogen.

Examples 210 8

Using a similar procedure to that described in Example 1 and the same feed solution, 7 further runs were carried
out using the copper chromite catalyst (catalyst A in Table ). The runs were designed to determine the expected cata-
lyst fife under a variety of operating conditions. The resuits obtained are summarised in Table Il. In each case the vapot-
Ous mixtura in contact with the catalyst was above the dew point. The actual activity of the catalyst in each Example

. was determined, prior o or just after taking the readings listed under standard canditions of feed temperature, feed

pressure, feedstock flow rate, and hydrogen flow rate.

The data of Examples 1 to 8 were obtained from an axtended operating run and show that, despite a considerable
decline in catalyst activity over the time span of the Examples, a constant frans-:cig-isomer ratio can be obtained by
maintaining a constant effactive rasidence time (ERT).

rd
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Examplas 1 10 3 shaw the maintenance of a trans-:cis- isomar ratio in the—i,.bmqohaxanedzmethancl proguct at a
feed rate equivalent to a fiquid hourly space velocity of 0.41 o 0.43. Minor changes in the prassure and in the hydrogen-
containing gas:dimsthyl 1,4-cyclohexanedicartioxylate molar ratio sutfica to maintain the effective residence time sub-
stantially constart and thereby to mairtain a substantially constant trans-:gis- isomer ratio in the 1,4-cyclohexaned-
imethanol product. Over the period of these Examplas the conversion of dimethyl 1,4-cyclohexanedicarboxylate
avaraged 99.0%. From Example 4 crwards the dimathyl 1,4-Cyclohexanedicarboxylate feed rate was reduced so as to
mainain the conversion of dimethyl 1,4-cyciohexanedicarboxylate at an average of 98.8% over the remainder of the test
pariod. Ouring this time thera was a significant decline in catalyst activity as measured under the standard test condi-
tions. However, the irans- cig-iscmer ratio of the 1.4-cyclohexanedimethanol product and the selectivity to 1,4-cyclohex-
anedimethanol were maintained at a nearly constant level by adjustment of the feed temperature and the hydrogen-
containing gas:dimsthyl 1,4-cyclohexanedicarboxyiate molar ratio. Only minor changes in feed pressure were neces-
sary cver this period.

Examples 90 17

The effect on dimethyl 1,4-cyclohexanedicarbaxylate hydrogenation of altering the operating conditions is summa-
rised in the results listed in Table lil. These results demonstrate how the feed conditions can be changed to achieve a
selected {rans-:cis- isomer ratio in the 1,4-cyclohexanedimethanol product.

TABLE (Il
Example | Pressure |InletTemp. | LHSVh' | Gas:DMCD | Actual Actual | Effective | Trans-cis-
No. .psia {bar) °C mol rafio Resi- Activity Resi- CHDM
- ‘ denca dence ratio
Time sec- Time sec-
onds onds
9 485 (32.086) 214 0.81 3N 2.7 Q.89 24 16
10 900 (62.05) | 232 0.41 362 8.4 0.89 5.7 33
1 800 (62.05) 217 0.62 634 25 0.89 23 1.6
12 800 (62.05) 2145 0.21 621 7.6 0.89 6.8 33
13 678 (46.75) 23 0.41 274 6.4 0.89 8.7 3.2
14 675(46.54) | 231 0.62 272 43 0.89 38 25
18 448 (30.89) 215 0.20 288 84 089 - 7.5 2.8’
16 658 (45.37).] 231 0.21 323 10.6 0.89 9.4 3.7
17 454 (31.30) 231 0.43 188 6.0 0.89 54 3.0

Examples 10, 13 and 17 illustrate the effect of changing the feed pressure and that increasing the feed pressure
increases the frans-:cis- isomer ratio cbtained. Examples 12, 13 and 16 iliustrate the effect of changing the feed rate
and that an increased feed rate decreases the irans-:cis- isomer ratio. Examples 9, 15 and 17 illustrate the effect of
changing the feed temperature, with increasing feed temperature incraasing the trans- ¢is- isomer ratio. In ali the Exam-
ples the hydrogen:diester ratio has been adjusted as appropriate in order to ensure that the product is in the vapour
phase.

Example 9 to 17 set out data obtained during an extended hydrogenation run, using the same catalyst charge as
was used in Examples 1 to 8. The results of these Examples were obtained over a relatively short time span so that
there was litle change in actual catalyst activity, as measured under the standard operating conditions, over these
Examples. It can be seen that a wide range of frans-:cis-isomer ratios can be obtained in the 1,4-cyclohexanedimetha-
nol product by appropriate variation of the operating conditions. Comparison of Examples 9 and 11 shows that similar
low trans-:gig- isomer ratios in the product can be achieved at substantially different pressures by adjustment of the feed
lemperature and the hydrogen-containing gas:dimethy! 1,4-cyclohexanedicarboxylate molar ratio, even though the
dimethyl 1,4-cyclohexanedicarboxylate feed rates were the sama. Examples 15 and 17 show that, at similar pressures
but at diffarent dnmethyi 1.4-cyclohexanedicarboxylate feed rates, adjustment of the temperature and hydrogan-contain-
ing gas:dimethyl 1,4- -gyclohexanedicarboxylate molar ratio yiekds similar lrans-:cig- isomer ratios in the product. Exam-
ples 10 and 13 illustrate the effect of pressure, again under substantially constant conditions, apart from the necessary

4
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di met hyl 1, 4-cycl ohexanedi car boxyl ate averaged 99. 0% From Exanple 4
onwards the dinethyl 1,4-cyclohexanedi carboxylate feed rate was reduced so
as to maintain the conversion of dinmethyl 1 ,4-cyclohexanedicarboxylate at

an .average of 98.8% over the renai nder of the test pru-@é By time
there was a significant decline in catal yst activity| a8heasired” (hdér] t he
standard test condi- tions. However, the jgans-:C s-|sqone P of 4
, 4- cycl ohexanedi met hanol product and t he selectivity to 1 ,4-cycl ohex-

anedi net hanol were maintained at a nearly constant |evel by adjustnent of

the feed te rggaw e hyerogen-pastalnipgigasigi@ptby! 1, 4-cyclohexanedicarboxylate molar ratio in order to give the same
proach to the dew point in the faed stream. Exarmmples 14 and 16 show the eflect of a substantial change in the leed

rate of dimathyl 1,4-cyclohexanedicarbaxylate at constant feed temperature but with minar variations in prassure and
hydrogen-containing gas:dimethy! 1,4-cyciohexanedicarboxylate molar ratio.

In Figure 3 thare is shown a graph showing the ralationship betwaen the effective residenca ime and the irans- ‘cis-
isomer ratio of tha resultng 1,4-cyclohexanedimathanol product for two ditferant combinations cf teed temperatura and
feed pressure. In Figure 3 tha continuous Iine indicates the correlation between the irans-:gis-isomer ratic and effective
residence time for a feed pressure of 500 psia (62.05 bar) and a feed temperature of 240°C while the breken line is the
corespanding line for a feed pressure of 450 psia (31.03 bar) and a feed temperature of 215°C. Similar lines can be
drawn for other combinations of feed temperatura and feed pressura. From such graphs a perscn skilled in the art can
salect the appropriate operating canditions needed ta achieve canstant effective residence time and thus a substantiaily
constant irans-.cig-isomer ratio.
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A continuous pracess for the production af 1,4-cyclchaxanedimethanel having 3 3 redeterined fans-

:cig- iscmer ratio by catalytic hydrogenation of a dialkyl 1,4-¢yclohexanecicartoxyiate in the presé

of an ester

hydrogenation catalyst, which process is capable of being operated for an axtended period of ima during which the
hydrogenation catalyst declines in catalytic activity, said process comprising:

{a} provicing a hydrogenation zona containing a charge of a granular hydrogenation catalyst capable of cata-
lysing the hydrogenation of esters;

(b) determining a Reference Activity (RA) of the granular hydrogenaticn catalyst by measuring the extent of
conversicn of the dialkyl 1,4-cyclohexanedicarbexylate to 1.4-cyclohexanedimethancf in passage of 3 reaction
mixture comprising the dialkyl 1,4-cyclohexanedicarbaxylate and a hydregen-containing gas threugh the gran-
ular hydrogenation catalyst at a preselected feed temperature, feed pressure, dialkyl 1,4-cyclohexanecicarto-
xylate feed rate, and hydrogen-containing gasxiiatky! 1,4-cyclohexanedicarbaxylate melar ratic;

{c) determining an Effective Residenca Time (ERT) for contact of the reaction mixture at the preselected feed
temperature and feed pressure with the granular hydrogenation catalyst at the reference activity therect which
produces 1,4-cyclohexanedimethanol having the desired frans-:¢is- isomer ratia; )

(d) forming a vaporous faed straam comprising the dialkyl 1,4-cyclohexanedicarbaxylate and a hydrogen-con-
taining gas having a preselected hydrogen-containing gas:dialkyl 1,4-cycichexanedicarboxylate molar ratio;
(o) feeding the vaporous feed stream to the hydrogenation zone at a substantially constant temperature of from
150°C to 350°C and which is above the dew peint of the feed stream and at a substantially constant pressure
_in the range of from 150 psia (10.34 bar) to 2000 psia (137.90 bar) at a rate which coresponds to an Actual
Residence Time (ART) of the feed stream in contact with the catalyst which yields 1 &cydohexanedxmeﬁwanol
.of the desired {rans-:cig- isomer ratio;

{f) recovering from the hydrogenation zona a product siream containing 1,4-cyclohexanedimethanot;

(9) monitoring the Actual Activity {AA} of the granular hydrogenation catalyst with passage of time by measur-
ing the extent of conversion of the dialkyl 1,4-cyclohexanedicarboxytate o 1,4-cyclchexanedimethanol under
the actual operating conditions of feed temperature, feed pressure, dialkyl 1,4-cyclohexanedicarbaxylate feed
rate, and hydrogen-containing gas:dialiyl 1,4-cyclohexanedicarboxyiate molar ratio; and

(h) adjusting at least one feed congition of the vaporous feed stream to the hydrogenation zone selected from |

() the diaikyl 1.4-cyclchexanedicarbaxylate feed rate and

(i) the hydrogen-containing gas:dialkyl 1.4-cyciohexanedicarhoxylate mwlar ratio while maintaining the
feed straam abova its dew point to provide an Actual Residence Time {(ART) of the vaporous faed stream
in contact with the catalyst which corresponds to the Effective Residence Time (ERT) required to provide
1,4-cyclohexanedimethanc! having the desired trans-cig- isomer ratio in accordance with the relationship:

ERT x RA
ART = V-

»

2. Aprocess according to claim 1, in which the dialkyl cyclohexanedicarboxylate is frang-dimethyl 1.4-cyclohexanedi-
carboxyiate.

3. A process according to claim 1, in which the dialky! cyclohexanedicarboxylate is gis-dimethyl 1,4-cycichexanedicar-
boxylata.

! THIS SHEET HAS BrpN
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A process according 1o claim 1, in which the dialkyl 1,4-cydohezanedi5atb xture of the ¢i3-

and irans- isomers of dimethyl cyciohexanedicarbaxylata.

A procass according o any one of claims 1 to 4, in which the hydrogen-containing gas:dialiyl cyclohexanecicarbe-
xylate mola ratic in the vaporous mixture is in the range of from 200:1 to 10C0:1.

A process according to any onae of claims 1 to 5, in which the feed temperature 10 the hydrogenation zone is in the
range of from 150°C to 300°C.

A pracess acgarding to claim §, i which the feed temgparature to the hydrogenaticn zane is in the range of fram
200°C to 26C°C.

A process according ‘o any cne of claims 1 to 7, in which the feed pressure is in the range of from 450 psia (31.03
bar) to 1CC0 psia (68.3S bar).

A process according to any cne of claims 1 to 8, in which the catalyst is selected frcm reduced manganese pro-
moted copper catalysts, reduced copper chromite catalysts, and recuced promoted copper chromite catalysts.

A process according to claim 9, in which the catalyst comprises not more than 15% by weight of at least one pro-
moter selected from barium, manganese, and mixtures theraect.

A process according to any one of claims 1 to 10, in which the dialkyl 1,4-cycichexanedicarboxylate is supplied at
a rate comesparding to a liquid hourly space velocity of from 0.05 to 4.0 h°'.

A process according to any one of claims 1 te 11, in which the effective rasidence time is selected to yield 2 1,4-
cycichexanedimethano! preduct having a trang-:cig-isomer ratio of from 2.0:1 t0 3.84:1.

