-TRANS- | SOVER Description This invention relates tq, % DEESS
fpn;th@ production of cycl ohexanedi net hanol, and nore particul arly to a
process for the production of a mixture coffrai ni ng a maj or anount of t he
trans-isonmer of cycl ohexanedi met hanol and a m nor anount of the
correspondi ng cis-isoner. Background of the invention

1, 4- cycl ohexanedi met hanol is used to preparke highly

: PROCESS
rield of the invention
'~ This invention relates to a process for the
production of cyclohexanedimethanol, and more particularly
to a process for the production of a mixture containing a
major amount of the trang-isomer of cyclohexanedimethanol
and a minor amount of the corresponding cig-isomer.
ck inwv
1,4-cyclohexanedimethanol is used to prepare highly
B 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 ;;ggg-isomer of polycyclohexylene-
dimethylene terephthalate has a higher melting point range
(315°-320°C) than the corresponding gig-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
ff' J -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-ocn3 + 4H, e== Ho-cuzOcnz-oa + 2CH,OH

1,4-DMCD l,4-CHDM (1) .
The two geometrical lsomers,of CHDM thus produced are:
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_polyn!rrg | i near condensation polyners by reaction with terephthalic acid
and is useful as an internediate in the preparation of certain pol yester
and pol yester ami des. The use of 1,4-cycl ohexanedi methanol for such
purposes is disclosed in, for exanple, US #=2901466. This document teaches
that the trans-isoner of polycycl ohexyl ene- dinethylene terephthal ate has a
hi gher nelting point range (315-320C) than the corresponding cis-isoner
(260[err]-267[err]C. One net hod 2or preparing

1, 4- cycl ohexanedi nmet hanol (hexahydr ot erepht hal yl al cohol) invol ves the
~hydrogenation of diethyl 1,4-cyclohexanedi carboxylate (diethyl hexahydro-
terephthalate) in a slurry phase reactor in the presence of a copper
chromte cat pressureﬂgé 3000 psi §2§Ut 206. 84 bar), and a

tenperature o as Pg: ed in Exa ;f US-% 105 64 The
yield is said to b The hydrogenat|

1, 4- cycl ohexane- dﬁcaro4xylat H(DNCD) to 1, 4-cycyohexah€di &ﬁobH(CHDW
i s shown bel ow in equgtlgcxgl) —CHDM

The resulting 1,4-cyclohexanedimethanol product is
a mixture of these two isomers which have different melting
points. As reported on page 9 of the book "Fiber Chemistry"
edited by Menachem Lewis and Eli M. Pearce, published by
Marcel Dekker, Inc.: "Both the alicyclic ester [i.e.
dimethyl 1,4-cyclohexanedicarboxylate] and the alicyclic
diol [i.e.l,4-cyclohexanedimethanol] exist in two isomeric
forms, cis ... and trans ..., that are not interconvertible
without bond rupture". The passage continues later:
"Control of the [gig-:trans-] ratio is important [in 1,4-
cyclohexanedimethanol] since many polymer and fiber
propertiés 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 trans-isomer is often
preferred over the gis-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 trang-1,4-cyclohexanedi-
methanol over ¢ig-1,4-cyclohexanedimethanol is also
discussed in US-A-2917549, in..US-A-499%090 and in GB-A-
988316.

A liquid phase process for the production of 1,4-
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Ferr] r 1, 4- DMCD 1, 4-CHDM The two geonetri cal
| soners of CHDM t hus produced are:
-2- [err]

cyclohexanedimethanol by plural stage hydrogenation of
dimethyl terephthalate is described in US-A-3334149. This
utiliées 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.

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
generally commercially obtainable as a mixture of cis- and
trans-isomers wherein there is a preponderance of the gis-
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 gig-1,4-cyclohexanedi-
methanol isomer in any process for 1,4-cyclohexanedimethanol
manufacture have focused on the isomerisation of the gis-
isomer of cyclohexanedimethanol to the trang-isomer thereof.

US-A-2917549 discleses a process for isomerising
gig-1,4-cyclohexanedimethanol to trang-1,4-cyclohexanedi-
methanol which comprises heating ¢is-1,4-cyclohexanedi-
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The resuﬁi ng 1, 4-cycl ohexanedi net hanol product is a m xture of these two
| soners i ch have different nelting points. As reported on page 9 of the
book "Fiber Chem stry" edited by Menachem Lewis and Eli M Pearce,

publ i shed by Marcel Dekker, Inc.: "Both thewalicyclic ester [i.e. dinethyl
1,4 -cyclohexanedicarboxylate] and the alicyclic diol

[i.e.],4:cycl ohexanedi net hanol ] exist in two isoneric forns, cis ... and
trans ..., that are not interconvertible wtthout bond rupture". The
passage continues later: "Control of the [cis-:trans-] ratio is inportant
[in 1,4- cyclohexanedinethanol] since many polyner and fiber properties
depend on itmethanol at Encemperature of dt leyst 02e0uDein nehd presdnce a

T onie" i i, S 6 4 bS8 DAL YoBll Thudh (=11 C

ci s-isoner fnthm.a§q;dm;gmtassim. calclum or aluminium.
However, the process of US-A-2917549 necessarily involves a
two-stage process wherein the initial cig-/trans- 1,4-
cyclohexanedimethanol hydrogenation product is recovered
from the hydrogenation zone and subjected to temperatutes 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 alkoxldes 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.

US-A-4999090 discloses a process for the
isomerisation of g¢ig-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

is- 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.
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tion of polyester and polyester-amdes if a high nmelting point for !
terials is considered desirable. As noted-above, the trans-isoner of
a typjcal polyester, such as trans-polycycl ohexyl net hyl terephthal ate, has
a higpher nelting point than the cis-isoner* Hence, for exanple,

124435 di scl oses a pol yester copol yner, the 1, 4-cycl ohexanedi net hanol
content of which has a trans- isonmer content of at |east 80 mole % and

whi ch: has a high heat resistance. The pr& ernent of

trans- 1, 4- cycl ohexanedi - net hanol over cis-1, 4-cycl ohexanedi net hanol is

al so discussed in US- A-2917549, in,.US- A-4999090 and in GB-A- 988316.

A 11 qui d paage1paceqes oheixaneifiedHad10N i¥ sephrated by
' crystallisation from the reaction product and then the

residual product, now enriched in gig-1,4-cyclohexanedi-
methanol, is recycled to the hydrogenation zone whereupon it
undergoes isomerisation to a ¢is-/trans- 1,4-cyclohexanedi-
methanol mixture. The recycle procedure may be repeated to
obtain a 1,4-cyclohexanedimethanol product containing the
trans-isomer in substantial excess. However, the process
according to GB-A-988316 is more preferably operated under
conditions such that recycled gig-isomer enriched product is
combined with fresh dimethyl 1,4-cyclohexanedicarboxylate
feed on re-entry to the hydrogenation zone. The
effectiveness of recycling the gis-isomer to the _
hydrogenation zone is largely a result of the dual function
of the copper/zinc catalyst which possesses both a
hydrogenating and an isomerising catalytic action. As would
be expected from thermodynamic principles, the isomerising
action is most effective when a mixture containing a
preponderance of the cig-isomer is recycled to the
hydrogenation zone. However, recycling the gig-isomer in
this way is acknowledged to cause a new problem, that of the
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
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ohexanedi nmet hanol by plural stage hydrogenati on of dinethyl

fal ate is described in US-A-3334149. This utilises a palladium

to effect hydrogenation of dinmethyl terephthalate to dinmethyl

| ohexanedi - carboxyl ate, followed by*use of a copper chromte

t inthe liquid phase to catal yse the hydrogenati on of that diester
cycl ohexanedi met hanol . I n the procgdure described in Exanple 1 of
tent specification a residence tinme of about 40 to 50 mnutes is

used ifn the second stage of this process. The activity of the copper

chromifte catal ysts recgnnen ed in_US- A 3334

Py

i such that |ong residence
ar e Jemperatyre © eafity 2PPqGrdpﬁﬁ §€abi8c5§§WF%P ?ﬁ@°8ré§dct|on

-cycuﬁbexagﬁalaepheaehresuﬁhzee to doochemesdpherss- £202.65 bar
ro 303.98 bar), according to page 2, lines 26 to 32 of GB-A-
988316. The use of such high pressures at these elevated
remperatures can be hazardous, besides requiring reactors
with thick walls and flanges of special alloy constructed to
withstand such extreme pressures. Hence it is expensive to
construct a plant to operate at pressures as high as
envisaged in GB-A-988316. Furthermore it is potentially
hazardous to operate a plant operating at 200 atmospheres
(202.65 bar) or above, as well as being very expensive, not
only in terms of the capital cost of the plant but also with
regard to operating costs. A substantial proportion of this
capital cost is associated with the rigorous safety
precautions that must be taken when operating a high
pressure conventional commercial scale hydrogenation plant.
It is also expensive to compress gaseous streams to such
high pressures and to circulate them through the plant.

Although there is a passing reference (see page 1,
line 84 of GB-A-988316) to use of "the gaseous phase", even
at temperatures of 300°C both cis- and trans- dimethyL
hexahydroterephthalate would be in the liquid phase at
pressures of 200 to 300 atmospheres (202.65 bar to 303.98
bar) at the hydrogen:ester ratio enviaéged 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
trangs- and about 28% of the cjg-isomer, i.e. a trans-:cis-
ratio of about 2.57:1. ' |

It is known to effect hydrogenation of certain
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Fne trans-:cis- isoner ratio of the product 1, 4-

nedi met hanol will tend towards an equilibriumvalue. This

I um val ue has been reported variously and may |ie between about
trans-:cis- 1,4-cyclo- hexanedi netffamol ) (as reported in

316) and about 3:1 (as reported in US-A-2917549). However, the
starti material, dinmethyl 1,4-cyclohexanedicarboxylate, is generally
commer @ ally obtainable as a m xture of ci$F -and trans-i soners wherein
there s a preponderance of the cis- isomer. Thus in a typical commercial
grade ¢f dinmethyl 1,4- cyclohexanedicarboxylate the trans-:cis- isomer

t f h -
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conpri ges heatlng Cify L AR to produce diols, such as

putane-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 C4 alkyl) ester, such as dimethyl
or diethyl maleate, fumarate, or succinate. A further
description of such a process can be found in US-A-4584419,
EP-A-0143634, WO-A-86/03189, WO-A-86/07358, and WO-A-
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-cyclohexanedimeth§nol.
; Summ t inv

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, which can be operated with substantially
increased safety and operating economy at relatively low
pressures. Another object of the invention is to provide a

AR
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-4- thanol at a tenperature of at |east 200[err]C In the presence of an

al koxi ge of a |lower atom c weight nmetal such as lithium sodium potassium
cal ciug or alum nium However, the process of US-A-2917549 necessarily

i nvol v@s a two-stage process wherein the imftial cis-/trans- 1, 4-

cycl ohgxanedi net hanol hydrogenati on product is recovered fromthe

hydr oggnati on zone and subjected to terrpersatures I n

process for production of cyclohexanedimethanol by
hydrogenation of dimethyl cyclohexanedicarbéxylate wherein
the hydrogenation step yields directly from a gig-rich
dialkyl cyclohexanedicarboxylate a cyclohexanedimethanol
product with a higher trang-:cis- isomer ratio than is
achievable by conventional hydrogenation methods. Hence it
is a still further object of the invention to avoid the
increased capital and operating costs of the prior art
processes mentioned above which require the use of extreme
hydrogenation conditions or a separate igsomerisation step.
It is also an object of the present invention to provide a
process wherein a mixture of gis- and trans- isomers of
dimethyl 1,4-cyclohexanedicarboxylate is reacted rapidly
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 cydlohexanedi-
methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises:

(a) providing a hydrogenation zone containing a charge
of a granular heterogeneous ester hydrogenation
catalyst; _
(b) forming a vaporous feed stream of a hydrogen-
containing'gas and a hydrogenatable material comprising a
dialkyl cyclohexanedicarboxylate 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 in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar), said vaporous
feed stream 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
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éxcess
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pl ant
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hazard
i somer |

f 200[err]Cin the presence of a netal al koxide catalyst under an
ere of nitrogen. The capital and operational costs associated with a
esigned to carry out the process taught in US A-2917549 woul d be
ably high. Another disadvantage of S@th a plant is the associ ated
relating to the use of netal al koxides as catalysts in the

sation zone. Such catalysts are required to effect the

i soner §sation, which is reported not to oc®ur under typical hydrogenatlon
condi t yons usi ng hHydrogenation catal ysts such as copper/chronme or Raney

ni ckel jcatal ysts, according to the teaching of Exanple 11 of US-A-2917549.
Furt hef nor g d&bgﬁﬁa\&fibhd Zofe Qiiche Arle eFfR\¢CRAlved o wali nt@inaEhaat i on by

t he nefal kOXIde cat US- A 992%9 di scl oses a prqcess for
the | sprer FEAREAROPICEUER An FonsRSEaY GERAEIAN SARAIVES ( he

presenge oabewealitsl desmepaintyidr oxi de or al koxi de at a tenperature of

mm Ho. | bet wEtn 1. 35 Emeeitss ot yiiferBloet SRt MR HRUBAC chel [, T ©0

siml af hydrogenation zone; and

(£) recovering from the hydrogenation zone a product
stream containing 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
§ cyclohexanedimethanol that occurs in passage through the
; hydrogenation zone is comparably rapid. This is a
i 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 trang-: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
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di sagvant ages to those of US-A-2917549. GB- A- 988316 teaches a
procgss for the preparation of trans-1,4-cyclohexanedi methanol in which a
m xt gre of cis- and trans-isoners of dinmethyl hexahydroterephthalate (i.e
di nreghyl 1, 4-cycl ohexanedi car boxyl ate) i s fydrogenated at el evated
tenpprature and pressure in the presence of a Cu/Zn catal yst.

Trang- 1, 4- di net hyl ol cycl ohexane (i . e. 10

T the empty volume of reactor occupied by the catalyst.

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 hydrogenatlon 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 gis-dimethyl cyclohexane-
dicarboxylate tends to yield a 1, 4-cyclohexanedimethanol
that has a higher content of the trans-isomer thereof than
the trans-content of the starting diester.

In the case of_hydrogenation of a cig-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
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trans -3 4-cycl ohexanedi met hanol) is separated by crystallisation fromthe
reactior] product and then the residual product, now enriched in
cis-1,44cycl ohexanedi - nethanol, is recycled to the hydrogenation zone
whereupgn it undergoes isonerisation to. a ®Fs-/trans- 1, 4-cycl ohexanedi -
met hanol} m xture. The recycle procedure may be repeated to obtain a

1, 4- cycljohexanedi net hanol product containing the trans-isoner in

subst antli al excess. However, the process acédrding to GB-A-988316 is nore
preferahly operated under conditions such that recycled cis-isonmer enriched
product |is conbined with fresh di nethyl 1, 4-cycl ohexanedi carboxyl ate feed
on re-entrynighehetlirgmirﬂnenﬁatﬂa dbnpetwencli Ut Lvandss: of whtekclisng t he

Functt o o taerEed /o HE bR ITvER R LR, bRCHCe skt ETbh, alhebbp oheha i ng
and an i soney¢kohexanedigarboxylave. faedabork badexpdiquidf pbase
ther nodynani &, pEiO% i PbRdiciBRs! SPME ?Shﬁﬂvﬁikheﬂs's nost effective when a

m Xt ure; contalnlng a_preponderance o0 e cls-1somer is recycled to the
In a preferred process the dialkyl cyclohexane-

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

When using dimethyl 1,4-cyclohexanedicarboxylate
feed there may be used any feedstock containing a
significant quantity of dimethyl 1,4-cyclohexanedi-
carboxylate. The feed ester dimethyl 1,4-cyclohexanedi-
carboxylate is commercially available as high purity
dimethyl 1,4-cyclohexanedicarboxylate, technical grade
dimethyl 1,4-cyclohexanedicarboxylate, gis-dimethyl 1,4-
cyclohexanedicarboxylate, or trans-dimethyl 1,4-cyclohexane-
dicarboxylate. The preferred feedstock for the process of
the invention is the technical grade dimethyl 1,4-cyclo-
hexanedicarboxylate, as the high purity, cis-dimethyl 1,4-
cyclohexanedicarboxylate, and trans-dimethyl 1,4-cyclo-
hexanedicarboxylate will have required additional
purification stages to produce these grades. In a typical
bulk sample of commercially available dimethyl 1,4-cyclo-
hexanedicarboxylate the trans-:cig- isomer ratio is from
about 0.5:1 to about 0.6:1.

Whilst the process is used to advantage for the
hydrogenation of dimethyl 1,4-cyclochexanedicarboxylate, 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 dimethyl 1,2-cyclohexane-
dicarboxylate, dimethyl 1,3-cyclohexanedicarboxylate or

: This Sheet Has Been Rerla




nation zone. However, recycling the cis-isonmer in this way is

edged to cause a new problem that of the formation of unwanted
ucts, such as |-nethyl-4- hydroxynet hyl cycl ohexane, which may be

by operating the hydrogenation reactton under too severe conditions.
m se the formation of such by-products, the hydrogenati on zone may
ated under "relatively mld conditions, according to the teaching of
8316 (see, for exanple page 2, |ine¥255 to 79 of GB- A 988316).

