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Field of the invention

This invention relates to a process for the
production of cyclohexanedimethanol.
_ Background of the invention
f 1,4-cyclohexanedimethanocl 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-cyclochexanedimethanol for such purposes is
disclosed in, for example, US-A-2901466. This document
teaches that the trang-isomer of polycyclchexylene-
dimethylene terephthalate has a higher melting point range -.
(315°-320°C) than the corresponding cig-isomer (260°-267°C).
' One method for preparing 1,4-cyclohexanedimethanol
(hexahydroterephthalyl alcohol) involves the hydrogenation

of diethyl 1,4-cyclohexanedicarboxylate (diethyl hexahydro-
terephthalate) 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):-

1\ '
cn3o-cOc-oc33 + 4H, =2 HO—CHZOCHZ-OH + 2CH,0H
1,4-DMCD 1,4-CHDM (1).

The two geometrical isomers of CHDM thus produced are:
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di met hiyl ene terephthal ate has a higher nelting point range
(315[err]-320[err]C) than the correspondi ng cis-isoner .

((260[ g r]-267[err]C). One nethod for prepakng 1, 4-cycl ohexanedi net hanol
(hexahydr ot erepht hal yl al cohol) involves the hydrogenation of diethyl

1, 4- cycl ohexanedi car boxyl at e (di ethyl hexahydro- terephthalate) in a slurry
phaselreactor in the presence of a copper ¢hgomte catalyst at a pressure
of 3000 psia (about 206.84 bar) and a tenperature of 255[err]C, as is
described in Exanple 3 of US-A-2105664. The yield is said to be 77.5% The
hydrogenati on of dinethyl 1,4-cyclohexane- dicarboxylate (DMCD) to

1, 4- cyicl ohexanedi net hanol (CHDM) is shown below in equation (1):- [err]
HO-HZC: ; CH20H HO-HZC ’ ? H
: H H H CH,CH
¢cis-CHDM trans-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, gis ... and trans ..., that are not interconvertible
without bond rupture". The passage continues later:

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

The ¢gig-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 transg-isomer is often
preferred over the gig-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 gig-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 frans-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.
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The tvaéeonetrical i somers of CHDM thus produced are:. - 2- [err] The
resul tijng 1, 4-cycl ohexanedi net hanol product is a m xture of these two
Fsomerq which have different nelting pointse~ As reported on page 9 of the
book "Hiber Chemi stry” edited by Menachem Lewis and Eli M Pearce,
publisited by Marcel Dekker, Inc.: "Both the alicyclic ester [i.e. dinethyl
1, 4- cygl ohexanedi car boxyl ate] and the alicycly c diol

[i.e.1,]4-cycl ohexanedi net hanol] exist in two isoneric

A liquid phase process for the production of 1,4-
cyclohexanedimethanol by plural stage hydrogenation of
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-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. It is stated at column..
16 line 72 et seq.: "We have found that the copper chromite
hydrogenation catalyst is sensitive to the presence of the
monoalkyl ester of 1,4-cyclohexanedicarboxylic acid
(referred to for brevity as the "acid-ester") which is
formed as a by-product in the first hydrogenation stage.
Our investigations have shown that concentrations of the
acid-ester up to about 2 weight percent in the feed for the
copper chromite can be tolerated. Howéver, with
substantially larger concentrations, e.g., 5 weight percent,
of acid-ester in the dialkyl cyclohexanedicarboxylate feed
the activity of the copper chromite catalyst decreases
markedly’-

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 (trans-:¢is- 1,4-cyclo-
hexanedimethanol) (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
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for cis ... and trans ..., that are not interconvertible w thout bond

rupt gre". The passage continues later: "Control of the [cis-:trans-] ratio
I‘'s igportant [in 1,4- cyclohexanedi net hanal,] since many pol ymer and fi ber
propgrties depend on it". The cis-isonmer of 1,4-cyclohexanedi nethanol has a
mel t§ng point of 43[err]C and the trans has a nelting point of 67[err]C
The higher nelting point trans-isoner is gften preferred over the
cis-fsonmer for use as a reagent in the preparation of polyester and
poly=ster-an1des if a high melting point for such naterials is considered
desi ed above, the trans S r of a t I cal o%olél,est%rn,d such as

tran:-po??gﬁgF ﬂé%&FﬁEﬂ%ﬂ ehg§ 2 mi ture

trans-isomers whereln there is a preponderance of the cis-
isomer. Thus in a typical commercial grade of dimethyl 1,4-
cyclohexanedicarboxylate the trans-:cis- isomer ratio is
from about 0.5:1 to about 0.6:1. :

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

US-A-2917549 discloses a process for iscomerising
cis-1,4-cyclohexanedimethanocl to trans-1,4-cyclohexanedi-
methanol which comprises heating cis-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 gis-/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
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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hi gherfnelting point than the cis-isoner. Hence, for exanple, US-A-5124435
di scl opes a pol yester copolyner, the 1, 4-cycl ohexanedi net hanol content of
ich pas a trans- isonmer content of at |east 80 nole % and which has a
hi gh hpat resistance. The prefernent of trans-1, 4-cycl ohexanedi - net hanol
over c}s-1,4-cycl ohexanedi nethanol is also discussed in US-A-2917549, in
US-A-4599090 and in GB-A- 988316. A |iqu & phase process for the
production of 1,4- cycl ohexanedi met hanol by plural stage hydrogenation of

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 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-cyclohexanedimethancl) 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 gisg-/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 c¢is-isomer enriched product is
combined with fresh dimethyl 1,4-cyclochexanedicarboxylate
feed on;re—entry to the hydrogenation zone. The
effectiveness of recycling the cig-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 cis-isomer in
this way is acknowledged to cause a new problem, that of the
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d!Lethyl terephthal ate is described in US-A-3334149. This utilises a

| I adi um catal yst to effect hydrogenation of dinmethyl terephthalate to

met hyl 1, 4-cycl ohexanedi - car boxyl at e, fQJIomed by use of a copper

romte catalyst in the liquid phase to catal yse the hydrogenation of that
ester to 1, 4-cycl ohexanedi nethanol. In the procedure described in Exanple
of that patent specification a residegfe time of about 40 to 50 m nutes
used in the second stage of this proces The activity of the copper
romte catal ysts recomended in US- A- 3334149 is such that Iong resi dence
jmes are required. It is stated at colum 16 line 72 et seq.: "W have

und t ermakd ono@fe unmantad dymphcsiyerta,i euatatas ys-unetshyéens-l tive to the

eSenCﬁyﬁEo&@%ethylcyclohexane, 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

b o e A s ¢

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 term$ 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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nonpal kyl ester of 1, 4-cycl ohexanedi carboxylic acid (referred to for
breyity as the "acid-ester"”) which is fornmed as a by-product in the first
hydfogenation stage. Qur investigations hawxe shown that concentrations of
thejaci d-ester up to about 2 weight percent in the feed for the copper

chr

bm te can be tol erated. However, with substantially |arger

congentrations, e.g., 5 weight percent, of acid-ester in the dialkyl
cyclohexanedi car boxyl ate feed the activrtg of the copper chromte catalyst
decfeases markedly". In a liquid phase process for the production of

1, 43 cycl ohexanedi met hanol, such as is disclosed in US-A- 3334149, the
traps-: ci bexabpdeotezepbtbhlabe pooddcbelis- 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 gis-isomer, i.e. a trang-:gis-
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
dicarboxylic 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, typiéally a dialkyl ester, of a
C, 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-86/0'7358, and WO-A-
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hexanedi met hanol will tend towards an equilibriumvalue. This

I bri um val ue has been reported variously and nay |ie between about
1 (trans- :cis- 1,4-cyclo- hexanedi netdanol) (as reported in
988316) and about 3:1 (as reported in US-A-2917549). However, the
ing material, dinmethyl 1,4-cyclohexanedi carboxylate, is -4-

ally comrercially obtainable as a nirxBure of cis- and trans-isoners
in there is a preponderance of the cis- isonmer. Thus in a typical
rcial grade of dinmethyl 1,4-

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.

Because of the sensitivity of the conventionally
used copper chromite catalysts to the presence of acidic
impurities in the dimethyl 1,4-cyclohexanedicarboxylate feed
material in a conventional liquid phase hydrogenation
process it is usual to purify the feed material to remove at
least most of the acidic impurities present in the dimethyl
1,4-cyclohexanedicarboxylate feedstock.

It would be advantageous to be able to use for the
production of cyclohexanedimethancl a relatively impure
dimethyl cyclohexanedicarboxylate feedstock which still has
a significant content of the acidic inpurity methyl hydrogen
cyclohexanedicarboxylate.

Summary of the invention

It is accordingly an object of the present
invention to provide a process for the production of cyclo-
hexanedimethanol by hydrogenation of a dialkyl cyclohexane-
dicarboxylate, for example dimethyl cyclohexanedi- '
carboxylate, having a significant content of the
corresponding alkyl, e.g. methyl, hydrogen cyclohexanedi-
.carboxylate and/or cyclohexanedicarboxylic acid. It further
seeks to provide such a process 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 cyclohexanedi-
methanol by hydrogenation of an acidic grade of dialkyl
cyclohexanedicarboxylate wherein the hydrogenation step
yields directly from a gcis-rijch dialkyl cyclohexanedi-
carboxylate a cyclohexanedimethanol product with a higher
trans-:cis- isomer ratio than is achievable by conventional
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exanedi car boxyl ate the trans-:cis- isonmer ratio is from 0.5:1
0.6:1. Attenpts to deal with the problem of the presence of an
s of the less desirable cis-1,4-cycl eghkexanedi f- nmethanol isoner in any
ss for 1, 4-cycl ohexanedi net hanol manufacture have focused on the
risation of the cis- isonmer of cyclohexanedi nethanol to the
-isonmer thereof. US-A-2917549 disclqses .a process for isonerising
, 4- cycl ohexanedi nmet hanol to trans-1, 4-cycl ohexanedi - met hanol which
i ses heating cis-1,4-cycl ohexanedi - nethanol at a tenperature of at
200[ er.r iLn_the presence of an al koxi.de of g_|l.ower atom c weight
suc hﬁ nggF ﬁF&Iﬁ\ons FEEBASy0t BETCEm1 L 48 By Stdd La st hegobiect
of the invention to aveid 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-cyclohexanedi-
carboxylate with a significant acid content is reacted
rapidly and without appreciable loss of catalyst activity
with high conversion and high selectivity to a mixture of
cis- and trans-isomers of 1,4-cyclohexanedimethanol.
According to the present invention there is
provided a process for the production of cyclchexanedi-
methanol by hydrogenation of a dialkyl cyclohexanedi-

carboxylate which comprises the steps of:

(a) providing a hydrogenation zone containing a charge
of a granular reduced manganese promoted copper catalyst;
{b) forming a vaporous feed stream of a hydrogenatable

material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt% up to about 15 wt% of an acidic material
at a feed temperature which is in the range of from about

1 150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range of
from about 150 psia (about 10.34 bar) up to about 2000 psia
‘(about 137-=-90 bar), said vaporous mixture having a known
hydrogen-containing gas:dialkyl cyclohexanedicarboxylate

ratio;

(e) supplying the vaporous feed stream to the
hydrogenation zone;

(d) maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the
reaction mixture in contact-with the catalyst above its dew
point;

(e) passing the vaporous feed stream through the
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Howeve the process of US-A-2917549 necessarily involves a two-stage
proces§ wherein the initial cis-/trans- 1,4- cycl ohexanedi net hanol

hydr oggnati on product is recovered fromtheshydrogenati on zone and

subj ectfed to tenperatures in excess of 200[err]C in the presence of a netal
al koxi catal yst under an atnosphere of nitrogen. The capital and

oper atifonal costs associated with a plant desggned to carry out the process
taught fin US- A-2917549 woul d be undesirably high. Another disadvantage of
such alplant is the associated hazard relating to the use of netal

al koxi des as cat al in the isonerisation zone. Such catalysts are
requirdgd to eﬁ¥éﬁ?¥$%§tfg8nﬁ?F§at?Bﬁ, which is reported not to occur under

typi cal} hydrofhati on readirerbng fisomgthe hydrogenation zone a product
stream comprising cyclohexanedimethanol.

The invention is based upon the surprising
discovery that, not only is the conversion of the starting
material, i.e. dialkyl cyclohexanedicarboxylate, to the
product, i.e. cyclohexanedimethanol, 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 isomerisation of 1,4-
cyclohexanedimethanol that occurs in passage through the
hydrogenation zone is comparably rapid. This is a

surprising finding since two separate reactions are
involved. Thus, for example, when the hydrogenatable
material comprises a cigs-rich dimethyl 1,4-cyclohexanedi-
carboxylate having a trans-:cis- isomer ratio of less than
about 1:1, e.g. about 0.5:1 to about 0.6:1, a high
trans-:cis- 1,4-cyclohexanedimethanol ratio, typically
greater than about 2.0:1 up to about 3.84:1, as well as
essentially complete conversion of dialkyl 1,4-cyclohexane-
dicarboxylate to 1,4-cyclohexanedimethanol, 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 prior art, such as the 40 to 50 minutes
residence time used in Example 1 of US-A-3334149.

By the term "residence time" we mean the time taken
for the reaction mixture at the temperature and pressure -
conditions used in the hydrogenation zone to pass through
the empty volume of reactor occupied by the catalyst.

It is also surprising to find that, although the
prior art teaches that acidic materials, sﬁch as alkyl (e.g.
methyl) hydrogen cyclohexanedicarboxylate, have a
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tion catal ysts such as copper/chrome or Raney nickel catal yst

g to the teaching of Exanple 11 of US-A-2917549. Furthernore,

e required to prevent product contamgnation by the metal al koxi
t.
- cycl ohexanedi net hanol by distillation in the presence of an al

US- A- 4999090 di scl oses a process for the isonerisation of

ydr oxi de or al koxide at a tenperature of between 150[err]C and

]C and at a pressure of between T

deleterioué effect upon copper-containing catalysts, such as

- copper chromite, in liquid phase operation, yet the presence

of very significant amounts of such acidic materials, i.e.
from about 0.1 wt¥% up to about 15 wt%, can be tolerated in
the feed dialkyl (e.g. dimethyl) cyclohexanedicarboxylate
when using a reduced manganese promoted copper catalyst
under the vapour phase hydrogenation conditions of the
process of the present invention, without significant loss
of catalyst activity.

