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PREPARATION OF DIMETHYL 
CYCLOHEXANEDICARBOXYLATES 

. ~ 

This invention pertains to an improved process for 
5 the preparation of dimethyl cyclohexanedicarboxylates by 

the hydrogenation of the analogous dimethyl benzenedi­
carboxylate ester. More specifi~ally, the present 
invention pertains to an i~proved process for the 
hydrogenation of a dimethyl benzenedicarboxylate ester 

10 in the presence of certain, supported palladiun 
catalysts which permit the use of signif icant:y lower 
process pressures. 

Ci~ethyl 1,4-cyclohexanedicarboxylate has been 
manufactured for over 30 years as an intermediate in the 

1.5 production of cyclohexanedimethanol which is used 
extensively as a monomer in the preparation of conden-
satio~ polymers, particula~ly polyes~srs. 
cyclo~exa~ed~ca~boxylates a~E val~~tJe che~ica~ 
. . . t f ~ inte~~e~ia es use ui, for exanple, i~ the ma~ufacture of 

20 po~yes~e~ resins used in the formulation of ccating 
ccrr.posi t.ions. 

Tje nan~fact.~re of dimethyl 1,4-cyclohexanedicar-
;:;oxyl:::'.:2 and 1, 4-cyclohexanec.i::netha::.cl using di:r..e.thyl 
te~ep~~~alate :s the feeds~oclc and a ~eterogenuus node 

25 of ope~aticn is described in U.S. Patent 3,334,:49. 

This p~~=ess re=uires the use of high pressures, e.g., 

utili~23 ~ ;al~~iium on alumi~a ca~alyst in t~s 

: ... -:.:.·.-;a::-boxylc.t.c! .. . .. :. · ..... -- .· ... - .. 

. _:::ntai.ns 

the crvstalli~2 phase o~ .. ' 
T .~ :12-CJ.: 

_·· .i. t. e a.nd. ~·:··:·· :· >. :::: i te .. . .. ' ~ 

• •• ·.-_112 cc..-::c ... " 

·;'.: 3 c':.·: :-.::- ._::. 
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It is apparent that chemical processes which 
require the use of high pressures such as pressures in 
excess of 340 bars (34,000 kPa) are inherently expensive 
due to the increased op~rating costs and the cost of the 
apparatus required including the high pressure-rated 
reactor and the compressors. It has been found, 
however, that when the hydrogenation of dimethyl 
terephthalate to dimethyl 1,4-cyclohexanedicarboxylate 
is carried out at pressures less than 135 bars absolute 

10 (13,500 kPa) using the above-described palladium on 
alumina catalyst, commercially acceptable hydrogenation 
rates cannot achieved over an extended period of time. 
For example, when operating continuously at 125 bars 
absolute (12,500 kPa) using the above-described 

15 catalyst, the process is unstable and the hydrogenation 
~ate typically is not more than approximately 55% of the 
rates achieved at approximately 410 bars absolute 
(41,000 kPa) pressure. The reduced hydrogenation rate 
is due to decreased activity·of the palladium catalyst 

20 which, we believe, is related to the generation of 
carbon monoxide during the hydrogenation at lower 
pressures. It is known that the presence of carbon 
monoxide in hydrogen gas used in hydrogenation processes 
is detrimental to such processes. However, the extreme 

25 sensitivity of the above-described palladium on alumina 
catalyst to parts per million (ppm) amounts of carbon 
=o~oxide is surprising. 

30 

The present invention is concerned with a process 
~ :,~e~y dim2thyl benzenedicar~oxylates :.~v be 

~l-~ica~ly hydrogenated ta the ccrre~~c~din~ ~i~ethyl 
cyclohexanedicarboxylate using moderate pressures and 
~e~di~y av2~Jable catalysts. We have discovered that 
2ccGpta~J0 l-~tes at moderate ?ress~res ~ay be 2c~ieved 

, palladium on 2.1 umina ca.ta 2.ysts ·. -~je::eir. 