, such mld conditions reduce the achi eved conversion of dinethyl

| ohexanedi carboxylate with the result that, for any one pass through

rogﬁhﬁé&mmlZDne?cﬁcxb?ﬁkfhﬁéﬁéaﬂh? lhtepgaﬂ&ngihﬁ?r?s)of two
rote i met hyl 1, 4- cycl ohexanedi car boxyl ate) remai ns
& PR oot .

rte "relatively mld conditions” is neant a
_ 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 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 vapour
phase feed conditions. -

It is surprising that the proceés of the invention
can generate from a gigs-rich dimethyl 1,4-cyclohexanedi-
carboxylate a 1,4-cyclohexanedimethanol product mixture
whose transg-:¢ig-isomer ratio is in excess of the ratio that
is the normal reported equilibrium ratio under liquid phase
conditions. Thus, although the normal reported transg-: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 gig-rich dimethyl 1,4-cyclohexanedicarboxylate
of 1,4-cyclohexanedimethanol with a ;;gngf:gig-isomer ratio
as high as 3.84:1. When using trang-dimethyl 1,4-cyclo-
hexanedicarboxylate the trans-:cis- isomer ratio of the 1,4-
c?clohexanedimathanol 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
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- 6- tenperature of at |east 200[err]C, preferably between 240[err] C and
300[grr]C, and a pressure of 200 to 300 atnospheres (202.65 bar to 303.98
bar)} according to page 2, lines 26 to 32 of GB-A- 988316. The use of such

pressures at these el evated tenperatur®s can be hazardous, besides
ring reactors with thick walls and flanges of special alloy

ructed to withstand such extrene pregssures. Hence it is expensive to .
ruct a plant to operate at pressUr% as high as envisaged in

988316. Furthernore it is potentially hazardous to operate a pl ant
operfati ng at 200 at nospheres (202.65 bar) or above, as well as being very
expdnsipegiwdicenly thetarusisfthae ceppeuntconsaininghespeérnnt but also with

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-cyélohexahedicarboxylate
(dimethyl hexahyd:oterephthalate)'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, despite 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
pressure of dimethyl cyclohexanedicarboxylate, the reaction
proceeds rapidly with a very high conversion of dimethyl
cyciohexanedicarbcxylate 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 cyclohexane-
dimethanol can be as high as 98 mole% or higher with a
selectivity to cyclohexanedimethanol of greater than 96
mole%.

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
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tegdrd to operating costs. A substantial proportion of this capital cost is
assqciated with the rigorous safety precautions that nust be taken when
operfating a hi gh pressure conventional commrercial scal e hydrogenation
plaqt. It is also expensive to conpress gaseous streans to such high
preqsures and to circulate themthrough theplant. . Al'though there
is g passing reference (see page 1, line 84 of GB-A-988316) to use of "the
gasqous phase", even at tenperatures of Qéorerr]c both cis- and trans-

di mrgt hyl hexahydroterephthalate woul d be in the liquid phase at pressures
of 400 to 300 atnospheres (202.65 bar to 303.98 bar) at the hydrogen:ester

ratijo enybfanRingzohe B¢agbhes. Triisl areangenénthalBsapprmstef

- 988316 || UId ase on i ti.ons ar A d le_4,
oed o feomrat Jonr uRdeR: thR! Ronainachs: cHRGHH, ARSRRrADS1 B EER Y] T W N
1, 4di rreth?zb cyse ob%ahydrogehax;tbat epactodsnepharckteduin psrmlglsﬂ. be used
in d recyclin rocess e h
hydrogen%f?oﬁgﬁabdugﬁ re s g@g % ?g ?@%&ﬁ#qgh S&ﬁhﬁk F?S&Pﬁf&?ﬁ e of
abolt 72&Eoéatakyatanae andyab&uth38%£§FtPH§ ig usedonthe pthersone

trams Cbélng in standby mode with the catalyst bathed in hydrogen.

T

Q)

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

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

The feed pressure is in the range of from about 150
psia (about 10.34 bar) up to about 2000 psia (about 137.90
bar). However, the benefits and advantages of 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 liquidQ This dew point liquid
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rati @ of about 2.57:1. It is known to effect hydrogenation of
~certdin’ . -7- esters and diesters
i,n tige vapour phase. For exanple it has been proposed to use a reduced
coppdqr oxide/zinc oxide catalyst for effeCfTng hydrogenation of esters in
t he Japour phase. In this connection attention is directed to GB-B-
2116452. Al so of relevance is WO A-90/8121. - It is further known
to pgoduce diols, such as -15 -

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. dimethyi) cyclohexanedicarboxylate or a
dialkyl cyclohexanedicarboxylate solution into a stream of
hot hydrogen-containing gas so as to form a saturated or
partially saturated vaporous mixture. Alternatively such a
vapour mixture can be obtainéd.by bubbling a hot hydrogen-
containing gas through a body of the liquid dialkyl
cyélbhexanedicarbox&late 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 partlally 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
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but afle- 1, 4-di ol , by catal ytic hydrogenation of esters of dicarboxylic

aci d

, such as a dinethyl or diethyl ester of nmaleic acid, fumaric acid,

succifnic acid, or a mxture of two or nore thereof. Such processes are

desc

i bed, for exanmple, in GB-A-1454440, ©B- A 1464263, DE- A-2719867, US-A-

4032458, and US- A-4172961. Producti on of butane-1, 4-diol by
vapowr phase hydrogenation of a diester, typically a dialkyl ester, of a
[

A4d
aci d,
proc
as di
desc
WO A
abov¢
vapo
1, 4-

carboxylic acid, selected fron1nalei¥5abid, fumaric acid, succinic
and a m xture of two or nore thereof has been proposed. In such a
ss the diester is conveniently a di-(Cerr] to C4 alkyl) ester, such
met mAint@indithenytreaet ot anitture aie, contactc ovith eche f urt her

56/ CYRIS oS T ESEEP =€ L0y WBaed el AR PEHE:  sgade PO
- me¥heshasing slimerhyl 1 weyclehexanedicarkoxylateaasrthal | have a
I PiBsEter WEing RAbrLeTPA €04 %éé@sé@fﬁ%%ﬁiﬁé%é‘gﬁd deget hyl
pyel otrheex a?aeéjrl. Ct rat.)t? X:Y, 2 Eogyc nghé,‘éﬁgxﬂ‘g{lggggfdisne ]t.esasn Owlrélatile
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,
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. 1f 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 rate of passage of the vaporous feed stream
through the hydrogenation zone as a space velocity through
the hydrogenation catalyst and to express that space '
velocity in terms of the ratio of the liquid feed rate of

T
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Su ry of the invention It is accordingly an object of the

pr esgnt

I nvention to provide a process for the production of cyclo-

hexapedi net hanol by hydrogenati on of a dial kyl cycl ohexane- dicarboxyl at e,

for gxanpl e dinmethyl

subsjantially increased safety and operating econony at relatively | ow
pres§ures. Another object of the inventLoq7i§ to provide a

-

the hydrogenatable material to the vaporisation zone to the
volume of the hydrogenation catalyst. Thus the liquid
hourly space velocity of the hydrogenatable material through
the hydrogenation catalyst is preferably from about 0.05 h-1
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, per unit volume of catalyst, which is from 0.05

to 4.0 unit volumes of hydrogenatable material per hour

(e.g. 0.05 to 4.0 m3h-1 per m3 of catalyst). Even more
preferably the liquid hourly space velocity is from about
0.1 h~! to about 1.0 h~1l.

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

Typical ester hydrogenation catalysts include
copper-containing catalysts and Group VIII metal-containing
catalysts. Examples of suitable copper-containing catalysts
include copper-on-alumina catalysts, reduced copper
oxide/zinc oxide catalysts, with or without a promoter,
manganese promoted copper catalysts, and reduced copper
chromite catalysts, with or without a promoter, while
suitable Group VIII metal-containing catalysts include
platinum catalysts and palladium catalysts. Suitable copper
oxide/zinc oxide catalyst precursors include CuO/ZnO
mixtures wherein the Cu:Zn weight ratio ranges from about
0.4:1 to about 2:1. An example is the catalyst precursor
bearing the designation DRD 92/71. Promoted copper
oxide/zinc oxide precursors include CuO/Zn0O mixtures wherein
the Cu:Zn weight ratio ranges from about 0.4:1 to about 2:1
which are promoted with from about 0.1 % by weight up to
about 15% by weight of barium, manganese or a mixture of

cycl ohexanedi - carboxyTate, which can be operated with
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o
prockss for production of cycl ohexanedi met hanol by hydrogenation of
di mef hyl cycl ohexanedi car boxyl ate wherein the hydrogenation step yields
diregtly froma cis-rich dial kyl cycl ohexanedi carboxyl ate a
cycl phexanedi net hanol product with a hi gh® trans-:cis- isoner ratio than
I s arhi evabl e by conventional hydrogenation nethods. Hence it is a stil
further object of the invention to avoid the increased capital and
operpting costs of the prior art processe® +ienti oned above which require
the juse of extrenme hydrogenation conditions or a separate isonerisation
step. It is also an object of the present invention to provide a process

wherlei Ny Pkt ' dt t :
1, 4-cyc|btiilhf.?l1 gﬂﬁgabr%( e{fé; |sét?éggc%f§%r§él d‘?j Wld? % conver5| on and
hi g sell&&Huas ¢ %@mmm@%fmoﬁgomwmru%w under

1, 4-cycluteederignai i aDRD 92/92. SELEEK]&dcdppélclFsrbre | nvention

here ) SRR LA RIS [ ihe BLa et ] ouellREnedl guret hano
(a) gatio daargesa hackom gelad t ol ¥ oh et e caboutni 4101 A pleferably from
about 0.5:1 to about 4:1. Catalyst precursors of this type
are the precursors available under the designation DRD 89/21
or under the designation PG 85/1. Promoted copper chromite
precursors include copper chromite precursors wherein the

' Cu:Cr weight ratio ranges from about 0.1:1 to about 4:1,
preferably from about 0.5:1 to about 4:1, which are promoted
with from about 0.1 % by weight up to about 15% by weight of
barium, manganese or a mixture of barium and manganese.
Manganese promoted copper catalyst precursors typically have
a Cu:Mn weight ratio of from about 2:1 to about 10:1 and can
include an alumina support, in which case the Cu:Al weight
ratio is typically from about 2:1 to about 4:1. An example
is the catalyst precursor DRD 92/89. |

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

Other catalysts which can be considered for use
include Pd/ZnO catalysts of the type mentioned by P.S.
Wehner and B.L. Gustafson in Journal of'Catalysis 136, 420-
426 (1992), supported palladium/zinc catalysts of the type
disclosed in US-A-4837368 and US-A-5185476, and chemically
mixed copper-titanium oxides of the type disclosed in US-A-
4929777. _

Further catalysts of interest for use in the
process of the invention include the rhodium/tin cétalysts
reported in A. El1 Mansour, J.P.'Candy, J.P. Bournonville,
O.A. Ferrehi, and J.M Basset, Angew. Chem. 101, 360 (1989).
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of Ja granul ar het erogeneous ester hydrogenation catalyst; (b) formng a
vaporous feed stream of a hydrogen- containing gas and a hydrogenat abl e
maferi al conprising a dialkyl cycl ohexanedi carboxylate at a feed
tegperature which is in the range of from = 150[err]J]Cto

350[err] C and which is above the dew point of the feed streamand at a feed

préssure in the range of from 150 psia 10. 34 bar) to

2000 psi a 137.90 bar), said vapdPoos feed stream having a known

hydr ogen- cont ai ni ng gas: di al kyl cycl ohexanedi carboxyl ate ratio in the range
of from10:1 up to 8000:1, (c) suppl ying the vaporous feed streamto

the hydrogenat i Anyzeeeogndsed supporting mediuty mayndei agedorei tions in the
provide physical support for the catalyst used in the
process of the invention. This support can be provided by
materials such as zinc oxide, alumina, silica, alumina-
silica, silicon carbide, zirconia, titania, carbon, a
zeolite, or any suitable combination thereof.

The catalysts that are particulafly preferred for
use in the process of the invention are the copper-
containing catalysts, particularly reduced copper chromite,
with or without a promoter, and manganese promoted copper
catalysts.

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

downstream from the inlet to the adiabatic hydrogenation
reactor.

Brief i wi

| 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.

The invention is further described with reference

to the following Examples. The-compositions of catalysts A
to D used in the Examples are listed in Table I. The oxygen
content of the catalyst has been excluded from the analysis
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hydr ogenati on zone which are effective to maintain the reaction
ure in contact with the hydrogenati on catal yst above its dew point; (e)

m X

pas$ing thé vaporous feed streamthrough the hydrogenation zone; and (f)
recpvering fromthe hydrogenati on zone a prbduct stream cont ai ni ng

cycl ohexanedi net hanol . - The invention is based upon the surprising
dis

overy that, not only is the converS| of the starting material, i.e.
di alfkyl cycl ohexanedi carboxyl ate, to the groduct i.e.

cycliohexanedi met hanol , extremely rapid under the vapour phase hydrogenation
conditions used, requiring only a matter of a few seconds for substantlally

COWIM etein each case.

”
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ersion to occur, but also the isonerisation of cycl ohexanedi net hanol
occurs in passage through the hydrogenation zone is conparably rapid.
is a surprising finding since two separate reactions are invol ved.

, for exanple, when the hydrogenatable &t erial conprises a cis-rich

thyl 1, 4-cycl ohexanedi - carboxyl ate having a trans-:cis- isonmer ratio

_

ess than about 1:1, e.g. _ 21 0.5:1 to 0.6:1, a high trans-:cis-
1, 4- cycl ohexanedi net hanol rati o, %ypically greater than 2.0:1 upto
3.84:1, as well as_essentially conplete conversion of dialkyl
1, 4- cycl ohexane- dicaégoxylate to 1, 4-cycl ohexanedi net hanol, can be
achi eved by using a resi genfe tideoof«| @s {han about a m nute of the
reaction mxture | ndt i@ Hydf ogerit Rorid z@he, [typically in the range of from
2 to 15 secpnfs.9 Enip residence timejis in stark contrast to the
ext ended residencle tines regonmended in thelprior art, such as the 40 to 50
m nutes residencel tine used{in Exanple 1 of jUS-A-3334149. By the
term"residence tj n® we nepn the tine takef for the reaction nixture at
the tenperature andgpfigssurp 2 aq
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con ons used in the hydrogenation zone to pass through
the enpty volune of reactor occupied by the catal yst. The
peoce$s of the invention i$ operated using vaporous feed conditions with

the feed stream being supplied to the hydrogenation zone in essentially
l'i quid '

- 22 -

Example 1

The hydrogenation of a high purity grade of
diméthyl 1,4-cyclohexanedicarboxylate was investigated using
the experimental'apparatus illustrated in Figure 1.

The composition of the high purity feed was: 36.16
wt¥% trans-dimethyl 1, 4-cyclohexanedicarboxylate, 63.26 wt¥%
cig-dimethyl 1,4-cyclohexanedicarboxylate, 0.17% methyl
hydrogen 1,4-cyclohexanedicarboxylate of formula

o) O
I I
HO-C C-OCH,
and 0.07 wt¥ water, with the balance being impurities.

In a commercial plant, hydrogen gas is separated
from the hydrogenation product and is advantageously
recycled through the hydrogenation zone. The hydrogen
recycle stream will contain a quantity of methanol vapour
produced by the hydrogenation of dimethyl 1,4-cyclohexane-
dicarboxylate. Hence, the vaporous feed stream supplied to
the hydrogenation zone in a commercial plant will generally
contain methanol in addition to hydrogen and an unsaturated
organic compound. In order that the experimental rig
described hereinbelow should accurately predict the likely
results obtained during commercial operation, the liquid
feed supplied to the vaporiser was supplemented by a
quantity of liquid methanol corresponding to the gquantity of
methanol which would be contained in the recycle hydrogen
stream in a commercial plant. Although hydrogen is recycled
in the experimental rig described hereinbelow, the quantity
of methanol contained within the recycle hydrogen stream is
proportionately less than woﬁld be contained in a
corresponding commercial,;ecyclé stream. This difference
~arises because the recycle gas in the experimental rig is
cooled substantially below the temperature to which it would
be desirably cooled in a commercial plant.. More methanol is
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free yaporous form Hence the feed streamis supplied to the hydrogenation
zone at a feed tenperature 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 streambe at a
tenpetature above its dew point at the inlet end of the catalyst bed if the
advant age of vapour phase feed conditions is to be realised. The use of
vapour phase feed conditions in the process #t the invention has the

advant age that, conpared with |iquid phase operation of the process,
general ly | ower operating pressures can be used. This generally has a
S|gn|f|cantumardﬁnnéIﬁhnﬂckédéﬁﬁtWKBf(Hﬁe/expéf&mennuirr&ﬁydﬁe

Zone the. hydbRa altE St P A e e T P SR A %giat '4’0% to
yi el d cycl olfoumexnyiadt ipilranq s necegditatet by cthatdehiqagy abvehe | n
o oo SRR ) PSS SEUBLY U A (OpEiL01, RSkt Nadd B
Ci s- d|nethylhﬁuﬂﬁﬂﬁﬁ&ﬂﬂ9ta rig. In t 1s Example and in all succeeding
Examples, methanol is added to the experimental liquid feed
in a quantity which is substantially equal to the
proportionate quantity of methanol which would be present in
the experimental recycle stream if the rig were operated
under commercial conditions minus the quantity of methanol
actually present in the experimental recycle hydrogen
stream. In the Examples, all parameters such as conversion
rates and hourly space velocities are calculated on a
methanol free basis.