The process of the invention is operated using
vaporous feed conditions with the feed stream being supplied
to the hydrogenation zone in essentially liquid free
vaporous form. Hence the feed stream is supplied to the
hydrogenation zone at a feed temperature which is above its
dew point. The process is further operated so that vapour
phase conditions exist throughout the hydrogenation zone.
Thus 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 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. |

In the hydrogenation zone the hydrogenatable
material undergoes extremely rapid hydrogenation to yield
cyclohexanedimethanol, as exemplified by equation (1) above.
In addition, a comparably fast isomerisation reaction occurs
under the hydrogenation conditions used. Hence a
hydrogenatable material rich’ in gig-dimethyl cyclohexane-
dicarboxylate tends to yield a 1,4-cyclohexanedimethanol
that has a higher content of the trans-isomer thereof than

S,
st eps
de

kal i

rhh Hg and 50 mm Hg (bet ween 1.33
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Kar and 66.5 mllibar). This process has very simlar disadvantages to
of US-A-2917549. (B- A-988316 teaches a process for the preparation of
1, 4- cycl ohexanedi net hanol in which a.# xture of cis- and

i somers of dinethyl hexahydroterephthalate (i.e. dinethyl

cl ohexanedi car boxyl ate) is hydrogenated at el evated tenperature and
ire in the presence of a Cu/Zn cataly3g. -

1, 4-di met hyl ol cycl ohexane (i.e. trans-1, 4-cycl ohexanedi net hanol) is
pt ed by crystallisation fromthe reaction product and then the

pal  ptleductangosontehehsd tReCheattingyaialexanedi - nethanol, is

ed to the hyd;oge ation zoge mgereupon,lt under goes i sonerisation to
L /trans- 1,4-c BIBH@XﬁﬁEﬁiQ hydrogenation of a ¢ig-isomer rich

dimethyl 1,4-cyclohexanedicarboxylate, i.e. a material with
a trans-:cig isomer ratio of less than about 1:1, we have
found that the trans-:cis- isomer. ratio of the 1,4-cyclo-
hexanedimethanol present in the reaction product mixture can
be as high as approximately 3.84:1 under vapour phase
hydrogenation conditions. This ratio is significantly

higher than the ratio of between 2.57:1 and 3:1 which is
reported to be achieved with such a cis-rich dimethyl 1,4-
cyclohexanedicarboxylate feedstock under liquid phase
reaction conditions at low conversions.

In a preferred process the dialkyl cyclohexane-
‘dicarboxylate is a di-(C; to C, alkyl) cyclohexanedi-
carboxylate, e.g. a dimethyl, diethyl, di-p- or -iso-propyl,
or di-n-, -iso- or -gsec-butyl cyclohexanedicarboxylate, more
preferably dimethyl cyclohexanedicarboxylate. In an
especially preferred process the dialkyl cyclohexanedi-
carboxylate is dimethyl 1,4-cyclohexanedicarboxylate.

The hydrogenatable material may contain from about
0.1 wt% up to about 15 wt%, more usually greater than about
2 wt% up to about 10 wt%, e.g. from about 2.5 wt% up to
about 5 wt%, of an acidic material such as an alkyl (e.g.
methyl) hydrogen cyclohexanedicarboxylate and/or
cyclohexanedicarboxylic acid.

When using dimethyl 1,4-cyclohexanedicarboxylate
feed there may be used any feedstock containing a
significant quantity of dimethyl 1,4-cyclohexane-
dicarboxylate. The feed ester dimethyl 1,4-cyclohexane-
dicarboxylate is commercially available as high purity
dimethyl 1,4-cyclohexanedicarboxylate, technical grade
dimethyl 1,4-cyclohexanedicarboxylate, cig-dimethyl 1,4-
cyclohexanedicarboxylate, or trangs-dimethyl 1,4-
cyclohexanedicarboxylate. The preferred feedstock for the
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met hanol §m xture. The recycle procedure may be repeated to obtain a

1, 4- cycl phexanedi net hanol product containing the trans-isoner in
substantfal excess. However, the process ag% rding to GB-A-988316 is nore
preferably operated under condltlons such recycl ed cis-isonmer enriched
product fs conmbined with fresh dinethyl 1, 4-cycl ohexanedi carboxyl ate feed
on re-enjry to the hydrogenation zone. The -efhhectiveness of recycling the
cis-isonpr to the hydrogenation zone is largely a result of the dual
function}jof the copper/zinc catalyst mhlch possesses both a hydrogenating

and an ifponerising ca aI tic actiaon. mggld b expﬁgted fraom
t her nodyhani BXBFERE; BEeShet ABVERSARR don§hec teghn; grager dimefd¥idhen a

m xt ure :ontaLmLOgcaohexanedlcarboxylate

Whilst the process is used to advantage for the
hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate, it
will be understood by those skilled in the art that the
process of the invention may be equally well applied to the
hydrogenation of any or all of the isomers of dimethyl
cyclohexanedicarboxylate and mixtures thereof. Thus the
process can be used with dimethyl 1,2-cyclohexanedi-
carboxylate containing, for example, methyl hydrogen 1,2-
cyclohexanedicarboxylate and/or 1,2-cyclohexanedicarboxylic
acid, dimethyl 1,3-cyclohexanedicarboxylate containing, for
example, methyl hydrogen 1, 3-cyclochexanedicarboxylate and/or
1,3-cyclohexanedicarboxylic acid, or dimethyl 1,4-
cyclohexanedicarboxylate containing, for example, methyl
hydrogen 1, 4-cyclohexanedicarboxylate and/or 1,4-
cyclohexanedicarboxylic acid.

In the prior art hydrogenation of dimethyl

- cyclohexanedicarboxylate has normally been carried out as a

high pressure, liquid phase process. It is surprising that,
despite the relatively high molecular weight and low vapour
pressure of dimethyl cyclchexanedicarboxylate at
temperatures below those at which some thermal decomposition
is likely, e.g. below about 300°C, it is possible to design
a viable_-commercial hydrogenation plant for hydrogenation of
dimethyl cyclohexanedicarboxylate which utilises wvapour
phase feed conditions. It is moreover surprising that,
although the prior art teaches that the presence of acidic
materials in the dialkyl cyclohexanedicarboxylate feedstock
deleteriously affects the activity of copper-containing
catalysts, no such disadvantage appears to arise when using
a reduced manganese promoted copper catalyst and vapour
phase hydrogenation conditions.

It is surprising that the process of the invention
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prepofder ance of the cis-isonmer is recycled to the hydrogenati on zone.
However, recycling the cis-isoner in this way is acknow edged to cause a
new pjobl em that of the formati on of wawanted by-products, such as
1- net gyl - 4- hydr oxymnet hyl cycl ohexane, which nay be formed by operating the
hydr ogenati on reaction under too severe conditions. To mnimse the
formagi on of such by-products, the hydroggnﬁ%ipn zone nmay be operated under
"relagively mld conditions", according to the teaching of GB-A 988316
(see, Jfor exanple page 2, lines 55 to 79 of GB-A-988316).

can generate from a cig-rich dimethyl 1,4-cyclohexanedi-
carboxylate a 1,4-cyclohexanedimethanol product mixture

whose trang-:cig-isomer ratio is in excess of the ratio that
is the normal reported equilibrium ratio under liquid phase
conditions. Thus, although the normal reported trans-:cis-
isomer equilibrium ratio, under liquid phase conditions, can
under favourable conditions be as high as about 3:1 when
using a gis-rich dimethyl 1,4-cyclohexanedicarboxylate, the
present invention, which operates with vaporous

hydrogenation conditions, enables production in a single

step from a cgig-rich dimethyl 1,4-cyclohexanedicarboxylate

of 1,4-cyclohexanedimethancl with a trans-:cig-isomer ratio
as high as 3.84:1. When using trang-dimethyl 1,4-cyclo-
hexanedicarboxylate the transg-:cig- isomer ratio of the 1,4-
cyclohexanedimathanol product alsc tends towards the
equilibrium ratio, i.e. about 3.84:1.

It is also surprising that the process of the
invention can be operated for extended periods of up to
several months or more, at high selectivity to the desired
cyclohexanedimethanol product and at high conversion of the

starting dialkyl cyclohexanedicarboxylate, since the
prejudice in the art is that copper-containing ester
hydrogenation catalysts would have only a short operating
life and low activity at low operating pressures.

In the prior art it is made clear that the
hydrogenation of dimethyl 1,4-c?clohexanedicarboxylatg
(dimethyl hexahydroterephthalate) 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 l-methyl-4-hydroxymethylcyclohexane. It
is surprising to find that the process of the invention can
be operated so that, despité the presence of a very large
excess of hydrogen and the use of a very large vapour
pressure of hydrogen compared to the relatively low vapour
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Howevgr, such mld conditions reduce the achi eved conversion of dinethyl

1, 4- cycl ohexanedi carboxylate with the result that, for any one pass through
the hydrogenation zone, a significant quaniity of di nethyl

hexahgdr ot er epht hal at e (di met hyl 1, 4-cycl ohexanedi carboxyl ate) remains
unconfyerted. By the term"relatively mld conditions"” is neant a
tenpefature of at |east 200[err]C, preferablLy between 240[err]C and
300[efr]C, and a pressure of 200 to 300 atndspheres (202.65 bar to 303.98
bar), Jaccording to page 2, lines 26 to 32 of GB-A- 988316. The use of such
hi gh pressures at these,elevated t enperatures can be hazardous, besides
requi |i ng PeeRsWwre of tdimerhklvwayriohayanedhgarboxytate athal regctlon

const fuct gsrdCedds NPAPDE1 § UG RXA T $8By PhESRUESRVe FBISR bF ASmEXRFDSI Ve to
cyclohexanedicarboxylate to the desired product, i.e.
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 cyclohexanedicarboxylate to cyclohexanedi-
methanol can be as high as 98 mole¥ or higher with a
selectivity to cyclohexanedimethanol of greater than 96
mole%¥. It is surprising to find that this occurs despite
the presence of an impurity in the feedstock with a
potentially damaging influence upon the activity of the
catalyst.

In a commercial plant the process will normally be
operated on a continuous basis. It may be preferred to
employ at least two hydrogenation zones, each containing a
charge of a heterogeneous 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 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 secend 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
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constfuct a plant to operate at pressures as high as envisaged in
GB- A-p88316. Furthernore it is potentially hazardous to operate a pl ant
operaling at 200 at nospheres (202. 65 bar).gi above, as well as being very
expengive, not only in terns of the capital cost of the plant but also with
regarfl to operating costs. A substantial proportion of this capital cost is
assocfated with the rigorous safety precayti§n§ t hat nmust be taken when.
operajing a high pressure conventional conmercial scal e hydrogenation
plantf It is also expensive to conpress gaseous streans to such high
presspres and to circulate themthrough the plant. Al though there is a
passi hg r efidiSeriddng amemdee 1repiare ghefenip e gyezkyst £ ®&f "the
gaseobs phase”, everThe 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 the present
low pressure process utilising vaporous feed conditions are -
best realised by carrying out the process 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)
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 stream must be
controlled so that, under the selected operating conditions,
the temperature of the feed stream 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 stream to the
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 feed
stream for use in the process of the invention is to spray
liquid dialkyl (e.g. dimethyl) cyclohexanedicarboxylate or a
dialkyl cyclohexanedicarboxylate solution into a stream of
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ét teJLeratures of 300[err]C both cis- and trans- dinethyl -7-

hexahydr ot er epht hal ate woul d be in the |iquid phase at pressures of 200 to
300 atlnrospheres (202.65 bar to 303.98 bar)_at the hydrogen:ester ratio
envi sgged in the Exanples. Thus in each of the Exanples of GB-A-988316

| i qui ¢ phase conditions are used. According to Exanple 4, which uses a feed
m xturle cont ai ni ng di et hyl hexahydrotereph%palatg (i.e. 1,4-dinethyl

cycl oljexanedi car boxyl ate), and net hanol such’as m ght be used in a
recyclji ng process, the isoners

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 dialkyl
cyclohexanedicarboxylate or dialkyl 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

stream prior to contact with the catalyst.

In the process of the invention the hydrogen-
containing gas:dialkyl (e.g. dimethyl) cyclohexane-
dicarboxylate molar ratio can vary within wide limits,
depending upon the temperature and pressure. Although the
major constituent of the hydrogen-containing gas is
hydrogen, other gases may also be introduced, normally in
minor amount, in the hydrogen-containing gas supplied to the
process, such as nitrogen, argon, methane, and carbon
oxides. 1In 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) 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.
Moreover the hydrogenation conditions are selected soc as to
maintain the reaction mixture in contact with the
hydrogenation catalyst always above its dew point. Hence,
when using dimethyl 1,4-cyclohexanedicarboxylate as the
diester starting material, it is necessary to have regard to
the fact that 1,4-cyclohexanedimethanol is less volatile
than the diester starting material, dimethyl 1,4-cyclo-
hexanedicarboxylate.

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,
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in the diol in the hydrogenation product are stated to represent an
I um m xture of about 72% of the trans- and about 28% of the

r, i.e. atrans-:cis- ratio of abgyt 2.57:1. It is known to effect
ation of certain esters and diesters in the vapour phase. For

exanplelit has been proposed to use a reduced copper oxide/zinc oxide _
catalys] for effecting hydrogenation of esgeié Ln the vapour phase. In this
connectjon attention is directed to GB-B- 2116552. Al so of relevance is

WO A-90f 8121. It is further known to produce diols, such as

but ane-fL, 4-diol, by.catal ytic hydrogenation of esters of dicarboxylic .
aci ds, fuch %gt598%%E?ﬁ9?¥0?m8PEFﬁfoe§9@P°BFnts 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. 1If gas recycle
is utilised in the process then the recycle gas will
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. For example, when using gas recycle,
the gas recycle stream will normally contain minor amounts
of an alkanol (e.g. methanol).