----------·----·· 

- 3 -

(1) the dispersion and depth of deposition of the 

palladium metal are within certain ranges, (2) the 

alumina is of a particular crystalline phase, and 

(3) the surface area of the catalyst is within a 

5 particular range. The process provided by our invention 
therefore provides a means for the preparation of a 
dimethyl cyclohexanedicarboxylate which comprises 

contacting a dimethyl benzenedicarboxylate with hydrogen 

at a temperature of 140 to 400°C and a pressure of 10 to 
10 200 bars absolute (1,000 to 20,000 kPa) in the presence 

of a palladium on alumina catalyst; wherein 

(1) pa:ladiurn comprises 0.1 to 5.0 weight percent of 

the catalyst; 

(2) the palladium dispersion is at least 20 percent; 
15 (3) at least 90 weight percent of the palladium is 

located on the alumina at a depth less than 200 
microns from the surface of the alumina; and 

(4) the crystalline phase of the alumina is alpha, 

theta, delta, gamma, eta or a mixture thereof. 
20 The minimum temperature at which the process may be 

carried out is limited by the melting point of the 
dimethyl benzenedicarboxylate reactant, e.g., 140°C for 
dimethyl 1,4-benzenedicarboxylate (dimethyl 

terephthalate) . The maximum aperating temperature can 
25 be as high as 400°C. The process preferably is carried 

out at a temperature in the range of 140 to 250°C. 
Althoug~ the process may be c~rried out at pressures in 
~he rarge of 8 to 690 bars absolute (800 to 69,000 kPa), 
~~e present invention permits tha ~chievement of good 

JG ~-:2cdro~ ::::c.·~i.or: rates without · .. 2 u .. :::: . of th:. ;_1:."_g·J:: 

pressu~2s described in the i: :erature. ~hus, the 

prefe~red pressures are wittin the range of 50 to 170 
l::::~cs <:.>0:c1utc (5,000 to 17,C kPa). Although the 1,2-, 

- · · : 1, !:-isomers of dim;::_-. y}. cvclohe).'.c , .. ·20.ica!'."-
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boxylate may be prepared by the process of this 

invention by the hydrogenation of the analogous dimethyl 

benzenedicarboxylate, the primary usefulness of the 

process is in the manufacture of the 1,3- and, 

especially, the 1,4-isomers. 

The catalyst used in the present invention is 

palladium deposited on an alumina support wherein the 

palladium comprises 0.1 to 5.0, preferably 0.5 to 2.0, 

weight percent based on the total weight of the 

10 catalyst. The dispersion of the palladium on and in the 

alumina support typically is measured by titration of 

the surface of the support with carbon monoxide gas and 

measuring the amount of carbon monoxide ·adsorbed on the 

palladium surface. Normally, it is assumed that each 

15 surface metal atom will adsorb one molecule of carbon 

monoxide and thus, ~he percent of metal exposed may be 

determined. This percentage is known as the dispersion. 

See Myasaki, J. catal., 65, 84 (1980) and "Structure of 

Metallic catalysts" by J. R. Anderson, Academic Press, 

20 1975, page 360. The catalysts which are advantageously 

used in accordance with the present invention have a 

dispersion percentage of at least 20 percent, preferably 

at least 30 percent (as deter~ined by carbon nonoxide 

adsorption as described herein) . 

25 Another characteristic of the palladium catalyst 

used in the present invention is that most of the 

palladium is located on or near the surface of the 

alurina suppcrt. Accordingly, at least 90 weight 

~:::er:-:?:!.·.~ -:::i= tr.:~ palladium is lc:::ated. i·:o ds::, ·:::.:· t:1.s.r:, ·~ ·:r1 

30 raic~a::~, pref:.~ably less than 100 microns, :ro~ t~ 

exterr:al surfa.ce of the alumina support. P..s is we1.1-

Lno1~n .i :_--, the ":::-t~, depth of impregnation cc.r: be 

:::.et·~:'.:"r::i.r:ed ei 0;::·12r visually usi:i.g opt.:_cal :;.j_croscct'Y :::i1.-

:'"'.':'···~/ ... :~inc -~~Echnique .:Ln a SEY with a -:::;:::; 112. -: .. 
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sensitive detector. See, for example, the above-cited 

"Structure of Metallic Catalysts" . 