A process according to any one of claimé 1to 12, in which in step (h) adjustment of the at least one feed cordition
includes the step of adjusting the dialkyl 1,4-cyciochexanedicarboxyiate feed rate.
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A continuous process is described for the

production of 1,4-cyclohexanedimethanol having a
desired or predetermined trans-:gis- isomer ratio by
catalytic hydrogenation of a dialkyl 1,4-cyclohexane-
dicarboxylate in the presence of an ester hydrogenation
catalyst, which process is capable of being operated for an
extended period of time during which the hydrogenation
catalyst declines in catalytic activity, said process
comprising:
(a) providing a hydrogenation zone containing a charge
of a granular hydrogenation catalyst capable of catalysing
the hydrogasnation of esters;
(b) determining a Reference Activity (RA) of the
granular hydrogenation catalyst by measuring the extent of
coniversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1,4-cyclohexanedimethanol in passage of a reaction migturé
compri§ing the dialkyl 1,4-cyclochexanedicarboxylate and a -
hydrogen-containing gas through the granular hydrogenation
Eatalyst at a preselected feed temperature, feed pressure,

~ dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas: dzalkyl 1,4-cyclohexanedicarboxylat:
molar ratio;
(e) determining an Effective Residence Time (ERT) fqr
contact of the reaction mixture at the preselected feed
temperature and feed pressure with the granular .
hydrogenation catalyst at the reference activity thereof
which produces 1,4-cyclohexanedimethancl having the desired

Lrxans-:gig- isomer ratio;

THIS SFEET HAS BLEN
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.0 0. 89 5.4 3.0 Exanples 10. 13 and 17 illustrate the

ffect of changing the feed pressure and that increasing the feed pressure
ncreases the trans-:C s- isoner ratio obtained. Exanples 12, 13 and 16

| lustrate the effect of changing the feed rate and that an increased feed
ate decreases the trans-:C s-isoner ratiqi Exanmples 9, 15 and 17

| - -

1
7
0
6
e
i
i
r
illustrate the effect of

8§~
36
1
_L_zi;t‘\
2 73
+4
30 %233 3¢ L35 40 18 —13
"‘é‘;‘——‘ T *—-r_*
41 38
7T\
. §
31 39




changing the feed tenperature, with increasing feed tenperature increasing
the trans -:Cs-isoner ratio. In all the Exam ples the hydrogen: di ester
rati o has been adjusted as appropriate in order to ensure that the product
is-in the vapour phase. Exanple 9 to 17 set out data obtained during an
ext ended hydrogenation run, using the same catal yst charge as was used in
Exanples 1 to 8. The results of these Exanples were obtained over a
relatively short time span so that there was little change in actua

catal yst activity, as measured under the standard operating conditions,
over these -2-
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Exanpl es. It can be seen that a w de range of trans-:Cis- isoner ratios can
be obtained in the 1 .4-cycl ohexanedi met ha- nol product by appropriate
variation of the operating conditions. Conparison of Exanples 9 and 11
shows that simlar lowtrans-:C s- isonmer ratios in the product can be
achieved at substantially different pressures by adjustnent of the feed
tenperature and the hydrogen-cont-ai ni ng gas: di net hy

1, 4- cycl ohexanedi car boxyl ate nolar ratio, even though the dinmethyl 1

, 4- cycl ohexanedi carboxyl ate feed rates were the sane. Exanples 15 and 17
show that, at simlar pressures but at different df 1
4- cycl ohexanedi car boxyl ate feed rates, agj ust nment OﬁEPmEWFW and
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|ngtgas dimethyl 1 ,4-cycl ohexanedi carboxyl ate molar ratio yields simlar
trans-::Cis- isomer ratios in the product. Exam ples 10 and 13 illustrate

t he effect of pressure, again under substantially cof ;
apart fromthe necessary REPLACEMENT SHEET Eﬁﬁﬂﬁcﬁﬁﬂﬂjéhﬂﬂs
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ABSTRACT

PROCESS FOR THE PROD TION OF 1.4-CYCLOHEXANEDIMETHAOL

A continuous process is described for the
production of 1,4-cyclohexanedimethanol having a
desired or predetermined trans-:cis- isomer ratio by
catalytic hydrogenation of a dialkyl 1,4-cyclochexane-
dicarboxylate in the presence of an ester hydrogenation
catalyst, which process is capable of being operated for an
extended period of time during which the hydrogenation
catalyst declines in catalytic activity, said process

comprising:
(a) providing a hydrogenation zone containing a charge
of a granular hydrogenation catalyst capable of catalysing
the hydrogenation of esters;
(b) determining a Reference Activity (RA) of the
granular hydrogenation catalysé by measufing the extent of
coniversion of the dialkyl 1,4-cyclohexanédicarboxylate to
1,4-cyclohexanedimethanol in passage of a reaqtion'mixturé
comprising the dialkyl 1,4-cyclohexanedicarboxylate and a -
hydrogen4containing gas through the granular hydrogenation
Eatalyst at a preselected feed temperature, feed pressure,
" dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
e ' hydrogen-containing gas: dzalkyl 1,4-cyclohexanedicarboxylat:
‘ molar ratio; .
(c) determining an Effective Residence Time (ERT) for
contact of the reaction mixture at the preselected feed
temperature and feed pressure with the granular .
hydrogenation catalyst at the reference activity thereof
which produces 1,4-cyclohexanedimethanol having the desired

Lrang-:gig- isomer ratio;
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Eield of tha invention
This invention relates to a process for the production of 1,4-cyclohexanedimethanol.

Background of the invention

1,4-cyclohexanedimethanal is used to prepare highly polymeric linear condensation polymers by reaction with
terephthalic acid and is useful as an intermediate in the preparation of certain polyester and polyester amides. The use
of 1,4-cyclchexanedimethanol for such purposes is disclosed in, for example, US-A-2501466. This docurnent teaches
that the trans-isomer of polycyclohexylenedimethyiene terephthalate has a higher melfing point range (315°-320°C)
than the corresponding cis-isomer {260°-267°C).

One method for preparing 1,4-cyclohexanedimethano! (hexshydroterephthalyl aicohol) involves the hydrogenatian
of diethyl 1,4-cyclohexanedicarbaxylate (diethyl hexahydroterephthalate} in a siurry phase reactor in the presence of a
copper chromite catalyst at a pressure of 3000 psia (about 206.84 bar) and a termperature of 255°C, as is described in
Exarmple 3 of US-A-2105684. The vield is said to be 77.5%.

The hydrogenation .of dimethy! 1 &cydohexanedlcarboxylate (DMCD) to 1,4-cyclohexanedimethanol (CHDM) is
shown below in equatlon (M-

o 0 '
. J |
CH3O-C-OC OCH, + 4H, === HO-CH, CH,-OH +-2CH40H

1,4-DMCD ’ 1,4-CHDM (1) .

The two geomstrical isomers of CHDM thus produced are:

HO-H,C, ; ,CH,OH HO-H,C W H

' H H CH,OH
cis-CHDM trans-CHDM

The resulting 1,4-cyclohexanedimethanol product is a mixture of these two isomers which have different meiting
points. As reported on page © of the book “Fiber Chemistry™ edited by Menachem Lewis and Eli M. Pearce, published
by Marcel Dekker, Inc.: "Both the alicyclic ester [i.e. dimethyl 1,4-cyclohexanedicarboxylate] and the alicyclic diol
[i.e.1.4-cyclohexanedimethanol] exist in two isomeric forms, ¢is ... and traps ..., that ara not interconvertible without -
bond rupture”. The passage continues later: "Control of the [cis-1irans-] ratio is important [in 1,4-cyclohexanedimetha-
nol] since many polyrner and fioer properties depend on it".

The cis-isomer of 1,4-cyclohexanedimethanol has a melting point of 43°C and the trans has a melting point of §7°C.
The higher melting point frans-isomer is often preferred over the gis-isomer for use as a reagent in the preparation of
polyester and polyester-amidas if a high melting point for such materials is considered desirable. As noted above, the
frans-isomer of a typical polyester, such as frans-polycyclchexyimethyl terephthalate, has a higher melting point than
the gis-isomer. Hence, for example US-A-5124435 discloses a polyester copelymer, the 1,4-cyclohexanedimethanol
content of which has a trans-isomer content of at least 80 mole %, and which has a high heat resistance. The prefer-
ment of tr3ns-1,4-cyclohexanedimethanol over gig-1 4-cyclohexanedxmethanol is also discussed in US-A-2917549, in
US-A-4993090 ard in 3GB-A-988316.

A liquid phase process for the production of 1,4-cyclohexanedimethancl by plural stage hydrogenation of dimethyi
terephthalate is described in US-A-3334149. This utilises a palladium catalyst to effect hydrogenation of dimethyl
teraphthalate to dimethy! 1 .4-cyclohexanedicarboxylate, followed by use of a copper chromite catalyst in the liquid
phasae to catalyse the hydrogenation of that diestar to 1 ;A-cyclohexanedimethanal. In the procedura described in Exam-
ple 1 of that patent specification a residence time of about 40 to 50 minutes is used in the second stage of this process.

t
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fibriun value has been reported variously and may lie between about 2.57:1 (lrans-gis- 1.4-cyciohexanedimethanol)
{as reported in GB-A-983316) and about 3:1 (as reported in US-A-2917549). However, the starting material, dimetiyl
1.4-cyclohexanedicarboxylate, is generally commercially obtainable as a mixture of gis- and {rans-isomers wherein
there is a preponderance of the gig-isomer. Thus in a typical commercial grade of dimethyl 1,4-cyclohexanedicarbaxy-
late the frans-:cis- isomer ratic is from about 0.5:1 to about 0.6:1. Mgreover, the rate of approach to the equilibrium
product compoesition during the hydrogenation process is slow in the liquid phase. Liquid phase hydrogenation of a typ-
ical commercial grade of dimethyl 1,4-cyclohexanedicarbaxylate according to the teaching of the prior art therefore pro-
vides a process wherein the rate of approach to the appropriate trans-:cis-isomer equilibrium ratia for 1,4-
cyclohexanedimethancl, reported ta be about between 2.57:1 and about 3:1, is very slow. Hence in a commercial liquid
phase process the requirement, in terms of operating and catalyst consumption costs, for high reactor throughput con-
flicts with the requirement for a product which contains a high proportion of the trans-isomer.

Attempts to deal with the problem of the presence of an excess of the less desirable gis-1,4-cyclohexanedimetha-
nol isomer in any process for 1,4-cyciohexanedimethanol marufacture have focused on the isomerisation of the i cis-iso-
mer of cyclohexanedlmeﬂ'lanol to the {rans-isormer thereof.

US-A-2917549 discloses a process for isomerising gig-1,4-cyclohexanedimethanol to trans-1.4-cyclohexaned-
imethanol which comprises heating cig-1,4-cyclohexanedimethanol at a temperature of at least 200°C in the presence
of an alkoxide of a lower atomic weight metal such as lithium, scdium, potassium, calcium or aluminium. However, the
process of US-A-2917549 necessarily involves a iwo-stage process wherein the initial gis-/trans- 1,4-cyclohexaned-
imethanot hydrogenation product is recovered from the hydrogenation zone and subjected to temperatures in excess of
200°C in the presence of a metal alkaxide catalyst under an atmosphere of nitrogen. The capital and operational costs
associated with a plant designed to camy out the process taught in US-A-2917549 would be undesirably high. Ancther
disadvantage of such a plant is the associated hazard relating to the uss of metal alkoxides as catalysts in the isomer-
isation zone. Such catalysts ara required to effect the isamerisation, which is reported not to occur under typical hydro-
genation conditions using hydrogenation catalysts such as copper/chrome or Raney nickel catalysts, according to the
teaching of Example 11 of US-A-2917549. Furthermore, steps would be required to prevent product contammatron by
the metal alkoxide catalyst.

US-A-4999090 discloses a process for the isomerisation of gis-1,4-cyclohexanedimethanol by distillation in the
presence of an alkali metal hydroxide or alkoxide at & temperature of between 150°C and 200°C and at a pressure of
between 1 mm Hg and 50 mm Hg (between 1.33 millibar and 66.5 milibar). This process has very similar disadvan-
tages to those of US-A-2917549.

GB-A-988316 teaches a process for the preparation of frang-1,4-cyclohexanedimethanol in which a mixture of gis-
and frans-isomers of dimethyl hexahydroterephthalate {i.e. dimethyl 1,4-cyclohexanedicarboxylate) is hydrogenated at
elevated temperature and pressure in the presence of a Cu/Zn catalyst. Trans-1,4-dimethylolcyclohexane (i.e. frans-
1,4-cyciohexanedimethanol) is separated by crystaliisation from the reaction product and then the residual product,

* now enriched in gis-1,4-cyclohexanedimethanol, is recycied to the hydrogenation zone whereupan it undergoes isom-

erisation to a gig-Arang- 1.4-cyciohexanedimethanol mixture. The recycle procedure may be repeated to obtain 3 1,4-
cyclohexanedimethanol product containing the trang-isomer in substantial excess. However, the process according to
(GB-A-988316 is more preferably operated under conditions such that recycled gis-isomer enriched product is combined
with fresh dimethyt 1,4-cyciohexanedicarboxylate feed on re-entry to the hydrogenation zone. The effectiveness of recy-
cling the gis-isomer to the hydrogenation zone is largely a result of the dual function of the copper/zinc catalyst which
possesses both a hydrogenating and an isomerising catalytic action. As would be expected from thermodynamic prin-
ciples, the isomerising action is most effective when a mixture containing a preponderance of the cig-isomer is recycled
to the hydrogenation zone. However, recycling the cig-isomar in this way is aciknowledged to cause a new problem, that
of the formation of unwanted by-products. such as 1-maethyl-4-hydroxymethyicyclohexane, which may be formed by
operating the hydrogenation reaction under to0 severe conditions. To minimise the formation of such by-products, the
hydrogenation zone may be operated under "relativaly mild conditions”, according to the teaching of GB-A-988316
{see, for example page 2, lines 55 1o 79 of GB-A-983316). However, such mild conditions reduce the achieved conver-
sion of dimethyl 1,4-cyclohexanedicarboxylate with the result that, for any one pass through the hydrogenation zone, a
signiticant quantity of dimethy! hexahydroterephthatate (dimethyl 1,4-cyclohexanedicarboxylate) remains unconverted.
By the term “relatively mild conditions” is meant a temperature of at least 200°C, preferably between 240°C and 300°C,
and a pressure of 200 to 300 atmospheras (202.65 bar to 303.98 bar), according to page 2, lines 26 to 32 of GB-A-

' 988316. The use of such high prassures at these elevated tamperatures can be hazardous, besides requiring reactors

with thick walls and flanges of special alloy constructed to withstand such extreme pressures. Hence it is expensive to
construct a plant to operate at pressures as high as envisaged in GB-A-9883 16, Furthermora it is potentially hazardous
to operate a plant operating at 200 atmosphares (202.65 bar) or above, as well as being very expensive, not only in
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terms of the capita-esst-et-the-plantbut also with regard o operating costs. A substantial proportion of this capital cost
is associated with the rigorous safety precautions that must be taken when operating a high pressure conventional com-
mercial scale hydrogenation plant. it is also expansive to compress gaseous streams to such high pressures and to cir-
culate them through the plant.