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 hydrogenatable material to
the hydrogenation zone as a space velocity 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™1. 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 mh~1 per m>
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cid, fumaric acid, succinic acid, or a mxture of two or nore

| Such processes are described, for exanple, in GB-A-1454440,

GB- A- 1§64263, DE- A-2719867, US-A- 4032458,.sand US- A-4172961. Production of
but anej§l, 4-di ol by vapour phase hydrogenation of a diester, typically a
ester, of a C4 dicarboxylic acid selected fromnmaleic acid, fumaric
uccinic acid, and a m xture of two-oggnore thereof has been
proposqd. In such a process the diester is conveniently a di-(Cerr] to

al kyl') ester, such as dinmethyl or diethyl maleate, fumarate, or

TS BTG Y B¢EsPa Bl E08) £99438 BRUPGie Hpace
veloc1ty is from about 0.1 h to about 1.0 h™l. If the
hydrogenatable material is a solid at ambient temperatures,
then it may be necessary to heat it sufficiently to melt it
or to dissolve it in a suitable inert solvent, in which
latter case the solvent is ignored for the purpose of
measuring the liquid hourly space velocity.

It will be readily apparent to those skilled in the
art that the rate of passage of the vaporous feed stream
through the hydrogenation zone will depend upon the feed
rate of the hydrogenatable material to the vaporisation zone
and upon the hydrogen-containing gas:hydrogenatable material
molar ratio.

The granular catalyst used in the process of the
invention may be formed into any suitable shape, e.g.
pellets, rings or saddles. '

The catalyst used in the process of the present
invention is a reduced manganese promoted copper catalyst.
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 which is available from
Davy Research and Development Limited, P.O. Box 37,
Bowesfield Lane, Stockton-on-Tees, Cleveland TS18 3HA,
England.

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 or each hydrogenation zone may comprise a
shell-and-tube reactor which may be operated under
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88/ 009B7. In all of the above-nentioned vapour phase processes the esters
or diefpters all have a vapour pressure which is high conpared to the vapour
pressufe of dinethyl 1,4-cyclohexanedi carbexyl ate and _

1, 4- cygl ohexanedi et hanol . Because of the sensitivity of the conventionally
used cppper chronite catalysts to the presence of acidic inpurities in the
di met hyl 1, 4-cycl ohexanedi carboxyl ate feed pggterial in a conventional

| i qui d} phase hydrogenation process it is usual to purify the feed nmateri al
to renpve at

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. 1If 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.
Brief description of the drawing

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

Figure 2 is a plot of catalyst activity against
time for a reduced manganese promoted copper catalyst and
for a reduced copper chromite catalyst using an acidic
dimethyl 1,4-cyclohexanedicarboxylate feedstock.

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.
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| east st of the acidic inpurities present in the dinmethyl

1, 4- cyfl ohexanedi car boxyl ate feedstock. It woul d be advant ageous to be able

t-0 usefjfor the production of cyclohexanediggthanol a relatively inpure

di nret hyl cycl ohexanedi car boxyl ate feedstock which still has a significant

conten} of the acidic inpurity methyl hydrogen cycl ohexanedi carboxyl at e.

Summar f of the invention It is accor’di mgly an object of the present

i nventjon to provide a process for the production of cyclo-

hexanefli met hanol by hydrogenatignm of a dargl kyl cycl ohexane- dicarboxyl at e,

for expnpl e dinethyl cycIo@?xgpe - garhoxyl ate, having a significant

conten} of the 3 o
. HME N N

E

Pore
vo

Density
g/cm3
1.420
1.452

Surface
area
m2/g
28
47.1

Al
<0.01

20.4

Ba
<0.01
<0.01

TABLE I
Mn

0.09

6.4

Zn
<0.01
<0.01

.0
0.26

Composition wt%
Cr
9

7.6
41.1

DRD 89/21
DRD 92/89

Catalyst

A
B
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corresgondi ng al kyl, e.g. nethyl, hydrogen cycl ohexanedi carboxyl ate and/ or
cycl ohgxanedi carboxylic acid. It further seeks to provide such a process
which dqan be operated with substantially ipcreased safety and operating
econo at relatively | ow pressures. Anot her object of the inventionis to
provi dg a process for production of cycl ohexanedi- nethanol by

hydr oggnati on of an acidic grade of dial kyl cycl ohexanedi carboxyl ate
wherei ] the hydrogenati on step yields direCtPé froma cis-rich dial kyl

cycl ohgxanedi - carboxyl ate a cycl ohexanedi net hanol product with a higher
trans-:cis- isoner ratio than is achievable by conventional

Example 1
The hydrogenation of a technical grade of dimethyl

1,4-cyclohexanedicarboxylate was investigated using the
apparatus of Figure 1. The composition of the technical
grade feed was: 33.32 wt% trans-dimethyl 1,4-
cyclohexanedicarboxylate, 61.89 wt% cis-dimethyl 1,4-
cyclohexanedicarboxylate, 0.60 wt% methyl hydrogen 1,4-
cyclohexanedicarboxylate of formula

0 o

f |

HO-C C-OCH,

and 0.07 wt% water, with the balance being impurities.

In a commercial plént, hydrogen gas is
advantageously recycled through the hydrogenation zone. The
recycle hydrogen will contain a quantity of methanol vapour
produced by the hydrogenation of dimethyl 1,4-cyclohexanedi-
carboxylate. Hence, the vaporous feed stream supplied to
the hydrogenation zone in a commercial plant will generally
contain methanol in addition to hydrogen and a
hydrogenatable material. In order that the experimental rig
described herebelow 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 herebelow, 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
therefore "knocked ocut" of the experimental recycle hydrogen
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-9- hydrogenati on nethods. Hence it is a still further object of the

I nvenffion to avoid the increased capital and operating costs of the prior
art pgocesses nentioned above which requiregxst he use of extrene

hydr ogenati on conditions or a separate isonerisation step. It is also an
obj ect of the present invention to provide a process wherein a m xture of
cis- and trans- isoners of dinethyl 1,4-cycgwhexanedi- carboxylate with a
signiflicant acid content is reacted rapidly and w thout appreciable |Ioss of
catal yst activity with high conversion and high selectivity to a m xture of

cis- and tréﬂ?%iﬁ?"mﬁﬁﬁéﬁdfséigggﬁgyeﬁ@@ﬁgégeéﬂgn&kperimental rig and a
commercial plant is necessitated by the delicacy of the
equipment, particularly the analytical equipment, used in
the experimental rig. 1In all the 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

'l. An approximately 70 wt% solution of the dimethyl 1,4-
cyclohexanedicafboxylate feed is supplied 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 6mm x 6émm 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
supplied to the vaporiser vessel 111 is assisted by heating
tape 117. A saturated vaporous mixture comprising dimethyl

i
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Accorling to the present invention there is provided a process for the
produeti on of cycl ohexanedi - net hanol by hydrogenation of a dial kyl

cycl ghexanedi - carboxyl ate whi ch conpri ses«the steps of: (a) provi di ng
a hydyogenation zone containing a charge of a granul ar reduced manganese
pro ed copper catalyst; (b) form ng a vaporous feed streamof a

hydr ogenat abl e material conprising a dialk%I cycl ohexanedi car boxyl at e and
fromiabout 0.1 wt% up to about 15 wt % of "afi*acidic material at a feed
tenpgrature which is in the range of from about 150[err]C to about
350[grr] C and which is above the dew point of the feed streamand at a feed
presqure whi ¢hcyclohexanedinasbexylaten anduhydsogesni as(neocavet@d3dnbar) up

to ahout 200QeP$i8 from the top of vaporiser vessel 111. The vaporous
mixture is heated by heatihg 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 300 ml (428.1 g) of a pelleted manganese
promoted copper on alumina hydrogenation catalyst 121. The
i catalyst was catalyst B of Table I. Glass rings are packed
I 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) wrapped around reactor 120 under the control of
appropriately positioned thermocouples (not shown) and by
thermal insulation of the reactor 120. 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 d mass flow controller 137 from
high purity hydrogen cylinders (not shown).

The heated hydrogen-containing gas from heat
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(abo 137.90 bar), said vaporous m xture having a known

hydr n- cont ai ni ng gas: di al kyl . cycl ohexanedi carboxylate ratio in the range
of frgm10:1 up to 8000:1. (c) suppl yi.gg the vaporous feed streamto

t he hydrogenati on zone; (d) mai nt ai ni ng hydrogenati on conditions in

t he hydrogenati on zone which are effective to maintain the reaction mxture
in coftact with the catalyst above its dewqoint; (e) passi ng the
vapordus feed streamthrough the

i exchanger 123 passes on in line 114 and is heated further by
electrical heating tape 138 for supply to the vaporiser
f vessel 111.
g 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 methanocl 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 control of valve 160.

Reference numeral 161 indicates a bypass valve.

At start up of the apparatus the charge of caEalyst
was placed in reactor 120 which was then purged with
nitrogen. The catalyst charge was then reduced carefully by
a method similar to that described in EP-A-0301853.

The high purity dimethyl 1,4-cyclchexanedi-
carboxylate, appropriately spiked with the acidic material
and diluted with methanol, was then pumped to the vaporiser
111 at a rate of 141 ml/h corresponding to a liquid hourly
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ydrogenati on zone: and (f) recovering fromthe hydrogenation
product stream conprising cycl ohexanedi net hanol. The invention is
Based @pon the surprising discovery that, ot only is the conversion of the
startigg material, i.e. dialkyl cyclohexanedi carboxylate, to the product,
| . e. c¥cl ohexanedi net hanol, extrenely rapid under the vapour phase
hydr oggnati on conditions used, requiring only a matter of a few seconds for
substahtially conplete conversion to occur,zéut al so the isonerisation of
1, 4- cycl ohexanedi net hanol that occurs in passage through the hydrogenation
zone iF conpar abl y rap{d. This is a
: ; space velocity of 0.47 h™1, The gas:dimethyl 1,4-cyclo-
hexanedicarboxylate molar ratio in the vaporous mixture in
line 118 was 477:1. The inlet temperature to reactor 120
was 223°C and the inlet pressure was 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 by capillary
gas chromatography using a 15 m long, 0.32 mm internal
diameter fused silica column coated internally with a 0.25
pym film of DB wax, a helium flow rate of 2 ml/minute with a
gés 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. The following compounds were detected in the
reaction mixture: 1,4-cyclohexanedimethanol, dimethyl 1,4-
cyclohexanedicarboxylate, 4-me£hcxymethyl cyclohexane-
methanol, di- (4-methoxymethylcyclohexylmethyl) ether, and
methanol. The acidity of the recovered reaction mixture was
measured by titration. From the results obtained it was
demonstrated that dimethyl 1,4-cyclohexanedicarboxylate had
been converted in excess of 97.9%, while the acidic
materials had been convertéd in excess of 99.5%, with a
selectivity to 1,4-cyclohexanedimethanol of 99.35% being
obtained, the balance being minor by-products. After making
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ing finding since two separate reactions are involved. Thus, for

, when the hydrogenatable naterial conprises a cis-rich dinethyl

| ohexanedi - carboxyl ate having a traps-:cis- isonmer ratio of |ess
out 1:1, e.g. about 0.5:1 to about 0.6:1, a high trans-:cis-

1, 4- cylcl ohexanedi met hanol ratio, typically greater than about 2.0:1 up to
about 3.84:1, as well as essentially coane%q conversion of dial kyl

1, 4- cycl ohexane- di carboxylate to 1, 4-cycl ohexanedi net hanol, can be

achi eved by using a residence tine of |ess than about a m nute of the
reaction mxture in the hydrogenation zone, typically in the range of from
about 2 to HpBALIBWAREBNERT FhesmeehanehcBrefRRt| 4nj hhet ferdceainkient o

t he extendesf rébmelengt 1} #eSyclohexanedicarboxylate 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 are listed in Table II below,
together with the results from Examples 2 and 3.

Example 2

The feed was changed to a mixture of the technical
grade of dimethyl 1,4-cyclochexanedicarboxylate and a
quantity of a crude trans-dimethyl 1,4-cyclohexane-

dicarboxylate containing approximately 30 wt% of acidic
materials comprising methyl hydrogen 1,4-cyclohexanedi-
carboxylate and 1,4-cyclohexanedicarboxylic acid. This
mixture contained 6.50 wty¥ of acidic material as determined
by titration. The results are noted in Table 1II.

Example 3

The feed was switched back from the mixture used in
Example 2 to the technical grade 1,4-cyclohexanedi-
carboxylate. The results are listed in Table II.