' The experimental apparatus is illustrated in Figure
1. An approximately 70 wt% solution of the high purity
grade of dimethyl 1,4-cyclohexanedicarboxylate in methanol

| is fed from reservoir 100 by way of valve 101, line 102 and
valve 103 to liquid feed pump 104. Burette 105 provides a
buffer supply whilst burette 106 is fitted with a liquid
level controller (not shown) that controls valve 101 so as
to ensure that liquid feed is supplied from reservoir 100 to
'liquid feed pump 104 at a constant head. The liquid feed is
pumped through non-return valve 107 and isolation valve 108
into line 109, which can be heated by electrical heating
tape 110, before the heated liquid enters the upper part of
an insulated vaporiser vessel 111 above a bed of é6mm x 6mm
glass rings 112. A stainless steel demister pad 113 is
fitted at the top end of the vaporiser vessel 111. A stream
of hot hydrogen—containing gas is supplied to the bottom of

. vaporiser 111 in line 114. A liquid drain line 115 fitted
with a drain valve 116 enables withdrawal of any unvaporised
liquid feed material (e.g. "heavies") from the base of the
vaporiser vessel 111. The vaporisation of the liquid feed
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di carlJoxyl ate tends to yield a 1, 4-cycl ohexanedi net hanol that has a higher
conterqt of the trans-isoner thereof than the trans-content of the starting
di est4dr. In the case of hydrogenation of a cis-isoner rich

di mret gyl 1, 4-cycl ohexanedi carboxyl ate, i.e™a material with a trans-:cis

I soner] ratio of |less than about 1:1, we have found that the trans-:cis-

I soner} ratio of the 1,4-cyclo- hexanedi net hanol present in the reaction

produdt m xture can be as high as approxi oeggly 3.84:1 under vapour phaseé
hydr ogenati on conditions. This ratio is significantly

supplied to the vaporiser vessel 111 is assisted by heating
tape 117. A saturated vaporous mixture comprising dimethyl
1,4-cyclohexanedicarboxylate and hydrogen is recovered in
line 118 from the top of vaporiser vessel 111. The vaporous
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 copper
chromite hydrogenation catalyst 121. The catalyst was
catalyst A of Table I. Glass rings are packed in reactor
111 above and below the catalyst bed 121. The vaporous
mixture passes downward through catalyst bed 121 where
conversion of dimethyl 1,4-cyclohexanedicarboxylate to 1,4-
cyclohexanedimethanol occurs under adiabatic conditions.
Adiabaticity is maintained by electrical heating tapes (not
shown) within insulating material around reactor 120 under
the control of appropriately positioned thermocouples (not
shown). The overall reaction is mildly exothermic with a
general increase in catalyst bed temperature of |
approximately 1 to 2°C. The hydrogenation product mixture
exits the hydrogenation reactor 120 in line 122 and is
passed through heat exchanger 123 which simultaneously cools
the hydrogenation product mixture and heats a supply of
hydrogen-containing gas from line 124. Condensation of the
bulk of the 1,4-cyclohexanedimethanol in line 122 occurs in
heat exchanger 123. The gas in line 124 comprises hydrogen-
containing gas from line 125 and, optionally, an inert gas
or a mixture of inert gases such as nitrogen, argon or
‘methane supplied in line 126. The gas in line 125 comprises
make-up hydrogen supplied in line 127 and recycle hydrogen
supplied in line 128. Make-up hydrogen in line 127 may be
supplied to line 125 in either or both of two streams in
lines 129 and 130 via a system of pressure controllers 131
to 136 and a mass flow controller 137 from high purity
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hi gher than the ratio of between 2.57:1 and 3:1 which is reported to be
achiejed with such a cis-rich dinethyl 1,4- cycl ohexanedi carboxyl ate

f eedstfock under |iquid phase reaction conditions at | ow conversions.

In a greferred process the dial kyl cycl ohex®ne- dicarboxylate is a di-(Cl

to 4

al kyl') cycl ohexanedi - carboxylate, e.g. a dinethyl, diethyl, di-n- or

-iso-propyl, or di-n-, -iso- or -sec-butyl cyclohexanedi carboxylate, nore
preferably dimethyl cycl ohexanedi carboxyl ates Fn an especially preferred
process the dial kyl cycl ohexanedi - carboxylate is dinethyl
1,4-c¥clohexanedicarboxylate. When usi ng di net hyl

1’4'CYC|OheﬁﬁﬁﬁgééﬁrQPYYﬁ&éﬁsf?ﬁgttPﬁéﬁnV?y be used any feedstock
[ ity o I met

cont a
car bo
comre
1,4-c

4

ning a signiticant quanti nme hgl'1u4-cyclohexanedi-
ylate. The fectlhesheatgfnbydypgenscepEpdRiRangap- frampBedrate is

ci al | axehangep! e28sphk8lsPohi iy UiABt AYh and is heated further by
cloheanedlcarPOéglate, technlggl grade .
. electrica ating tape 1 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 wvalve 143, line 144 and control valve 145
to product line 146. A vaporous mixture comprising hydrogen
‘and uncondensed methanol exits the top of knockout pot 142
in line 147 and is further cooled to a temperature of 10°C
in cooler 148. The further cooled liquid/vapour mixture
from cooler 148 is supplied via line 149 to a second
knockout pot 150 wherein condensed methanol is collected for

 eventual supply through valve 151 and line 152 to product
line 146. The gas and uncondensed materials from knockout
pot 150 are supplied via line 153 through suction pot 154
into line 155 and then through valve 156 to gas recycle
compressor 157. Gas is recycled through valve 158 lines
128, 125, 124 and 114 to vaporiser 111. In oxrder to control
the concentration of inert gases, such as nitrogen, in the
circulating gas a purge gas stream may be bled from the
system in line 159 under the control of valve 160.

Reference numeral 161 indicates a bypass valve.

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

High purity dimethyl 1,4-cyclohexanedicarboxylate,
appropriately diluted with methanol, was then pumped to the
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di mret Byl 1, 4-cycl ohexanedi car boxyl ate, cis-dinethyl 1, 4- '

cycl ofjexanedi car boxyl ate, or trans-dinmethyl 1,4-cycl ohexane- dicarboxyl ate.
The pjeferred feedstock for the process of the invention is the technical
gradejdi net hyl 1, 4-cycl o- hexanedi carboxyl a8, as the high purity,

ci s-difmret hyl 1, 4- cycl ohexanedi carboxyl ate, and trans-di nethyl 1, 4-cyclo-
hexangdi car boxyl ate wi ||l have required additional purification stages to
produde these grades. In a typical bulk sam®6 -of conmercially avail abl e

di met Byl 1, 4-cycl o- hexanedi carboxylate the trans-: cis isomer ratio is
from 0.5:1 to 0.6:1. Wil st the process is used to
advantage f eapblrdseydiagenaat idirafe @fTetshyl /h Lorpedspondimeyliveara I,

Lol obe $8U515. B8 R L 514 o i Bl RS R, e
di net hyl 1, zyclohexansdicatihrantiatd atale diatdichyin the vaporous mixture
1, 3-cycl ohexangqdineaniaxWadf $1¥:1. The reactor 120 was maintained at a
’ | temperature of 220°C and a pressure of 900 psia (62.05 bar).
The hydrogenation zone was therefore operated under
conditions which prevented the condensation of both dimethyl
1,4-cyclohexanedicarboxylate and the less volatile 1,4-
cyclohexanedimethanol product. The temperature throughout
the hydrogenation zone was above the dew point at the
operating pressure. '

_ The liquid in line 146 was analysed periodically by
capillary gas chromatography using a 15 m long, 0.32 mm
internal diameter fused silica column coated internally with
a 0.25 um film of DB wax, a helium flow rate of 2 ml/minute
with a gas feed split ratio of 100:1 and a flame ionisation
detector. The instrument was fitted with a chart recorder
having a peak integrator and was calibrated using a
commercially available sample of dimethyl 1,4-cyclohexane-
dicarboxylate of known composition. The exit gas was also
sampled and analysed by gas chromatography using the same
technique. The identities of the peaks were confirmed by
comparison of the retention times observed with those of
authentic specimens of the materials in question and by mass
spectroscopy. Included amongst the compounds detected in
the reaction mixture were 1,4-cyclohexanedimethanol,
dimethyl 1,4-cyclohexanedicarboxylate, 4-methoxymethyl
cyclohexanemethanol, di-(4-methoxymethylcyclohexylmethyl)
ether, and methanol. From the results obtained it was
demonstrated that dimethyl 1,4-cyclohexanedicarboxylate can
be converted in excess of 99%, with a selectivity to 1,4-
cyclohexanedimethénol of approximately 98.5% being obtained,
the balance being minor by-products. After making due
allowance for the methanol present in the feed solution of
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- di met hyl 1, 4-cycl ohexanedi carboxyl ate, and m xtures of two or nore
of . In the prior art hydrogenation of dinethyl
hexanedi car boxyl ate has normally been carried out as a high pressure,
d phase process. It is surprising that; despite the relatively high
ul ar wei ght and | ow vapour pressure of dinethyl '
hexanedi car boxyl ate at tenperatures bel ow those at which sone thernal
osition is likely, e.g. below about 300[err]C, it is possible to
n a viable commer.ci al hydrogenatioﬁﬁﬁ?uﬂ for hydrogenation of

dimethyl 1,4-cyclohexanedicarboxylate from reservoir 100, 2
moles of methancl 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 the succeeding Examples 2 to 8.

,r
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di met h
conditi
generatle froma cis-rich dinmethyl

1, 4- cycl ohexanedi - car boxyl at
product m xture wMose trans-:cis-iso

ns.

It

I's surprising that the

cycl ohexanedi car boxyl ate which utilises vapour phasé feed

process of theThinYeeitHapBees Replaced

1, 4- cyql ohexanedi nmet hanol !"”c"!! m"
I n excqss of the ratio that is the normal reported equilibriumratio under
| i qui d jphase conditions. Thus, althoygh_the normal reported.trans-:cis-
i somer Jequilibriumratio, under liquid phase conditions, can under
favourgbl e conditions be as high as about 3:1 when using cis-rich
di met hyl 1, 4-cycl ohdxanedi car boxyl ate| the present i avent fon, which
operatgs wi th Japor qusghydr pgdnafi @ ¢orfdi {i ¢hs| &abl & br(ﬁtiu;tig)n in a
singlejstep frgma disarichldidreihyd 1,4 cycldohgxahedli @r boxy| it & of
1, 4- cy4l ohexanddi netlhanol with altrans$-:ci$-isofrer ratio @s hi gh as|3.84:1.
When uging trans-di ethyl ITZ-Cy¢ro- hexangdl cafboxylate {he t§ans-]cis-
Isomer fratio off the [1,éd- cy¢l o'_f]e(arn-ed nn:thanaz-l‘ Br(;_pu 1 -F:’al .Eogekdgtcbwards
the eqgilibriumratilo,Zi.e. |ahout é; 84 1; o ol is also $urprising
that the proceds gf |the
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Tnvel[ion can be operated for extended periods of up to several months or
nore,] at high selectivity to the desired cycl ohexanedi net hanol product and

at higgh conversion of the starting dial kyl cycl ohexanedi carboxyl ate, since
t he

ist
shor

o =~ -13 - prejudice in the art
Hat copper-containing ester hydrogenation catalysts would have only a
t} operating life and |low activity at Logpgoperati ng pressures.

Notes to Table II:

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

CHDM = cyclohexanedimethanol

BYPR = miscellaneous byproducts

METH = 4-methoxymethyl cyclohexanemethanol
DETH = di-4-hydroxymethylcyclohexylmethyl ether
Gas = hydrogen-containing gas containing more

than 98% v/v hydrogen.
Examples 2 to 8
Using a similar procedure to that described in
Example 1 and the same feed solution, 7 further runs were
carried out using the copper chromite catalyst (catalyst A
in Table I). The runs were designed to investigate the
effect on the hydrogenation reaction of changes in operating
conditions such as temperature, pressure, LHSV and gas:ester
mole ratio. In each case the vaporous mixture in contact
with the catalyst was above its dew point. The results are
summarised in Table II.
Example 9
The charge of copper chromite catalyst used in
Examples 1 to 8 was replaced by 150 ml (240.8 g) of DRD
89/21 (catalyst B in Table I), a copper-chromite catalyst
. with a Cu/Cr weight ratio of 3:1. The catalyst was
activated following the procedure described in Example 1 and
a methanol solutidn of high purity dimethyl 1,4-cyclohexane-
dicarboxylate was supplied to the vaporiser 111 at a rate of
60 ml/hr corresponding to liquid hourly space velocity of
0.40 hr-l. The inlet temperature to the hydrogenation zone
was 221°C, i.e. above the dew point of the vaporous mixture.
A conversion of 99.52% of dimethyl-1,4-cyclohexane-
dicarboxylate was obtained. Detailed results are shown in
Table III below, as well as the results obtained in Examples
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e enessmnnEREEES
‘I n tle prior art it is nmade clear that the hydrogenation of dinethyl

1, 4- gycl ohexanedi car boxyl ate (di met hyl hexahydroterephthalate) is |iable to
givelsignificant quantities of by-products. Thus GB- A-988316 acknow edges
the frobl em caused by formation of unwant € by- products, such as

| - meghyl - 4- hydr oxynet hyl cycl ohexane. It is surprising to f ind that the
procgss of the invention can be operated $9 that, despite the presence of a
very }l arge excess of hydrogen and the use of a very |arge vapour pressure
of hydrogen conpared to the relatively | ow vapour pressure of dinethyl

cycl ghexanedi car boxyl ate, the reaction proceeds i.d i a very high ;
convgr si omo ofo d23ret hJhe c9@F9ﬁe§‘an'§ﬂP£§r EBX?PB?@ %gg?hgxd%f%cpﬁr-oduct , .
i ~e. Jcycl ohexanedi net hanol, but yet with a very high selectivity to that
prodgyct and therefore with a very low yield of by- products. Thus under
favoyrabl e conditions the conversion of dinethyl cycl ohexanedi carboxyl ate
to cycl ohexane- di net hanol can be as high as 98 nol e% or higher with a
seleqtivity to cycl ohexanedi met hanol of greater than-96 nol e%
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cont aigni ng a charge of a heterogeneoussest—er hydr ogenati on cat al

I'n a gommercial plant the process will normally be operated onTIasShennHasrﬂsmti
conneqted in parallel. Each of these zones™ s capabl e of indepe II

y
It may be preferred to enploy at |east two hydrogenation H“HI“ mlr

i sol affion fro supply of vaporous feedstock mxture ce e |at ed
zone y be sdbjec ed t¢ conditions suljst antfi al I y} di f fler ent fr_omthose
prevaill ing i n{the fedini iy zorﬁé qr Qorjes® flordeqanfl’ g, ShdrednderStie §
catal yst charge ther e dedctévdted dr &efl ased whi l{stet He $rdcess
of the¢ inventilon i4 continu-ec in tihe
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remai ni ng zone or zones. This arrangenent also permts operation
under tge conditions taught in WO-A-91/01961. In this case two
ation reactors connected in parallel are used. In a first phase of

Af ter period of operation over whi ch the cat al yst activity may decllne
somewhdt the kecongd reagtor s used, whilstfthe first one is placed in
standby condifion.|Aftel & furthey periodst ol @enation both reactors are
used if} parallel upt@ thg ting cpnes fodepl atejthe entire catal yst
char ge The prpcess|of the inyenti¢n isjoperated at a feed
tenperature of at [e€ast 50ferT € and no i gher than 350[err]C. The
feed tenperatre is Brefefably 3n|tt® tafge|ofa fjom 150[err]C to
300C, st pr af@r']aal ftom 200[er{]©t¢ o 26(C. The feed
pressufe is ip GheraRgp—et—+om +56
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10. 34 bar) up to about 2000 psia ( 137.90 bar). However,
efits and advantages of the present |ow pressure process utilising

vaporaus feed conditions are best realised by carrying out the process .
usi ng feed pressure of from 450 psf ( 31.03 bar) up to about
1000 la ( 68. 95 bar). The process requires that the
vaporqus feed streamis above its dew point so that the dial kyl (e.g

di met yl ) cycl ohexanedi carboxylate is prese&38 4+n the vapour phase at the

end of the or each catal yst bed. This neans that the conposition of

t he vgdporous feed stream nust be controlled so that, under the sel ected
operatfing conditions, the tenperature of the feed streanlat the inlet end

press
m xtu
dew p

re. Exampdes 40xboidd noint” is neant that tenperature at which a
e of gases anttheaffdct Wi ABROMYS P, 4 QyPloHddReadidd ¥ 1aldd S

nrﬁ lhfaéogenatlon of altering the operating conditions descrlbed
in Example 9 was investigated in 5 further experiments.
Detailed results are shown in Table III. 1In each of
‘Examples 10 to 14 the vaporous mixture in contact with the
catalyst was above its dew point.

of th% or each catalyst bed is almays above its dew point at the operating

Examples 15 to 23

The high purity dimethyl 1,4-cyclohexane-
dicarboxylate supplied to the hydrogenation zone in Examples
1 to 14 was replaced with a technical grade feed. The
composition of the technical grade feed was : 33.95 wt%
trans-dimethyl 1,4-cyclohexanedicarboxylate, 61.60 wt% cisg-
dimethyl 1,4-cyclohexanedicarboxylate, 1.59 wt% methyl
hydrogen cyclohexane-1,4-dicarboxylate, 0.07 wt¥ water and

2.79 wt¥ of high boiling impurities including di-4-
hydroxymethylcyclohexyl methyl ether. The feed was
supplemented with methanol as described in Example 1. .
Detailed results are shown in Table III. In each of these
Examples the vaporous mixture in contact with the catalyst
was above its dew point.
Example 24

The charge of copper chromite catalyst used in
Examples 9 to 23 was replaced by 300 ml of DRD 92/89
(catalyst C in Table I), a non-chromium catalyst cont§ining
copper, manganese and alumina. The catalyst was act{vated
by a procedure analogous to that described in Example 1 and
high purity dimethyl 1,4-cyclohexanedicarboxylate was
supplied as a methanol éolution to the vaporiser 111 at a
rate of 123 ml/hr corresponding to a liquid hourly space
velocity of 0.42 h-l, The ‘gas:ester molar ratio of the
vaporous mixture reaching the hydrogenation zone was 703:1
and the hydrogenation zone was maintained at 900 psia (62.05
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will Wormally contain al

to the hydrogenatlon zone is from

g

5[err]Cup to

10[erf] C or nore above its dew point at the operating pressure.