Yet another important characteristic of the 

catalysts is the crystalline phase of the alumina 

5 support which is selected from the alpha, theta, delta, 

gamma, eta phases or a mixture of such crystalline 

phases. Alumina of theta, delta or alpha crystalline 

phases or mixture of such alumina is preferred with 

theta alumina being especially preferred. 

10 

15 

The nitrogen BET surface area of the palladium on 

alumina catalysts used in the process of our invention 

is in the range of 20 to 300 square meters per gram 

(rn2/g) with the range of 30 to 150 m2/g ·being preferred. 

It is well known in the art that BET surface area is a 

function of crystalline 

and should be as high as 

appropriate oxide phase. 

phases and calcination history 

possible while maintaining the 

Catalysts having the 

characteristics described hereinabove may be prepared 

according to conventional impregnation or deposition 

20 techniques using procedures well known to those skilled 

in the art. The catalyst may be used in the 

hydrogenation process in the form of pellets, spheres, 

extrudates and the like. 7he particular form is not 

critical so long as the catalyst form does not lead to 
25 excessive channeling of the :iquid feed through the 

reactor, e.g., in continuous operation using a fixed bed 

of catalyst th=ough which ~~-- reactant is passed. 

Preferably, the surface area:volume ratio of the 

ca~aly~t ~s at leas~ 500 a~~ ~~eferably g=e2ter than 

30 1500. 

The process of the inv: -.-::.ion rnay be carried out in 

a batch, ser..i.-c:onti:Juous cc 
. . " . . 1 conventJ..cnaj_ c;1em1ca p:_ .. ;Y~-

-~ntinuous mode using 

:~g techniques. The 

2 continuous process 
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wherein a melt of a dimethyl benzenedicarboxylate is 
passed over and through one or more fixed beds of 
catalyst in a "trickle bed" manner. Typically, some of 
the dimethyl cyclohexanedicarboxylate product is 

5 recycled to the feed port of the reactor and serves as a 
solvent for the reactant. Other inert, non-aromatic 
compounds which are liquid under the operating 
conditions employed may be used as a solvent. The 
process may be operated in either an adiabatic or 

10 isothermal fashion. In trickle bed operation, the 
liquid hourly space velocity (LHSV; unit volume reactant 
fed per hour per unit volume catalyst) of the reactant 
feed may be in the range of 0.1 to 10 with a preferred 
range of 0.5 to 5. The LHSV for the total liquid flow 

15 (reactant plus solvent) may be in the range of 1 to 30. 

Hydrogen is fed to the reactor in excess of the 
stoichiometric quantity and normally is purged from the 
systen. The rate of hydrogen purge is dependent on the 
temperature and pressure at which the process is 

20 operated. 

Our novel process is further illustrated by the 
following examples. All experiments were performed in a 
trickle bed reactor system comprising a 1.83 meter (6 

25 feet) section of 316 stainless steel pipe having an 
interior dia~eter of 2.5 cm (1 inch) and equipped with 
mea~s for liqu~d recycle. The catalyst (800 cc) was 
held in place ;··ithin the reac·:.:or by 100 cc of 1. 6 mm 
(C.;J-::;:;:~ j_nchj ~.16 stainless s .. 2sl Penr:. E.;_· .:.:c. :;c..cking-

30 loca~s~ abov0 ~ 1d below the catalyst bed. ~rie 

tempe~a~ures a~ various points within the catalyst bed 
\·.'2r2 :· 2.0 s'.l::~s.:0 ···r 10 therr:.occuples which 0::--~·::.ndr.::0. th:::-ough 
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the average of these 10 readings. Typical temperature 
gradients through the bed were less than 10°C. 