The run of each of Examples 1 to 3 lasted a number
of hours during which no significant loss of catalyst
activity was noted. Comparison of Examples 1 and 3 shows
that essentially no loss of catalyst activity occurred

"during the three Examples; the slight change in conversion
can be ascribed to the use of different liquid hourly space
velocities in Examples 1 and 3 leading to a corresponding
difference in residence time of the reaction mixture in
contact with the hydrogenation catalyst.
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recoé!lnded in the prior art, such as the 40 to 50 minutes residence tine
used in Exanple 1 of US-A-3334149. By the term"residence tine" we nean the
t'ime taken for the reaction mxture at the<ienperature and pressure
conditions used in the hydrogenati on zone to pass through the enpty vol une
of reactor occupied by the catal yst. 2Bt <is also surprising to find that,

al t hough the prior—artt hes that acidic materials, such as al kyl (e.g.
met hyl ) hydropgen cy Lohexanedicarboxylate, have a -11-
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del et erMous effect upon copper-containing catalysts, such as copper
chromtg, in |iquid phase operation, yet the presence of very significant
.amounts jof such acidic materials, i.e. fres about 0.1 W% up to about 15
W% can be tolerated in the feed dialkyl (e.g. dinmethyl)

cycl ohexanedi car boxyl at e when using a reduced manganese pronoted copper
cat al yst under the vapour phase hydrogenation conditions of the process of
the present invention, wthout significant 1A% of catalyst activity. The
process of the invention is operated using vaporous feed conditions with
the feed stream being supplied to the hydrogenation zone in essentially
liquid free vaporous form Hence the feed streamis supplied to the

Notes to Table II:

MHCD = methyl hydrogen 1,4-cyclohexanedicarboxylate
DMCD = dimethyl 1, 4-cyclohexanedicarboxylate

LHSV = liquid hourly space velocity

CHDM = cyclohexanedimethanol

Gas = hydrogen-containing gas containing more

than 98% v/v hydrogen
Examples 4 to 7 (Comparison Examples)

Using a similar apparatus and procedure to that
described in Example 1, four further runs were made using a
charge of 250 ml of catalyst A of Table I. The results are
tabulated below in Table III. The Notes to Table II apply
also to Table III. Catalyst A is also available from Davy
Research and Development Limited.
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hydr og tion zone at a feed tenperature which is above its dew point. The
process¥i s further operated so that vapour phase conditions exist

t hr oughqut the hydrogenati on zone. Thus itsgls essential that the feed
stream e at a tenperature above its dew point at the inlet end of the
catalysh bed i f the advantage of vapod® phase feed conditions is to be
real i sed. The use of vapour phase feed conditions in the process of the

i nventi on has theagvantage—that—ecoetpeafied with |iquid phase operation of
t he process, gEnera | yp | OWefr operating pressures can be used. This
general Iy has s gni f§ cant| and beneficijal effect not only on the
construction cpsﬁf putd al so 08 uhemoper ting costs of the plant.
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mat eri al

drogenati on zone the hydrogenatabl e material undergoes extrenely
rogenation to yield cycl ohexanedi net hanol, as exenplified by
(1) above. In addition, a conparafly fast isomerisation reaction
nder the hydrogenation conditions used. Hence a hydrogenat abl e
rich in cis-dinmethyl cycl ohexane- dicarboxylate tends to yield a

1, 4- cycliohexanedi net hanol that has a higher content of the trans-isoner
t her eof than - 12- the trans-content of {81 starting diester.

In Figure 2 there are plotted the results obtained
using a feed of dimethyl 1,4-cyclohexanedicarboxylate
containing about 1.59 wt% of methyl hydrogen 1,4-cyclo-
hexanedicarboxylate during respective extended runs using
catalysts A and B. Each catalyst was assigned an initial
activity of 1.0 based on the conversion of dimethyl 1,4-
cyclohexanedicarboxylate at a standard set of conditions.
It was ascertained that catalyst was about 30% to about 40%
more productive than catalyst A for the production of 1,4-
cyclohexanedimethanol from dimethyl 1,4-cyclohexanedi-
carboxylate by hydrogenation. Figure 2, which is a plot of
the fraction of activity remaining against time of operation
plotted on the same scale for both catalysts, shows clearl&

.that the rate of loss of activity is significantly greater
for catalyst A than for Catalyst B.

.0
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In the !ase of hydrogenation of a cis-isomer rich dinethyl /.
1, 4- cycl ohexanedi car box l.e. a material with a trans-:cis isoner lf
ratio of |ess lmmﬁmﬂmﬁl@l we have foung,that the trans-:cis- isomner —_—
rati o of the “ di mret hanol present in the reaction product

m xture can be*as hlgh as approxinmately 3.84:1 under vapour phase

hydr ogenation conditions. This ratio is significantly higher than the '
ratio of between 2.57:1 and 3:1 which is rep8Rted to be achieved with such
a cis-rich dinmethyl 1,4- cyclohexanedi carboxyl ate feedstock under Iiquid
phase reaction conditions at | ow conversions. In a preferred process the

di al kyl cycl ehgxmge- dicarboxylate is a di-(Cferr] to (err] alkyl)
cycl ohexanedi - )
1. A process for the production of cyclohexanedi-

methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises the steps of:

(a) providing a hydrogenation zone containing a charge
of a granular reduced manganese promoted copper catalyst;
(b) forming a vaporous feed stream of a hydrogenatable

material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt% up to about 15 wt% of an acidic material
at a feed temperature which is in the range of from about
150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range of
from about 150 psia (about 10.34 bar) up to about 2000 psia
(about 137.90 bar), said vaporous mixture having a known
hydrogen-containing gas:dialkyl cyclohexanedicarboxylate
ratio;

(e) supplying the vaporous feed stream to the
hydrogenation zone;

(d) maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the catalyst above its dew
point;

(e) passing the vaporous feed stream through the
hydrogenation zone: and

(£) "recovering from the hydrogenation zone a product
stream comprising cyclohexanedimethanol.

2. A process according to claim 1, in which the
dialkyl cyclohexanedicarboxylate is dimethyl
cyclohexanedicarboxylate and in which the acidic material
comprises methyl hydrogen cyclohexanedicarboxylate and/or
cyclohexanedicarboxylic acid.

3. A process according to claim 1 or claim 2, in which
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car box te, e.qg.a di diethyl, di-n- or -iso-propyl, or di-n-,
-iso- o -sch lu mﬂ[ “iedi carboxyl ate, nore preferably dinethyl
cycl ohexhnedi 1 ane . s1'myan especi al | y=freferred process the dial kyl

cycl ohexianedi - carboxylate is dinethyl 1,4-cyclohexanedi carboxyl ate. The
hydr ogenatabl e material may contain fromO.1 w%up to 15 wt% nore
usual ly greater than 2 wt% up to 10 % e.qg. from 2.5 wt %
up to 5 % of an acidic material such as'aﬁgarkyl (e.g. methyl) hydrogen
cycl ohexanedi car boxyl at e and/ or cycl ohexanedi car boxylic acid. Wen using
di met hyl 1, 4-cycl ohexanedi carboxyl ate feed there may be used any feedstock
cont ai ni ng athe hydrogen-containing gas:dialkyl cyclohexanedicarboxylate

molar ratio in the vaporous feed mixture is in the range of
from about 200:1 to about 1000:1.

4. A process according to any one of claims 1 to 3, in
which the feed temperature is in the range of from about
150°C to about 300°C.

5. A process according to claim 4, in which the feed

temperature is in the range of from about 200°C to about
260°C. '
6. A process according to any one of claims 1 to 5, 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).

7. A process according to any one of claims 1 to 6, in
which the dialkyl cyclohexanedicarboxylate is supplied to
the hydrdgenation zone at a rate corresponding to a liquid
hourly space velocity of from about 0.05 to about 4.0 h~l.

8. A process according to any one of claims 1 to 7, in
which the hydrogenatable material comprises from about 1 wt%
up to about 10 wt¥% alkyl hydrogen cyclohexanedicarboxylate
and/or cyclohexanedicarboxylic acid.

9. A process according to claim 8, in which the
hydrogenatable material comprises from about 2.5 wt% up to.
about 5 wt% alkyl hydrogen cyclohexanedicarboxylate and/or
cyclohexanedicarboxylic acid.

10. A process according to any one of claims 1 to 9, in
which the dialkyl cyclohexanedicarboxylate is dimethyl 1,4-
cyclohexanedicarboxylate and the hydrogenatable material
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signif nt q 1, 4- cycl ohexane- di carboxyl ate. The feed
ester met hy ‘& .“)ME!R di carboxylate is commercially avail abl e as
hlgh purlty di re nﬂ syckohexanedi car boxyl ate, technical grade di nethyl
1, cyclohexanedlcarboxylate ci s-dinmethyl 1,4- cycl ohexanedi carboxyl at e,
or trans-dinmethyl 1,4- cyclohexanedicarboxylate The preferred feedstock
for the -13 - process of the invention |s the techni cal grade dinet hyl
1, 4- cycl ohexanedi car boxyl at e.

comprises methyl hydrogen 1, 4-cyclohexanedicarboxylate
and/or 1,4-cyclohexanedicarboxylic acid.

11. A process according to claim 10, in which the
dialkyl cyclohexanedicarboxylate comprises cis-dimethyl 1,4-
cyclohexanedicarboxylate and the hydrogenatable material
comprises methyl hydrogen 1,4-cyclohexanedicarboxylate
and/or 1,4-cyclohexanedicarboxylic acid.

12. A process according to claim 10, in which the
dialkyl cyclohexanedicarboxylate comprises trans-dimethyl
1,4-cyclohexanedicarboxylate and the hydrogenatable material
comprises methyl hydrogen 1,4-cyclohexanedicarboxylate
and/or 1,4-cyclohexanedicarboxylic acid.

13. A process according to any one of claims 10 to 12,
in which the dialkyl cyclohexanedicarboxylate comprises a
mixture of the ¢gis- and trans- isomers of dimethyl 1,4-
cyclohexanedicarboxylate and the hydrogenatable material
comprises methyl hydrogen 1,4-cyclohexanedicarboxylate
and/or 1,4-cyclohexanedicarboxylic acid.

14. A process according to any one of claims 1 to 9, in
which the vaporous mixture comprises dimethyl 1,3-
cyclohexanedicarboxylate and the hydrogenatable material
comprises methyl hydrogen 1,3;cyclohexanedicarboxylate
and/or 1,3-cyclohexanedicarboxylic acid.

15. A process according to any one of claims 1 to 9, in
which the vaporous mixture comprises dimethyl 1,2-
cyclohexanedicarboxylate and the hydrogenatable material
comprises methyl hydrogen’ 1, 2-cyclohexanedicarboxylate
and/or 1,2-cyclohexanedicarboxylic acid.
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'Vhilst th! process is used to advantage for the hydrogenati on of dinethyl

1, 4- cycl ohexanedi carboxyl ate, it will be understood by those skilled in the
-art that the process of the invention may«Re equally well applied to the
hydr ogenati on of any or all of the isoners of dinethyl

cycl ohexanedi car boxyl ate and m xtures thereof. Thus the process can be used
with di nethyl 1,2-cycl ohexanedi- carboxyl ate containing, for exanple,

met hyl hydrogen 1, 2- cycl ohexanedi car boxyl ate %pd/or

1, 2- cycl ohexanedi car boxylic acid, dinethyl 1f3-5&d1ohexanedicarboxylate
cont ai ni ng, for exanple, nethyl hydrogen 1, 3-cycl ohexanedi car boxyl ate

and/ or 1, 3-cycl ohexanedi carboxylic acid, or dinethyl 1,4-

cycl ohexanedi car boxyl ate contai ni ng, for ABETRNGT net hy

PROCESS

A process is described for the production of
cyclohexanedimethanol by hydrogenation of a dialkyl
cyclohexanedicarboxylate which comprises the steps of:

(a) providing a hydrogenation zone containing a charge
of a granular reduced manganese promoted copper catalyst;
(b) forming a vaporous feed stream of a hydrogenatable
material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt% up to about 15 wt% of an acidic material
at a feed temperature which is in the range of from about
150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range of
from about 150 psia (about 10.34 bar) up to about 2000 psia
(about 137.90 bar), said vaporous mixture having a known
hydrogen-containing gas:dialkyl cyclohexanedicarboxylate
ratio; '

(c) supplying the vaporous feed stream to the
hydrogenation zone;

(d) maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the catalyst above its dew

point;

(e) passing the vaporous feed stream through the
hydrogenation zone: and

(£) recovering from the hydrogenaticn zone a product

stream comprising cyclohexanedimethanol.
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vhy!%en 1, 4- cycl ohexanedi car boxyl at e and/or 1, 4- cycl ohexanedi carboxylic /.

aci d.

IS surprising that,

In the prior art hydrogenation of dinethyl
has normal |y been carried out as a high prgssure,

despite the relatively™h

vapour pressure of dinethyl
t hose at which sone thermal

300[err] C,

f or

it

deconpo$ifi

It

prior art teaches that the presence of acidic

nis likely,
is possible to design a viable conmercial
hydr ogenati on of di et hyl

vapour phase feed conditions.
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cycl ohexanedi car boxyl at e
| i qui d phase process.
i gh ol ecul ar wei ght and | ow
cycl ohexanedi car boxyl ate at tenperatures bel ow
e.g. bel ow about

hydr ogenati on pl ant
cycl ohexanedi car boxyl ate which utilises

IS noreover surprising that,
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exanedi car boxyl ate feedstock del eteriously
ts the activity of copper-containing catal ysts,

no such di sadvant age

appears to arise when using a reduced nmangapese pronoted copper catalyst
and vapour phase hydrogenation conditions. It

process of the invention

1, 4-cycl ohexanedi - carboxylate a 1,4-

whose trans-:ci s-i somer

1.0
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0.8 s
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ACTIVITY
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0.11

IS surprising that the

CATALYST A

14 - can generate froma cis-rich dinethyl
cl ohexanedi net hanol
ratio is i é%ess of the ratio that

product m xture
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is the nornal reported equilibriumratio under |iquid phase con®tofiE.
Thus, al though gﬁ Iﬁgq Tmreported trans-:cis- isoner equilibriumratio,
under i quid ph 3 sisiomm] bH§MPean under favourabl e conditions be--as high

as about 3:1 wier élﬂg a cis-tiéh di nrethyl 1,4-cyclo x3pedi c rboxylate
t he present inJedt GRi1896 oped at es with vaporous hy iﬁ eplaced g

condi tions, endblies production{in a single step froma
1, 4- cyclohexanqdlcaraoxylate of ,4-cyc|ohexanedinetha
trans-:ci s-i somef~—+ati-0..as_high As 3.84:1. \Wen using trans- dlnethyl

1, 4-cycl o- hexanedi carboxyl ate the trans-icis- isomer ratio of the 1, 4-
cycl ohexanedi mat hanol product al so tends towards the equilibriumratio,
i .e. about 3.84:1. -

PROCESS

Field of the invention

This invention relates to a process for the
production of 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
(hexahydrbterephthalyl alcohol) involves the hydrogenation
of diethyl 1,4-cyclohexanedicarboxylate (diethyl hexahydro-
terephthalate) 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 hydrogenatlon of dimethyl 1,4-cyclohexane- |
dicarboxylate (DMCD) to 1,4- cyclohexanedlmethanol (CHDM) 7
shown below in equation (1):

. 0 = 0
I I -
' 1,4-DMCD 1,4-CHDM (1) .