Although thera is a passing referencs (see page 1, line 84 of GB-A-988316) to usa of "the gaseous phase”, even
at temperatures of 300°C beth gis- and trans- dimethyl hexahydroteraphthalate would be in the liquid phase at pres-
sures of 200 to 300 atmospheres (202.65 bar to 303.98 bar) at the hydrogen:ester ratic envisaged in the Examples.
Thus in each of the Examples of GB-A-988316 liquid phase conditions are used. According to Exampie 4, which uses
a feed mixture containing dimethyl hexahydroterephthalate (i.e. 1,4-dimethyi cyclohexanedicarboxyiate), and methanol
such as might be used in a recycling process, the isomers prasent in the diol in the hydrogenation product are stated
to represent an equilibrium mixture of about 72% of the {rans- and about 28% of the cis-isomer, i.e. a trgns-:gis-ratio of

_about 2.57:1.

ltis known to effect hydrogenation of certain esters and diesters in the vapour phase. For example it has been pro-
posed to use a reduced copper oxidefzinc oxide catalyst for effecting hydrogenation of esters in the vapour phase. In
this connection attention is directed to GB-B-2116552. Also of relevance is WO-A-90/8121.

1t is further known to produce diols, such as butane-1,4-diol, by catalytic hydrogenation of esters of dicarboxylate
acids, such as a dimethyl or diethyl ester of maleic acid, fumaric acid, ‘succinic acid, or a mixture of two or more thereof.
Such processes are described, for exampie, in GB-A-1454440, GB-A-1464263, DE-A-2719867, US-A-4032458, and
US-A-4172961,

Production of butane-1,4-diol by vapour phase hydrogenation of a diester, typically a dialkyl ester, of a C, dicarbo-
xylic acid selected from maleic acid, fumaric acid, succinic acid, and a mixture of two or more thereof has been pro-
posed. In such a process the diester is corveniently a di-(Cy to Cy4 alkyf) ester. such as dimethyl or diethyl maleate,
fumarate, or succinate. A further description of such a process can be found in US-A-4584419, EP-A-0143634, WO-A-
86/03189, WO-A-B5/07358, and WO-A-88/00837.

In all of the above-mentioned vapour phase processes the esters or diesters all have a vapour pressure which is
high compared to the vapour pressure of dimethyl 1 &cyclohexanedxcarboxylate and 1,4-cyclohexanedimethanol. -

Sumimary of the Invention

it is accordingly an object of the present invention to provide.a pracess for the production of cyclohexanedimethanol
by hydrogenation of a dialkyl (e.g. dimethyl) cyclohexanedicarboxylate which can be operated with substantially
increased safety and operating economy at relatively low pressures. Another object of the invention is to provide.a proc-
ess for production of 1,4-cyclohexanedimethanol by hydrpgenation of a di-(C4 to C,4 alkyl) cyclohexanedicarboxylate,
such as dimethyl 1,4-cyclchexanecdicarboxylate, wherein the hydrogenation step yields directly a 1,4-cyclohexaned-
imethanol product with & higher trans-:cis- isomer ratio than is achievable by conventional hydrogenation methods.
Hence itis a still further object of the invention to avoid the increased capital and cperating costs of the prior art proc-
esses mentioned above which require the use of extreme hydrogenation conditions or a separate isomerisation step. It
is also an object of the present invention to provide a process wherein a mixture of cis- and frans- isomers of dimethyl
1.4-cyclohexanedicarboxylate is reacted rapidly with high conversion and high selechvuty {o a mixture of cis- and trans-
isomers of 1,4-cyclohexanedimethanol wherein the trans-isomer is present in excess of the cig-isomer. An additional
object of the invention is to provide a process for the production of 1,4-cyclohexanedimethanol which can be operated
so that a product having a particular desired frans-:gis- isomer ratio, which may be changed at will from time to time,
can be produced from a given dimethyl 1,4-cyclohexanedicarboxylate feedstock. One more abject of the invention is to
provide a process for the production of a cyclohexanedimethanol product having a desired trans-:cis-isomer ratio from
a variety of dimethyl cyclohexanedicarboxylate feedstocks having different trans-:cis- isomer ratios in the feedstocks.
Yet another object of the present invention is to provide a process for the production of 1,4-cyclohexanedimethanol
which can be operated for extended periods of time during which the hydrogenation catalyst can lose activity whilst con-
tinuing to yield a product with a substantially constant desired trans-:gis ratio.

According to the present invention there is provided a continuous precess for the preduction of 1,4-cyclohexaned-
imethano! having a desired or predetermined trans-:cis- isomer ratio by catalytic hydrogenation of a diatkyl 1.4-
Cyclohexanedicarboxylate in the presence of an ester hydrogenation catalyst, which process is capable of being coer-
ated for an extended period of time during.which the hydrogenation catalyst declines in catalytic activity, said process
comprising:

{a) providing a hydrogenation zone containing a charge of a granular hydrogenation catalyst capable of catalysing
the hydroganation of esters;

(b) determining a Reference Activity (RA) of the granular hydrogenation catalyst by measuring the extent of con-
version of the dialiy! 1,4-cyclohexanedicarboxylate to 1,4-cyclohexanedimethanol in passage of a reaction mixture
comprising the dialkyl 1,4-cyclohexanedicarbaxylate and a hydrogen-cantaining gas through the granular hydro-
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(c} determining an Eftective Residence Time (ERT) for contact of tha reaction mixture at the preselected feed tem-
perature and feed pressure with the granular hydrogenation catalyst at the reference activity thereof which pro-
duces 1,4-cyciohexanedimathanoi having the desired jrans-¢is- isomer ratio;
(o) torming a vaporous feed stream comprising the dialkyi 1,4-cyclohexanedicarbnxylate and a hydrogen-contain-
ing gas having a preselected hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxytate moiar ratio;
(e) feeding the vaporous feed stream {0 the hydrogenation zone at a substantially constant temperature of from
150°C to 350°C and which is above the dew point of tha feed stream and at a substantially constant pressure in the
range of fram 150 psia (10.34 bar) to 2000 psia (137.90 bar) at a rate which corresponds to an Actual Residence
Time (ART) of the feed stream in contact with the catalyst which yields 1,4-cyclohexanedimethanal of the desired
trans-cis- isomer ratio; .
(f) recovering from the hydrogenation zone a preduct stream containing 1,4-cyclohexanedimethanal;
(g) monitoring the Actual Activity (AA) of the granular hydrogenation catalyst with passage of tirne by measuring
the extent of conversion of the dialkyl 1,4-cyclohexanedicarboxylate to 1,4-cyclohexanedimethano!l under the
actual operating conditions of feed temperaturs, feed pressure, dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio; and
{h) adjusting at least one feed condition of the vaporous feed stream to the hydrogenation zone selected from ~

(i) the dialkyl 1,4-cyclohexanedicarboxylate feed rate and

(i) the hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate carboxylate molar ratio while maintain-
ing the feed stream above its dew point to provide an Actual Residence Time (ART) of the vaporous feed
stream.in contact with the catalyst which corresponds to the Effective Residence Time (ERT) required to pro-
vide 1,4:cyclohexanedimethancl having the desired trans-cis- isomer ratio in accordance with the relationship:

EﬁTx RA

- ART = AR

As used herein, the term “residence time” means the time taken for the vaporous feed stream at the feed temper-
_ ature and feed pressure to the hydrogenation zons to pass through the empty volume of reactor occupied by the cata-
lyst.

The choice of preselected feed oondmons under which to determine the Reference Activity (RA) is at the discretion
of the person skdlled in the art. It is convenient to use for this purpose a set of feed conditions which approx:mates to
the set of feed conditions to be used at the beginning of catalyst life.

. In practice the activity of the catalyst may not be the same at any given time throughout the catalyst charge. How-
ever, what matters to the plant operator in selecting appropriate operating conditions is the overall activity of the catalyst

-~ charge. A convenient yardstick of the activity of a catalyst charge is the extent of convarsion of the dialkyt 1,4-cyclohex-
- anedicarboxylate in the reaction mixture in passage through the catalyst charge. Changes in the extent of conversion
under substantiaily constant reaction conditions in the hydrogenation zone betoken a change in the activity of the cat-
alyst charge. Thus, for example, if the extent of conversion of the dialkyl 1,4-cycichexanedicarboxylate fails from 95%
under g given set of oparating conditions to 80% with passage of time and the operating conditions are not changed,
then it can be said for the purposes of the present invention that the catalyst charge has lost half its activity. If the con- .
version under particular conditions at the reference activity-is 99% and the conversion later drops to 7%, then the per-
centage of unconverted dialkyl 1,4-cyclohexanedicarboxylate has tripled and the actual activity of the catalyst charge
at that later time will be 0.33, taking the reference activity as 1.0.

The dialky! 1,4-cyclohexanedicarboxylate preferably is a di-(C4 to C, alkyl) 1,4-cyclohexanedicarboxylate, such as
dimethyl, diethyl di-n- or -isg-propyl, or di-n- -iso-or -gec-butyl 1,4-cyclohexanedicarboxylate, or, more preferably, dime-
thyl 1,4-cyclohexanedicarboxylate.

The invention is predicated on the discovery that, at a given temperature and pressure, the rates of hydrogenation
of the dialkyl 1,4-cyclohexanedicarboxylate and isomerisation of 1,4-cyclohexanedimethanol are substantially the
same, so that at a givert conversion of dialkyl 1,4-cyclohexanedicarboxylate one wilt achieve a 1,4-cyclohexanedimeth- .
anol product having a given trans-igis-isomer ratic. The benefits afforded by the invention include the ability (1} to main-
tain a constant frang-:cig-isomer ratic in the 1,4-cyclohexanedimethanol product throughout the operating life of the
catalyst and (2) to vary the trans-:cis-isomer ratio in the 1,4-cyciohexanedimethanal product over a wide range, e.g.
from 1:1 to 3.84:1. Thus, not only is the conversion of the dialky! 1,4-cycichexanedicarboxylate to the 1,4-cyclohaxan-
edimethanol, extrernely rapid under the vapour phase hydrogenation conditions used, requiring only a matter of a few
seconds for substantially complete conversion te occur, but also the approach of the isomarisation of 1,4-cyclohexan-
edimethanol to equilibrium that occurs in passage through the hydrogenation zone is comparably rapid. This is a sur-
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a minute of the reaction mixture in the hydrogenation zone, typically in the range of from about 2 to about 15 seconds.
This rasidence time is in stark contrast to the extended residence times recommended in the liquid phase hydrogena-
tion processes of the prior art, such as the 40 to 50 minutes residence time used in Example 1 of US-A-3334148,

The process of the invention is operated using vaporous feed conditions with the feed stream being fed to the
hydrogenation zonae in step (e) in essentially liquid free vaporous form. Hence the feed stream is fed to the hydragena-
tion zone at a feed temperature which is above the dew point of the mixture. The process can be operated so that
vapour phase conditions will exist throughout the hydrogenation zone. However, when using dimethyl 1,4-cyclohexan-
edicarboxylate as starting material, the product, 1.4-cyciohexanedimethanal, is less volatile than the starting material,
dimethyl 1,4-cyclohexanedicarboxylate. Thus there is, in this case, the possibility of condensation of a 1,4-cyclohexan-
edimethanol-rich liguid occurring on the catalyst, particularly if the temperature of the feed stream is close to its dew
point. Such condensation of a 1,4-cyclohexanedimethanol-rich fiquid on'the catalyst is not deleterious in the process aof
the invention because the heat of hydrogenation of any dimethyl 1.4-cyclohexanedicarboxylate present in the 1,4-
Cyclohexanedimethanol-rich liquid can be dissipated by the heat sink effect of the 1,4-cyclohexanedimethanol. How-
ever, itis essential that the feed stream be at a temperature above its dew point at the inlet end of the catalyst bed if the
advamage of vapour phase feed conditions is to be realised. The use of vapour phase feed conditions in the process of
the invention has the advantage that, compared with liquid phase operation of the precess, generally lower operating
pressures can be used. This generally has a significant and beneficial effect not only on the construction costs but also
on the operating costs of the plant.

Cars has to be taken that contact of droplets of a dimethyl 1,4-cyclohexanedicarbaxylate-rich liquid with the catalyst
is avoided hecause this can cause severe localised overheating of, and damage to, the catalyst due to the exothermic
nature of the ester hydrogenation reaction. In conventional liquid phase hydrogenation processes this danger is obvi-
ated by flooding the catalyst with liquid and by feeding the dimethyl 1 s4-cyclohexanedicarboxylate to the hydrogenation
zone in admixture with an inert diluent, conveniently 1.4-cyclohexanedimethanol.