The procedure generally used in each experiment 
comprised purging the system with nitrogen and pumping 

5 dimethyl 1,4-cyclohexanedicarboxylate (DMCD) through the 
reactor system at a rate of 5 Kg/hour at 150°C and 70 
bars absolute (7,000 kPa) with a 6 L/hour liquid 
recycle. The feed gas then was switched from nitrogen 
to hydrogen, the pressure slowly was increased to 125.1 

10 bars absolute (12,510 kPa) and, finally, the temperature 
was increased to the desired reaction temperature. The 
reaction was commenced by switching the reactor feed 
from DMCD to 30:70 parts by weight mixture of dimethyl 
terephthalate and DMCD. Hydrogen was purged from the 

15 reactor system at a rate of 8 to 10 L/minute. Carbon 
ronoxide concentrations in the hydrogen purge gas were 
monitored using a Beckman IR carbon ~onoxide analyzer. 
Operating data were recorded when a steady state of 
operation was achieved, typically 1 to 2 hours from the 

20 commencement of the reaction. 

The palladium on alumina catalysts employed in the 
examples are described in Table I wherein % Pd is the 
weight percent palladium present on t~e catalyst, BET SA 
is tll.e BET surface area of the catalyst in m2/g, Pd 

25 Disp. is the percent of the palladium which is exposed, 
Inpreg. Depth is the depth in nicrons of the 
ir?~2qnation of the palladium on and in the support, and 
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Phase is the crystalline phase of the alumina support. 

TABLE I 

Pd Impreg. 
Catalyst % Pd BET SA Dis:g. De:gth Phase 

5 
A 0.75 42 29 40 Alpha, 

Theta 

B 0.50 34 27 62 Alpha, 
10 Theta 

c 1. 00 107 30 50-100 Alpha, 
Theta 

15 D 0.50 270 32 62 Boehmite 

E 0.75 93 28 400 Theta 

F 0.75 203 150 Gamma 
20 

G 0.75 198 11 <100 Theta 

EXAMPLES 1-3 AND COMPARATIVE EXAMPLES 1-4 

Dimethyl ~erephthalate was hydrogenated to DMCD 

25 using the catalysts and the procedure described 

hereinabove. The catalyst and temperature (°C, Temp.) 

used in each example are set forth in Table II wherein 

C-1 through C-4 designate the comparative examples, DMT 

in P~oduct is the weight percent of the product which 

30 consists of unconverted dimethyl terephthalate, STY is 

the space time yield.of DMCD in g DMCD per cc catalyst­

hour, and CO is the concentration in ppm of carbon 

monoxide in the hydrogen purge gas. 



5 

10 

15 

20 

- 9 -
Th11111ir 11m1r111r1~'1lir 

TABLE II 

DMT in 
Example Catalyst Terno. Product STY co 

1 A 177 0.0 1. 87 15 

2 B 170 2.2 1. 73 16 

3 c 175 0.7 1.82 7 

C-1 D 173 7.4 1.41 40 

C-2 E 172 6.1 1.49 26 

C-3 F 170 10.0 1. 25 28 

C-4 G 170 >10 <1.25 15 

The space time yields reported in Table II 

demonstrate the advantages provided by the present 

invention utilizing Catalyst A, B or c. The relatively 

poor performance of Catalysts D, E and F is not 

completely illustrated by Co~parative Examples 1-3 since 

the gaseous effluent from the reactor was not recycled 

25 in the examples reported herein. We have found that in 

similar experiments in which the gaseous reactor 

effluent is recycled in a ma~ner analogous to commercial 

operation, the presence of 37 ppm carbon monoxide in the 

recyc~ed gas can decrease production rates as much as 

30 15%. 

=~e invention has been e8scribed in det2il with 

pa~~ic~lar reference to prefe:~red embodiments thereof, 

but i~ will be understood that variations and 

3 .=.: mo::=::· -_. _. :2· t :. o:-is can be e ff ecte =- \" 5_ ·:. :~_ .-. the ,-, ; -L:- ::_ ·c. and 

sec·:. c- -~ the invention. 
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CLAIMS 

We claim: 

1. Process for the preparation of a dimethyl 

cyclohexanedicarboxylate which comprises contacting a 

5 dimethyl benzenedicarboxylate with hydrogen at a 

temperature of 140 to 400°C and a pressure of 10 to 200 

bars absolute (1,000 to 20,000 kPa) in the presence of a 

palladium on alumina catalyst; wherein 

10 

, -
.L. :i 

(1) palladium comprises O.l to 5.0 weight percent of 

( 2) 

( 3) 

( 4) 

the catalyst; 

the palladium dispersion is at least 20 percent; 

at least 90 weight percent of the palladium is 

located on the alumina at a depth less than 200 

microns from the surface of the alumina; and 

the crystalline phase of the alumina is alpha, 

theta, delta, gamma, eta or a mixture thereof. 