The two geometrical isomers of CHDM thus produced are:
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It is also surf if’jﬁg‘ocess of the invention can be operated for
ext ended peri of : g - ) nmonths or nore, at high selectivity to
t he desired cy:IDhe anedi net ha q product and at high conversion of the
starting dial k¥l : ﬂi dﬁﬁ%ﬁﬁ%dh boxyl ate, since the prejudice in the art
i5 that coppericpntaining estef hydrogenati on catal ysts would have only a
short operating FMfé and Tow dctji vity at~|®w operating pressures. In the
prior art it i made_cl eal t hat jt he hydrogenation of dinethyl

1, 4- cycl ohexanedi car boxyl ate (di methyl hexahydroterephthalate) is liable to
gi ve significant quantities of by-products. Thus GB- A-988316 acknow edges
the probl em caused by formati on of unwanted by-

HO-H2Cj :: CH,OH HO-HZC: :: H

H H H CH,OH
cis-CHDM trans-CHDM

The resﬁlting 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]l and the alicyclic
diol [i.e.l,4-cyclohexanedimethancl] exist in two isomeric
‘forms, ¢cis ... and trans ..., that are not interconvertible
without bond rupture". The passage continues later:
"Control of the [gcis-:trans-] ratio is important [in 1,4-
cyclohexanedimethanol] since many polymer and fiber
propertiés 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
67°C. The higher melting point trans-isomer is often
preferred over the g;§~iéomer for usé 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 polyesterfﬂ
such as Erans-polycyclohexylmethyl terephthalate, has a
higher melting poiht than the cis-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.
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A liquid phase process for the production of 1,4-
cyclohexanedimethanol by plural stage hydrogenation of
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-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. It is stated at column .
16 line 72 et seq.: "We have found that the copper chromite
hydrogenation catalyst is sensitive to the presence of the
monoalkyl ester of 1,4-cyclohexanedicarboxylic acid
(referred to for brevity as the "acid-ester") which is
formed as a by-product in the first hydrogenation stage.
Our investigations have shown that concentrations of the
acid-ester up to about 2 weight percent in the feed for the
copper chromite can be tolerated. However, with
substantially larger concentrations, e.g., 5 weight percent,
of acid-ester in the dialkyl cyclohexanedicarboxylate feed
the activity of the copper chromite catalyst decreases i
markedly"- -

" 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 {(trans-:cis- 1,4-cyclo-
hexanedimethanol) (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
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heterogeneous esfer hydrogenation cat
trans-isomers wherein there 1s a preponderance of the cis-

isomer. Thus in a typical commercial grade of dimethyl 1,4-
cyclohexanedicarboxylate the trans-:cis- isomer ratio is
from about 0.5:1 to about 0.6:1.

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

US-A-2917549 discloses a process for isomerising
cis-1,4-cyclohexanedimethanol to trans-1,4-cyclohexanedi-
methanol which comprises heating ¢cis-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.
Howeverifthe 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. Another disadvantage of such a plant is the -
associateéd 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.



connected in parpl]el: "EacH ot fihdse zones is capabl e of independent

i sol ation fromthe SQR?GE_, géaporous f eedst ock m xture. Hence an isol ated
zone may be subjject edto Co tjods substantially different fromthose
prevailing in the remat-ni-preg-zoneé dr zones, for exanple, whereunder the

catal yst charge jt herein may be'feﬁctivated or replaced whilst the process

of the invention Ts-contrmaed—tm=the rengiﬁiqg zone or zones. This
arrangenent al so permts operation under the conditions taught in
WO A-91/01961. In this case two hydrogenation reactors connected in

paral l el are used. |In a first phase of operation with a fresh charge of
catal yst one only oPStfe4P886€8r §isslasesd, at Reosessr fomethei ng i n standby

node Wi th i8emeaishysbnbakhedsin,dyeyeI8Rexanedimethanol 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/Zn 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 cis-1,4-cyclohexanedi-
methanoi} is recycled to the hydrogenation zone whereupon it
undergoes isomerisation to a c¢is-/frans- 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 cisg-isomer enriched product is
combined with fresh dimethyl 1,4-cyclohexanedicarboxylate
feed on%?e-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 cis-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 l-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
hazardous to operate a plant operating at 200 atmospheres
(202.65 bar) or above, as well as being very expensive, dbt
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




The feed pressufREpPisifmiEhe tapge; of from 150 psia ( 10. 34
bar) up tg R%4§gggﬁggﬁa§§§gf 137.90 bar). However, the benefits and
advant ages of the p&f@gﬁ% | ow pr essure process utilising vaporous feed
conditions are pep léﬁﬁ%by carrying out the process using a feed
pressure of from : 450 psifa | 31.03 bar) up to 1000 psia (

68. 95 bar). The] process requires jthat the vaporous feed streamis above its
dew poi nt so thet—the—dialkyl _(elg. dinethyl) cycl ohexanedi carboxylate is
present in the vapour phase at the inlet end of the or each catal yst bed.

Thi s means hte%hﬁlg?%t‘é@w&iﬁajl% fy q aparpys, glﬂcﬂ.ﬁ&i g@g&ggsgt be

controlled so t undér the selecte operatlng
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
péésent in the diol in the hydrogenation product are stated
tS 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 td 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
dicarboxylic 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
Cy 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-86/031839, WO-.A—86/07358, and WO-A-
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linﬁythe 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.

Because of the sensitivity of the conventionally
used copper chromite catalysts to the presence of acidic
impurities in the dimethyl 1,4-cyclohexanedicarboxylate feed
material in a conventional liquid phase hydrogenation
process it is usual to purify the feed material to remove at
-least most of the acidic impurities present in the dimethyl
1,4-cyclohexanedicarboxylate feedstock.

It would be advantageous to be able to use for the
production of cyclchexanedimethanol a relatively impure
dimethyl cyclohexanedicarboxylate feedstock which still has
a significant content of the acidic inpurity methyl hydrogen
cyclohexanedicarboxylate.

Summary of the invention

It is accordingly an object of the present
invention to provide a process for the production of cyclo-
hexanedimethanol by hydrogenation of a dialkyl cyclohexane-
dicarboxylate, for example dimethyl cyclohexanedi-
carboxylate, having a significant content of the -
corresponding alkyl, e.g. methyl, hydrogen cyclohexanedi~
carboxylate and/or cyclohexanedicarboxylic acid. It further
seeks to provide such a process 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 cyclohexanedi-
methanol by hydrogenation of an acidic grade of dialkyl
cyclohexanedicarboxylate wherein the hydrogenation step
vields directly from a cis-rich dialkyl cyclohexanedi-
carboxylate a cyclohexanedimethanol product with a higher

trans-:cis- isomer ratio than is achievable by conventional
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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-cyclohexanedi-
carboxylate with a significant acid content is reacted
rapidly and without appreciable loss of catalyst activity
with high conversion and high selectivity to a mixture of
cis- and trags—isomers of 1,4-cyclohexanedimethanol.

According to the present invention there is
provided a process for the production of cyclohexanedi-
methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises the steps of:

(a) - providing a hydrogenation zone containing a charge
of a grénular reduced manganese promoted copper catalyst;
(b) forming a vaporous feed stream of a hydrogenatable
material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt% up to about 15 wt%¥ of an acidic material
at a feed temperature which is in the range of from about
150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range_ of
from about 150 psia (about 10.34 bar) up to about 2000 p31a
‘(about 137-90 bar), said vaporous mixture having a known
hydrogen-containing gas:dialkyl cyclohexanedicarboxylate
ratio;

(c) supplying the vaporous feed stream to the
hydrogenation zone;

(d) maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the catalyst above its dew
point;

(e) passing the vaporous feed stream through the



d further or diluted wwth nore hot gas so as
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(£f) recovering from the hydrogenation zone a product
stream comprising cyclohexanedimethanol.

The invention is based upon the surprising
discovery that, not only is the conversion of the starting
material, i.e. dialkyl cyclohexanedicarboxylate, to the
product, i.e. cyclohexanedimethanol, 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 isomerisation of 1,4-
cyclohexanedimethanol that occurs in passage through the
hydrogenation zone is comparably rapid. This is a
surprising finding since two separate reactions are
involved. Thus, for example, when the hydrogenatable
material comprises a gis-rich dimethyl 1,4-cyclohexanedi-
carboxylate having a trans-:cig- isomer ratio of less than
about 1:1, e.g. about 0.5:1 to about 0.6:1, a high
trans-:cis- 1,4-cyclohexanedimethanol ratio, typically
greater than about 2.0:1 up to about 3.84:1, as well as
essentially complete conversion of dialkyl 1,4-cyclohexane-
dicarboxylate to 1,4-cyclohexanedimethanol, 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 residen?e
time is-in stark contrast to the extended residence times
recommended in the prior art, such as the 40 to 50 minutes
residence time used in Example 1 of US-A-3334149.

By the term "residencé time" we mean the time taken
for the reaction mixture at the temperature and pressure
conditions used in the hydrogenation zone to pass through
the empty volume of reactor occupied by the catalyst.

It is also surprising to find that, although the
prior art teaches that acidic materials, such as alkyl (e.g.
methyl) hydrogen cyclohexanedicarboxylate, have a



at the operatin ‘iﬁl' iir ogen- cont ai ni ng gas:di al kyl (e.g.
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coPPer chromite, in’liquid phase operation, yet the presence
of very significant amounts of such acidic materials, i.e.
from about 0.1 wt% up to about 15 wt%, can be tolerated in
the feed dialkyl (e.g. dimethyl) cyclohexanedicarboxylate

when using a reduced manganese promoted copper catalyst
under the vapour phase hydrogenation conditions of the
process of the present invention, without significant loss
of catalyst activity.

B The process of the invention is operated using
vaporous feed conditions with the feed stream being supplied
to the hydrogeriation zone in essentially liquid free
vaporous form. Hence the feed stream is supplied to the
hydrogenation zone at a feed temperature which is above its
dew point. The process is further operated so that vapour
phase conditions exist throughout the hydrogenation zone.
Thus 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 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.

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




conprise fresh WBEBLﬂﬁF".‘

i“ﬁbﬁHEhEixture of make-up gadhasﬂmngg cI as. The
nmake- up gas canjibg a m Xt tf €073 hydr ogen, - 18 - opt| nts
of conponents syck aempng@‘P, and inert gases, suc ylﬂ rogen
or net hane, contlailning at 1 east{about 70 nole % of hydrog

t he make-

conveni ent manner, e.g. Dby partt oxi dafi &

up gag comrarns—at—easf 90 nole % and even nore preferably at
| east 97 nole 9% _of hydrogen. The nmake-up %as can be produced in any

gas foll owed by the water gas

the trans-content of the starting diester.

In the case of hydrogenation of a cis-isomer rich
dimethyl 1,4-cyclohexanedicarboxylate, i.e. a material with
a trans-:cis isomer ratio of less than about 1:1, we have

found that the trans-:cis- isomer ratio of the 1,4-cyclo-
hexanedimethanol present in the reaction product mixture can
be as high as approximately 3.84:1 under vapour phase
hydrogenation conditions. This ratio is significantly
higher than the ratio of between 2.57:1 and 3:1 which is
reported to be achieved with such a cis-rich dimethyl 1,4-
cyclohexanedicarboxylate feedstock under liquid phase
reaction conditions at low conversions.

In a preferred process the dialkyl cyclohexane-

‘dicarboxylate is a di-(C; to C, alkyl) cyclohexanedi-

carboxylate, e.g. a dimethyl, diethyl, di-n- or -iso-propyl,
or di-n-, -iso- or -sec-butyl cyclohexanedicarboxylate, more
preferably dimethyl cyclohexanedicarboxylate. 1In an
especially preferred process the dialkyl cyclohexanedi-
carboxylate is dimethyl 1,4-cyclohexanedicarboxylate.

The hydrogenatable material may contain from about
0.1 wt% up to about 15 wt%, more usually greater than about
2 wt% up to about 10 wt%, e.g. from about 2.5 wt% up to
about 5 wt%, of an acidic material such as an alkyl (e.g.
methyl) hydrogen cyclohexanedicarboxylate and/or
cyclohexanedicarboxylic acid.

When using dimethyl 1,4-cyclohexanedicarboxylate
feed there may be used any feedstock containing a
significant quantity of dimethyl 1,4-cyclohexane-
dicarboxylate. The feed ester dimethyl 1,4-cyclohexane-
dicarboxylate is commercially available as high purity
dimethyl 1,4-cyclohexanedicarboxylate, technical grade
dimethyl 1,4-cyclohexanedicarboxylate, cis-dimethyl 1,4-
cyclohexanedicarboxylate, or trans-dimethyl 1,4-
cyclohexanedicarboxylate. The preferred feedstock for the

6r steamreform ng of natural
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process of the invention is the technical grade dimethyl
1,4-cyclohexanedicarboxylate.

Whilst the process is used to advantage for the
hydrogenation of dimethyl 1,4-cyclohexanedicarboxylate, it
will be understood by those skilled in the art that the
process of the invention may be equally well applied to the
hydrogenation of any or all of the isomers of dimethyl
cyclohexanedicarboxylate and mixtures thereof. Thus the
process can be used with dimethyl 1,2-cyclohexanedi-
carboxylate containing, for example, methyl hydrogen 1,2-
cyclohexanedicarboxylate and/or 1,2-cyclohexanedicarboxylic
acid, dimethyl 1,3-cyclohexanedicarboxylate containing, for
example, methyl hydrogen 1,3-cyclohexanedicarboxylate and/or
1,3-cyclohexanedicarboxylic acid, or dimethyl 1,4-
cyclohexanedlcarboxylate containing, for example, methyl
hydrogen 1,4-cyclohexanedicarboxylate and/or 1,4-
cyclohexanedicarboxylic acid.