In the hydrogenation zone the hydrogenatable material undarg"ées extremely rapid hydrogenation to yield 1,4-
cyclohexanedimethanol according to equation (1) above. In addition, a fast isomerisation reaction occurs under the
hydrogenation conditions used. Hence a feedstock rich in cig-dimethy! 1,4-cyclohexanedicarboxylate tends to yield a
1,4-cyclohexanedimethanol product that has a higher content of the frans-isomer therecf than the frans-content of the

. diester starfing material. if the hot reaction mixture is passed over the hydrogenation catalyst at a suitable rate, then the
trans-:cis- isomer ratio of the 1.4-cyclohexanedimethanol present in the reaction product mixture approaches the equi-
librium value for vapour phase hydrogenation conditions. In the case of hydrogenation of dimethyl 1,4-cyclohexanedi-
carboxylate we have found that this equilibrium ratio is in the region of 3.84:1. This ratio is significantly higher than the
ratio of between 2.57:1 and 3:1 which is reported to be achieved under liquid phase reaction conditions when using a -
cis-rich dimethyi 1,4-cyclohexanedicarboxylate as feedstock. )

If the hydrogenatable material comprises substantially pure trans-dimethyl 1,4-cyclchexanedicarboxylate, then

. ‘Some cis-1,4-cyclohexanedimethanol will be formed. In this case the frans-.cis-isomer ratio of the resulting 1,4-
. Cyclohexanedimethanol product may be higher than about 3.84:1 but will tend toward the equilibrium trans-:cis-isomer
ratio, i.e. about 3.84:1, with increasing residence time in the hydrogenation zone.

The dialkyl 1,4-cyclohexanedicarboxylate supplied to the hydrogenation zone may comprise substantially pure cig-
dimethyl 1.4-cyclohexanedicarbaxylate, trans-dimethyl 1,4-cyclohexanedicarbaxylate, or a mixture of the ¢is- and {rans-
isomers thereof in- any ratio. The molar ratio of frans-dimethy! 1,4-cyclohexanedicarboxylate to gis-dimethyl 1.4-
Cyclohexanedicarbaxylate in any such mixture may be in the range of from 0.01:1 to 1000:1, preferably in the range of
from 0.05:1t0 1:1. " . .

Dimethyl 1,4-cyclohexanedicarboxylate is.commercially available as high purity dimethyl 1,4-cyclohexanedicarbo-
xylate, technical grade dimethyl 1.4-cyclohexanedicarboxylate, gig-dimethyl 1,4-cyclohexanedicarboxylate, or trans-
dimethyl 1,4-cyclohexanedicarbaxylate. The preferred feedstock for the process of the invention is technical grade
dimethyl 1,4-cyclohexanedicarboxylate, as the high purity, gig-, and trans- grades of dimethyl 1,4-cyclohexanedicarbo-
Xylate require additional purification stages in the course of their production. In a typical bulk sample of commercially
available dimethyl 1.4-cyclohexanedicarboxylate the trans-cis- isomer ratio is from about 0.5:1 to about 0.6:1.

When designing a plant to operate according to the teachings of the present invention it is necessary to decide on
the volume of catalyst to be used for a projected preduction rate of a 1,4-cyclohexanedimethanal product having a
trans-¢is- isomer ratio which corresponds to a desired approdch to the equilibrium value of about 3.84:1. This volume
will normally be selected to be sufficient to provide the desired extent of conversion in order that the frans-.cis- isomer
ratio in the 1,4-cyciohexanedimethanol product shall achisve that desired approach not only at the beginning of the
campaign when the catalyst can be expected to be at its most active but also at the end of the useful life of the catalyst.
Placing the hydrogenation catalyst in two or mare hydrogenation zones which can be operated singly, in series, or in
parallel will give the plant operator the greatest flexibility, In selecting a suitable catalyst volume the plant designer
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and CO,, and inart gases such as argon, nitrogen, or methane, cantaining at least about 70 male % of hydragen. Pref-
erably the make-up gas contains at 1sast 90 mole %, and even more preferably at least 97 mele %, of hydrogen. The
make-up gas can be producec in any convenient manner, a.g. by partial oxidation or steam reforming of natural gas fol-
lowed by the water gas shift reaction, and CO, absorption, followed possibly by methanation of at least some of any
residual traces of carbon oxides. Pressure swing absorption can be used if a high purity hydrogen make-up gas is
desired. f gas recycle is utilised in the process then the recycle gas will normally contain minar amounts of one or mare
products of the hydrogenation reaction which have not been fully condensed in the product recovery stage downstream
from the hydrogenation zone. Thus, when using gas recycle in the process of the invention, the gas recycle stream will
typically contain a minor amourt of an alkanal (e.g. methanoi).

The process of the invention is operated at a feed temperature of at least 150°C and no higher than 350°C. The
feed temperature is preterably in the range of from 150°C to 300°C, most preterably from 200°C 1o 260°C.

The feed pressure is in the range of from 150 psia (10.34 bar) up to 2000 psia (137.90 bar). However, the benefits
and advantages of vapour phase feed conditions are best realised by using a feed pressure of from 450 psia (31.03 bar)
up to 1000 psia (68.95 bar).

The process requires that the vaporous feed stream is above its dew point so that the dialkyt (e.g. dimethyl) 1,4-
cyclohexanedicarbaxylate is present in the vapour phase at the inlet end of the or each catalyst bed. This means that
the composition of the vaporous feed mixture must be controfled so that, under the selected operating conditions, the
temperature of the mixture at the inlet end of the or each catalyst bed is always above its dew point at the operating
pressure. By the term "dew point” is meant that temperature at which a mixture of gases and vapours just deposits a
fog or film of liquid. This dew point liquid will normally contain all the condensable components of the vapour phase, as
well as dissolved gases, in concentrations that satisfy the usual vapour/liquid criteria. Typically the feed temperature of
the vaporous feed mixture to the hydrogenation zone is from about 5°C up to about 10°C or mere above its dew point
at the operating pressure.

A convenient method of forming a vaporous mixture for use in the process of the invention is to spray liquid dimethyl
1,4-cyclohexanedicarboxylate or a dimethyl 1,4-cyclohexanedicarboxylate solution into a stream of hot hydrogen-con-
taining gas so as to form a saturated or partially saturated vaporous mixture, Alternatively such a vapour mixdure can
be abtained by bubbling & hot hydrogen-containing gas through a body of the liquid dimethyl 1,4-cyclohexanedicarbox-

-ylate or dimethyl 1,4-cyclohexanedicarboxylate solution. If a saturated vapour mixture is formed it should then be
heated further or diluted with more hot gas so as to produca a partially saturated vaporous mixture prior to contact with
the catalyst.

In the process of the invention the hydrogen-containing gas:dialiyl 1 #cydohexaned‘ carboxylate molar rano one
of the driving forcas for the hydrogenation and isomerisation reactions, can vary within wide limits, depending upon
other process variables such as the feed temperature and feed pressure employed and the activity of the hydrogenation
catalyst.

. In order to maintain the vaporous feed stream above its dew point at the infet end of the or each catalyst bed at the
" operating pressure the hydrogen-containing gasdialky! (e.g. dimethyl) 1,4-cyclohexanedicarboxylate molar ratio'is
desirably at least 10:1 up to 8000:1, preferably in the range of from 200:1 to 1000:1. it is not, however, necessary that,
when using dimethyl 1,4-cyclohexanedicarboxylate as diester starting material, the vaporous mixture in contact with ali
parts of the or each catalyst bed should be so far above its dew point as to prevent condensation of a 1,4-cyclohexan-
edimethanol-rich liquid. (1,4-Cyclohexanedimethanol is less volatile than dimethyl 1,4-cyclohexanedicarboxylate).

Although the protess of the invention is cperated with the feed stream in the vapour phase, it is convenient to
express the feed rate of the dialikyl 1,4-cyclohexanedicarboxylate to the hydrogenation zone of step (e) of the process
as a space velocity through the hydrogenation catalyst and to express that space velocity as a liquid hourly space veloc-
ity. Hence it is convenient to express the feed rate in terms of the ratio of the liquid feed rafe of the hydrogenatable mate-
rial 1o the vaporisation zone to the volume of the hydrogenation catalyst. Thus the equivalent liquid hourly space velocity
of the hydragenatable material through the hydrogenation catalyst is preferably from 0.05 to 4.0 h™'. In other words itis
preferred 1o feed the liquid hydrogenatable material to the vaporisation zone at a rate which is equivalent to, per unit
volume of catalyst, from 0.05 to 4.0 unit volumes of hydrogenatable material per hour (i.6. 0.05 to 4.0 m*h! per m3 of
catalyst), Even more preferably the liquid hourly space velocity is rom 0.1 h'* to 1.0 h'.

The Actual Residence Time of the reaction mixture in cartact with the hydrogenation catalyst is readily calculated
from the feed rate of the dialkyl 1,4-cyciohexanedicarboxylate to the hydrogenation zone, from the hydrogen-containing
gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio, from the volume of catalyst in the hydrogenation zone, and from
the temperature and pressure in the hydrogenation zone. if the plant includes two or more hydrogenation zonegs con-
nected in series or in paralle! downstream from the vaparisation zone, then the plant cperator can radically alter the
effective volume of catalyst by selecting how many zones should be in use at any given time,

The Actual Residence Time needed to produce from a given dialkyi (e.g. dimethyl) 1,4-cyclohexanedicarboxylate
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of factors :such as the dialkyl 1 ‘S-cyc!ohexanedlcarboxyiate feed rate, the hydrogen-containing gas:dialky! (e.g. dime-
thyl) 1 4-cydch‘e‘ianemaarmxware"matar ratio, and the catalyst activity. Although the catalyst will tand ta decline in
activity with passage of time in a commarcial piant, tha rate of decling, aithough significant if measured over a matter of
months, is relatively siow. Thus itis possible to establish the eftects of changing the four most important feed conditions,
L.e. feed temperature, the faed pressure, the feed rate, and the hydregen-centaining gas:dimethyl 1,4-cvclohexanedicar-
boxylate molar ratio, on the trans-:cis- isomer ratio in the 1,4-cyclohexanedimethanol product experimentally over a
pericd of time which is sufficiently short for any change in catalyst activity to be insignificant.

The activity of the catalyst at a reference time, i.e. the Reference Activity (RA), which is conveniertly given the arbi-
trary value 1.0, is readily established sither in the laboratory or in an operating plant by measuring the extent of conver-
sion of a diatkyl (e.g. dimethyf) 1,4-cyciohexanedicarboxylate in passage of the feedstock in a vaporous feed stream in
admixture with a hydrogen-containing gas under a convenient set of standard operating conditions using a known vol-
ume of catalyst. The Actual Activity (AA) of the catalyst, which is conveniently expressed as a decimal fraction of the
Reference Activity (RA) (e.g. as 0.89, to take an arbitrary example), at any later time can be determined by re-measur-
ing the extent of conversion of the dialky! 1,4-cyclohexanedicarboxylate to 1,4-cyclohexanedimethanol using the same
operating conditions and catalyst. From such operating data it is possible to develop a body of data o enable the plant
operator to.determine the Actual Activity of the catalyst under the prevailing operating conditions without having to
revert to conditions corresponding to the presalected or standard operating conditions under which the Reference
Activity of the catalyst was determined.

As the Actual Activity of the catalyst, determined as descnbed hereinabove, declines during extended operation of
the hydrogenation process, it is apparent that the Actual Residence Time (ART) will need to be increased in order Yo
maintain a given Effective Residence Time (ERT) according to the relationship:

ERT x RA

ART = =&

The results of our experimental programme have further shown that, by changing the operating conditions to”

change the effective residence time, it is possible to change the {rans-:cis- isomer ratio in the 1,4-cyclohexanedimeth-

_ano} product to any desired value within a wide range of values, e.g. from 1:1 to 3.84:1, when using a dialkyl 1,4-
cyclohexanadicarbaxylate feedstock that has a trans-gis-isomer ratio less than 3.84:1, e.g. a frans-:cis-isomer ratio of
from 0.5:1 to 0.6:1. ¥ a dialky! 1,4-cyclohexanedicarboxyiate feedstock is used that has a frans-:gis-isomer ratio higher
than about 3.84:1, for exampie if frang-dimethyl cyclohexanedicarbaxylate is used as feedstock, then the trans- gis-iso-
mer ratio in the 1,4-cyclohexanedimethanol produce may be higher than 3.84:1. A plant operator can utilise the teach-
ings of the invention fo maintain a given trans- ‘Gis-isomer ratio in the 1,4-cyclohexanedimethanol product throughout
the life of a given catalyst charge despite decline in its activity or to maintain this ratio despite changes in the isomer
content of the diester feedstock. It also enables him to change the Isomer ratio in the product at will in response to
changing product specification requirements.

it will be appreciated that the effective residence time appropriate to producs a desired rans- gg- isomer ratio in
the 1,4-cyciohexanedimethano! product from one particular feedstock, e.g. ¢is- dimethyl 1,4-cyclohexanedicarboxylate,
may not necessarily be the same for a different feedstock, e.g. the {rans- diester. Hence it may be necessary to carry
out one or more experiments for each new feedstock that is used in order to determine for that feedstock what are the
particular combinations of effective residence time and effactive operating conditions required to produce a particular
trans-cis- isomer ratio in the product. Such effective operating conditions are typically conditions selected from within
the ranges of feed temperature, feed pressure, feed rate and hydrogen-containing gas:dialkyl 1,4-cyciohexanedicarbo-

- Xylate molar ratio recommended for use in steps (d) and (e) of the process of the invention, Having determined for one
feedstock what are appropriate operating conditions for one feedstock having a particular irans-:cis- isomer ratio, then
if the new feedstock has only a slightly differant isomer ratio it may suffice to camry out only one test ar a few tests in
order to determine with sufficient accuracy what changes are needed to the operating conditions which were appropri-
ate for the former feedstock to achieve with the new feedstack the desired new effective residence time which will yield
the desired isomer ratio. On the other hand, if the new dialkyl 1,4-cyciohexanedicarboxylate feedstock differs very mark-
edly in its trans-cis- isomer ratio from that of the former feedstack, then a more extensive experimental programme may
be necessary to yield the relevant data from which the new etfective residence time can be determined.