~convehi ent nethod of formng a vaporous feed stream for
i nvention is to spray liquid dim1qﬁ4(e g. dinethyl)
cycl ohexanedi car boxyl ate or a dial kyl
into @ stream of hot hydr ogen-contai ning gas so as to forma saturated or

bar) with an inlet temperature of 220°C, i.e. 10°C above the
dew point of the feed mixture at this pressure.

A dimethyl 1,4-cyclohexanedicarboxylate conversion
of 99.78% was obtained. Detailed results are shown in Table
IV below. The notes to Table II apply also to Table IV.
Example 25 ' _

The effect on hydrogenation of high purity dimethyl
1,4-cyclohexanedicarboxylate of altering the operating
conditions, specifically the LHSV described in Example 24,
was investigated in a further experiment. Detailed results
are shown in Table IV. Aagain the dimethyl 1,4-cyclohexane-
dicarboxylate was supplied to the vaporiser as a solution in
methanol. The vaporous mixture in contact with the catalyst
was about 10°C above its dew point at the operating
pressure. |
Examples 26 to 32

The high purity dimethyl 1,4-cyclohexanedi-
carboxylate feed of Examples 24 and 25 was replaced with a
technical grade feed whose composition has alteady been
described in Examples 15 to 23. The effect on hydrogenation
of this technical grade feed of altering the operating
conditions described in Example 24 was investigated in 7
further experiments. Detailed results are shown in Table
IV; the notes to Table II apply also to Table IV. In each
of Examples 26 to 32 the vaporous mixture in contact with
the catalyst was above its dew point.

re

t he condensabl e conmponents of the vapour phase,
as dissolved gases, in concentrations that satisfy the usual

cycl ohexanedi car boxyl ate sol ution

A
use in the prOCGSS
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parti al
can be
of the |
car boxyl

saturated vaporous m xture. Alternatively such a v
t ai ned by bubbling a hot hydrogen- containing gas t placed
qui d dial kyl cycl ohexanedi carboxyl ate or dial kyl cycl "I
t hen be

te solution. If a saturated vapouT™ mi xture is formed
eated further or diluted w th3%ore hot gas so as to produce a

partial |y saturated vaporous streanlprlor to contact with the catal yst.
In the pfocess ¢ thg TrnvgntTomthehyd rayt—ty. 9.
di nret hyl) cycl oljexang- =i qarQoxyl at g ngl hi g de
linmits, [depending upqn @hd tenperdt yreSand : t Re |maPor
constituent of tthe hydr®gdn-Rorlt aPni|ng® g8sds Ty
al’'so be i ntroduded, nerraddyinmn SeRa-ni-dg
gas supglied tothg grogeds,«sucheas , 2 on
. . 4 I |-
oxi des. |I n order bg n tdi ngthe ya t sgdgw point
at the ijnlet end of tlhe”orl edch cat presisure t he
hydr ogen- cont ai rji ng das: dijal kyl] (e. g carb e
mol ar S & a 3 a a
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tati oW s desirably at |east 10:1 up to 8000: 1, preferably in
nge of from 200:1 to 1000: 1. Moreover the hydrogenation

mai ntain the reaction mxture in céMact with the hydrogenation
st al ways above its dew point. Hence, when using dinethyl

1, 4- c)cl ohexanedi car boxyl ate as the diester étarting material, it is
necesdary to have regard to ' - 36 -

Examples 33 to 3%

In an experiment to determine the vapour phase
equilibrium trang-:cis- 1,4-cyclohexanedimethanoi product
ratio, an experimental apparatus of the type described in
Example 1 was packed with 250 ml of catalyst C of Table I
‘and supplied with a feed of a hydrogenation product of
dimethyl 1,4-cyclohexanedicarboxylate having the following
i composition: 48.6 wt% methanol, 1.4 wt¥% dimethyl 1,4-cyclo-

hexanedicarboxylate, 36.2 wt% trans-1,4-cyclohexanedi-
!_ methanol, 10.4 wt% gig-l,4-cyclohexanedimethanol, 0.11 wt%
4-methoxymethyl cyclohexanemethanol, 0.42 wt% di-(4-
hydroxymethylcyclohexylmethyl) ether, 0.5 wt% water and 2.31
wt% of other byproducts. This hydrogenation product thus
had a trans:cis- 1, 4-cyclohexanedimethanol ratio of 3.48:1.
The process parameters for Example 33 were as set out in
Table V. The product from Example 33 was then passed
through the reactor of a second experimental rig of the type
described in Example 1 which was packed with 250 ml of
catalyst C of Table I. - The process parameters and product
trans-:cis- ratio for this second run are shown in Example
34 in Table V. The product mixture from Example 34 was fed
through a third experimental rig of the type described in
Example 1, again packed with 250 ml of catalyst C of Table
I. The trans-:cis- 1,4-cyclohexanedimeéhanol product ratio
resulting from this third run, -Example 35, can be seen to
have stabilised at around 3.84:1, the vapour phase |
equilibrium value.
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the f that 1, 4-cycl ohexanedi nethanol is less volatile than the diester
starti material, dinethyl 1,4-cyclo- hexanedi carboxyl ate. The
-containing gas used i'n the process nmay conprise fresh make-up gas
ture of nmake-up gas and recycl e gas™The nake-up gas can be a

of hydrogen, optional mnor anounts of conponents such as CO and

I nert gases, such as argon, nitrogeyn or nethane, containing at

| east about 70 nole % of hydrogen. Preferably the nake- up gas contains at
| east 90 nole % and even nore preferably at |east 97 nole % of hydrogen.
The make-up gas can be produced in any cork@B&Ba{ manner, e.g. by partia

oxi dati on or P)Aed h\l 1‘ he vater qas shift
reaction, a dé§§¥ 3?5 <:ptlon fol | bwed ssibly p %ranatlon of at | east
sone of any Ir arar aces of carpon oXT des. Prnssur swi ng apsor pt3®n can
be used if ' . i
utilised |ntr§§égéﬂ¥g; gen rBCyg e riﬁ%y ong aj } nor
anounts of dne or nore rodu(%gf%f % hy%gogena.léﬁﬁr a.t?églvéﬁﬁmnhggeps
not been ful] ynlet temp (°C) 221 220

Gas:DMCD ratio 571 570 570

Exit temp. (°C) 221 221 220

Dew point (°C) 213 . 213 213

Residence time (sec) 4.6 9.3 9.3

LHSV (h~1) 0.37 0.19 0.19

trans-/cis-CHDM 3.77 3.84 3.84

DMCD conversion (%) 99.99 99.99 100.00

Examples 36 to 39

"~ The general procedure of Example 1 was repeated
using trans-dimethyl 1,4-cyclohexanedicarboxylate in place
of the high purity grade used in Example 1. Since the
trans-grade is less soluble in methanol than the high purity
grade, a 20 wt¥% solution of trans-dimethyl 1,4-cyclohexane-
dicarboxylate was used. The results are summarised in Table
vI.
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sed in the product recovery stage downstream from the hydrogenation
For exanple, when using gas recycle, the gas recycle streamw ||
|1y contain mnor anmounts of an al kanol (e.g. nethanol).

Al t hdugh the process of the invention is operated with the feed streamln
t he Mapour phase, it is convenient to express the rate of passage of the
vaporous feed streamthrough the hydrogenati on zone as a space velocity

t hrough t he hydrogenation catal yst 3d to express that space velocity in
terms of the ratio of the liquid feed rate of
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genatable material to the vaporisation zone to the volune of the
hydr ogefati on catal yst. Thus the |liquid hourly space velocity of the
hydrogerat abl e material through the hydrogenation catalyst is preferably
from 0.05 h[err] to 4.0 h[err]™ In other words it is preferred
to feed{the liquid hydrogenatable nmaterial to the vaporisation zone at a
rate, per unit volune of catalyst, which is E%pﬁ]0.05 to 4.0 unit vol unes_
of hydrogenatable material per hour (e.g. O. to 4.0 nBh[err] per nB of
catalyst). Even nore preferably the liquid hourly space velocity is from
0.1 hl[err] to 1.0 h[err]. The granul ar catal yst used in the
process of the invention may be any catal yst- capabl e of catal ysing

hydr ogenat i oExempled agente WP s of an ester to the correspondi ng al cohol or
mture of alconols. \ine Bentrd " gbddih UY Sl & Y Repeucka

' using, in place of the high purity grade of dimethyl 1,4-

cyclohexanedicarboxylate, cis-dimethyl 1,4-cyclohexanedi-
carboxylate, dimethyl 1,2-cyclohekanedicarboxylate and
dimethyl 1,3-cyclohexanedicarboxylate respectively. Similar
results are obtained.
Example 43 _

The general procedure of Example 1 is repeated
using in place of catalyst A an equal volume of catalyst D.
Similar results are observed.

r,a
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fypig!I ester hydrogenation catal ysts include copper-coniigang g 4L
and G'oup VIII netal -containing catal ysts. Exanples of s mm)m,rm ,lymj .
copper-contai ning catal ysts include copper-on-alun na catal ysts, medesced —
copper oxide/zinc oxide catalysts, with or=wrthout a pronoter, manganese
pronot ed copper catalysts, and reduced copper chromte catal ysts, with or
w thout a pronoter, while suitable Goup VIII netal -containing catal ysts
i ncl ude pl ati num catalysts and paILadiunfcé@bests. Sui t abl e copper
oxi de/ zi nc oxi de catal yst precursors include CuQ ZnO m xtures wherein the
Cu: Zn weight ratio ranges fromabout 0.4:1 to about 2:1. An exanple is the
cat al yst pEbAIMSsr bearing the designation DRD 92/71. Pronoted copper
oxi de/ zi nc oxi de precursors include CuQ ZnO m xtures wherein the Cu:Zn
wei ght ratio ranges_from 0.4:1 to . 2:1 which are pronoted with
from  10.1 % byPBFgREsH foF sheupresiarioneiofhcysilobexamediranganese
or a n1xtumethhnol by hydrogenation of a dialkyl cyclohexanedi-

carboxylate which comprises: '

(a) providing a hydrogenation zone containing a charge

of a granular heterogeneous ester hydrogenation

catalyst;

(b) forming a vaporous feed stream of a hydrogen-

containing gas and ‘a hydrogenatable material comprising a

dialkyl cyclohexanedicarboxylate 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 in the range of from about 150 psia (about 10.34

bar) to about 2000 psia (about 137.90 bar), said vaporous

feed stream 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 stream in contact with the hydrogenation catalyst
above its dew point;

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

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

2. _ A process according to claim 1, in which the
dialkyl cyclohexanedicarboxylate is a di-(C; to C, alkyl)
cyclohexanedicarboxylate.

3. A process according to claim 1 or claim 2, in which
the dialkyl cyclohexanedicarboxylate is dimethyl 1,4-
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bari ufh and manganese. Such pronoted CuQd'ZnO m xtures inclu

Wh- pronot ed CuQ ZnO precursor avail abl e under the desi gnat m“ﬁHIHS“Ile”Hm
Sui tabl e copper chromite catal yst precursors include those wher®eint tHe $

Cu: Cr weight ratio ranges from 0.1: 1o 4:1, preferably from
0.5:1 to 4:1. Catalyst precursors of this type are the precursors
avai | abl e under the designation DRD 89/21 or under the designation PG 85/ 1.
Pronot ed copper chromite precursors include4&opper chronmite precursors
wherein the Cu: Cr weight ratio ranges from 0.1:1 to 4:1,

cyclohexanedicarboxylate.

4. A process according to any one of claims 1 to 3, in

- which the dialkyl cyclohexanedicarboxylate comprises cig-
dimethyl 1,4- cyclohexanedlcarboxylate.

5. A process according to any one of claims 1 to 3, in
which the dialkyl cyclohexanedicarboxylate comprises trans-
dimethyl 1, 4-cyclohexanedicarboxylate.

6. A process according to any one of claims 1 to 3, in
which the dialkyl cyclohexanedicarboxylate comprises a |
mixture of the gis- and trans- isomers of dimethyl 1,4-
cyclohexanedicarboxylate.

7. A process according to claim 1 or claim 2, in which
the vaporous feed stream comprises dimethyl 1,3-cyclohexane-
dicarboxylate.
8. A process according to claim 1 or claim 2, in which
the vaporous feed stream comprises dimethyl 1,2-cyclohexane-
dicarboxylate.

. 9. A process according to any one of claims 1 to 8, in

.which the hydrogen-containing gas:dialkyl cyclohexanedi-
carboxylate mole ratio in the vaporous feed stream is in the
range of from about 200:1 to about 1000:1.

10. A process according to any one of claims 1 to 9, in
which the feed temperature is in the range of from about
150°C to about 300°C.

11. A process according to claim 10, in which the feed
temperature is in the range of from about 200°C to about
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prefterably from 0.5:1 to 4:1, which are prormt—e -'-
0.1 %by weight up to 15% by wei ght of barium mangan ! Il ii%”““l :
of barium and nanganese. Manganese pronoted copper catal yst i s *

typically have a Cu: v\n weight ratio of froft 2:1to 10:1 and can
i ncl ude an al um na support, in which case the Cu: Al weight ratio is
typically from 2:1to 4:1. An exanple is the catal yst
precursor DRD 92/ 89. Al'l of the.appve nentioned catal ysts

avai | abl e under the general designations DRD or PG can be obtained from
Davy Research and Devel opnment Limted, P.O Box 37, Bowesfield Lane,

St ockt on- %% 2@ Cl evel and TS18 3HA, Engl and. O her catal ysts -
whi ch can 45® °¢onsi dered for use include Pd/ ZnO catal ysts of the type
mentioned by P.S. VEhner and B.L. Gustafson in Journal of Catalysis 136,

420- 426 (41992), 5%% #%gf t type djscl osed

in US-A-4 368 an %%ré %gé cﬂ%nﬁg@aglﬂéﬁ& %l%%%pg% Qt=n um

oxi des .of ithevhigle tdm;cﬁegtacprwwm-mmm range of from about 450
psia (about 31.03 bar) to about 1000 psia (about 68.95 bar).

13. A process according to any one of claims 1 to 12,
in which the catalyst is selected from reduced copper
oxide/zinc oxide catalysts, manganese promoted copper
catalysts, reduced copper chromite catalysts, reduced
promoted copper chromite catalysts, supported palladium/zinc
catalysts, chemically mixed copper-titanium catalysts,
rhodium-containing catalysts, platinum catalysts and
palladium catalysts.

14. A process according to claim 13, in which the
catalyst is selected from the reduced forms of copper
chromite, promoted copper chromite, and manganese promoted
cobper catalysts. '

15. A process according to claim 14, ip which the
catalyst comprises not more than about 15% by weight of at
least one promoter selected from barium, manganese, and
mixtures thereof. '

16. A process according to any one of claims 1 to 15,
in which the dialkyl cyclohexanedicarboxylate is supplied to
the hydrogenation zone at a rate corresponding to a liquid
hourly space velbcity of from about 0.05 to about 4.0 h-l.
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FurtheN catal ysts of interest for use in the process of the invention E
I nclude the rhodiunitin catalysts reported in A El Mansour, J.P. Candy, -
J.P. Bournonville, O A Ferrehi, and J. M Basset, Angew. Chem 101, 360

(1989). - ag REPLACENMENT
SHEET Any recogni sed supporting medi um may be used to provide
physi cal support for the catalyst used in the process of the invention.

This support can be provided by materials sué® as zinc oxide, alumna,
silica, alum na-

ABSTRACT

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

(a) providing a hydrogenation zone containing a éharge
of a granular heterogeneous ester hydrogenation

catalyst; _

(b) forming a vaporous feed stream of a hydrogen-
containing gas and a hydrogenatable material comprising a
dialkyl cyclohexanedicarboxylate 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 in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar), said vaporous
feed stream having a known hydrogen-containing gas:dialkyl
cyclohexanedicarboxylate ratio;
(e) supplying the vaporous feed stream to the
hydrogenation zone;

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

(e) passing the vaporous feed stream through the
hydrogenation zone; and
(£) recovering from the hydrogenation zone a product

stream containing cyclohexanedimethanol.