In the prior art hydrogenation of dimethyl
cyclohexanedicarboxylate has normally been carried out as a
high pressure, liquid phase process. It is surprising that,
despite the relatively high molecular weight and low vapour
pressure of dimethyl cyclohexanedicarboxylate at .
temperatures below those at which some thermal decomposigion
is likely, e.g. below about 300°C, it is possible to design
a viable:Eommercial hydrogenation plant for hydrogenation of
dimethyl cyclohexanedicarboxylate which utilises vapour
phase feed conditions. It is moreover surprising that,
although the prior art teaches that the presence of acidic
materials in the dialkyl cyclohexanedicarboxylate feedstock
deleteriously affects the activity of copper-containing
catalysts, no such disadvantage appears to arise when using
a reduced manganese promoted copper catalyst and vapour
phase hydrogenation conditions.

It is surprising that the process of the invention
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to aaxbaxlavel ankss et ybycheganad theé€hanol product mixture
whose trans-:cis-isomer ratioc is in excess of the ratio that
is the normal reported equilibrium ratio under liquid phase
conditions. Thus, although the normal reported trans-:cig-
isomer equilibrium ratio, under liquid phase conditions, can
under favourable conditions be as high as about 3:1 when
using a gis-rich dimethyl 1,4-cyclohexanedicarboxylate, the
present invention, which operates with vaporous

to express t he lf__ggd\l’ate of -E.a-.-.m.:,..u.,.
hydr ogenat i on zg ;

hydrogenation conditions, enables production in a single
step from a cis-rich dimethyl 1,4-cyclochexanedicarboxylate
of 1,4-cyclohexanedimethanol with a trang-:cis-isomer ratio
as high as 3.84:1. When using trans-dimethyl 1,4-cyclo-
hexanedicarboxylate the trans-:cis- isomer ratio of the 1,4-
cyclohexanedimathanol product also tends towards the
equilibrium ratio, i.e. about 3.84:1.

_ It is also surprising that the process of the
invention can be operated for extended periods of up to
several months or more, at high selectivity to the desired
cyclohexanedimethanol product and at high conversion of the
starting dialkyl cyclohexanedicarboxylate, since the
prejudice in the art is that copper-centaining ester
hydrogenation catalysts would have only a short operating
life and low activity at low operating pressures. :
In the prior art it is made clear that the ’
hydrogehgtion of dimethyl l,4-cYclchexanedicarboxylate
(dimethyl hexahydroterephthalate) 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 1l-methyl-4-hydroxymethylcyclohexane. It
is surprising to find that the process of the invention can
be operated so that, despiteé the presence of a very large
excess of hydrogen and the use of a very large vapour

pressure of hydrogen compared to the relatively low vapour
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t hose skilled i
pressure of dimethyl cyclohexanedicarboxylate, the reaction
proceeds rapidly with a very high conversion of dimethyl
cyclohexanedicarboxylate to the desired product, i.e.
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 cyclohexanedicarboxylate to cyclohexanedi-
methanol can be as high as 98 mole%¥ or higher with a
selectivity to cyclohexanedimethanol of greater than 96
mole%. It is surprising to find that this occurs despite
the presence of an impurity in the feedstock with a
potentially damaging influence upon the activity of the
catalyst.

In a commercial plant the process will normally be
operated on a continuous basis. It may be preferred to
employ at least two hydrogenation zones, each containing a
charge of a heterogeneous ester hydrogenation caﬁélyst,
connected in parallel. Each of these zones is cépable of
independent isolation from the supply of vaporous feedstock
mixture. Hence an isolated zone may be subjected to
conditions 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. In
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 omne
being in standby mode with the catalyst bathed in hydrogen.
After a period of operation over which the catalyst activity
may decline somewhat the secend 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
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pellets, rings or saddles. The gatal yst used®in the process of the present
i nvention is a reduwu 2 pronoted copper catal yst. Manganese

pronot ed copper cat al yet pr'ecursors typically have a Cu: M weight ratio of
from the Time comes td:Aeplakearhé nehtiiee apathuyhpachdpgelt, in which

case the Cu: A “6'9”¥he 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 the present
low pressure process utilising vaporous feed conditions are .
best realised by carrying out the process using a feed
pressure of from about 450 psia (about 31.03 bar) up to
about 1000 psia (about 68.95 bar).

’!-E

‘gﬁ- _’Tthe vaporous feed streamthrough the
A4S

3
—

Q).

The process requires that the vaporous feed stream
is above its dew point so that the dialkyl (e.g. dimethyl)
cyclohexanedicarboxylate is present in the vapour. phase at
the inlet end of the or each catalyst bed. This teans that
the composition of the vaporous feed stream must be
controlled so that, under the selected operating conditiocns,
the temperature of the feed stream 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 stream to the
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 feed
stream for use in the process of the invention is to spray
liquid dialkyl (e.g. dimethyl) cyclohexanedicarboxylate or a
dialkyl cyclohexanedicarboxylate solution into a stream of
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operated un

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 dialkyl
cyclohexanedicarboxylate or dialkyl 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

stream

prior to contact with the catalyst.
In the process of the invention the hydrogen-

containing gas:dialkyl (e.g. dimethyl) cyclohexane-

dicarboxylate molar ratio can vary within wide limits,

depending upon the temperature and pressure. Although the

major constituent of the hydrogen-containing gas is

hydrogen, other gases may also be introduced, normally in

minor amount, in the hydrogen-containing gas supplied to the

process, “such as nitrogen, argon, methane, and carbon

oxides

. 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) 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.

Moreover the hydrogenation conditions are selected so as_ to

L

maintain the reaction mixture in contact with the

hydrogenation catalyst always above its dew point. Hence,

when using dimethyl 1,4-cyclohexanedicarboxylate as the

diester starting material, it is necessary to have regard to

the fact that 1,4-cyclohexanedimethanocl is less volatile

than the diester starting material, dimethyl 1,4-cyclo-

hexanedicarboxylate.

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,
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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. 1If gas recycle
is utilised in the process then the recycle gas will
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. For example, when using gas recycle,
the gastecycle stream will normally contain minor amounts
of an alkanol (e.g. methanol).

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 hydrogenatable material to
the hydrogenation zone as a space velocity and to express
that space velocity as a liquid hourly space velocity.

Hence it is convenient to express the feed rate in termsjof
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.e. about 0.05 to about 4.0 mSh~1 per m3
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an acidic dinethyl 1,4-cyclohexanedi carboxylate feedstock. The invention is
further d%§CEEQEQy%th r%%%%?%%%e preferably the liquid hourly space
velocity is from about 0.1 h™1 to about 1.0 h™Y. If the
hydrogenatable material is a solid at ambient temperatures,
then it may be necessary to heat it sufficiently to melt it
or to dissolve it in a suitable inert solvent, in which
latter case the solvent is ignored for the purpose of
measuring the liquid hourly space velocity.

It will be readily apparent to those skilled in the
art that the rate of passage of the vaporous feed stream
through the hydrogenation zone will depend upon the feed
rate of the hydrogenatable material to the vaporisation zone

and upon the hydrogen-containing gas:hydrogenatable material
molar ratio.

The granular catalyst used in the process of the
invention may be formed into any suitable shape, e.g.
pellets, rlngs or saddles.

‘The catalyst used in the process of the present
invention is a reduced manganese promoted copper catalyst.
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 exémple
is the catalyst precursor DRD 92/89 which is available from
Davy Research and Development Limited, P.0O. Box 37, i
Bowesfield Lane, Stockton-on-Tees, Cleveland TS18 3HA,
England.

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 or each hydrogenation zone may comprise a
shell-and-tube reactor which may be operated under
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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.
Brief description of the drawing

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

Figure 2 is a plot of catalyst activity against
time for a reduced manganese promoted copper catalyst and
for a reduced copper chromite catalyst using an acidic
dimethyl 1,4-cyclohexanedicarboxylate feedstock.

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.

o
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| ess tha

contained in a correspondi ng commercial recycle stream

This difference  The hydrogenation of a technical grade of dimethyl

1,4-cyclohexanedicarboxylate was investigated using the
apparatus of Figure 1. The composition of the technical
grade feed was: 33.32 wt% trans-dimethyl 1,4-
cyclohexanedicarboxylate, 61.89 wt% cis-dimethyl 1,4-
cyclohexanedicarboxylate, 0.60 wt% methyl hydrogen 1,4-
cyclohexanedicarboxylate of formula

0 0

Il Il

HO-C C-OCH,

and 0.07 wt% water, with the balance being impurities.

In a commercial plant, hydrogen gas is
advantageously recycled through the hydrogenation zone. The
recycle hydrogen will contain a quantity of methanol vapour
producedﬁby the hydrogenation of dimethyl 1,4-cyclohexanedi-
carboxylate. Hence, the vaporous feed stream supplied to
the hydrogenation zone in a commercial plant will generally
contain methanol in addition to hydrogen and a
hydrogenatable material. In order that the experimental rig
described herebelow should accurately predict the likely
results obtained during commercial operation, the liquid
feed supplied to the vaporiser was supplemented by a -
gquantity of liquid methanol corresponding to the quantity.of
methanolfghich would be contained in the recycle hydrogen
stream in a commercial plant. Although hydrogen is recycled
in the experimental rig described herebelow, 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

therefore "knocked out" of the experimental recycle hydrogen
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substantial ly bel dw h%wkgggerat e to which it would be desirably cool ed
in a commercial {pla hahol is therefore "knocked out"” of the

experi ment al re§ ele hydrogen 1| { 23- stream This discrepancy between the

experinmental rig and a“comrerci‘ali plant is necessitated by the delicacy of
the equipnent, particularly the analytlcajzqu|pnent used in the

experi ment al rlg T'n"ali the ‘Exanpl es, nethanol is added to the
experinental liquid feed in a quantity which is

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 all the 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
'l. An approximately 70 wt% solution of the dimethyl 1,4-
cyclohexanedicafboxylate feed is supplied 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 6mm x 6mm glass ringéﬁ
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
supplied to the vaporiser vessel 111 is assisted by heating
tape 117. A saturated vaporous mixture comprising dimethyl
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controllerlimet118 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 300 ml (428.1 g) of a pelleted manganese
promoted copper on alumina hydrogenation catalyst 121. The
catalyst was catalyst B 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) wrapped around reactor 120 under the control of
appropriately positioned thermocouples (not shown) and by
thermal 1nsulatlon of the reactor 120. The overall reaction
is mlldly 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
comprlses hydrogen-containing gas from line 125 and,
optlonally, 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 hydrogen cylinders (not shown).

The heated hydrogen-containing gas from heat
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mnthdramal of any unyvaporised liquid feed material (e.g. "heavies") from
t he base ¥fChapger 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 hydfogen
and uncondensed methanol exits the top of knockout pot 142
in line 147 and is further coocled 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
knockoutfpot 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 wvia 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 cohtrol
the concentration of inert gases, such as nitrogen, in tﬁé
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 caEalyst
was placed in reactor 120 which was then purged with
nitrogen. The catalyst charge was then reduced carefully by
a method similar to that described in EP-A-0301853.

The high purity dimethyl 1,4-cyclohexanedi-
carboxylate, appropriately spiked with the acidic material
and diluted with methanol, was then pumped to the vaporiser
111 at a rate of 141 ml/h corresponding to a liquid hourly



vaporiser vessgl..11l. The vaporlsatlon of the liquid feed supplied to the
vapori ser ves ﬁ@ ﬁ'_. : by heating tape 117. A saturated vaporous
m xture conprifsi ‘m'L..-ﬁmL 14 24- 1, 4-cycl ohexanedi carboxyl ate and

o ve ed in i ne] 118 fromthe top of vaporiser vessel 111. The

hydrogen is r
vapor ous m xt

end of hydrog nation Te&acror whi ch contains a bed of 300 ml (428.1 Q)
of a pell et ed=ranrganes - 26 -

space velocity of 0.47 h™1l. The gas:dimethyl 1,4-cyclo-
hexanedicarboxylate molar ratio in the vaporous mixture in
line 118 was 477:1. The inlet temperature to reactor 120
was 223°C and the inlet pressure was 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 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 feegﬂsplit 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;pass
spectroscopy. The following compounds were detected in the
reaction mixture: 1l,4-cyclohexanedimethanol, dimethyl 1,4-
cyclohexanedicarboxylate, 4-methoxymethyl cyclohexane-
methanol, di- (4-methoxymethylcyclohexylmethyl) ether, and
methanol. The acidity of the recovered reaction mixture was
measured by titration. From the results obtained it was
demonstrated that dimethyl 1,4-cyclohexanedicarboxylate had
been converted in excess of 97.9%, while the acidic
materials had been converted in excess of 99.5%, with a
selectivity to 1,4-cyclohexanedimethanol of 99.35% being
obtained, the balance being minor by-products. After making



pr onot ed coppeL_0n~ang1na hydrogenatlon catal yst 121. The catalyst was
catal yst B of jjdil ':,- I gs are packed in reactor 120 above and

bel ow t he cat vaporous m xture passes downward through

2 ggﬁﬁgiconverui n of dinethyl 1,4-cyclohexanedi carboxyl ate
to 1, 4-cycl ohgxan pcgurs under adi abatic conditions.
Adlabat|C|ty ISt ntahﬂggﬁgxlefectrlcal heating tapes (not shown) w apped
around reactoff 120 under € coptrol of appropriately positioned
t her nocoupl es~tn and thermal insulation of the reactor 120. The

overal | reaction is n1|d{y ‘exothermi ¢ wi th2a general increase in catalyst
bed tenperature of approximately 1 to 2[err]C. The hydrogenati on product
m xture exits the hydrogenation reactor 120 in line

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 are listed in Table II below,
together with the results from Examples 2 and 3.

Example 2
The feed was changed to a mixture of the technical

grade of dimethyl 1,4-cyclohexanedicarboxylate and a

quantity of a crude trans-dimethyl 1,4-cyclohexane-
dicarboxylate containing approximately 30 wt% of acidic
materials comprising methyl hydrogen 1,4-cyclohexanedi-
carboxyyate and 1, 4-cyclohexanedicarboxylic acid. This
mixture contained 6.50 wt% of acidic material as determined
by titration. The results.are noted in Table II.

Example 3

The feed was switched back from the mixture used in
Example 2 to the technical grade 1,4-cyclohexanedi-
carboxylate. The results are listed in Table II.