It is recognised by those skilled in the art that, as catalyst activity deciines, the feed temperature and/or the feed
pressure may be adjusted so as to improve the rate of hydrogenation of dialky! 1,4-cyciohexanedicarboxylate. When
increasing the feed tempaeraturas and/or feed prassure to the hydrogenation zone, it is possibla to usa the sama relation-
ship to control the frans-:cig- isomer ratioc in the product 1,4-cyclohexanedimethanol, except that now a different Effec-
tive Residence Time {ERT) will be required. This new Effactive Residence Time (ERT) can easily be determined by
monitaring the product trans-:Gig-isomer content and adjusting the Actual Residence Time (ART) as necessary in ordar
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in order to change tha effective residence time and so maintain the molar conversion of dialkyl (e.g. dimethyl) 1,4-
cyclohaexanedicarboxylate substantially at a constant value. In this way changes in the feed rate can be used to keep
the frans-:gis- isomer ratio of the product 1.4-cyclohexanedimethanol substantially at a desired constant value,

A further option is to increasa the feed iemperature to the hydrogenation zone while reducing the hydregen-con-
taining gas:dialkyl 1,4-cyclohexanedicarboxylate malar ratio in order to maintain a constant approach to the dew point
of the feed stream. Thus, for example, it is possible to increase the feed temperature of the feed stream, 3 step which
would increase the amount by which the temperature exceeds the dew point of the feed stream if the other operating
conditions were not changed, and simultaneausly to reduce the hydrogen-containing gas:dialkyl 1.4-cyclohexanedicar-
boxylate molar ratio, a step which would otherwise decrease the amount by which the dew point of the feed stream
exceeds its dew point it the other operating conditions were not changed, so as 1o leave the ditference between the dew
point and the feed termperature effectively the same, i.e. so as 1o operate at a substantially constant approach to the
dew peint. One skilled in the art will recognise that, when changing feed temperature to the hydragenation zane, a new
effective residence time will be required in order to maintain the target trans-gis- isomer ratio in the 1,4-cyclohexaned-
imethancl product.

With passage of time the activity of the catalyst tends to decline. However, it has been found in the course of our
experimental programme that it is possible to reactivate the catalyst by treating the partially deactivated hydrogenaticn
catalyst with a flow of a hydrogen-containing gas, which is substantially free from dialkyl (e.g. dimethyl) 1,4-cyciohex-
anedicarboxylate, under appropriate temperature and pressure conditions. if such a procedura is used in the course of
a particular production campaign, then the Actual Activity (AA) may be increased again and it may be necessary ater
such reactivation to increase the feed rate and/or to reduce the residence time from the corresponding values in use
preceding the reactivation procedurs in order to re-achieve the effective residence time and the desired extent of con-
version of dimethyl 1,4-cyclohexanedicarbaxylate required to achieve the desired frans-cis- isomer ratio in the 1,4-
cyclohexanedimathanol product. '

In a particularly preferred process the diatkyl 1 Myclohe;tane:ﬁarboxylate is a gig-rich isomer mixture and the
operating conditions are selected so as to produce a 1,4-cyclohexanedimethanal product in which the trans-gis-isomer
ratio is in the range of from about 2:1 up to about 3.84:1, and is more praferably at least about 2.6:1 up ta about 3.84:1.
The process of the invention thus readily permits the preparation in a single step from such a cis-rich feedstock of a 1,4-
cyclohaxanedimethanol product in which the trans-:gis- isomer ratio is in excess of 2:1 up to 3.84:1, for example from

. 2.6:1102.7:1. It is preferred that this ratio is at least 2.6:1. The invention permits production in a single step of a 1,4-

cyclohexanedimethanol product with a trans-gis-isomer ratio of from 3.1:1 up 10 3.84:1, e.g. 3.2:1 up to 3.7:1. Higher

~{rans-'cig- isomer ratics can be achieved in the 1,4-cyclohexanedimetharnol product by starhng from trans-dimethyt 1,4-
cyclohexanedicarboxylate.

Itis surprising that the vapour phase feed conditions used in the process of the mvenuon can generate from a gis-
rich diester feedstock a 1,4-cyciohexanedimethanol product mixture whose frans-:gis-isomer ratio is in excess of the
ratio that is the normal reported equilibrium ratio under liquid phase conditions. Thus, althiough the normal frans-:cis-

. isomer equilibrium ratio in the 1,4-cyclohexanedimethanol product from a gis-rich diester feedstock, under liquid phase
- condifions, is reported to be, under favourable conditions, as high as about 3:1, the present invention, which operates
with the feed ester (e.g. dimethyl 1,4-cyciohexanedicarboxylate) atways in the vapour phase, enables production from
a dialkyl 1.4-cyclohexanedicarboxylate feedstock with a frans-cis- isomer ratio less than about 1:1 of 1,4-cyclohexan-
edimethanol with a trans-.cis-isomer ratio as high as 3.84:1.

In the prior art it is made clear that the hydrogenation of dimethyl 1,4-cyclohexanedicarboxytate (dimethy! hexahy-
droterephthalate) is liable to give significant quantities of by-products. Thus GB-A-988318 acknowledges the problem
caused by formation of unwanted by-products, such as 1-methyl-4-hydroxymethylcyclohexane. It is surprising to find
that the process of the invention can be operated so that, despite the presence of a very large excess of hydrogen and
the use of a very large partial pressure of hydrogen compared to the relatively low vapour pressure of dimethyl 1,4-
cyclohexanedicarbaxylate, the reaction proceeds rapidly with a very high conversion of dimethyl 1,4-cyclohexanedicar-
boxylate to the desired product, i.e. 1,4-cyclohexanedimethanol, but yet with a very high selectivity to that product and
therefore with a very low yield of by-products. Thus under favourable conditions the conversion of dimethyl 1,4-
Cyclohexanedicarboxylate to 1,4-cyclohexanedimethanol can be as high as 98 mole% or higher with a selactivity to 1,4-

" Cyclohexanedimethanol of greater than 96 mole%. In addition it surprising to find that it is possible, under suitable reac-
tion conditions, to convert a starting ester (e.g. dimethy! 1,4-cyclohexanedicarboxylate) that has a trans-:gis- isomer
ratio less than 1:1 in a single step to a cyclohexanedimethanol product with a trans-:cis- isomer ratio that is greater than
1:1 and narmally in the range of from about 2.6:1 up to as high as about 3.84:1, a value that is much higher than the
highest equilibrium trans-:cig-isomer ratio that is disclosed in the prior art. It is further surprising to find that this conver-
sion can be accomplished at relatively low operating temperatures and pressures.

In a commerciat plant it may be preferred to employ at least two hydrogenation zones, each containing a charge of
3 heterogeneous ester hydrogenation catalyst, connected in parallel. Each of these zones is capable of independent
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:solatlon from the supply o?\:;p:r;tjs feeqistock mixture. Hance an isolated zone may be subjaected to conditions sub-
stanhally diffarant-from- “hese.pravaiing |§ the ramaining zone or zonas, for example, whereunder the catalyst chargs
therain may be reactivated or replaced whilst the process of the invention is continued in the remaining zane or zanes.
This arrangement aiso permits operation under the conditions taught in WO-A-91/01961. In this case two hydrogena-
tion reactors cannected in parallel are used. In a first phasa of operation with a fresh charge of catalyst ane oniy of the
reactors is used, the other one heing in standby mode with the catalyst bathed in hydrogen. After a period of coeration
aver which the catalyst activity may decline somewhat the second reactor is used, whilst the first ane is placed in
standby condition. After a further period of operation both reactors are used in paraliel until the time comes to replace
the entire catalyst charge. _

itis also possible to use two or mare hydragenation zones connected in series and o bypass one ar mare of these
if it is desirable to reduce the quantity cf catalyst an line at any given time.

The granular catalyst used in the process of the invention may be any catalyst capable of catalysing hydrogenation
or hydrogenolysis of an ester o the corresponding alcohol or mixture of alcohols. it may be formed into any suitable
shane, e.g. pellets, rings or saddles.

Typical ester hydrogenation catalysts include oopper-contammg catalysts and Group VIl metal-containing cata-
lysts. Examples of suitable copper-containing catalysts include copper-on-alumina catalysts, reduced copper oxide/zing
oxide catalysts, with or without a promoter, manganese promoted copper catalysts, and reduced copper chromite cat-
alysts, withr or without a promoter, while suitable Group Vill metal-containing catalysts incfude platinum catalysts and
palladium catalysts. Suitable copper oxide/zinc oxide catalyst precursors include CuQ/ZnC mixtures wherein the Cu:Zn
weight ratio ranges from about 0.4:1 to about 2:1. An example is the catalyst precursor bearing the designation CRD .
82/71. Promated copper axide/zine oxide precursors include CuQrZnQ mixtures wherein the Cu:Zn weight ratio ranges
from about 0.4:1 to about 21 which are promoted with from about 0.1 % by weight up to about 15% by weight of barium,
manganese or a mixture of barium and manganese. Such promoted CuO/ZnO mixtures include the Mn-promoted
CuQ/Zn0 precursor available under the designation DRD $2/92. Suitable copper chromite catalyst precursors include
those wherein the Cu:Cr weight ratio ranges from about 0.1:1 to about 4:1, preferably from about 0.5:1 to about 4:1.
Catalyst precursors of this type are the precursors available under the designation DRD 89/21 or under the designation
PG 85/1. Promoted copper chromite precursors include copper chromite precursors wherein the Cu:Cr weight ratio
ranges from about 0.1:1 to ahout 4:1, preferably from about 0.5:1 to ahout 4:1, which are pramated with from about 0.1
% by weight up to about 15% by weight of barium, manganese or a mixture of barium and manganese. Manganese pro-
moted copper catalyst precursors typically have a Cu:Mn weight ratio of from about 2:1 to about 10:1 and can indude

. an alumina support, in which case the Cu: Al weight ratio is typically from about 2:1 to about 4:1. An example is the cat-
alyst precursor ORD 92/89.

Ali of the above mentioned catalysts available under the general designations | DRD or PG can be cbtained from
Davy Research and Davelopment Limited, P.O. Bax 37, Bowesfle!d Lane. Stocikton-on-Tees, Cleveland TS183HA, Eng-
land,

" Other catalysts which can be considered for use include PdIZnO catalysts of the type mentioned by P.S. Wehner
and B.L. Gustafson in Journal of Catalysis 136, 420-426 (1992), supported palladium/zinc catalysts of the type dis-
closed in US-A-4837368 and US-A-5185476, and d'!amiwlly mixed copper-titanium oxides of the type disclosed in US-
A-4829777.

Further catalysts of interest for use in the process of the invention include the rhodiumdtin cafalysts reported in A.
El Mansour, J.P. Candy, J.P. Bournonvilie, O.A. Ferrehi, and J.M Basset, Angew. Chem. 101, 360 (1989).

Any recognised supporting medium may be used to provide physical support for the catalyst used in the process
of the invention. This support can be provided by materials such as zinc oxide, alumina, silica, alumina-silica, silicon
carbide, zirconia, titania, carbon, a zealite, or any suitable combination thereof,

The catalysts that are particularly preferred for use in the process of the invention are the reduced forms of the cop-
per chromite, promotedt copper chromite, and manganese promoted copper catalyst precursors described above,

The or each hydrogenation zone may comprise a shell-and-tube reactor which may be operated under isothermal,
or near isothermal, conditions with the catalyst in the tubes and the coofant in the shell or vice versa. Usually, however,
it will be preferred to use adiabatic reactors since these are cheaper to construct and install than shell-and-tube reac-
tors. Such an adiabatic reactor may contain a single charge of a hydrogenation catalyst or may contain two or more
beds of catalyst, or beds of different hydrogenation catalysts. If desired, external or internal inter-bed heat exchangers
may be provided in order to adjust the inlet temperatura to one or more beds of catalyst downstream from the inlet to
the adiabatic hydrogenation reactor.

In an alternative procedure the plant includes at least two hydrogenation zones, each containing a charge of gran-
ular hydrogenation catalyst, and the vaporous feed stream is supplied to at least one of the hydrogenation zones, ih a
first phase of operation, while at least one other hydrogenation zone is supplied with a stream of hydrogen-containing
gas thereby to reactivate the charge of hydrogenation catalyst tharein. In a sacond phasa of operation the at laast one
ather hydrogenation zone is supplied with the vaporous feed stream while the at least one hydrogenation zone is sup-
plied with a straam of hydrogen-containing gas thereby to reactivate the charge of hydrogenation catalyst therein.
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lmhtJ procedur’g tﬁ\e’of eggh enation zone that is not on line is supplied with a stream of hydrogen-cantain-
ing ggs n'fereby charge. Normally it will be preferred to carry out this reactivation at elevated
temperature, typically at a temperature;of 100°C or more up to 350°C. In this reactivation step the inlet temperature to
the respective-hydregenation zone or zones may be lower than, substantially equal to, or higher than, e.g. 10°C to 50°C
higher than, tha inlet temperature of the vaporous feed stream to the on line hydrogenation zone or zones. The stream
of hydragen-containing gas used in such a reactivation step may comprise a hot str2am of recycle and maice-up gas.