In this process it is preferred to use dimethyl
1,4-cyélohexanedicarboxylate to produce 1,4-cyclohexanedi-
methanol.
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reactor. Brief description of the draw ng Figure 1 is a %kt ds ed
fl ow_di agram of an experinental apparatus for .production of

1, 4-cycl ohexanedi -+ nethanol in a single hydrogenation zone by hydrogenation
of direthyl: 1, 4-clycl ohexanedi car.boxyl at e. The invention is further
described with reference to the foll owi ng Exanpl es. The conpositions of
catalysts Ato D used in the Exanples are listed in Table |I. The oxygen

content of T]ﬁ%(gﬁ%?f¥ﬁ% BEEN een excluggd fromthe analysis
REPLAGED

REPLACEMENT SHEET

ABSTRACT .
23 CCT 1996

PROCESS

A process is described for the production of
cyclohexanedimethanol in which a wvaporous feed stream of a
. hydrogen-containing gas and a hydrogenatable material
comprising a dialkyl cyclohexanedicarboxylate is supplied to
a hydrogenation zone containing a charge of a granular
heterogeneous ester hydrogenation catalyst at a feed
temperature which is in the range of from about 150°C to
about 350°C and which is ébove the dew point of the feed
stream and at a feed pressure in the range of from about 150
psia (about 10.34 bar) to about 2000 psia (about 137.90 bar),
while maintaining hydrogenation conditions in_the
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the hydrogenation cataiyst
above its dew point.
In this process it is preferred to use dimethyl 1,4-
cyclohexanedicarboxylate to produce 1,4-

cyclohexanedimethanol.

FIGURE 1
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PROCESS FOR THE PRODUCTION OF CYIXI-!EXANEDDMIAI\DL. WITH

PREPCNDERANCE OF THE TRANS-ISCMER

gield of the invention

This invention relates to a process for the

production of cyclohexanedimethanol,

and more particularly

to a process for the production of a mixture containing a

major amount of the trans-isomer of cyclohexanedimethanol

and a minor amount of the corresponding cis-isomer.

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 cig-isomer (260°-267°C).
One method for preparing 1,4-cyclohexanedimethanol
{hexahydroterephthalyl alcohol) involves the hyérogenation
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):-

ﬁ ﬁ ' . :
CH3o-c<:>c-ocn3 + 4Hy == HO-CHZOCHZ-OH + 2CH,OH

1,4-DMCD

1,4-CHDM

(1).

The two geometrical isomers-of CHDM thus,produced are:

REPLACED Siiii;_‘l:zq‘a;m s |1§9 .
4 Description : paged ........ to paged ...
Wl Claim(s) :paged..A2.. to paged ...
A Drawing(s) : paged o paged ..........
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- 2 -
HO-Hzc\ CH,OH HO-HyC
AN ; \ >< ;
H H \\CHZOH
cis-~CHDM o trans-CHDM

'~ The resulting 1,4-cyclohexanedimethanol prodﬁct 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;cyclohexanedicarbéxylate] and the alicyclic
diol [i.e.l1,4-cyclohexanedimethanol] exist in two isomeric
forms, cis ... and txams ..., that are not interconvertible
without bond rupture". The passage continues later:
"Control of the [gis-:transg-] ratio is important [in 1,4-
cyclohexanedimethanol] since many polymer and fiber
properties depend on it".

The cis-isomer of 1,4-cyclohexanedimethanol has a
melting point of 43°C and the trans has a melting point of
67°C. The higher melting point trang-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 trang-polycyclohexylmethyl terephthalate, has a
higher melting point than the gis-isomer. Hence, for
example, US-A-5124435 discloses a polyester copolymef, the
1,4- cyclohexanedlmethanol content of whzch 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 gis-1,4-cyclohexanedimethanol is also
discussed in US-A-2917549, in..US-A-4999090 and in GB-A-
988316.

A liquid phase process for the production of 1,4-
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cyclohexanedimethanol by plural stage hydrogenation of
dimé;hyl teréphthalate 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.

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- i,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
generally commercially obtainable as a mixture of cis- and
trans-isomers wherein there is' a preponderance of the cis-
isomer. Thus in a typical commercial grade of dimethyl 1,4-
cyclohexanedicarboxylate the trans-:cis- isomer raticd 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 c¢cis-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 transg-isomer thereof.
US-A-2917549 disclases a process for isomerising
€is-1,4-cyclohexanedimethanol to Lrang-1,4-cyclohexanedi-
methanol which comprises heating g¢igs-1,4-cyclohexanedi-
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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 cig-/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.

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-29175489.

GB-A-988316 teaches a proéess 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/2n catalyst. Trans-1,4-dimethylolcyclohexane (i.e.



The hydrogenation of a high purity grade of dinethyl

1, 4- cycl ohexanedi car boxyl ate was i nvestigated using t

apparatus illustrated in Figure 1. The conposi %@LWMT
purity feed was: 36.16 wt % trans-di methyl 1, 4-cycl ohexanedi carboxyl at ¢,
63. 26 wt % ci s-di net hyl 1, 4-cycl ohexanedi car boxyl ate, (. J7%@MARI199w diogen
1, 4- cycl ohexanedi car boxyl ate of formula [err] and |0.]J07 wt % wat er, |wj|th
t he bal ance being inpurities. In a comrercial Jplant, Ny g4s
Is separated fromthe hydrogenation prdﬁu%t'and I s adaniageously recycled
t hrough the hydrogenati on zone. The hydrogen recycle streamw || contain a
quantity of nethanol vapour produced by the hydrogenation of dinethyl _
1, 4- cycl ghansne., 4dicylionesaiaiinetiienol heis apepanatédeliyst ream supplied to

the hydrogenath9q 1% el WHE' S 4ke PLA B r8bhte 9GHE" Bhbt the

residual product, now enriched in gis-1,4-cyclohexanedi-

methanol, is recycled to the hydrogenation zone whereupon it
undergoes isomerisation to'é cis-/trang- 1,4-cyclohexanedi-
methanol mixture. The recycle procedure may be repeated to
obtain a 1,4-cyclohexanedimethanol product containing the
trans-isomer in substantial excess. However, the process
according to GB-A-988316 is more preferably operated under
conditions such that recycled cis-isomer enriched product is
combined with fresh dimethyl 1,4-cyclohexanedicarboxylate
feed on re-entry to the hydrogenation zone. The
effectiveness of recycling the gis-isomer to the
hydrogenation zone is largely a result of the dual function
of the copper/zinc catalyst which possesses both a
hydrogenating and an isomeriéing catalytic actionz As would
be expected from thermodynamic principles, the isomerising
action is most effective when a mixture containirg a
preponderance of the cis-isomer is recycled to the
hydrogenation zone. However, recycling the gis-isomer in
this way is acknowledged to cause a new problem, that of the
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 "relatévely mi;g :
conditions", according to the teaching of GB-A-988316 (see,
for example page 2, lines S5 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 hydroggnation zone, a
significant quantity of dimethyl hexahydroterephthalate
(dimethyl 1,4-cyclohexanedicarboxylate) remains unconverted.
By the term "relatively mild conditions" is meant a



contain nethanol in addition to hydrogen and an unsaturated organic
conpound. In ofrder that the experinental rig described R t'i&ﬂ%ﬂ[' 'STTRE
accurately predict the likely results obtained during c}idngf“iEF” Sﬁtﬂp
the liquid feed supplied to the vaporiser was suppl enenfegl by a quantitly pf
| i quid nethanol corresponding to the quantity of methangl V\A{z/‘élﬁ’ﬁ%olﬂ% be
contained in the recycle hydrogen streamin a comrercia Lant. Al thoug
hydrogen is recycled in the experinental gi g described herei nbel ow, the
gquantity of nethanol contained within the recycle hydroges-st+eam+s
proportionately | ess than woul d be contained in a correspondi ng commerci al,

recycle stream _Thi ffer aphSes b e cle J th
experi nent@h“PFFﬁt'ilgéc%%I ég §§§§Faéb.ﬁaﬁ'y§§§#§@a§°ﬁ§ ?’%% AL %?@ td; chit
woul d be qR@bcabawdcaopeasbnra ofn@efckal 3pPantmobphernes: HRAVR . 65 bar

go 303.98 bar), according to page 2, lines 26 to 32 of GB-A-

988316. The use of such high pressures at these elevated
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remperatures 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
phazardous to operate a plant operating at 200 atmospheres
(202.65 barf or above, as well as being very expensive, not
only in texms 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 ¢is- and trans- dimethyl
hexahydroterephthalate would be in the liquid phase at
pressures of 200 to 300 atmospheres (202.65 bar to 303.98
bar) at the hydrogen:ester ratio envisaged in the Examples.
Thus in each of the Examples of GB-A-988316 liquid phase
conditions are used. According to Example 4, which uses a
feed mixture containing dimethyl hexahydroterephthalate
(i.e. 1,4-dimethyl cyclohexanedicarboxylate), and methanol
such as might be used in a recycling process, the isomers
present in the diol in the hydrogenation product are stated
to represent an equilibrium mixture of about 72% of the
trans- and about 28% of the cig-isomer, i:.e. a transg-:cis-
ratio of about 2.57:1.

It is known to effect hydrogenation of certain



t herefore "knocked out" of the experinmental recycle hydragen stream. This

di screpancy between the experinental rig and a connercicRFpLAgEmmawrQHEL“

necessitated by the delicacy of the equipnent, particu

equi pnment, used in the experinmental rig. In this Exanpl e nd i_n al
succeedi ng Exanpl es, nethanol is added to the experimentlal IZéUW iR iIn
quantity which is substantially equal to the proportiongtd.quantity of

L ITe ullulny\ |

met hanol whi ch woul d be present in the exp@rrnental recycle streamif the

rig were operated under commercial conditions mnus the ‘etert-ty—ot

met hanol actually present in the experinental recycle hydrogen stream
the Exanpl gsperd landarkiredtosrs sircitls capyer sphise. For example it has

peen proposed to use a reduced copper oxide/zinc oxide

In

catalyst for effectlng 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 diocls, such as
putane-1,4-dicl, 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-diocl by vapcour phase
hydrcgenatlon of a diester, typically a dialkyl ester, of a
C4 dicarboxylic acid, selected from maleic acid, fumaric
acid, succinic acid, and a mixture of two or more thereof
has been proposed. 1In such a process the diester. is
conveniently a di-(cl'to C4 alkyl) ester, such as dimethyl
or diethyl maleate, fumarate, or succinate. A further
description of such a process can be found in US-A-4584419,
EP-A-0143634, WO- A-86/03189 WO-A-86/07358, and WO-A-
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.

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 cyclchexanedi-

- carboxylate, which can be ¢perated with substantially
increased safety and operating economy at relatively low
Pressures. Another object of the invention is to provide a



rates and hourly space velocities are cal culated on a nethanel—free-basly.

The experinmental apparatus is illustrated in Figure 1. ﬁaﬁﬁ%&ﬁﬁﬁuﬁﬁi+ﬂo

wt % sol ution of the high purity grade of dinethyl
1, 4- cycl ohexanedi car boxylate in nmethanol is fed fromre e*v?s ;ﬁolgby Vi
of valve 101, line 102 and valve 103 to liquid feed punp |04 gure te 1095
provides a buffer supply whilst burette 106 is fitted wth—a—++gtac- I
controller (not shown) that controls valve 101 so as tojensure that liqu
feed is supplied fromreservoir 100 to Irq@id feed punp Z2—at_a constant
head. The liquid feed is punped through non-return valve 107 and isol ation
val ve 108 into line 109, which can be heated by electrical heating tape
110, bef orpro¢essefordprpduct ieat efs cikd ohepanegimetdfangl k¥ ul at ed '
vapori ser : aho : gggg : i nl ess
steel dem fs{fgfs%eaé&%li Hi )s.S%f ?tlﬁgghgl ??glié&p en &caﬁ%?atzilﬁe va %tr]ei?sgfeééeizdsel

111. A st reb$n BYdFegeR38ioge stepnydiedidsy diFeatd % FHAM &1 S4B 1HeCbot t om of
vaporiser 3idikpll cpeldhéxaneldi®drbokidiatd ia@yklioHeidmst mdthansl ai n

val ve 116 enahl es w, thdrawal _of any..unvapori se . .
product w1£g a %ggher téé S-:C18- YSomer ratio than is

V)

achievable by conventional hydrogenation methods. Hence it
is a still further object of the invention to avoid the
increased capital and operating costs of the prior art
processes mentioned above which require the use of extreme
hydrogenation conditions or a separate isomerisation step.
It is also an object.of the present invention to provide a
process wherein a mixture of gig- and transg- isomers of
dimethyl 1,4-cyclohexanedicarboxylate is reacted rapidly
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 cyclohekanedi-
methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises: .
(a) providing a hydrogenation zone containing a charge
of a granular heterogeneous ester hydrogenation
catalyst;
(b) forming a vaporous feed stream of a hydrogen-
containing gas and a hydrogenatable material comprising a
dialkyl cyclohexanedicarboxylate at a feed temperature which
is in the range of from about 150°C to about 350°C apq'which~
is above the dew point of the feed stream and at a feed
pressure in the range of from about 150 psia (about 10.34
bar) to about 2000 psia (about 137.90 bar), said vaporous
feed stream 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

‘This Sheet Has Been Reﬂlaced




liquid feed material (e.g. "heavies") fromthe base of the vaporiser vessel
111. The vaporisation of the liquid feed T ™
-24 - supBIied to the vaporiser vessel 111 is assistedi\B LAQEEH%H1SHEET
117. A saturated vaporous m xture conprising di nethyl S
1, 4- cycl ohexanedi car boxyl ate and hydrogen is recovered i 5%‘514970m t he
top of vaporiser vessel 111. The vaporous mxture is hed heating tape
119 in order to raise its :

-9 -

hydrogenation zone which are effective to maintain the
reaction mixture in contact with the hydrogenation catalyst
above its dew point;

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

(£) recovering from the hydrogenatioh zone a éroduct
stream conﬁaining 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
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 gig-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-:cisg- 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" wé mean the time taken
for the reaction mixture at the temperature and pressure
conditions used in the hydrogenation zone to pass through
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‘tenperature above the dew point of the mxture prior to enter3 Bt O P
end of hydrogenation reactor 120 which contains a bed of 30 zmﬁﬂ'm‘hgg
of a pelleted copper chronite hydrogenation catalyst 121. The CataIYSL WS
catalyst A of Table I. dass rings are packed in reactor 11 gﬁﬂggg
bel ow t he catal yst bed 121. The vaporous m xture passes do 3%97
catal yst bed 121 where conversion of dinethyl 1,4-cyclohexanedt+earbexylate
to 1,4- cycl ohexanedi net hanol occurs under adi abatic conditions

Adi abaticity is maintained by electrical heating tapes. (not shown)~wttif—
I nsulating material around reactor 120 undex0t$he control of appropriately

posi tioned thernocouples (not shown). The overall reaction is mldly
exothermic with a general increase in catalyst bed tenperature of

approxi mat eh¥ émbev2i8hle R, r xits the

hydr ogenat ?’ign regc 120 |r?-ﬁl1|erne 1552)‘9%1'}&%@15%;@%% ééﬁiﬁegt exchanger
123 whi ch S|nultane3h§l?§9ﬁﬂ§§ QHRjkﬁﬁﬁﬁﬁ¥Q#lﬁﬂcﬁﬁﬁ%aﬁ?Qtﬁﬁbnﬁnd heat s

a supply Oirabwr:agenﬁeeanbamamw viindieef deidt. steasienseingn of the bul k
of the 1,4 c¥§i9g8x%ne@hﬁe% ogédgéfékaég%g(gﬁugégéntlally liquid
free vaporous form. Hence the feed stream is supplied to
the hydrogehation 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

Q)

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. EHence a
hydrogenatable material rich in gig-dimethyl cyclohexane-
dicarboxylate tends to yield a 1,4-cyclohexanedimethanol
that has a higher content of the frans-isomer thereof than
the trans-content of the starting diester.

In the case of hydrogenation of a cis-isomexr 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-:cig- isomer ratio of the 1,4-cyclo-
hexanedimethanocl present in the. reaction product mixture can
be as high as approximately 3.84:1 under vapour phase
hydrogenation conditions. This ratio is significantly




heat exchanger 123. The gas in line 124 conprises hydrogen- cont ai ni n
fromline 125 and, optionally, an inert gas or a m xture '
such as nitrogen, argon or nethane supplied in |ine 126. |
125 conpri ses make-up hydrogen supplied in line 127 and rlecfclre hydrogen
supplied in line 128. Make-up hydrogen in line 127 may be SJp@ngt‘\g'ﬂi
125 in either or both of two streans in lines 129 and 130|lvia a system of
pressure controllers 131 to 136 and-a mass {{ow controlle g
purity - 25-

higher than the ratio of between 2.57:1 and 3:1 which is
reported to be achieved with such a gig-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-(Cc; to C, alkyl) cyclohexanedi-
carboxylate, e.g. a dimethyl, diethyl, di-n- or -isc-propyl,
or di-n-, -iso- or -gec-butyl cyclohexanedicarboxylate, more
preferably dimethyl cyclohexanedicarboxylate. 1In an
especially preferred process the'dialkyl cyclohexanedi-
carboxylate is dimethyl 1,4-cyclohexanedicarboxylate.