The run of each of Examples 1 to 3 lasted a number
of hours during which no significant loss of catalyst
activity was noted. Comparison of Examples 1 and 3 shoﬁg
that eés;ntially no loss of catalyst activity occurred

' during the three Examples; the slight change in conversion
can be ascribed to the use of different liquid hourly space
velocities in Examples 1 and 3 leading to a corresponding
difference in residence time of the reaction mixture in

contact with the hydrogenation catalyst.
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| Léxi,f”?

hlgh p

gas frc
furt?
111. iTH

éﬁ%égﬁﬁg | i nders (not shown). The heated hydrogen-contai ni ng

baeat' exchanger 123 passes on in line 114 and is heated
'ﬁﬁﬁfﬁﬁ%&a 1eating tape 138 for supply to the vaporiser vessel
e _cool ed hydregenati on product from heat exchanger 123 passes on

thro‘gh“rlne 139"t 0 befcool ed further in cooler 140 to a tenperature near

anbi &

Notes to Table II:

MHCD
DMCD
LHSV
CHDM
Gas

erature, The |iquid/vapour ngéture from cool er 140

methyl hydrogen 1,4-cyclohexanedicarboxylate
dimethyl 1,4-cyclohexanedicarboxylate

liquid hourly space velocity
cyclohexanedimethanol

hydrogen-containing gas containing more

than 98% v/v hydrogen

Examples 4 to 7 (Comparison Examples)

Using a similar apparatus and procedure to that

described in Example 1, four further runs were made using a
charge of 250 ml of catalyst A of Table I. The results are
tabulated below in Table III. The Notes to Table II apply
also to Table III.
Research and Development Limited.

Catalyst A is also available from Davy
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conpr essor E&%ﬁéﬁﬁﬂﬁéﬁ@‘ﬁﬁEﬁ? ed through valve 158 |ines 128, 125, 124 and
114 to vapgrifser III7 TH otder to control the concentration of inert gases,
such as ni tr ogel4 SEP 499 cirtulating gas a purge gas stream may be bl ed
fromthe sysfemin Iine 15p pnder the control of valve 160. Reference
nuneral 16} FAdi-eates—a—bybabs valve. At start up of the apparatus the
charge of gatal yst was placefl in reactor 120 which was then purged wth
nitrogen. The cataryst—charge was then raddled careful ly by a nethod
simlar to that described in EP-A-0301853. The high purity dinethyl

1, 4- cycl ohexanedi - carboxyl ate, appropriately spiked with the acidic
mat eri al and dil ut einwigunet Ranbérewaset ptotpadpetet veshé teapbtiadiamed

using a feed of dimethyl 1,4-cyclohexanedicarboxylate

containing about 1.59 wt¥% of methyl hydrogen 1,4-cyclo-
hexanedicarboxylate during respective extended runs using
catalysts A and B. Each catalyst was assigned an initial
activity of 1.0 based on the conversion of dimethyl 1,4-
cyclohexanedicarboxylate at a standard set of conditions.
It was ascertained that catalyst was about 30% to about 40%
more productive than catalyst A for the production of 1,4-
cyclohexanedimethanol from dimethyl 1,4-cyclohexanedi-
carboxylate by hydrogenation. Figure 2, which is a plot of
- the fraction of activity remaining against time of operation
plotted on the same scale for both catalysts, shows clearly
that the rate of loss of activity is significantly greater
for catalyst A than for Catalyst B.



111 at a rat g | 75 ..;;_;:_mrgrespondl ng to a liquid hourly. _ - 26- space
vel ocity of .f ‘ & *das: di met hyl 1, 4-cycl o- hexanedlcarboxyfate
nol ar ratio nit orous mixture in line 118 was 477: 1.

tenperature fof rga@ 4 223[err]C and the inlet pre M’ I”m
psia (62.12 par). The hydro_eratlon zone was therefore operated under oy
condi tions iéh“prevented thg condensation of both di nethyl

1, 4- cycl ohex and the less #@ atile 1,4-

cycl ohexanedi et hanol 'product The tenperature throughout

CLAIMS:
1. A process for the production of cyclohexanedi-
methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises the steps of:

(a) providing a hydrogenation zone containing a charge
of a granular reduced manganese promoted copper catalyst;
(b) forming a vaporous feed stream of a hydrogenatable
material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt% up to about 15 wt% of an acidic material
at a feed temperature which is in the range of from about
150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range of
from about 150 psia (about 10.34 bar) up to about 2000 psia
(about 137.90 bar), said vaporous mixture having a known
hydrogen-containing gas:dialkyl cyclohexanedicarboxylate
ratio; o

(c) 'supplying the vaporous feed stream to the
hydrogenation zone;

(d) maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the

reaction mixture in contact with the catalyst above its dew

point;

(e) passing the vaporous feed stream through the -
hydrogenation zone: and >
(£) . _recovering from the hydrogenation zone a product

stream comprising cyclohexanedimethanol.

2. A process according to claim 1, in which the
dialkyl cyclohexanedicarboxylate is dimethyl
cyclohexanedicarboxylate and in which the acidic material
comprises methyl hydrogen cyclohexanedicarboxylate and/or

cyclohexanedicarboxylic acid.

3. A process according to claim 1 or claim 2, in whlch

is Sheet Has Been Reilaced N
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t he hydr og INTE ¢ ”Eabove the dew point at the operating pressure.
The |iqui q IffFFa=h s tanal ysed by capillary gas chronatography-HSLng a
15 nllong, %3 na&kntern | {di ameter fused silica colunn aIIy
with a 0.3 5[ hoERi®% of PB wax, a heliumflow rate of 1’!’?

gas feed gpltit..ratio of 1p0j1 and a flame ionisation det ett dr .

instrunent was fltted'mﬁt A chart recorder having a peak |ntegrator and
was cal i bratee-us- ercially avail abl e sanpl e of di et hyl
1, 4- cycl ohexane- dlcarboxylate of known Tco¥pdsition. The exit gas was al so
sanpled and anal ysed by gas chromat ography using the sane techni que. The
i dentities of the peaks were confirnmed by

the hydrogen-containing gas:dialkyl cyclohexanedicarboxylate

molar ratioc in the vaporous feed mixture is in the range of
from about 200:1 to about 1000:1.

4. A process according to any one of claims 1 to 3, in
which the feed temperature is in the range of from about
150°C to about 300°C,

5. A process according to claim 4, in which the feed
temperature is in the range of from about 200°C to about
260°C.

6. A process according to any one of claims 1 to 5, 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).

7. A process according to any one of claims 1 to 6, in
which the dialkyl cyclohexanédicarboxylate is supplied to
the hydrégenation zone at a rate corresponding to a liquid
hourly space velocity of from about 0.05 to about 4.0 n-1.

8. A process according to any one of claims 1 to 7, in
which the hydrogenatable material comprises from about 1?wt%
up to about 10 wt% alkyl hydrogen cyclohexanedicarboxylaée
and/or éiﬁlohexanedicarboxylic acid.

9. A process according to claim 8, in which the
hydrogenatable material comprises from about 2.5 wt% up to
about 5 wt% alkyl hydrogen cyclohexanedicarboxylate and/or
cyclohexanedicarboxylic acid.

10. A process accordihg to any one of claims 1 to 9, in
which the dialkyl cyclohexanedicarboxylate is dimethyl 1,4-
cyclohexanedicarboxylate and the hydrogenatable material

F his Sheet Has Been Rep
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conparis néof THET® times observed with those of authenti¢ ~ -

speci nen f ia)siin question and by nass spect (rﬁm"
follow n on%%gsnﬂ(?% el detected in the reaction m xtur ﬂﬂ,"""ﬁm””m
1, 4- cycl phéxanedmat. , 1 di et hyl 1,4- cycl ohexanedi car boxyl at-e

4-met hoxynet hyl cyclohexan - et hanol -(4- nethoxynethylcyclohexylnethyl)
ether, and metwamor— cidity of the re vered reaction m xture was
measur ed by titration. Fromthe results obfained it was denonstrated that
di met hyl 1, 4-cycl ohexanedi car boxyl ate had been converted in excess of
97.9% while the acidic materials had been converted in excess of 99.5%

with a seleamnnigss teeahul chrdreasantdt neyhhnbexahe89c85kBylageobt ai ned
the bal anegdy@ind i NOfcLonex2eeti SarBbi el 1 80KEDG .

11. A process according to claim 10, in which the
dialkyl cyclohexanedicarboxylate comprises cis-dimethyl 1,4-
cyclohexanedicarboxylate and the hydrogenatable material
comprises methyl hydrogen 1,4-cyclohexanedicarboxylate
and/or 1,4-cyclohexanedicarboxylic acid.

12. A process according to claim 10, in which the
dialkyl cyclohexanedicarboxylate comprises trans-dimethyl
1,4-cyclohexanedicarboxyléte and the hydrogenatable material
comprises methyl hydrogen 1,4-cyclohexanedicarboxylate
.and/or 1,4-cyclohexanedicarboxylic acid.

13. _A process according to any one of claims 10 to 12,
in which the dialkyl cyclohexanedicarboxylate comprises a

mixture of the gcis- and trans- isomers of dimethyl 1,4-

cyclohexanedicarboxylate and the hydrogenatable material
comprises methyl hydrogen 1,4-cyclohexanedicarboxylate
and/or 1,4-cyclohexanedicarboxylic acid.

14. A process according to any one of claims 1 to 9, in
which the vaporous mixture comprises dimethyl 1,3- -
cyclohexanedicarboxylate and the hydrogenatable material
compriséé!methyl hydrogen 1,3-cyclohexanedicarboxylate

and/or 1,3-cyclohexanedicarboxylic acid.

15. A process according to any one of claims 1 to 9, in
which the vaporous mixture comprises dimethyl 1,2-
cyclohexanedicarboxylate and the hydrogenatable material
comprises methyl hydrogen 1,2-cyclohexanedicarboxylate
and/or 1,2-cyclohexanedicarboxylic acid.
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- 27 - dﬂ%ﬁ%hﬂ SHJEE'fhe met hanol present in the feed solution of

dinet hyl | 1{ 4= cycT 6Rexanadi car boxyl ate fromreservoir 100, 2 nol es of

met hanol r € 4 SEPC g fiorf every 1 nole of dinethyl

1, 4-cycl ph xanedlcarboxylate converted in accordance with the stoichionetry
of the hiydFo edctii on. The results are listed in Table Il bel ow,

togethergwith the results from Exanpl e% 2 and 3. Exanple 2 The feed was
changed to a m xture of—tte technical
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o
gr ade L ﬁHELE cl ohexanedi car boxyl ate and a quantity of a crude
transiy 1, 4- cy: hexane- di car boxyl ate contai ni ng approxi mately 30
We%o; 'mOichSEﬁqm alfs{conprising nmethyl hydrogen 1, 4-cycl ohexanedi -
carboiylate and 1, 4-cycl ohexanedi carboxylic acid. This m xture contai ned

6:-50 Q) T*‘%tCT*drt"'lTate ial as determned by titration. The results are
notediin Table II. Exanple 3 The feedywas switched back fromthe m xture
used in Exanple 2 to the technical grfde 1, 4-cycl ohexanedi- carboxyl ate.
The results are listed in Table Il. The run of each of Exanples 1 to 3

| asted a nunber of hours during which no significant |oss of catalyst

1.0

0.9 4

0.8 5

0.7 1

0.6 4 CATALYST B

0.51

ACTIVITY

0.4 4

CATALYST A

0.3 4

0.2 1

0.19

OPERATING TIME

FIG.2



ari son of Exanples 1 and 3 shows that essentially

gl yselactli vity occurred during the three Exanples; the slight
i'n _conversionlcdn be ascribed to the use of different liquid hourly
' Viel 8o SEPs199$ Hxdnples 1 and 3 leading to a corresponding difference
'dence tlne of tke reaction mxture in contact with the hydrogenation
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ABSTRACT

PROCESS FOR THE PRODUCTION OF CYDOHEXANEDIMETHANOL

A process is described for the production of
cyclohexanedimethanol by hydrogenation of a dialkyl
cyclohexanedicarboxylate which comprises the steps of:

(a) providing a hydrogenation zone containing a charge
of a granular reduced manganese promoted copper catalyst;.
(b) forming a vaporous feed stream of a hydrogenatable
material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt% up to about 15 wt% of an acidic material
at a feed temperature which is in the range of from about
150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range of
from about 150 psia (about 10.34 bar) up to about 2000 psia
(about 137.90 bar), said vaporous mixture having a known
hydrogen-containing gas:dialkyl cyclohexanedicarboxylate
ratio; |

(c) supplying the vapotous feed stream to the
hydrogenation zone;

(d) - -maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the catalyst'above its dew
point;

(e) passing the vaporous feed stream through the
"hydrogenation zone: and

(£) recovering from the hydrogenation zone a product
stream comprising cyclohexanedimethanol.

FIGURE 1
l‘hls Sheet Hag Been "
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.~29- Notes to Table Il: NMHCD = ne;hyl hydr ogen

"1, 4-cycl ohexanedi car boxyl ate DMCD di met hyl - -~ i R

1 4- cycl ohexanedi car boxyl ate LHSV =liquid houﬁly pa Iocrty CHDM
= cycl ohexanedi net hanol Gas = hydrogen cont ai ng*gas-con“arnlng nbre

than 9896v/v hydrogen Exanples 4to 7 (Cbnparlson Ex"nplesy_ 514 m

fdur

PROCESS FOR THE PRODUCTION OF CYCLOHEXANEDIMETHANOL

Field of the invention .

This invention relates to a process for the
production of cyclohexanedimethanol.
Background of the invention

1,4-cyclohexanedimethanocl 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 gis-isomer (260°-267°C).
’ ' One method for preparing 1,4-cyclohexanedimethanol
(hexahydroterephthalyl alcohol) involves the hydrogenation
of diethyl 1,4-cyclohexanedicarboxylate (diethyl hexahydro-
terephthalate) 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
et Example 3 of US-A-2105664. The yield is said to be 77.5%.

The hydrogenation of dimethyl 1,4-cyclochexane- _
dlcarboxylate (DMCD) to 1,4- cyclohexanedlmethanol (CHDM) is
shown below in equation (1):

1\ .