In one form of this alternative procedure is recovered from the zone or zonaes undergoing reactivation of the catalyst
a stream of hydrogen-containing gas which is admixed with a vaporous hydrogen-containing stream of the dialkyi
cyclohexanedicarbaxylate to form the vaporous feed stream 1o the on line zone or zones. In another form there is recov-
ared from the zone or zonas whose catalyst is undergoing reactivation a stream of hydrogen-containing gas which is
admixed with the reaction product stream from the on line zone or zones. In a still further form of this alternative proce-
dure there is recavered from the zone or zones undergoing catalyst reactivation a stream of hycrogen-containing gas
which is used to vaporise the dialkyl cyclohexanedicarboxylate to form a vaporous hydrogen-containing stream of the
dialkyl cyclohexanedicarbexylate. it is further convenient to form the vaporous feed stream to the on line zone or zones
by admixing hot recycle gas with a vaporous hydrogen-containing stream of dialkyl cyclohexanedicarboxyiate. The
direction of flow of the stream of hydrogen-containing gas through the or each hydrogenation zone in which catalyst
reactivation is occurring may be the same as, or oppaosite to, tha direction of flow of the vagorous teed stream through
that zone when it is on line.

In summary, the process of the invention can be controlied to produce a desired trans-cis- ratio in the cyclohexan-
edimethanol product. This controi is achievable due to the surprising discovery that, in the process of the invention, the
trans-.cis- isomer ratio in the 1,4-cyclohexanedimethanol product is a function of the extent of dimethy! 1,4-cycichexan-
edicarboxylate conversion effected in the hydrogenation zone. The extent of conversion of dimethyl 1,4-cyclohexanedi-
carboxylate in turn dependent upon the effective residence time, which is, in turn, a funciion of the activity of the
catalyst, of the valuma of catalyst, of the feed température, of the temperature profile through the catalyst bed or beds,
of the feed pressure, of the hydrogen-containing gas:dimethyi 1,4-cyclohexanedicarbaxylate ratio, and of the teed rate
of the reaction mixture through the catalyst, under the vapour phase hydrogenation conditions used. Hence, by control-
ling the amount of conversion of dimethy! 1,4-cyclohexanedicarboxylate that is occurring in the hydrogenation zone as
the catalyst ages, or foliowing catalyst reactivation, the plant operator can exercise conirol over the trans-:cis-ratio of
the 1,4-cyclohexanedimethane! product.

. Brief description of the drawings

Figure 1 is a simplified flow diagram of a plant for production of 1,4-cyclohexanedimethanol in two hydrogenation
reactors connected in paralle! by hydrogenation of dimethyl 1.4-cyclohexanedicarboxylate;

Figure 2 is a simplified flow diagram of an experimental apparatus for production of 1,4-cyclohexanedimethanol in
a single hydrogenation zone by hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate; and

Figure 3 is a graph showing the reiationship between the effective residence time ard the trans-gis-ratio of the
resulting 1,4-cyclohexanedimathanol product derived from the experimental results for two combinations of feed
temperatures and feed pressures.

Detailed description of the preferred embodiments

It will be understood by those skdlled in the art that Figure 1 of the drawings is diagrammatic and that further items
of equipment such as temperature and pressure sansars, prassure relief valves, control valves, level controllers and the
like would additionally be required in a commercial plant. The provision of such ancillary items of equipment forms no
part of the present invention and would be in accordance with conventional chemical enginaering practice. Moreover it
is not intended that the scope of the invention should be limited in any way by the precise methods of heating, vaporis-
ing and condensing various process streams or by the arrangement of heaters, heat exchangers, vaporising or con-
densing apparatus provided therefor. Any suitable arrangement of equipment other than that degicted in Figure 1 which
fulfils the requirements of the invention may be used in place of the illustrated equipment in accordance with conven-
tional chemical engineering techniques.

Referring to Figure 1 of the drawings, a technical grade of dimethyl 1,4-cyclohexanedicarboxylate is supplied in line
1. in a first phase of operation, 1o a vaporiser nozzle 2 located in an upper part of a vaporiser vessel 3 above a bed of
packing 4. A stream of hot hydroger-containing gas is supplied to the bottom of vaporiser vessel 3 in line 5. A saturated
vaporaus mixture comprising dimethyl 1,4-cyclohexanedicarboxyiate is recovered in line 6 from the top of vapariser ves-
sel 3. The resulting vaporous mixture is mixed with further hot hydrogen-containing gas from line 7 under the control of
valve 8. The combined stream which now has a hydrogen:dimethyl 1,4-cyclohexanedicarboxylate molar ratio of about
400:1 and is at a pressure of about 905 psia (about 62.40 bar) and at a temperatura of about 220°C, is fed by way of
valve 9 and line 10 to a hydrogenation reactor 11 which contains a bed of a pelleted heterogeneous hydrogenation cat-
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reaction prectice iy s-zeactar 11 ¥ia line 13 and passes through vaive 14 to enter line 15. The hydrogenation
reaction product mnxture in lme 15 is cooled in heat interchanger 16 and the resulting partially condensed mixture
passes on in line 17 through cooler 18 in which it is further cooled. The rasulting mixture of gas and condensate flows
on in line 19 to a gas-liquid separator 20 from which a mixture of mathanct and crude 1.4-cyclohexanedimethanol is
recovered in lina 21. Tha uncondensed gaseous mixture in lina 22 comprises unreacted hydrogen tegether with inert
gases and methanos vapour and is compressed by means of compressor 23 to give a compressed gas stream in line
24,

The compressed recycled gas in line 24 is combined with make-up hydrogen-containing gas from line 25. The com-
bined mixture in line 25 is heated by passage through heat exchanger 16 and flows on in line 27 to heater 28 in which
its temperatura is raised further to a suitable temparature far effacting vaporisation of the dimethyl 1,4-cyclohexanedi-
carboxylate feed. The resulting hot gas in line 29 is then divided into two streams, one being the stream in line S and
the other being a stream in line 30. This latter stream is heated further in heater 31 to a temperature of about 235°C
and passes on by way of line 32, valve 33 and lines 34 anxd 35 to the hottom end of a second hydrogenation reactor 36
which, in this first phase of operation, is in reactivation mode. Reactor 36 contains a charge of hydrogenation catalyst
37. The hot gas exiting the top of reactor 36 in line 7 is admixed, as already described above, with the saturated vapor-
ous mixtura in line 6 to increase the hydrogen:dimethyl 1,4-cyclohexanedicarboxylate molar rauo therein and to raise its
temperatuie abova its dew point, e.g. at least 5°C to 10°C above its dew point.

The plant also includes lines 38 and 39 and vaives 40 and 41 both of which are dosed in this phase of operation.
Line 42 indicates a line by means of which a stream containing any "heavies" collecting in the bottom of vaporiser ves-
sel 3 can be drawn off. Reference numeral 43 indicates a purge gas line through which a purge gas stream can be taken
in order to limit the build up of men gases in the circulating gas. Such inert gases may enter the plant in the make up
gas stream in line 25.

- With passage of time the activity of the catalyst charge 12 will have declined somewhat. The plant operatar can
maintain the desired trang-:cis- isomer ratio in the 1,4-cyclohexanedimethanol product by monitoring this ratio inthe exit
stream from the on line hydrogenation zone. By aitering the reaction conditions, for example, by reducing the space
velocity through the hydrogenation catalyst, the effective residence fime can be maintained substantially constant and
thus the extent of conversion of dimethyl 1,4-cyclchexanedicarbaxylate can be maintained at a substantially constant
value. In this way it is possible to maintain the trans-:gis- isomer ratio in the product at the desired value, for example,
a valuein the range of from about 2.6:1 to about 2.7:1 or higher, up to about 3.34:1 (eg fromabouts 1:1 up to about
3.7:1).

’ After a period of operation the activity of the catalyst charge 12 will have declined to a pomt at which reactivation

. may be desirable. Although the reasons for catalyst deactivation have not been clarified, it can be postulated that a pos-
sibte cause of this loss of catafyst activity is the formation of traces of involatile polyesters on the catalyst surface due
to ester exchange reactions between, for example, dimethy! 1,4-cyclohexanedicarboxylate, on the one hand, and 1,4-
cyclohexanedimethanol, or methy! 4-hydroxymethylcyclohexanecarbaxylate, which can be postulated to be an interme-
diate product of the hydrogenation reaction, or hydroxymethyicyclohexyimethyl 1,4-cyciohexanedicarboxylate, which is
the ester interchange product between dimethyi 1,4-cyclchexanedicarbaxylate and 1,4-cyclohexanedimethancl, on the
other hard. The resulting di- or trimeric materials can then undergo further reaction with companents of the vaporous
mixture to cause these oligomeric chains 1 grow. Polyethers and mixed polyether-polyesters can also be formed.

Such polymeric byproducts on the catalyst surface are susceptible to hydrogenation. Hence reactivation of the cat-
alyst by treatment with a hot hydregen-containing gas is possible. it has further been shown in the course of experimen-
tal work {0 investigate the hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate which forms the background to the
present invention that, for whatever reason, the passage of a hot stream of hydrogen-containing gas aver partially deac-
tivated catalyst has a beneficial effect in at least partially restoring the activity of the catalyst.

Accordingly in a second phase of cperation valve 33 is shut and valve 41 is opened, while valve 14 is closed and
valve 40 is opened. In this way hydrogenation reactor 36 with its fresh or reactivated catalyst charge 37 is brought on
line. whilst reactor 11 goes into reactivation mode and its partially deactivated charge of catalyst 12 is reactivated. In
this second mode of operation the saturated vaporaus mixture in line 6 is mixed with hot hydrogen-containing gas from
line 10 to form a vaporous feed mixture which flows in line 7 through reactor 36 and its catalyst charge 37. Tha resulting
reaction mixture passes by way of lines 35 and 38 through valve 40 to line 15. The hot hydrogen-containing gas from
line 32 passes through valve 41 1o line 39 and then through line 13 to the bottom of hydrogenation raactor 11.

In this second phase of operation the plant operator can also monitor the {rans-:cis- isomer ratio in the 1,4-
cyclohexanedimethanol product of the exit stream fram the on line hydrogenation zone and can adjust the conditions,
as before, to maintain the effective residence time of the reaction mixture in the hydrogenation zone substantially con-
stant and hence maintain the {rang-:gis-1,4-cyclohexanedimethanal ratio at the desired level.

_ When the catalyst charge 37 has become deactivated to some extent the vaives 14, 33, 40 and 41 can be read-
Justed to switch the tlows through hydrogenation reactors 11 and 36 back to those of the first phase of operation.
The abovs dascribed steps can be repaated as often as may be expediant, bringing the reactors 11 and 36 on line
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The make-up gas in line 25 can be a mixture of hydragen optional minor amounts of components such as CO and
CO,, and inert gases, such as argon, nitrogen, or methane, containing at least about 70 mole % of hydrogen. Preferably
the make-up gas contains at least 90 mole %. and even more preferably at least 97 mole %. of hydrogen. The make-up
gas can be produced in any convenient manner, a.g. by partial oxidation or steam reforming of natural gas followed by
the water gas shift reaction. and CO, absorption, followed pessibly by methanation of at least some of any residual
traces of carhon oxides. Pressure swing absorption can be used if a high purity hydrogen make-up gas is desired.

At start up of the plant the reactars 11 and 36 arae each charged with a charge of a heterogeneous hydrogenation
catalyst precursor, such as a copper chromite catalyst precursor. Preferably, however, the reactors 11 and 36 are
charged with a chromium-free hydragenation catalyst, such as DRD92/89. The catalyst precursar is then reduced care-
fully following the catalyst supplier's instructions. if the procass of EP-A-0301853 is used to reduce a copper chromite
precursor, then both beds of catalyst 12 and 37 can be reduced simultaneously. In other cases it may be expedient to
reduce the beds 12 and 37 separately. After pra-reduction of the catalyst precursor hot hydrogen-containing gas is cir-
culated through the plant. When the appropriate feed temperatures to vaporiser vessel 3 and to reactor 11 have been
achieved the flow of dimethyl 1,4-cyclohexanedicarboxylate in line 1 is commenced to bring the plant on line in the first
phasa of operation.

The invention is further described with reference to the following Examples. The compositions of catalysts A and B
used in the Examples ara listed in Tabla [. The oxygen content of the catalyst has been excluded from the analysis in
each case. The Examples, takan together with the information summarised in Figure 3, provide the man skilled in the
art with teaching as to the reaction conditions that he needs to select at any particular moment in the production cam-

paign in response to changes in catalyst activity.

TABLE |

Catalyst . Corposition wi% Surfacs | Density Pore voi-
area mP/g glem® | umemm’fg

Cu Cr Zn Mn | Ba Al
A DRD89/21 | 576 | 19.0 | <0.01 | 0.08 | «0.01 | <0.01 28 1.420 200
B DRD92/89 | 41.1 | 0.26 | <0.01 | 8.4 <0.01 20.4 471 1.452 211
Example 1

The hydrogenation of a technical grade of dimethyl 1 ba/dohexanedtca:boxyiate was mvestxgaied using the exper-
imertal apparatus illustrated in Figure 2.