When using dimethyl 1,4-cyclohexanedicarboxylaﬁe
feed there may be used any feedstock containing a
significant quantity of dimethyl 1,4-cyclohexanedi-
carboxylate. The feed ester dimethyl 1,4-cyclohexanedi-
carboxylate is commercially available as high purity
dimethyl 1,4-cyclohexanedicarboxylate, technical grade
dimethyl 1,4-cyclohexanedicarboxylate, gis-dimethyl 1,4-
cyclohexanedicarboxylate, or trans-dimethyl 1,4-cyclohexane-
dicarboxylate. The preferred feedstock for the process of
the invention is the technical grade dimethyl 1,4-cyclo-
hexanedicarboxylate, as the high purity, cis-dimethyl 1,4-
cyclohexanedicarboxylate, and trang-dimethyl 1,4-cyclo-

“hexanedicarboxylate will have required additional
purification stages to produce these grades. 1In a typical
bulk sample of commercially available dimethyl 1,4-cyclo-
hexanedicarboxylate the trans-:cis- isomer ratio is from
about 0.5:1 to about 0.6:1.

Whilst the process is used to advantage for the
hydrogenation of dimethyl 1,4-cyclohexanedicérboxylate, 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 dimethyl 1,2-cyclohexane-
dicarboxylate, dimethyl 1,3-cyclohexanedicarboxylate or .
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hydrogen cylinders (not shown). The heated hydr oger=gont At O&S
from heat exchanger 123 passes on in line 114 and is 'heateﬂlmx%@mﬁg :.%.‘ibhz

el ectrical heating tape 138 for supply to the vaporiser ves$sgl 111.
The cool ed hydrogenation product from heat exchanger 123 passes) gmaArRM9aPgh
line 139 to be cooled further in cooler 140 to a tenperatufe{near anbi ent

tenperature. The |iquid/vapour m xture from cool er 140 passes—omTIT=1tTTTE
141 to a first knockout pot 142 where |iquig hydrogenationjproduct is
coll ected for eventual supply by nmeans of valve 143, line 144 and control

val ve 145 to product line 146. A vaporous mi xture conprising hydrogen and
FUrther coarortid 2 ErptrLearesaPafrEPPReL AR e oBrel PABUE RS of oy
cool ed |i qp¥ dorgpdhrersxf ure fromcooler 148 is supplied via line 149 to a
second knockout pmnIﬁfgth5;fgp QPEdﬁQéEQggﬁEgiBﬁloksdﬁﬁbkﬁ@ﬁ?d for
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 decomposition
is likely, e.g. below about 300°C, it is possible to design
a viable commercial hydrogenation plant for hydrogenation of
dimethyl cyclohexanedicarboxylaté which utilises vapour
phase feed conditions. _ '

It is surprising that the process of the invention
can generate from a cig-rich dimethyl 1,4-cyclohexanedi-
carboxylate a 1,4-cyclohexanedimethanol product mixture
whose trang-:cis-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-:cig-
isomer equilibrium ratio, under liquid phase conditions, can
under favourable conditions be as high as about 3:1 when
using a gig-rich dimethyl 1,4-cyclohexanedicarboxylate, the
present invention, which operates with vaporous
hydrogenation conditions, enables production in a single
step from a gig-rich dimethyl 1,4-cyclohexanedicarboxylate
of 1,4-cyclohexanedimethanol with a frans-:cis-isomer ratio
as high as 3.84:1. When using trans-dimethyl 1,4-cyclo-
hexanedicarboxylate the trans-:gis- 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 pé;iods of up to
several months or more, at high selectiyity to the desired

cyclohexanedimethanol product and at high conversion of the
starting dialkyl cyclohexanedicarboxylate, since the



eventual supply through valve 151 and line 152 to product |ine 146. The gas
and uncondensed materials from knockout pot 150 are suppl | ' +

t hrough suction pot 154 into line 155 and then through val|ier hﬂﬂﬁﬁﬁﬂEET
recycl e conpressor 157. Gas is recycled through val ve 158(1[nes TZ8—t25-
124 and 114 to vaporiser 111. In order to control the con entrzaé'gﬂg ‘@é

I nert gases, such as nitrogen, in the circulating gas a ge ga t¥&m
may be bled fromthe systemin |ine 159 undey the controlj of—vetve-160
Ref erence nuneral 161 indicates a bypass vatve: At start up of the¢
apparatus the charge of catalyst was placed in reactor 120 whi Ch wWasthes—
purged with nitrogen. The catal yst charge was then reduced according to the
t eachi ngs @regRAAce3dnsshe art is thigyhcepperycomtaining ester

1, 4- C)éC|t Ohﬁgaﬁééﬁ%&ﬁwlc%tt%l% QoL A Bhavdli bivi §0a Ve hE-EBE B8P E inges then
punpe © ll%e and low activity at low operating pressures.
In the prior art it is made clear that the

hydrogenation of dimethyl i}4-cyclohexanedicarboxylate
(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 l1-methyl-4-hydroxymethylcyclohexane. It
is surprising to find that the process of the invention can
be operated so that, despite the presence of a very large
excess of hydrogen and the use of a very large vapour .
pressure of hydrogen compared to the relatively low vapour
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 cyclohexane-
dimethanol can be as high as 98 mole% or higher with a
selectivity to cyclohexanedimethanol of greater than 96
mole¥%.

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 isoclation 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
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vaporiser 111 at a rate of 75 m/h correspondi ng f
space velocity of 0.25 h[err]. The H2:di methyl 1, 4-

cycl ohexanedi carboxyl ate nole ratio in the vaporous m xtute
915: 1. The reactor 120 was numi ntai ned at a tenperature of 220k§§ %@q a
pressure of 900 psia (62.05 bar). The hydrogenati on zone: \Wa$

operated under conditions which prevented gge condensati oh &6f—both—dtre
1, 4- cycl ohexanedi car boxyl ate and the | ess

REPLACEMENT SHEEH

ore

+

I'n I|ne 118 whs

latile 1, 4-

e

cycl ohexanedi net hanol product. The tenperature throughout Thé hydTogenatlon
zone was above the dew point at the operating pressure.

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

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

The feed pressure is in the range of from about 150
psia (about 10.34 bai)_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. Tnis 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 pressuré. 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
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The liquid in line 146 was anal ysed periodically by capi-tasy

chromat ography using a 15 mlong, 0.32 mm i nternal dian%kEPLAﬂﬁHﬂ%ﬂ}SHEET

colum coated internally with a 0.25 pmfilmof DB wax, laffrerTm 11 ow r fit

of 2 M/mnute with a gas feed split ratio of 100:1 and aflz A@Rggyat i on
ha

1%

detector. The instrunent was fitted with a chart recordqgr ing a peak

I ntegrator and was calibrated using a cor ci al l y avai l|able—sarpte—of
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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
hot hfdrogen-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
cyélohexanedicarboxylate or dialkyl cyclohexanedi-

" carboxylate solution. If a saturated vapour mixture is
formed it should then be heated further ox dilutedﬂwith 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-cohtaining gas supplied to the
process, such as nitrogen, argon, methane, and ;arbon
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

This Sheet Has Been Reﬂlaced
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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,
optional minor amounts of compoﬂents such as CO and CO,, and
inert gases, such as argon, nitrogen, or methane, containing
at least about 70 mole ¥ of hydrogen. Preferably the make-
up gas contains at least 90 mole ¥, and even more preferably
at least 97 mole %, of hydrogen. The make-up gas can be
produced in any convenient manner, e.g. by partial oxidation
or steam reforming of natural gas followed by the water gas
shift reaction, and C02 absorption, followed possibly by
methanation of at least some of any residual traces of
carbon oxides. Pressure swing absorption can be used if a
high purity hydrogen make-up gas is desired. If gas recycle
is utilisea 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 alkanocl (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 rate of passage of the vaporous feed stream
through the hydrogénation zone as a space velocity through
the hydrogenation catalyst and to express that space
velocity in terms of the ratio of the liquid feed rate of
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the hydrogenatable material to the vapbrisétion zone ténﬁhe
volume of the hydrogenation catalyst. Thus the liquid
hourly space velociéy of the hydrogenatable material through
the hydrogenation catalyst is preferably from about 0.0S h-1
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, per unit volume of catalyst, which is from 0.05
to 4.0 unit volumes of hydrogenatable material per hour
(e.g. 0.05 to 4.0 m>h~1 per m> of catalyst). Even more
preferably the liquid hourly space velocity is from about
0.1 h~! to about 1.0 h-1.

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

Typical ester hydrogenation catalysts include
copper-containing catalysts and Group VIII metal-containing
catalysts. Examples of suitable copper-containing catalysts
include copper-on-alumina catalysts, reduced copper
oxide/zinc oxide catalysts, with or without a promoter,
manganese promoted copper catalysts, and reduced copper
chromite catalysts, with or without a promoter, while
suitable Group VIII metal-containing catalysts include
platinum catalysts and palladium catalysts. Suitable copper
oxide/zinc oxide catalyst precursors include CuO/ZnO
mixtures wherein the Cu:2Zn weight ratio ranges from about
0.4:1 to about 2:1. An example is the catalyst precursor
bearing the designation DRD 92/71. Promoted copper
oxide/zinc oxide precursors include Cu0/Zn0 mixtures wherein
the Cu:2Zn weight ratio ranges from about 0.4:1 to about 2:1
which are promoted with from about 0.1 %¥ by weight up to
about 15% by weight of barium, manganese or a mixture of
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barium and manganese. Such promoted CuO/ZnO mixtures
include the Mn-promoted Cu0/Zn0 precursor available under
the designation DRD 92/92. Suitable copper chromite
catalyst precursors 1nc1ude those wherein the Cu:Cr weight
ratio ranges from about 0 1:1 to about 4:1, preferably from
about 0.5:1 to about 4:1. Catalyst precursors of this type
are the precursors available under the designation DRD 89/21
or under the designation PG 85/1. Promoted copper chromite
precursors include copper chromite precursors wherein the
Cu:Cr weight ratio ranges from about 0.1:1 to about 4:1,
preferably from about 0.5:1 to about 4:1, which are promoted
with from about 0.1 % by weight up to about 15% by weight of
barium, manganese or a mixture of barium and manganese.
Manganese promoted copper catalyst precursors typically have
a Cu:Mn weight ratio of from about 2:1 to about 10:1 and can
include an alumina support, in which case the Cu:Al weight
ratio is typically from about 2:1 to about 4:1. An example
is the catalyst precursor DRD 92/89. '

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

Other catalysts which can be considered for use
include P4/2no catalysts of the type mentioned by P.S.
Wehner and B.L. Gustafson in Journal of Catalysis 136, 420-
426 (1992), supported palladium/zinc catalysts of the type
disclosed in US-A-4837368 and US-A-5185476, and chemically
mixed copper-titanium oxides of the type disclosed in US-A-
43829777.

Further catalysts of interest for use in the
process of the invention incl@de the rhodium/tin catalysts
reported in A. El Mansour, J.P. Candy, J.P. Bournonville,
O.A. Ferrehi, and J.M Basset, Angew. Chem. 101, 360 (1989).
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Any recognised supporting medium may be used to
srovide physical support for the catalyst used in the
process of the invention. This support can be provided by
materials such as zinc oxide, alumina, silica, alumina-
silica, silicon carbide, zirconia, titania, carbon, a
zeolite, or any suitable combination thereof.

The catalysts that are particularly preferred for
use in the process of the invention are the copper-
containing catalysts, particularly reduced copper chromite,
with or without a promoter, and manganese promoted copper
catalysts. ' .

The or each hydrogenation zone may comprise a °
shell-and-tube reactor which may be operated under’
isothermal, or near isothermal, conditions with the catalyst
in the tubes and the coolant in the.shell or vice versa.
Usually, however, it will be preférred to use adiabatic
reactors since these are cheaper to construct and install
than shell-and-tube reactors. Such an adiabatic.réactor may
contain a single charge of a hydrogenation catalyst or may
contain two or more beds of caﬁalyst, or ‘beds of different
hydrogenation catalysts. If desired, extermal 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.

The invention is further described with reference
to the following Examples. The- compositions of catalysts A
to D used in the Examples are listed in Table I. The oxygen
content of the catalyst has been excluded from the analysis
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98% v/ v hydrogen. Exanples 2 to 8 Using a simla ACE ENﬁigﬂﬁﬁ
that described in Exanple 1 and the sanme feed solution, 7f rep [ runs wer el
carried out using the copper chronite catal yst (catalyst n ﬁgﬂﬁg'ﬁ?7 h
runs were designed to investigate the effect on the hydro | eacti n7
of changes in operating conditions such as tenperature, pressure, LHSV and
gas:ester nole ratio. In each case the vaporous m xture .i i Contact—w-t-h t he
catal yst was above its dew point. The resul2z are summarised in Table |1
Exanpl e 9 The charge of copper chromte catalyst used in Exanpl es
1 to 8 was replaced by 150 m (240.8 g) of DRD 89/21 (catalyst B in Table
), a coppgkambi@rhte catalyst with a Cu/Cr weight ratio of 3:1. The

catal yst was actiivated follow ng the procedure described in Exanple 1 and a
met hanol sol uti on off§ dydnegenatdiontaf)|a 1highkyershexXagEadei e8r boxyl at e

was suppl i admekhiylle 1y apeydilthebdahatlicaflfdRyDate was investigated using
the experimental apparatus illustrated in Figure 1.

The composition of the high purity feed was: 36.16
wt¥% trans-dimethyl 1,4-cyclohexanedicarboxylate, 63.26 wt%
cis-dimethyl 1,4-cyclohexanedicarboxylate, 0.17% methyl
hydrogen 1,4-cyclohexanedicarboxylate of formula

o o
| I .
c C-OCH,

HO-

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

In a commercial plant, hydrogen gas is separated
from the hydrogenation product and is advantageously
recycled through the hydrogenation zone. The hydrogen
recycle stream will contain a quantity of methanol vapour
produced by the hydrogenation of dimethyl 1,4-cyclohexane-
dicarboxylate. Henée, the vaporous feed stream supplied to
the hydrogenation zone in a commercial plant will generally'
contain methanol in addition to hydrogen and an unsaturated
organic compound. 1In orxrder that the experimental rig
described hereinbelow should accurately predict the likely
results obtained during commercial operation, the liquid
feed supplied to the vaporiser was supplemented by a
‘quantity of liquid methanol corresponding to the quantity of
methanol which would be contained in -the recycle hydrogen
stream in a commercial plant. Although hydrogen is recycled
in the experimental rig described hereinbelow, the quantity
of methanol contained within the recycle hydrogen stream is
proportionately less than would be contained in a
corresponding commercial.recycle stream.. This difference
arises because the recycle gas in the experimental rig is
cooled substantially below the temperature to which it youl@
be desirably cooled in a commercial plant. More methanol is
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therefore "knocked out" of the experimental recycle hydrogen
stream. This discrepancy between the experimental rig and a
commercial plant is necesgsitated by the delicacy of the
equipment, particularly the analytical equipment, used in
the experimental rig. In this Example and in all succeeding
Examples, methanol is added to the experimental liquid feed
in a quantity which is substantially equal to the
proportionate quantity of methanol which would be present in
the experimental recycle stream if the rig were operated
under commercial conditions minus the quantity of methanol
actually present in the experiﬁental recycle hydrogen
stream. In the Examples, all parameters such as conversion
rates and hourly spéce velocities are calculated on a
methanol free basis. ' _

' The experimental apparatus is illustrated in Figure’
1. An approximately 70 wt% solution of the high purity
grade of dimethyl 1,4-cyclohexanedicarboxylate in methanol
is fed from reservoir 100 by way of valve 101, line 102 and
valve 103 to liquid feed pump 104. Burette 105 provides a
buffer supply whilst burette 106 is fitted with a liquid
level controller (not shown) that controls valve 101 so as
to ensure that liquid feed is suppiied from reservoir 100 to
liquid feed pump 104 at a constant head. The 1iquid'feed is
pumped through non-return valve 107 and isolation valve 108
into line 109, which can be heated by electrical heating
tape 110, before the heated liquid enters the upper part of
an insulated vaporiser vessel 111 above a bed of émm x 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 endbles withdrawal of any unvaporised
liquid feed material (e.g. "heavies") from the base of the
vaporiser vessel 111. The vaporisation of the liquid feed
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supplied to the vaporiser vessel 111 is assisted by heating
tape 117. A saturated vaporous mixture comprising dimethyl
1,4-cyclohexanedicarboxylate and hydrogen is recovered in
line 118 from the top of vaporiser vessel 111. The vaporous
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 copper
chromite hydrogenation catalyst 121. The catalyst was
catalyst A of Table I. Glass rings are packed in reactor
111 above and below the caﬁalyst bed 121. The vaporous
mixture passes downward through catalyst bed 121 where
conversion of dimethyl 1,4-cyclohexanedicarboxylate to 1,4-
cyclohexanedimethanol occurs under adiabatic conditions.
Adiabaticity is maintained by electrical heating tapes. (not
shown) within insulating material around reactor 120 under
the control of appropriately positioned thermocouples (not
shown). The overall reaction is mildly exothermic with a
general increase in catalyst bed temperature of o
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 hydrogénation 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.hyﬁrogen—'
containing gas from line 125 and, optionally; an inert gas
or a mixture of inert gases such as nitrogen, argon or
methane supplied in line 126. The gas in line 125 comprises
make-up hydrogen supplied in line 127 and recycle hydrogen
supplied in line 128. Make-up hydrogen in line 127 may be
supplied to line 125 in either or both of two streams in
lines 129 and 130 via a system of pressure controllers 131
to 136 and a mass flow controller 137 from high purity
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hydrogen cylinders (not shown).