2. Process according to Claim 1 which comprises 

contacting a dimethyl benzenedicarboxylate with hydrogen 

20 at a temperature of 140 to 400°C and a pressure of 10 to 

200 bars absolute (1,000 to 20,000 kPa) in the presence 

of a palladium on alumina catalyst; wherein 

25 

(1) palladium comprises 0.5 °.:::o 2.0 weight percent of 

the catalyst; 

( 2) the palladium dispersion is at least 30 percent; 

(3) at least 90 weight perc2~~ of the palladium is 

located on the alumina a~ a depth less than 100 

mic:::-c:1s fror:, '.::he surface of the alumina; and 

ti"::_e crystalJj_:12 phase o:~ ·:2·1e alumina is c.lpi:a, 

theta, delta ar a mixtu:. thereof. 

Process accorC:ing to c~- ~ ~' 2 wherein a solution of 

"'..:.he dimet!"-!yl bei:ze::edicar!x;>: -- :te in dimethyl cyclohex-

-i th hydrogen. 



\ \11\11\ \\\I\\ Ill\\ \\1\1 \\\\I\ 
* C L M S 

- 11 -

4. Process for the preparation of a dimethyl 

cyclohexanedicarboxylate which comprises contacting a 

dimethyl benzenedicarboxylate with hydrogen at a 

temperature of 140 to 400°C and a pressure of 50 to 170 

5 bars absolute (5,000 to 17,000 kPa) in the presence of a 

palladium on alumina catalyst; wherein 

(1) palladium comprises 0.1 to 5.0 weight percent of 

the catalyst; 

(2) the palladium dispersion is at least 20 percent; 

10 (3) at least 90 weight percent of the palladium is 

20 

25 

located on the alumina at a depth less than 200 

microns from the surface of the alumina; and 

(4) the crystalline phase of the alumina is alpha, 

theta, delta, gamma, eta or a mixture thereof. 

5. Process according to Claim 4 which comprises 

contacting a dimethyl benzenedicarboxylate with hydrogen 

at a temperature of 140 to 250°C and a pressure of 50 to 

170 bars absolute (5,000 to 17,000 kPa) in the presence 

of a pal la.di um on alumina catalyst; wherein 

{l} palladium comprises 0.5 to 2.0 weight percent of 

the catalyst; 

(2) the palladiu::. dispersion is at least 30 percent; 

( 3) at least 90 weight percent of the palladium is 

located on the alumina at a depth less than 100 

mic~c~s fro~ the surface of the aluninc; and 

(4) the cryst~lline phase of the alumina is alpha, 

thet2, delta or a mixture thereof. 

6. J?::-c<> ·?> accc~ :: .. J_ng to Claim 5 for the prr::::;,c.ration of 

dimethyl 1,4-cyclchexanedicarboxylate wherein a solution 

1, .:--cyc2c:-.cxanc · c- ;:rboxylate is contacted v:it:h hydrogen. 
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7. Process according to Claim 5 for the preparation of 

dimethyl l,3-cyclohexanedicarboxylate wherein a solution 

of dimethyl 1,3-benzenedicarboxylate in dimethyl 

1,3-cyclohexanedicarboxylate is contacted with hydrogen. 

8. Process according to Claim 5 for the preparation of 

dimethyl 1,2-cyclohexanedicarboxylate wherein a solution 

of dimethyl 1,2-benzenedicarboxylate in dimethyl 

1,2-cyclohexanedicarboxylate is contacted with hydrogen. 
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