The compoasition of the technical garde feed was: 34.47 wt% trans-dimethyt 1,4-cyclohexanedicarboxylate, 62.61
wt% cls-dimathyl 1,4-cyclohexanedicarboxylate, 1.50 wi%t methyl hydrogen 1,4-cyciohexanedicarboxylate of formula

o]

HO-C C-OCH,

and 0.05 wict water, with the balance being impurities,

In a commercial plant, hydrogen gas is separated from the hydrogenation product and is advantagsously recycled
through the hydrogenation zone. The hydrogen recycle stream will contain a quantity of methanol vapour produced by
the hydrogenation of dimethy! 1.4-cyclohexanadicarboxyiate. Hence, the vaporous mixture supplied to the hydrogena-
tion 20ne in a commercial plant will generally contain methanol in addition to hydrogen and an unsaturated organic com-
pound. in order that the experimental rig described hereinbelow should accurately predict the likely rasults obtained
during commercial operation, the fiquid feed supplied to the vaporiser was supplemented by a quantity of liquid metha-
nol correspording to the quantity of methanol which would be contained in'the racycte hydrogen stream in a commercial
plant. Although hydrogen is recycled in the experimental rig described hereinbelow, the quantity of methanol contained
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recycle stream. This dlﬁarance arisas because the recycle gas in the exparimental rig is cooled substantially below the
temperatura to which it would be desirably cooled in a commercial plarmt. More methanol is tharafore “knocked out” of
the experimental recycie hydrogen siream. This discrepancy between the experimental rig and a commercial plart is
necessitated by tha delicacy of the equipment, particuiarly the analytical equipment, used in the experimental rig, In this
Example and in all succeeding Examples, mathanol is added to the experimental tiuid feed in a quantity which is suo-
stantially equal to the proportionate quantity of methanol which would be present in the experimental recycle stream if
the rig were operated under commaercial conditions minus the quantity of methanal actually presert in the experimental
recycte hydrogen siream. In the Examples, all parameters such as conversion rates and hourly space velocities are cal-
culated on a methanoli free basis.

The experimental apparatus is illustrated in Figure 2. An approximately 70 wit% solution of the technical grade of
dimethyl 1,4-cyclohexanedicarboxylate in methanol is fed from reservair 100 by way of valve 101, line 102 and vaive
103 to liquid feed pump 104. Burette 105 provides a buffer supply whilst burette 106 is fitted with a liquid level controller
(not shown) that controls vaive 101 so as to ensure that liquid feed is supplied from reservoir 100 to liquid feed pump
104 at a constant head. The liquid feed is pumped through non-return vaive 107 and isolation valve 108 into fine 109,
which can be heated by alectrical heating tape 110, before the heated liquid enters the upper part ¢f an insulated vapor-
iser vessel 111 above a bed of 6mm x 6mm glass rings 112. A stainless steel demister pad 113 is fitted at the top end
of the vaporiser vessel 111. A stream of hot hydrogen-containing gas is supplied to the bottom of vaporiser 111 in line
114. Aliquid drain line 115 fitted with a drain valve 116 enables withdrawal of any unvaporised liquid feed material (e.g.
"heavies™} from the base of the vaporiser vessel 111, The vaparisation of the liquid feed supplied to the vaporiser vessel
111 is assisted by heating tape 117. A saturated vaporous mixture comprising dimethyl 1,4-cyclohexanedicarboxylate
and hydrogen is recovered in line 118 from the top of vaporiser vessel 111. The vaporous mixiure is heated by heating
tape 119 in order to.raise its temperature above the dew point of the mixture prior fo entering the top end of hydrogen-
ation reactor 120 which contains a bed of 200 mi (321.1 g) of a pelleted copper chromite hydrogenation catalyst 121.
The catalyst was catalyst A of Table I. Glass rings are packed in reactor 120 above arxt below the catalyst bed 121. The
vaporous mixiurs passes downward through catalyst bed 121 where conversion of dimethyl 1.4-cyclohexanedicarbox-
yiate to 1,4-cyclohexanedimethanc! occurs under adiabatic conditions. Adiabaticity is maintained by electrical heating
tapes (not shown) within insulating material around reactor 120 under the control of appropriately positioned thermo-
couples (not shown). The overall reaction is mildly exothermic with a general increase in catalyst bed temperature of
approximately 1 to 2°C. The hydrogenation product mixture exits the hydrogenation reacter 120 in line 122 and is

. passed through heat exchanger 123 which simultaneously cools the hydrogenation product mixture and heats a supply
ot hydrogen-containing gas from line 124. Condensation of the bulk of the 1,4-cyclohexanedimethanol in line 122
oceurs in heat exchanger 123. The gas in ling 124 comprises hydrogen-cantaining gas from line 125 ard, optionally, an
inert gas or a mixture of inert gases such as nitrogen, argon or methane supplied in line 126. The gas in line 125 com-
prises make-up hydrogen supplied in line 127 and recycle hydrogen supplied in line 128. Make-up hydrogen in line 127 °
may be supplied to line 125 in either or both of two streams in lines 128 and 130 via a system of pressure controllers
131 to 136 and a mass fiow controller 137 from high purity hydrogen cylinders (not shown).

The heated hydrogen-comtaining gas from heat exchanger 123 passes on in line 114 and is heated further by elec-
trical heating tape 138 for supply to the vaporiser vessel 111.

The cooled hydrogenation product from heat exchanger 123 passes on through line 139 1o be cooled further in
cooler 140 to a temperature near ambient temperature. The liquidivapour mixture from cooler 140 passes on in line 141
to a first knockout pot 142 where liquid hydrogenation product is collected for eventual supply by means of valve 143,
line 144 and control valve 145 to product line 146. A vaporous mixture comprising hydrogen and uncondensed metha-
nol exits the top of knockout pot 142 in line 147 and is further cooled to a temperature of 10°C in cooler 148. The further
cooled liquidivapour mixture from cooler 148 is supplied via line 149 to a second knockout pot 150 wherein condensed
methanol is collected for eventual supply through vaive 151 and line 152 to product line 146. The gas and uncandensed
materials from knoclkout pot 150 are supplied via line 153 through suction pat 154 into ling 155 and then through valve
158 to gas recycle compressor 157. Gas is recycled through valve 158 lines 128, 125, 124 and 114 to vaporiser 111,
In order to control the concentration of inert gases, such as nitrogen, in the circulating gas a purge gas stream may be
bled from the system in line 159 under the control of vaive 1860,

Reference numeral 181 indicates a bypass valve.

At start up of the apparatus the charge of catalyst was placed in reactor 120 which was then purged with nitrogen.
The catalyst charge was then reduced according to the teachings of EP-A-0301853.

Technical grade dimethyl 1,4-cyclohexanedicarboxylate, appropriately diluted with methanof, was then pumped to
the vaporiser 111 at a rate of 86 mlh corresponding to a liquid hourly space velocity of 0.43 h™'. The H,:dimsthy! 1 A4
cyclohexanedicarboxylate mole ratio in the vaperous mixture in line 118 was 338:1. The reactor 120 was maintained at
a termperature of 230°C and a pressura of 901 psia (62.12 bar). The hydrogenation zane was therefore oparated under
conditions which preventad the condensation of bath dimethyt 1.4-cyciohexanadicarbaxylate and the less volatile 1,4-
cyclohexanedimethanol product. The tempaeratura throughout the hydrogenation zone was above tha dew point at the
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The liquid in lide 148 wig ly by capillary gas chromategraphy using a 15 mlong, 0.32 mm inter-
nal diameter fusedisilica column coated internally with a 0.25 um film of DB wax, a halium flow rate of 2 mi/minute with
a gas feed split ratic of 100:1 and & tame-isnisatiatidetectar. The instrument was fitted with a chart recordar having a
peak integrator and was calibrated using a commercially available sample of dimethyl 1,4-cyclohexanedicarboxylate of
known composition. The exit gas was alsc sampled and analysed by gas chromatography using the same technique.
Thae identities of the peaks were confirmed by comparison of the retention times observed with those of authentic spec-
imens of the materials in question and by mass spactroscopy. Included amongst the compounds detected in the reac-
tion mixture wers 1,4-cyclohexanedimethanol, dimethyl 1,4-cyclohexanedicarboxylate, 4-methoxymethyl
cyclohexanemethanol, di-{4-methoxymethylcyclohexyimethyl) ether, and methanol. Alter making due allowance for the
methanol prasant in the feed solution of dimethyl 1,4-cyclohexanedicarboxylate from reservoir 100, 2 moles of methanol
were detected for every 1 mole of dimethyl 1,4-cyclohexanedicarboxytate converted in accardance with the stoichiom-
etry of the hydrogenation reaction. The resuits are listed in Table I below, together with the results from the succeeding
Examples 2 to 8. The actual activity of the catalyst is based upon a figure of 1.0 for the reference activity of the freshly
reduced catalyst as measured under standard operating conditions at the start of the run. In Example 1 the actual activ-
ity of the catalyst was determined o be 0.68 because the percentage of unconverted dimethyl 1,4-cyclohexanedicar-
boxylate under standard operating conditions was 1.47 times the percentage of unconverted dimethyl 1.4-
cyclohexanedicarpaxylate under those standard operating conditions when using fresh catalyst. Hence the actual activ-
ity, compared to the reference activity of the fresh catalyst of 1.0 was 1/1.47,i.e. 0.68. '

. TABLE i
Example | Pressure | InletTemp. | LHSVh' | Gas:DMCD{ Actual Actual Effective | Trans-icis-
No. psia (bar) °C "1 mol ratio Resi- Activity Resi- CHOM
. . dence dence ratio
Time sec- Time sec-
onds onds
1 901 (62.12) 230 0.43 338 6.7 0.68 4.5 3.0
2 899 (61.98) 234 0.4 342 8.9 0.68 45 3.0
3 899 (61.98) 234 0.41 346 - 6.8 0.65 45 3.0
4 902 (62.19) 231 0.29 404 84 0.54 " 45 3.0 .
5 903 (62.26) 230 0.29 381 84 - 0.52 45 - 3.0
6 801 (62.12) 233 0.31 348 8.2 0.47 44 3.0
7 802 (62.19) 232 0.31 339 8.5 0.43 4.4 30
8 S03 (62.26) 233 0.31 380 9.2 0.46 44 3.0
Notes fo Table li: .
DMCD = dimethyl 1,4-cyclohexanedicarboxylate
LHSV = liquid hourly space velecity
CHDM = cyclohexanedimethanol
Gas = hydrogen-containing gas containing more than 98% viv hydrogen.

Examples 210 8

Using a similar procedure to that described in Example 1 and the same feed solution, 7 further runs were carried
out using the copper chromite catalyst (catalyst A in Tabla l). The runs were designed to determine the expected cata-
lyst life under a variety of operating conditions. The results obtained are summarised in Table Il. In each case the vapor-
ous mixture in contact with the catalyst was abova the dew paint. The actual activity of the catalyst in each Exarmple

, was determined, pricr to or just after taking the readings fisted under standard conditions of feed temperature, feed
pressure, faedstock flow rate, and hydrogen flow rate.

The data of Examples 1 to 8 were obtained from an extended operating run and show that, despits a considarable
decline in catalyst activity over the time span of the Examples, a constant trans- gis-isomer ratio can be obtained by
maintaining a constant effective rasidence time (ERT).
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Examples 1 to 3 Shsw-the-m 8 of a trans-:gis- isomer ratic in the 1,4-cyclohexanedimethanol product ata
feed rate aquwalent to a I|qu1d hourly spaca vajocity of 0.41 to 0.43. Minor changes in the pressure and in the hydrogen-
containing gas: dlmethyl i late molar ratio suffice to maintain the effective residence time sub-
stantially constant and thereby to maintain 2 substantially constant trans-:cis- isomer ratio in the 1.4-cyclohexaned-
imethanol product. Over the period of these Examples the conversion of dimethyl 1,4-cyclohexanedicarboxylate
avaraged 99.0%. From Exarnole 4 onwards the dimathyl 1,4-Cyclohexanedicarboxylate feed rate was reduced so as 1o
maintain the conversion of dimethyi 1,4-cyclohexanedicarboxylata at an avarage of 98.8% over the remainder of the test
period. During this time there was a significant decline in catalyst activity as measured under the standard test condi-
tions. However, the trans- gis-isomer ratio of tha 1,4-cyclohexanedimethanol product and the selecfivity to 1,4-cyclohex-
anedimsthanol were maintained at a nearly constant level by adjustmert of the feed temperature and the hydrogen-
containing gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio. Only minor changes in feed pressure were neces-
sary over this pericd.

o

N

I 17

The effect on dimethy! 1,4-cyclohexanedicarbaxylate hydrogenation of altering the cpe'iating canditions is summa-
rised in the results listed in Table lil. These results demonstrate how the feed conditions can be changed to achieve a
selected frans-:cis- isomer ratio in the 1,4-cyclohexanedimethanol product.