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

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

Reference numeral 161 indicates a bypass valve.

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

High purity dimethyl 1,4-cyclohexanedicarboxylate,
appropriately diluted with methanol, was then pumped to the
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'vaporiser 111 at a rate of 75 ml/h corresponding to a liquid
hourly space velocity of 0.25 n~l. The H,:dimethyl 1,4-
cyclohexanedicarboxylate mole ratio in the vaporous mixture
in line 118 was 915:1. The reactor 120 was éaintained at a
temperature of 220°C and a pressure of 900 psia (62.05 bar).
The hydrogenation zone was therefore operated under
conditions which prevented the condensation of both dimethyl
1,4-cyclochexanedicarboxylate and the less volatile 1,4-
cyclohexanedimethanol product. The temperature throughout
the hydrogenation zone was above the dew point at the
operating pressure. )

The liquid in line 146 was analysed periodically by
capillary gas chromatography using a 15 m long, 0.32 mm
internal diameter fuysed silica column coated internally with
a 0.25 um £ilm of D; wax, a helium flow rate of 2 ml/minute
with a gas feed split ratio of 100:1 and a flame ionisation
detector. The instrument was fitted with a chart recorder
having a peak integrator and was calibrated using a
commercially available sample of dimethyl 1,4-cyclohexane-
dicarboxylate of known composition. The exit gas was also
sampled and analysed by gas chromatography uéing the same
technique. The identities of the peaks were confirmed by
comparison of the retention times observed with those of
authentic specimens of the materials in question and by mass
spectroscopy. Included amongst the compounds detected in
the reaction mixture were 1,4-cyclohexanedimethanol,
dimethyl 1,4-cyclohexanedicarboxylate, 4-methokyme£hi1
cyclohexanemethanol, di-(4-methoxypethylcyclohexylmethyl)
ether, and methanol. From the results obtained it was
demonstrated that dimethyl 1,4-cyclohexanedicarboxylate can
be converted in excess of 99%, with a selectivity to 1,4-
cyclohexanedimethanol of approximately 98.5% being obtained,
the balance being minor by-products. After making due
allowance for the methanol present in the feed solution of
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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 the succeeding Examples 2 to 8.
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Notes to Table II:

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

CHDM = cyclohexanedimethanol

BYPR miscellaneous byproducts

"METH 4-methoxymethyl cyclohexanemethanol

DETH = di-4-hydroxymethylcyclohexylmethyl ether
Gas = hydrogen-containing gas containing more
than 98% v/v hydrogen.

Examples 2 to 8

Using'a similar procedure to that described in-
Example 1 and the same feed solution, 7 further runs were
carried out using the copper chromite catalyst (catalyst A
in Table I). The runs were designed to investigate the
effect on the hydrogenation reaction of changes in 6perating
conditions such as temperature, pressure, LHSV and gas:ester
mole ratio. In each case the vaporous mixture in contact
with the catalyst was above its dew point. The results are
summarised in Table II. ' '
Example 9

The charge of copper chromite catalyst used in
Examples 1 to 8 was reéplaced. by 150 ml (240.8 g) of DRD
89/21 (catalyst B in Table I), a copper-chromite catalyst
. with a Cu/Cr weight ratio of 3:1. The catalyst was
activated followihg the procedure described in Example 1 and
a methanol solutién of high purity dimethyl 1,4-cyclohexane-
dicarboxylate was supplied to the vaporiser 111 at a rate of
60 ml/hr corresponding to liquid hourly space velocity of
0.40 hr'l. The inlet temperature to the hydrogenation zone
was 221°C, i.e. above the dew point of the vaporous mixture.

A conversion of 99.52% of dimethyl-1,4-cyclohexane-~
dicarboxylate was obtained. Detailed results are shown in
Table III below, as well as the results obtained in Examples
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trans-di net hyl 1, 4-cycl ohexanedi car boxyl ate, 61. 60 mﬁ@bcls- dlnethyl
1, 4- cycl ohexanedi car boxyl ate, 1.59 w % net hyl hydrogen '*v, L :
cycl ohexane- 1, 4- di car boxyl ate, 0.07 wt % water and 2.79 mﬂ@’o_‘ viuck ook s Y
i mpurities including di-4- hydroxymethyl cycl ohexyl nethyl ¢t ljer. The feed }
was suppl emented with nethanol as described in Exanple 1. fai2 5%?%97’[5

are shown in Table Ill. In each of these Exanples the vapofolis m xture in

contact with the catal yst was above its dew point. Exanple| 24 -4ﬁm4

charge of copper chromte catalyst used i B3anples 9 to 2B8.uas _replaced by
300 mM of DRD 92/89 (catalyst Cin Table I), a non-chrom um cat al yst
cont ai ni ng copper, nmanganese and al um na. The catal yst was activated by a
procedure anal ogous to that described in Exanple 1 and high purity dinethyl -

1, 4-cycl ohe anedicarboxglate was supplied as a methanol solution to the
vapori ser ﬂé&igg—%r+%£e—8¢—423 m /hr corresponding to a liquid hourly space
vel ocity of 0.42 h[erhé. efhecﬁa%nEQMﬁéﬂnykﬂllﬁﬂdYbIHhéikhé&ﬂHHﬁbﬁkfméﬁére
reaching thﬁy&¥§§8&§@%&ﬁogfzg ég%%g %%e operating conditions described
in Example 9 was investigated in 5 further experiments.
Detailed results are shown in Table III. In each of
Examples 10 to 14 the vaporous mixture in contact with the
catalyst was above its dew point.
E;amgles 15 _to 23
The high purity dimethyl 1,4-cyclohexane-
dicarboxylate supplied to the hydrogenation zone in Examples
1 to 14 was replaced with a technical grade feed. The
composition of the technical grade feed was : 33.95 wt¥%
trans-dimethyl 1,4-cyclohexanedicarboxylate, 61.60 wt¥% cis-
dimethyl 1,4-cyclohexanedicarboxylate, 1.59 wt% methyl
hydrogen cyclohexane-1,4-dicarboxylate, 0.07 wt% water and
2.79 wt¥ of high boiling impurities including di-4-
hydroxymethylcyclohexyl methyl ether. The feed was
supplemented with methanol as described in Example 1. _
' Detailed results are shown in Table III. 1In each of these
Examples the vaporous mixture in- contact with the catalyst
was above its dew point. '
Example 24
The charge of copper chromite catalyst used in
Examples 9 to 23 was replaced by 300 ml of DRD 92/89
(catalyst C in Table I), a non-chromium catalyst contﬁining
copper, manganese and alumina. The catalyst was activated
by a procedure analogous to that described in Eiample 1 and
high purity dimethyl 1,4-cyclohexanedicarboxylate was
supplied as a methanol solution to the vaporiser 111 at a
rate of 123 ml/hr corresponding to a liquid hourly space
velocity of 0.42 h-l. The “gas:ester molar ratio of the
vaporous mixture reaching the hydrogenation zone was 703:1
and the hydrogenation zone was maintained at 900 psia (62.05




and .t he hydrogenation zone was maintained at 900 psia (62.

bar) with an inlet tenperature of 220[err]C, i.e. 10[err]CPEg*LA£EmHﬂﬁBSHEET
point of the feed mi xture at this pressure. A dinEtkyI

1, 4- cycl ohexanedi car boxyl at e conversi on of 99. 78% was obt aijngqd ?§§
results are shown in Table IV below. The notes to Table Il |a pIy also

Table |'V. Exanple 25 The effect -oA4hydr ogenati on ¢f Nrgh—purty

di et hyl

bar) with an inlet temperature of 220°C, i.e. 10°C above the
dew point of the feed mixture at this pressure.

A dimethyl 1,4-cyclohexanedicarboxylate conversion
of 99.78% was obtained. Detailed results are shown in Table
IV below. The notes to Table II apply also to Table IV.
Example 25 :

The effect on hydrogenation of high purity dimethyl
1,4-cyclohexanedicarboxylate of altering the operating
conditions, specifically the LHSV described in Example 24,
was investigated in a further experiment. Detailed results
are shown in Table IV. Again the dimethyl 1,4-cyclohexane-
dicarboxylate was supplied to the vaporiser as a solution in
methanol. The vaporous mixture in contact with the catalyst
was about 10°C above its dew point at the operating
pressure.

Examples 26 to 32

The high purity dimethyl 1,4-cyclohexanedi-
carboxylate feed of Examples 24 and 25 was replaced with a
technical grade feed whose composition has already been
described in Examples 15 to 23. The effect on hydrogenation
of this technical grade feed of altering the operating
conditions described in Example 24 was investigated in 7
further experiments. Detailed'reéults are shown in Table
IV; the notes to Table II apply also to Table IV. 1In each
of Examples 26 to 32 the vaporous mixture in contact with
the catalyst was above its dew peoint.
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further experinment. Detailed results are shown in Table IV.
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Examples 33 to 35

In an experiment to determine the vapour phase
equilibrium trans-:cig- 1,4-cyclohexanedimethanocl product
ratio, an experimental apparatus of the type described in
Example 1 was packed with 250 ml of catalyst C of Table I
and supplied with a feed of a hydrogenation product of
dimethyl 1,4-cycldhexanedicarquylate having the following
composition: 48.6 wt¥% methanol, 1.4 wt¥% dimethyl 1,4-cyclo-
hexanedicafboxylate, 36.2 wt¥ trans-1,4-cyclohexanedi-
methanol, 10.4 wt% cis-1,4-cyclohexanedimethanol, 0.11 -wt%
4-methoxymethyl cyclohexanemethanol, 0.42 wt% di-(4-
hydroxymethylcyclohexylmethyl) ether, 0.5 wt¥% water and 2.31
wt¥ of other byproducts. This hydrogenation product thus
had a grans:cig- 1,4-cyclohexanedimethanol ratio of 3.48:1.
The process parameters for Example 33 were as set out in
Table V. The prodﬁct from Example 33 was then passed
through the reactor of a second experimental rig of the type
described in Example 1 which was packed with 250 ml of
catalyst C of Table I. The process parameters and product
transg-:cis- ratio for this second run are shown in Example
34 in Table V. The product mixture from Example 34 was fed
through a third experimental ‘rig of the type described in
Example 1, again packed with 250 ml of catalyst C of Table
I. The trans-:cig- 1,4-cyclohexanedimethanol product ratio
resulting from this third run, -Example 35, can be seen to
have stabilised at around 3.84:1, the vapour phase
equilibrium value.



[ ————— ———

REPLACEMENT SHEET]

2 5MAR 1997 |
. {
— ]
- 37 -
TABLE V
Example No. 33 34 35
Pressure psia (bar) | 900 (62.05) 900 (62.05) 900 (62.05)
Inlet temp. (°C) 221 221 220
Gas:DMCD ratio 571 . 570 570
Exit temp. (°C) 221 221 220
Dew point (°C) 213 213 213
Residence time (sec) 4.6 9.3 9.3
'LHSV (h™1) 0.37 0.19 0.19
trans-/cis-CHDM - 3.77 3.84 3.84
DMCD conversion (%) 99.99 99.99 - 100.00

Examples 36 to 39 '

The general procedure of Example 1 was repeated
using trans-dimethyl 1,4-cyclohexanedicarboxylate in place
of the high purity grade used in Example 1. Since the
trans-grade is less soluble in methanol than the high purity
grade, a 20 wt¥ solution of trans-dimethyl 1,4-cyclohexane-
dicarboxylate was used. The results are summarised in Table
VI.
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Examples 40 to 42

' The general procedure of Example 1 is repeated
using, in place of the high purity grade of dimethyl 1,4-
cyclohexanedicarboxylate, gig-dimethyl 1,4-cyclohexanedi-
carboxylate, dimethyl 1,2-cyclohexanedicarboxylate and :
dimethyl 1,3-cyclohexanedicarboxylate respectively. Similar
results are obtained.
Example 43

The general procedure of Example 1 is repeated

using in place of catalyst A'an equal volume of catalyst D.
‘Similar results are observed.
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CLAIMS: '
1. A process for the production of cyclohexanedi-

methanol by hydrogenation of a dialkyl cyclohexanedi-

carboxylate which comprises: .

(a) providing a hydrogenation zone containing a charge

of a granular heterogeneous ester hydrogenation

catalyst; _

(b) . forming a véporous feed stream of a hydrogen-

containing gas and a hydrogenatable material comprising a

dialkyl cyclohexanedlcarboxylate at a feed temperature whlch

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 in the range of from about 150 psia {about 10.34

bar) to about 2000 psia (about 137.90 bar), said vaporous

feed stream 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 stream in contact with the hydrogenation catalyst

above its dew point; '

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

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

2. A process according to claim 1, in which the
dialkyl cyclohexanedicarboxylate is a di-(C, to C; alkyl)
cyclohexanedica:boxylate.

»
P

3. A process according to claim 1 or claim 2, in which
the dialkyl cyclohexanedicarboxylate is dimethyl 1,4- )

Thls Sheet Has Been Repla
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Exanpl es 33 to 35 In an experinment to determine the “H‘Hﬁm‘mn Hll”“\
equi libriumtrans-:cis- 1,4-cycl ohexanedi met hanol product ra

experinmental apparatus of the type described in Exanple 1 was packed wth

250 m of catalyst C of Table | and supplied with a feed of a hydrogenatlon
product of dimethyl 1,4-cyclohexanedi carboxyl ate havi ng theretl-ow
conposi tion: 48.6 wt % nethanol, 1.4 wt % dinethyl 1,4-cyclo- REPLA(I%MENT‘SHEET
hexanedi car boxyl ate, 36.2 wt % trans-1, 4-cyclghexanedi - nmet hanpt— 102 wt9%
ci s-1, 4- cycl ohexanedi nmet hanol, 0.11 wt % 4- nmet hoxynet hyl .
cycl ohexanenet hanol, 0.42 wt % di - (4- hydroxynet hyl cycl ohexy rretl%/?’"Agt??QV,
0.5 mﬂ@6matgycgage&aﬁgagbéggoﬁyrgg byproducts. This hydrogpnet+es—praduct
thus had a trans:cis- 1, 4- cyclohexanedlnethanol ratio of 3.48:1. The
process paraneters for Exanple 33 were as set out in Table V. —Theproduct

from Exanpl @.33 was mhgi'dlwchd&tsfwﬁbgtﬂ? ArRP Gl

A’
t descyibed 1n. Fxanpl 1‘\%“6% &dd P h
5500 of cuparh Ene 38RA RSt e s scom“;’a:f:«‘;dm-
trans-:cis- dna@m@yﬂoﬂ.ﬂquqighﬁxhnedueazbs*mmwm¢n Exanpl e

5. - A process according to any one of claims 1 to 3, in
which the dialkyl cyclohexanedicarboxylate comprises trans-
dimethyl 1,4-cyclohexanedicarboxylate.

6. A process according to any one of claims 1 to 3, in
which the dialkyl cyclohexénedicarboxylate-cdmprises a’
mixture of the gcis- and ;;ggg- isomers of dimethyl 1,4-
cyclohexanedicarboxylate.

7. A process according to claim 1 or claim 2, in which
the vaporous feed stream comprises dimethyl 1,3-cyclohexane-
dicarboxylate.
8. A process according to claim 1 or claim 2, in which
the vaporous feed stream comprises dimethyl 1,2-cyclohexane-
dicarboxylate. '

. 9. A process according to any one of claims 1 to 8, in

.which the hydrogen-containing gas:dialkyl cyclohexanedi-
carboxylate mole ratio in the vaporous feed stream'is in the
range of from about 200:1 to about 1000:1. '

10. A process according to any one of claims 1 to 9, in
which the feed temperature is in the range of from about
150°C to about 300°C.

11. A process according to claim 10, in which the feed
temperature is in the range of from about 200°C to about

This Sheet Has Been Replaced ;
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34 in Table V. The product mixture from Exanple 34 was fed t ﬂnuul il mm “"
experimental rig of the type described in Exanple 1, again
m of catalyst C of Table |I. The trans-: cis- 1, 4- cyclohexanedlnethanol

product ratio resulting fromthis third run, Exanple 35, can be seen to

have stabilised at around 3.84:1, the vapour phase equilibrium val ue.
- 37 -
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260°C.
12. A process according to any one of claims 1 to 11,

in which the feed preséﬁre is in the range of from about 450
psia (about 31.03 bar) to about 1000 psia (about 68.95 bar).

13. A process according to any one of claims 1 to 12,
in which the catalyst is selected from reduced copper
oxide/zinc-oxide.catalysts, manganese promoted copper
catalysts, reduced copper chromite catalysts, reduced
promoted copper chromite catalysts, supported palladium/zinc
catalysts, chemically mixed copper-titanium catalysts,
rhodium-containing catalysts, platinum catalysts and
palladium catalysts.

14. - A process according to claim 13, in ‘which the
catalyst is selected from the reduced forms of ‘copper
chromite, promoted copper chromite, and manganese promoted
copper catalysts. '

1s. A process according to claim 14, ip which the
catalyst comprises not more than about 15% by weight of at
least one promoter selected from barium, manganese, and
mixtures thereof.

16. A process according to any one of claims 1 to 15,
in which the dialkyl cyclohexanedicarboxylate is supplied to
the hydrogenation zone at a rate corresponding to a liquid
hourly space velocity of from about 0.05 to about 4.0 h~1l.

This Sheet Has Been Reilaced




TABLE V Exanpl e No.
Pressure psia (bar) 900 (62.
([err] O 221

571 570 57
221 220 Dew point (
213 Residence tinme (sec) 4
0. 37 0.19 0.