1,4-DMCD : 1,4-CHDM ' (1) .
The two geometrical isomers of CHDM thus produced are:

s Shect s Been Replaceg - REPLACENENT SHEET
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pﬁarge of 250 m of catalyst A of Table |I. The results are tabul ated bel ow

“in Table 4#11: The Notes to Table Il apply also to Table III. Catalyst Ais
al so avail abl e from Davy Research and Devel opnent Limted. - 30 - [err]
- 31 -
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ABSTRACT

PROCESS FOR THE PRODUCTION OF CYCLOHEXANEDIMETHANOL

A process is described for the production of
cyclohexanedimethanol by hydrogenation of a dialkyl
cyclohexanedicarboxylate which comprises the steps of:

. (a) providing a hydrogenation zone containing a charge
of a granular reduced manganese promoted copper catalyst;. '
(b) forming a vaporous feed stream of a hydrogenatable
material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt¥ up to about 15 wt%¥ of an acidic material
at a feed temperature which is in the range of from about
150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range of
from about 150 psia (about 10.34 bar) up to about 2000 psia
(about 137.90 bar), said vaporous mixture having a known
hydrogen;containing gas:dialkyl cyclohexanedicarboxylate

~— ratio; :

(e} supplying the vapofous feed stream to the

s

h&drogenation zone;

(d) maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the _
reaction mixture in contact with the catalyst above its dew
point; . -
(e) passing the vaporous feed stream through the
hydrogenation zone: and '

(£) recovering from the hydrogenation zone a product
stream comprising cyclohexanedimethanol.
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I:n ngure S : plig ] the results obtained using a fﬁgp[g@ wgg&&%
1, 4-cycl oh x'nedlcarbo%%ka1e contai ni ng about 1.59 wt % of net hyl T
1, 4-cycl o- jhgxaDdUN ¥k yliate during respective extended runs u3|ng

catal ysts nd B. Each catalyst was assigned an initial activity of 1.0
based on the Ton of "dignet hyl_ 3, 4- cycl ohexanedi carboxyl ate at a
standard sqt of conditions...lit was ascertai ned that catal yst was about 30%
to about 40% nore productlve than catal yst A for the production of 1,4-
cycl ohexanedi met hapROEESS PIR GHOEPROPUCTION - GFy CY CLIONEXANEDIMEHANBOX Y| at e by
hydrogenation. Figure 2, which is a plot of the fraction of activity

remai ni ng against tinme of operation plotted on the sane scale for both
catal ysts, ﬁe@%%ptciloﬁarl y

This invention relates to a process for the

production of 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).

Cne method for preparing 1,4-cyclohexanedimethanol
(hexahydroterephthalyl alcohol) involves the hydrogenaticn
of diethyl 1,4-cyclohexanedicarboxylate (diethyl hexahydro-
terephthalate) 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-cyclchexanedimethanol (CHDM) is
shown below in egquation (1) :-

L\
CH3O-COC-OCH3 + 4H, === HO-CHZOCHZ—OH + 2CH,OH
1,4-DMCD 1,4-CHDM (1) .

The two geometrical isomers of CHDM thus produced are:
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generally commercially obtainable as a mixture of cis- and

trans-isomers wherein there is a pPreponderance of the cis-

isomer. Thus in a typical commercial grade of dimethyl 1,4-
cyclohexanedicarboxylate the Lrans-:cis- isomer ratio is
from 0.5:1 to 0.6:1.

Attempts to deal with the problem of the presence
of an excess of the less desirable g;§-1,4—cyclohexanedi—
methanol isomer in any process for 1,4-cyclohexanedimethancl
manufacture have focused on the isomerisation of the cis-
isomer of cyclohexanedimethanol to the trans-isomer thereof.

US A-2917549 discloses a pProcess for isomerising
cis-1,4- cyclohexanedlmethanol to trans-1,4-cyclohexanedi-
methanol which comprises heating cis-1,4-cyclohexanedi-
methancl at a temperature of at least 200°C in the presence
of an alkoxide of a lower atomic wei ight metal such as
llthlum, 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. Another disadvantage of such a plant is the
associated hazard relating to the use of metal alkox1des 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. Fufthermore, steps would be required to
prevent product contamination by the metal alkoxide
catalyst.
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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-cyclohexanedi-
carboxylate with a significant acid content is reacted

rapidly and without appreciable loss of catalyst activity
with high conversion and high selectivity to a mixture of
cis- and trans-isomers of 1,4-cyclohexanedimethanol.

. According to the present invention there is
provided a process for the production of cyclohexanedi-
methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises the steps of:

(a) providing a hydrogenation zone containing a charge
of a granular reduced manganese promoted copper catalyst;
(b) forming a vaporous feed stream of a hydrogenatable
material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt% up to about 15 wt% of an acidic material
at ‘a feed temperature which is in the range of from about
150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range of
from about 150 psia (about 10.34 bar) up to about 2000 psia
(about 137.90 bar), said vaporous mixture having a known
hydrogen-containing gas:dialkyl cyclohexanedicarboxylate
ratio in the range of from 10:1 up to 8000:1. '

(c) supplying the vaporous feed stream to the

hydrogenation zone;

(d) maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the catalyst above its dew
point;

(e) passing the vaporous feed stream through the
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the trans-content of the starting diester.

In the case of hydrogenation of a cis-isomer rich
dimethyl 1,4-cyclohexanedicarboxylate, i.e. a material with

a trans-:cis isomer ratio of less than about 1:1, we have

found that the trans-:cis- isomer ratio of the 1,4-cyclo-

hexanedimethanol present in the reaction product mixture can
be as high as approximately 3.84:1 under vapour phase
hydrogenation conditions. This ratio is significantly
higher than the ratio of between 2.57:1 and 3:1 which is
reported to be achieved with such a ¢is-rich dimethyl 1,4-
cyclohexanedicarboxylate feedstock under liquid phase
reaction conditions at low conversions.

In a preferred process the dialkyl cyclochexane-
dicarboxylate is a di-(C; to C, alkyl) cyclohexanedi-
carboxylate, e.g. a dimethyl, diethyl, di-n- or -iso-prcpyl,
or di-n-, -iso- or -sec-butyl cyclohexanedicarboxylate, more
'preferably dimethyl cyclohexanedicarboxylate. 1In'an
especially preferred process the dialkyl cyclohexanedi-
carboxylate is dimethyl 1,4-cyclohexanedicarboxylate.

The hydrogenatable material may contain from
0.1 wt% up to 15 wt%, more usually greater than
2 wt% up to 10 wt%, e.g. from 2.5 wt% up to

5 wt%, of an acidic material such as an alkyl (e.g.
methyl) hydrogen cyclohexanedicarboxylate and/or
cyclohexanedicarboxylic acid.

When using dimethyl 1,4-cyclohexanedicarboxylate
feed there may be used any feedstock containing a
significant quantity of dimethyl 1,4-cyclohexane-
dicarboxylate. The feed ester dimethyl 1,4-cyclohexane-
dicarboxylate is commercially available as high purity
dimethyl 1,4-cyclohexanedicarboxylate, technical grade
dimethyl 1,4-cyclohexanedicarboxylate, cis-dimethyl 1,4-
cyclohexanedicarboxylate, or trans-dimethyl 1,4- '
cyclohexanedicarboxylate. The preferred feedstock for the
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the time comes to replace the entire catalyst charge.

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 150
psia ( : 10.34 bar) up to 2000 psia ( 137.90
bar). However, the benefits and advantages of the present

low pressure process utilising vaporous feed conditions are

best realised by carrying out the process 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 dialkyl (e.g. dimethyl)
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 stream must be
controlled so that, under the selected operating conditions,
the temperature of the feed stream 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 stream to the
hydrogenation zone is from 5°C up to 10°C or
more above its dew point at the operating pressure.

A convenient method of forming a vaporous feed
stream for use in the process of the;invention is to spray
liquid dialkyl (e.g. dimethyl) cyclohexanedicarboxylate or a
dialkyl cyclohexanedicarboxylate solution into a stream of
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partially saturated vaporous mlxture Alternatively such a
vapour mixture can be obtained by bubbling a hot hydrogen-
containing gas through a body of the liguid dialkyl
cyclohexanedicarboxylate or dialkyl 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
stream prior to contact with the catalyst.

In the process of the invention the hydrogen-
containing gas:dialkyl (e.g. dimethyl) cyclohexane-
dicarbokylate molar ratio can vary within wide limits,
depending upon the temperéture and pfessure. Although the
major constituent of the hydrogen-containing gas is
hydrogen, other gases may also be introduced, normally in
minor amount, in the hydrogen-containing gas supplied to the
process, such as nitrogen, argon, methane, and catrbon
oxides. 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
gaé:dialkyl'(e.g. dimethyl) cyclohexanedicarboxylate molar
ratio is at least - 10:1 up to 8000:1,
preferably in the range of from 200:1 to 1000:1.
Moreover the hydrogenation conditions are selected so as to
maintain the reaction mixture in contact with the
hydrogenation catalyst always above its dew point. Hence,
when using dimethyl 1,4-cyclohexanedicarboxylate as the
diester starting material, it is necessary to have regard to
the fact that 1,4-cyclohexanedimethanol is less volatile
than the diester starting material, dimethyl 1,4-cyclo-
hexanedicarboxylate.

The hydrogén-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,
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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 390 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 trdces of
carbon oxides. Pressure swing absorption 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 more products of
the hydrogenation reaction which have not been fully
condensed in the product recovery stage downstream from the
hydrogenation zone. For example, when using gas recycle,
‘the gas recycle stream will normally contain minor amounts
of an alkanol (e.g. methanol).

Although the process of the invention is coperated
with the feed stream in the vapour phase, it is convenient
to express the feed rate of the hydrogenatable material to
the hydrogenation zone as a space velocity 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 eqguivalent liquid hourly
space velocity of the hydrogenatable material through the
hydrogenation catalyst is preferably from 0.05 to

4.0 h™!. 1In other words it is preferred to feed the
liguid 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 m3h~% per m>
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aci d. velocity is from 0.1 b to 1.0 h"1. If the
hydrogenatable material is a solid at ambient temperatures,
then it may be necessary to heat it sufficiently to melt it
or to dissolve it in a suitable inert solvent, in which

latter case the solvent is ignored for the purpose of
measuring the liguid hourly space velocity.

It will be readily apparent to those skilled in the
art that the rate of passage of the vaporous feed stream
through the hydrogenation zone will depend upon the feed
rate of the hydrogenatable material to the vaporisation zone
and upon the hydrogen- contalnlng gas:hydrogenatable material
molar ratio. _

The granular catalyst used in the process of the
invention may be formed into any suitable shape, e.g.
pellets, rings or saddles.

The catalyst used in the process of the present
invention is a reduced manganese promoted copper catalyst.
Manganese promoted copper catalyst precursors typically have

a Cu:Mn weight ratio of from 2:1 to - 10:1 and can
include an alumina support, in which case the Cu:Al weight
ratio is typically from 2:1 to 4:1. An example

is the catalyst precursor DRD 92/89 which is available from
Davy Research and Development Limited, P.0O. Box 37,
Bowesfield Lane, Stockton-on-Tees, Cleveland TS18 3HA,
England.

' 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 or each hydrogenation zone may comprise a
shell-and-tube reactor which may be operated under
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CLAIMS:

1. A process for the production of cyclohexanedi-
methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises the steps of:

{a) providing a hydrogenation zone containing a charge
of a granular reduced manganese promoted copper catalyst;
(b) forming a vaporous feed stream of a hydrogenatable

material comprising a dialkyl cyclohexanedicarboxylate and
from about 0.1 wt% up to about 15 wt%¥ of an acidic material
at a feed temperature which is in the range of from about
150°C to about 350°C and which is above the dew point of the
feed stream and at a feed pressure which is in the range of
from about 150 psia (abouﬁ 10.34 bar) up to about 2000 psia
(about 137.90 bar), said vaporous mixture having a known
hydrogen-contéining gas:dialkyl cyclohexanedicarboxylate
ratio in the range of from 10:1 up to 8000:1.

.(c) supplying the vaporous feed stream to the
hydrogenatlon zone; '

(d) maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the catalyst above its dew
point; )
(e) passing the vaporous feed étream through the
hydrogenation zone: and

(£) recovering from the hydrogenation zone a product
stream comprising cyclohexanedimethanol.

2. A process according to claim 1, in which the
dialkyl cyclohexanédicarboxylate is dimethyl
cyclohexanedicarboxylate and in which the acidic material
comprises methyl hydrogen cyclohexanedicarboxylate and/oxr
cyclohexanedicarboxylic acid.

3. A process according to claim 1 or claim 2, in which
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the hydrogen-containing gas:dialkyl cyclohexanedicarboxylate
molar ratio in the vaporous feed mixture is in the range of
from 200:1 to : 1000:1.

4. A process according to any one of claims 1 to 3, in
which the feed temperature is in the range of from
150°C to 300°C.

5. A process according to claim 4, in which the feed
temperature is in the range of from 200°C to

260°C. -

6. A process aécording to any one of claims 1 to 5, in
which the feed pressure is in the range of from 450
psia 31.03 bar) to 1000 psia - 68.95 bar).
7. A process according to any one of claims'l to 6, in

which the dialkyl cyclohexanedicarboxylate is supplied to
the hydrogenation zone at a rate corresponding to a liquid

hourly space velocity of from 0.05 to: 4.0 h™1.
8. A process according to any one of claims 1 to 7, in
which the hydrogenatable material comprises from 1 wt%
up to .*10 wt¥% alkyl hydrogen cyclohexanedicarboxylate

and/or cyclohexanedicarboxylic acid.

9. A process according to claim 8, in which the
hydrogenatable material comprises from: 2.5 wt% up to

5 wt% alkyl hydrogen cyclohexanedicarboxylate and/or
cyclohexanedicarboxylic acid.

10. A process according to aﬁy one of claims 1 to 9, in
which the dialkyl cyclohexanedicarboxylate is dimethyl 1,4-
cyclohexanedicarboxylate and the hydrogenatable material

T