TABLE Ili
Example | Pressure |InlstTemp. | LHSVh' | Gas:DMCD | Actual Actual | Effective | Trans-cis-
No. psia (bar) °C mol ratio Resi- Activity Resi- CHDM
- ' dence dence rafio
Time sec- Time sec-
. onds _ onds

9 465 (32.08) 214 0.61 31 2.7 0.89 2.4 16
10 800 (82.05) 232 0.41 362 6.4 0.89 57 33
11 200 (62.05) 217 Q.62 634 25 ggs | 23 16
12 900 (62.05) 2145 0.2t 621 7.6 0.89 6.8 33
13 678 (46.75) 231 0.41 274 6.4 0.89 5.7 32
14 675(46.54) | 23t 0.62 272 43 0.8¢ 3.8 25
15 448 (30.88) 218 0.20 288 84 089 - 75 28
16 658 (45.37).| 231 0.21 323 10.6 0.89 9.4 3.7
17 454 (31.30) 231 0.43 188 8.0 0.89 54 3.0

Examples 10, 13 and 17 Hlustrate the affect of changing the feed pressure and that increasing the feed pressure
increases the trans-:gis- isomer ratio obtained. Examples 12, 13 and 16 illustrate the effect of changing the feed rate
and that an increased feed rate decreases the frans-:cis- isomer ratio. Examples 9, 15 and 17 illustrate the effect of
changing the feed temperature, with increasing feed temperature increasing the trans-cis- isomer ratio. In all the Exam-
ples the hydrogen:diester ratio has been adjusted as appropriate in order to ensure that the product is in the vapour
phase,

Example 9 to 17 set out data obtained during an extended hydrogenation run, using the same catalyst charge as
was used in Examplas 1 to 8. The results of these Examples ware cbtained over 4 relatively short time span so that
there was little change in actual catalyst activity, as measured under the standard operating conditions, over these
Examples. It can be seen that a wide range of trans-:cig-isomer ratios can be obtained in the 1,4-cyclohexanedimetha-
nol preduct by appropriate variation of the operating conditions. Comparison of Examples 9 and 11 shows that similar
low frans-:cig- isomer ratios in the product can be achieved at substartially different pressuras by adjustment of the feed
temperature and the hydrogen-containing gas:dimethy! 1,4-cyclohexanedicarboxylate molar ratio, even though the
dimethyl 1,4-cyclohexanedicarboxylate feed rates were the same, Examples 15 and 17 show that, at similar pressures
Put at different dimethy! 1,4-cyclohexanedicarboxylate feed rates, adjustment of the temperature and hydrogen-cantain-
Ing gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio yields similar trans-:cis- isomer ratios in the product. Exam-
ples 10 and 13 illustrate the sffect of praessure, again under substantially constant conditions, apart from the necassary
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adjustment of the hydrogen-containing gas:dimethy! 1,4-cyclohexanedicarbaxylate molar ratio in order tc give the same
approach to the dew point in the feed stream. Exarmples 14 and 16 show the effect of a substantial change in the feed
rate of dimethyl 1,4-cyclohexanedicarboxylate at constant feed temperature but with minor variations in pressure and
hydrogen-cantaining gas:dimethyl 1,4-cyclohexanedicarboxylate molar ratio.

In Figure 3 there is shown 3 graph showing the relationship between the effective rasidence time and the frans-.cis-
isomer ratio of the resultng 1,4-cyciohexanedimathanel product for two diffarant combinations cf ‘eed temperature and
feed pressure. In Figure 3 the continuous lina indicates the correfation between the {rans-:gis-isomer ratio and effective
residence time for a feed pressure of 900 psia (62.05 bar) and 3 feed tempaerature of 240°C while the broken line is the
corresponding line for 3 teed pressure of 450 psia (31.03 bar) and a feed temperature of 215°C. Similar lines can be
drawn for other combinations of feed temperatura and feed pressure. From such graphs a person skilled in the art can
select the appropriate operating conditions needed to achieve constant effective residence time and thus a substantially
constant rang--cig-isomer ratio.
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1. A continuous process for the productio lohexanedimethanol having a desired or predetermined frans-
‘gs- isomer ratio by catalytic hydrogenation of a dialkyl 1,4-cyclohexanedicarboxylate in the presence of an ester
hydrogenation catalyst, whici process is capable of being operated for an extended pericd of tima during which the
hydrogenation catalyst declines in catalytic activity, said process comprising:

(a) providing a hydrogenation zone containing a charge of a granular hydrogenation catalyst capable of cata-

lysing the hydrogenation of esters;

(b) determining a Reference Activity (RA) of the granular hydrogenation catalyst by measuring the extent of

canversion of the dialkyt 1,4~cyclohexanedicarboxyiate to 1,4-cyclohexanedimethano! in passage of a reaction

mixture comprising the dialiyl 1,4-cyclchexanedicarbaxylate and a hydrogen-containing gas through the gran-

ular hydrogenation catalyst at a preselected feed temperature, feed pressure, dialkyl 1,4-cyclohexanedicarbo-

xylate feed rate, and hydrogen-containing gas:dialky! 1,4-cyclohexanedicarboxylate molar rafio;

(c) dstermining an Effective Residence Time (ERT) for contact of tha reaction mixture at the preselected feed

temperature and feed pressure with the granular hydrogenation catalyst at the reference activity thereof which

produces 1,4-cyclohexanedimethanol having the desired frans-:¢is- isomer ratio; )

(d) forming a vaporous feed straam comprising the dialkyl 1,4-cyclohexansdicarboxylate and a hydrogen-con-

taining gas having a preselacted hydrogen-containing gasxiialkyl 1,4-cyclohexanedicarboxylate molar ratio;

(e) feeding the vaporous feed siream to the hydrogenation zone at a substantially constant ternperature of from

150°C.to 350°C and which is above the dew point of the feed streamn and at a substantially constant pressure
_in the range of from 150 psia (10.34 bar) to 2000 psia (137.90 bar) at a rate which coresponds to an Actual

Residence Time (ART) of the feed stream in contact with the catalyst which yields 1,4-cyclohexanedimethanol

.of the desired trans-:cis- isomer ratio; : )

(f) recovering from the hydrogenation zone a product stream containing 1,4-cycohexanedimethanol;

(9) monitoring the Actual Activity (AA) of the granuiar hydrogenation catalyst with passage of time by measur-

ing the extent of conversion of the dialkyl 1,4-cycichexanedicarboxyiate to 1.4-cyclohexanedimethanal under

the actual operating conditions of feed temperature, feed pressure, dialkyl 1,4-cyclohexanedicarbaxylate feed

rate, and hydrogsn-containing gasdialleyl 1,4-cyclohexanedicarboxylate molar ratio; and

(h) adjusting at least one feed condition of the vaporous feed stream to the hydrogenation zone selected from |

(i) the dialky! 1,4-cyclohexanedicarbaxyiate feed rate and

(i) the hydrogen-containing gasxfialkyl 1,4-cyclohexanedicarboxylate molar ratio while maintaining the
feed stream above its dew point to provide an Actual Residence Time (ART) of the vaparous feed stream
in contact with the catalyst which corresponds fo the Effective Residence Time (ERT) required to provide
1.4-cycichexanedimethanol having the desired trang-:¢is- isomer ratio in accordance with the relationship: .

ART = E—_RTA;RA

2. Aprocess according to claim 1, in which the dialkyl cycichexanedicarboxylate is trans-dimethyl 1,4-cyclohexanedi-
carboxylate.

3. Aprocess according to claim 1, in which the dialkyl cyclohexanedicarboxylate is cis-dimathy 1 4-cyciochexanedicar-
boxylate.
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A process according to claim 1, in which the dialﬂi'l i é‘mic!ohexanedlcmxylate comprises a mixture of the gig-
and (rans- iscmers of dimethyl cydohexanedtarbouy(ata

A process according to any one of claims 1 to 4, in which the hydrogen-containing gas:dialkyl cyclohexanedicarba-
xylate mole ratio in the vagorous mixture is in the range of from 200:1 to 1000:1. .

A procass according to any one of claims 1 10 5, in which the feed temperature to the hydrogenation zone is in the
range of from 15Q°C to 300°C.

A process according to claim §, in which the feed temperature to the hydrogenation zone is in the range of from
200°C ta 260°C.

A process according to any one of claims 1 to 7, in which the feed pressure is in the range of from 450 psia (31.03
bar) to 1000 psia (68.95 bar).

A process according to any one of claims 1 to 8, in which the catalyst is selected from reduced manganese pro-
mated copper catalysts, reduced copper chromite catalysts, and reduced promoted copper chromite catalysts.

A process according to claim 9, in which the catalyst comprises not more than 15% by weight of at least one pro-
moter selected from barium, manganess, and mixtures thereot.

A procass accordng to any cne of ciaims 1 to 10, in which the dialkyl 1 bcydohexanedmrbmyiate is supplied at
a rate carresponging 1o a liquid hourly spaca velocity of from 0.05 to 4.0 .

A process according to any one ¢f claims 1 to 11, in which the effective residenca time is selected to yieid 3 1,4-
cyclohexanedimethanol product having a frans-:gis-isomer ratio of from 2.0:1 to 3.84:1.

13. A process according toanyonédfaain\é 1 o 12, in which in step (h) adjustrment of the at least one feed condition
" includes the step of adjusting the dialikyl 1,4-cyclchexanedicarboxyiate faed rate.
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ABSTRACT et

PROCESS FOR THE PRODUCTION OF 1,4-CYDOHEXANEDTMETHANOL

A continuous process is described for the
production of 1,4-cyclohexanedimethanol having a
desired or predetermined trans-:cis- isomer ratio by
catalytic hydrogenation of a dialkyl 1,4-cyclohexane-
dicarboxylate in the presence of an ester hydrogenation
catalyst, which process is capable of being operated for an
extended period of time during which the hydrogenation
catalyst declines in catalytic activity, said process
comprising:
(a) providing a hydrogenation zone containing a charge
of a granular hydrogenation catalyst capable of catalysing
the hydrogenation of esters;
(b) determining a Reference Activity (RA) of the
granular hydrogenation catalyst by measuring the extent of
conversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1,4-cyclohexanedimethanol in passage of a reaction mixture
comprising the dialkyl 1,4-cyclohexanedicarboxylate and a
hydrogen-containing gas through the granular hydrogenation
catalyst at a preselected feed temperature, feed pressure,
~ dialkyl 1,4—cyclohexanedicarbox?late feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio; .
(c) determining an Effective Residence Time (ERT) for
contact of the reaction mixture at the preselected feed
temperature and feed pressure with the granular .
hydrogenation catalyst at the reference activity thereof
which produces 1,4-cyclohexanedimethanol having the desired
trans-:cis- isomer ratio;
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(d) forming a vaporous feed stream comprising the
dialkyl 1,4-cyclohexanedicarboxylate and a hydrogen-
containing gas having a preselected hydrogen-containing
gas:dialkyl 1,4-cyclohexanedicarboxylate molar ratio;

(e) feeding the vaporous feed stream to the
hydrogenation zone at a substantially constant temperature
of from about 150°C to about 350°C and which is above the
dew point of the feed stream and at a substantially constant
pressure in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar) at a rate which
corresponds to an Actual Residence Time (ART) of the feed
stream in contact with the catalyst which yields 1,4-
cyclohexanedimethanol of the desired trans-:cis- isomer

ratio;

(£) recovering from the hydrogenation zone a product
stream containing 1,4-cyclohexanedimethanol;

(g) monitoring the Actual Activity (AA) of the granular
hydrogenation catalyst with passage of time by measuring the
extent of conversion of the dialkyl 1,4-cyclohexanedi-
carboxylate to 1,4-cyclohexanedimethanol under the actual
operating conditions of feed temperature, feed pressure,
dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1,4-cyclohexanedicarboxylate
molar ratio; and _

(h) adjusting at least one feed condition of the
vaporous feed stream to the hydrogenation zone selected from
(1) the dialkyl 1,4-cyclohexanedicarboxylate feed rate and
(ii) the hydrogen-containing gas:dialkyl 1,4-cyclohexanedi-
carboxylate molar ratio while maintaining the feed stream
above its dew point to provide an Actual Residence Time
(ART) of the vaporous feed stream in contact with the
catalyst which corresponds to the Effective Residence Time
(ERT) required to provide 1,4-cyclohexanedimethanol having
the desired trans-:cig- isomer ratio in accordance with the

THIS SHEET HAS BEEN
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ABSTRACT

PROCESS FOR THE PRODUCTION OF 1,4-CYCLOHEXANEDIMETHANOL

A continuous process is described for the
production of 1,4-cyclohexanedimethanol having a
desired or predetermined trans-:cis- isomer ratio by
catalytic hydrogenation of a dialkyl 1,4-cyclohexane-
dicarboxylate in the presence of an ester hydrogenation
catalyst, which process is capable of being operated for an
extended period of time during which the hydrogenation
catalyst declines in catalytic activity, said process
comprising:
(a) providing a hydrogenation zone containing a charge
of a granular hydrogenation catalyst capable of catalysing
the hydrogenation of esters;
(b) determining a Reference Activity (RA) of the
granular hydrogenation catalyst by measuring the extent of
conversion of the dialkyl 1,4-cyclohexanedicarboxylate to
1,4-cyclohexanedimethanol in passage of a reaction mixture
comprising the dialkyl 1,4-cyclohexanedicarboxylate and a
hydrogen-containing gas through the granular hydrogenation
éétalyst at a preselected feed temperature, feed pressure,

" dialkyl 1,4-cyclohexanedicarboxylate feed rate, and
hydrogen-containing gas:dialkyl 1, 4-cyclohexanedicarboxylate
molar ratio;

(c) determining an Effective Residence Time (ERT) for
contact of the reaction mixture at the preselected feed
temperature and feed pressure with the granular .
hydrogenation catalyst at the reference activity thereof
which produces 1, 4-cyclohexanedimethanol having the desired
trans-:cig- isomer ratio;

REPLACEMENT SHEET

27 JUN 1997