3.84 3.84 DMCD conve
100. 00 Exanpl es 36 to 39
repeat ed usi ng trans-di net hyl

33 34 35
05) 900 (62.05) 900 (62. |
221 520 Cas: DVIBERLACEMENT SHEET
0 Exit tenp. ([err]QO : 221
[err] Q) 213 | .- 25WAR 1997
. 6 9:3 -9.-3-LHSV (h[err])
19 tragns-/cis-CHDM 3.77
rsion (99 99. 99 99

The general procedure of Exanple 1 was
1, 4- cycl ohexanedi car boxyl ate i n pl ace
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of the high purity grade used in Exanple 1. Since the trans-grade is |ess
sol ubl e in nethanol than the high purity grade, a 20 wt % solution_.af

trans-di nethyl 1, 4-cycl ohexane- dicarboxyl ate was used. TH@EP@W@E%ﬁﬂgf@HEET
summarised in Table VI. - 38 - bbbkl ol
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PROCESS FOR THE PRODUCTION OF CYDOHEXANEDIMENTHANOL WITEH
PREPONDERANCE OF THE TRANS-ISCMER

ABSTRACT

A process is described for the production of
cyclohexanedimethanol in which a vaporous feed stream of a
. hydrogen-containing gas and a hydrogenatable material
comprising a dialkyl cyclohexanedicarboxylate is supplied to
a hydrogenation zone containing a charge of a granular
heterogeneous ester hydrogenation catalyst 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 in the range of from about 150
psia (about 10.34 bar) to about 2000 psia (about. 137.90 bar),
while maintaining hydrogenation conditions in the
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the hydrogenation cataiyst
above its dew point.
In this process it is preferred to use dimethyl 1,4-
cyclohexanedicarboxylate to produce 1,4-

cyclohexanedimethanol.

FIGURE 1
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PROCESS R)R THE PRODUCTION OF CYCLOHEXANEDIMETHANOL WI'IH
PREPONDERANCE OF THE TRANS-ISOMER

E;eld of the invention

This invention relates to a process for the
production of cyclohexanedimethanol, and more particularly
to a process for the production of a mixture containing a
major amount of the trang-isomer of cyclohexanedimethanol
and a minor amount of the corresponding ¢ig-isomer.
Background of the invention

1l,4-cyclohexanedimethanol is used to prépare 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 cisg-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\ | " |
cx3o-c<:>c-ocn3 + AHy == _Ho-cnzOcnz-on + 2CH,0H

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

This Sheet Has Been Replaced
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PROCESS FOR THE PRODUCTION OF CYCLOHEXANEDIMETHANQLWITH
PREPONDERANCE OF THE TRANS-ISCMER

ABSTRACT

A process is described for the production of
cyclohexanedimethanol in which a vaporous feed stream of a
,hydrogen-containing'gas and a hydrogenatable material
comprising a dialkyl cyclohexanedicarboxylate is supplied to
a hydrogenation zone containing a charge of a granular
heterogeneous ester hydrogenation catalyst 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 in the range of from about 150
'psia (about 10.34 bar) to about 2000 psia (about 137.90 bar),
while maintaining hydrogenation conditions in.phe
hydrogenation zone which are effective to maintain the
reaction mixture in contact with the hydrogenation cataiyst
above its dew point.

In this process it is preferred to use dimethyl 1,4-
cyélohexanedicarboxylate-to produce 1,4-

cyclohexanedimethanol.
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PROCESS FOR THE PRODUCTION OF CYCLOHEXANEDIMETHANOL wITH
PREPCNDERANCE OF THE TRANS-ISCOMER

Description

This invention relates to a process for the
production of cyclohexanedimethancl, and more particularly
to a process for the production of a mixture containing a
major amount of the Lrang-isomer of cyclohexanedimethanol
and a minor amount of the corresponding c¢ig-isomer.
ac () inv

1,4-cyclohexanedimethanol is used to prepare highly
poelymeric 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 1l,4-cyclohexanedimethanol for such purposes is
disclosed in, for example, US-A-2901466. This document
teaches that the ;;ggg-isome: of polycyclohexylene-
dimethylene -terephthalate has a higher melting point range
(315°-320°C) than the corresponding gig-isomer (260°-267°C).

One method for preparing 1,4-cyclohexanedimethanol
(hexahydroterephthaiyl 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 Gf 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):-

i ﬁ .
cn3o-c<j:>c-ocn3. + 4H, T2 Ho-c:-szcxz-ox + 2CH,OH

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

The two geometrical isomers-of CHDM thns;g;oduced are:
REPLACEMENT %HF’L’,}“‘%M_%S;;
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cyclohexanedimethanol by plural stage hydrogenation of
‘dimethyl terephthalate is described in US-A-3334149. This
utilises a palladium catalyst to effect hydrogenation of
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-cyclohexanedimethancl. In the procedure
described in Example 1 of that patent specification a
residence time of about 40 to S50 minutes is used in the
second stage of this process. ' The activity of the copper
chromite catalysts recommended in US-A-3334149 is such that
long residence times are required.

In a liquid phase process for the production of
1,4-cyclohexanedimethanol, such as is disclosed in US-A-
3334149, the trans-:cig- 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
generally commercially obtainable as a mixture of gig- and
trans-isomers wherein there is' a preponderance of the cig-
isomer. Thus in a typical commercial grade of dimethyl 1,4-
cyclohexanedicarboxylate the frang-:cig- 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¢ig-1,4-cyclohexanedi-
methanol isomer in any process for 1}4-cyclohexanedimethanol
manufacture have focused on the isomerisation of the gigs-
isomer of cyclchexanedimethanol to the trang-isomer thereof.

US-A-2917549 disclases a proéess for isomerising
¢is-1,4-cyclohexanedimethanol to fransg-1,4-cyclohexanedi-
methanol which comprises heating cis-1,4-cyclohexanedi-
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procesé for pProduction of cyclohexanedimethanol by
hydrogenation of dlmethyl cyclchexanedicarboxylate wherein
the hydrogenation step yields directly from a gjg-rich
dialkyl cyclohexanedicarboxylate a cyclohexanedimethanol
product with a higher trang-:cis- isomer ratic than is
achievable by conventional hydrogenation methods. Hence it
- is a still further object of the invention to aveid the
increased capital and operating costs of the priocr art
processes mentioned above which require the use of extreme
hydrogenation conditions or a separate isomerisation step.
It is also an objéct of the present invention to provide a
process wherein a mixture of gig- and traps- isomers of
dimethyl 1,4-cyclohexanedicarboxylate'is reacted rapidly
with high conversion and high selectivity to a mixture of
cis- and trans-isomers of 1,4-cyclchexanedimethanol.
According to the present invention there is
provided a process fof the producticn of cyclohexanedi-
methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises:
(a) providing a hydrogenation zone containing a charge'
of a granular heterogeneous ester hydrogenation
catalyst; _
(b) forming a vaporous feed stream of a hydrogen-
containing gas and a hydrogenatable material comprising a
dialkyl cyclohexanedicarboxylate at a feed temperature which
is in the range of from 150°C to _ 350°C and which
is above the dew point of the feed stream and at a feed
pressure in the range of from . 150 psia ( 10.34
bar) to 2000 psia ( 137.90 bar), said vaporous
feed stream 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
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gas: di al k cyCl ohexanedi car box teratio In om10:1 up to
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(e) passing the vaporous feed stream through the
hydrogenation zone; and

stream of a hydr ¢gen
conprising a dialjkyl

(£) recovering from the hydrogenation zone a éroduct
stream containing cyclohexanedimethanol.

The invention is based upon the surprising
discovery that, not only is the conversicn 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
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 gig-rich dimethyl 1,4-cyclohexanedi-
carboxylate having a frans-:cis- isomer ratio of less than

about 1:1, e.g. .~ 0.5:1 to 0.6:1, a high
trans-:cis- 1,4-cyclohexanedimethanol ratio, typically
greater than 2.0:1 up to 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 2 to 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
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2, in which th Lal kyl cycl ohexpnedi carboxylate is dinmethyl 1,4-

higher than the ratio of between 2.57:1 and 3:1 which is
reported to be achieved with such a ¢ig-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-, -isg- or -sec-butyl cyclohexanedicarboxylate, more
preferably dimethyl cyclochexanedicarboxylate. 1In an
especially preferred'process the.dialkyl cyclohexanedi- -
carboxylate is dimethyl 1,4-cyclohexanedicarboxylate.

When using dimethyl 1,4-cyclohexanedicarboxylate
feed there may be used any feedstock containing a
significant quantity of dimethyl 1,4-cyclohexanedi-
carboxylate. The feed ester dimethyl 1,4-cyclohexane&i-
carboxylate 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-cyclohexane-
dicarboxylate. The preferred feedstock for the process of
the invention is the technical grade dimethyl 1,4-cyclo-
hexanedicarboxylate, as the high purity, gig-dimethyl 1,4-
cyclohexanedicarboxylate, and trang-dimethyl 1,4-cyclo-
hexanedicarboxylate will have required additional
purification stages to produce these grades. In a typical
bulk sample of commercially available dimethyl 1,4-cyclo-
hexanedicarboxylate the trans-:cis- isomer ratio is from

0.5:1 to ~ 0.6:1. |

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 dimethyl 1,2-cyclohexane-
dicarboxylate, dimethyl 1,3-cyclohexanedicarboxylate or
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remaining zone or zones. This arrangement also permits
operation under the conditions taught in WO-A-91/01961. 1In
this case two hydrogenation reactors connected in parallel
are used. In a first phase of operation with a fresh charge
of catalyst one only of the reactors is used, the other one
being in standby mode with the catalyst bathed in hydrogen.
After a period of operation over which the catalyst activity
may decline somewhat the second reactor is used, whilst the
first one is placed in standby condition. After a further
period of operation both reactors are used in parallel until
the time comes to replace the entire catalyst charge.

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 tke range of from 150
psia ( 10.34 bar) up to about 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
about 1000 psia ( 68.95 bar).

The process'requirés 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
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vapour phase, as well as dissolved gases, in conéentrations
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 cperating 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
hot hidrogen4containing 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
cyélohexanedicarboxylate 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 paréially 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-éontaining gas is
hydrogen, other gases may also be introcduced, 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 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
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A

the hydrogenatable material to the vaporisation zone to the
volume of the hydrogenation catalyst. Thus the liquid
hourly space velocity of the hydrogenatable material through
the hydrogenation catalyst isg preferably from 0.05 h-!
to 4.0 h™X. In other words it is preferred to feed
the liquid hydrogenatable material to the vaporisation zone
at a rate, per unit volume of catalyst, which is from 0.0s
to 4.0 unit volumes of hydrogenatable material per hour h
(e.g. 0.05 to 4.0 m3h-1 per m3 of catalyst). Even more
preferably the liquid hourly space veloczty is from

0.1 b~ to 1.0 h-1, '

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

Typical ester hydrogenation catalysts include
copper-containing catalysts and Group VIII metal-containing
catalysts. Examples of suitable copper-containing catalysts
include copper-on-alumina catalysts, reduced copper
oxide/zinc oxide catalysts, with or without a promoter,
manganese promoted copper catalysts, and reduced copper
chromite catalysts, with or without a promoter, while
suitable Group VIII metal-containing catalysts include
platinum catalysts and palladium catalysts. Suitable copper
oxide/zinc oxide catalyst precursors include CuO/2n0O
mixtures wherein the Cu:2n weight ratio ranges from about
0.4:1 to about 2:1. An example is the catalyst precursor
bearing the designation DRD 92/71. Promoted copper
oxide/zinc oxide precursors include Cu0O/ZnO mixtures wherein
the Cu:2n weight ratio ranges from 0.4:1 to 2:1
which are promoted with from 0.1 ¥ by weight up to
about 15% by weight of barium, manganese or a mixture of
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pressure i s in ghet (e Sf}_ —a'ql 450 psia ( %p%ﬁ?\ﬁ\}l\&ﬁ&-@ﬁe
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catal ysts, rhodilum cont ai | ysts, platinumcatal ysts and pal | adi um
catal ysts. 14. process according to claim113, in which the

barium and manganese. Such promoted Cu0/Zn0 mixtures
include the Mn-promoted Cu®/Zno precursér available under
the designation DRD 92/92. Suitable copper chromite
catalyst precursors lnclude those wherein the Cu:Cr weight
ratio ranges from 0. 1:1 to 4:1, preferably from
0.5:1 to 4:1. Catalyst precursors of this type
are the precursors available under the designation DRD 89/21
or under the designation PG 85/1. Promoted copper chromite
precursors include copper chromite precursors wherein the

Cu:Cr weight ratio ranges from 0.1:1 to 4:1,
preferably from : 0.5:1 to 4:1, which are promoted
with from 0.1 % by weight up to 15% by weight of

barium, manganese or a mixture of barium and manganese.
Manganese promoted copper catalyst precursors typically have

a Cu:Mn weight ratio of from 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.

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

Other catalysts which can be considered for use
include Pd/Zn0O catalysts of the type mentioned by P.S.
Wehner and B.L. Gustafson in Journal of Catalysis 136, 420-
426 (1992), supported palladium/zinc catalysts of the type
disclosed in US-A-4837368 and US-A-5185476, and chemically
mixed copper-titanium oxides of the type disclosed in US-A-
4929777.

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

1. A process for the production of cyclohexanedi-

methanol by hydrogenation of a dialkyl cyclohexanedi-
carboxylate which comprises: '
(a) providing a hydrogenation zone containing a charge
of a granular heterogeneous ester hydrogenation
catalyst; |
(b) _ forming a vaporous feed stream of a hydrogen-
containing gas and a hydrogenatable material comprising a
dialkyl cyclohexanedicarboxylaﬁe at a feed temperature which
is in the range of from "150°C to 350°C and which
~ is above the dew point of the feed stream and at a feed
pressure in the range of from - 150 psia ( 10.34
bar) to 2000 psia ¢ 137.90 bar), said vaporous
feed stream 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) mazntazn;ng hydrogenation conditions in the

hydrogenation zone which are effective to maintain the

reaction stream in contact with the hydrogenation catalyst
above its dew point;

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

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

2. A process according to claim 1, in which the
dialkyl cyclohexanedicarboxylate is a di-(C; to C, alkyl)
cyclohexanedicarboxylate.

»,
-

3. A process according to claim 1 or claim 2, in which
the dialkyl cyclohexanedicarboxylate is dimethyl 1,4- '
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cyclohexanedicarboxylate.

4. A process according to any one of claims 1 to 3

, in
which the dialkyl cyclohexanedicarboxylate comprises cis-
dimethyl 1,4- -cyclohexanedicarboxylate.

5. A process according to any one of claims 1 to 3, in
which the dialkyl cyclohexanedicarboxylate comprises trans-
dimethyl 1,4-cyclohexanedicarboxylate.

6. A process according to any one of claims 1 to 3, in
which the dialkyl-cyclohexanedicarboxylate-cdmprises a
mixture of the gis- and ;;gng isomers of dimethyl 1,4-
cyclohexaned;carboxylate.

7. A process according to claim 1 or claim 2, in which

the vaporous feed stream comprises dimethyl 1,3-cyclchexane-
dicarboxylate.

8. A process according to claim 1 or claim 2, in which

the vaporous feed stream comprises dimethyl 1,2-cyclohexane-
dicarboxylate.

. 9. A process according to any one of claims 1 to 8, in
-which the hydrogen-containing gas:dialkyl cyclohexanedi-
carboxylate mole ratio in the vaporous feed stream is in the
range of from - 200:1 to 1000:1.

10. A process according to any one of claims 1 to 9, in
which the feed temperature is in the range of from
150°C to 300°C.

11. A process according to claim 10, in which the feed
temperature is in the range of from . 200°C to

03 JUN 199 ' REPLACEMENT SHEET
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26Q0°C.

12. A process according to any one of claims 1 to 11,

in which the feed pressure is in the range of from 450
psia ( 31.03 bar) to 1000 psia { 68.95 bar).

13. A process according to any one of claims 1 to 12,

in which the catalyst is selected from reduced copper
oxide/zinc oxide catal?sts, manganese promoted copper
catalysts, reduced copper chromite catalysts, reduced
promoted copper chromite catalysts, supported palladium/zinc
catalysts, chemically mixed copper-titanium catalysts,
rhodium-containing catalysts, platinﬁm catalysts and
palladium catalysts.

14. - A process according to claim 13, in which the
catalyst is selected from the reduced forms of copper
chromite, promoted copper chromite, and manganese promoted
copper catalysts. '

15. A process according to claim 14, in which the
catalyst comprises'not more than about 15% By weight of at
least one promoter selected from barium, manganese, and
mixtures thereof.

1s. A process according to any one of claims 1 to 15,
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 n°t,



REPLACEMENT Shc..,

03 JUN 999

REPLACEMENT SHEET|

gyL Syl —

ot

€01 Zot

Lot

.co— ﬁ
)
SOt
,—601
il

:\o:

uql_
ol
%” 281 £pl L
L'DId Y 1o
05t 2Vl v
, -] _ 801
L — ) -
. g q ot Tn.
T
T el
ovl | ﬁ ‘
vt J
’ | _}
- _ nnﬁ —\azn_ sk
gyl 1
T zel
€51 pit
o A et |
| t Ll
em. A b
. g9l
L8l a5t et s
‘ I a_: {



