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PREPARATION CF DIMETHYL
CYCLOHEXANEDICARBOXYLATES

This invention pertains to an improved process for
the preparation of dimethyl cyclohexanedicarboxylates by
the hydrogenation of the analogops dimethyl benzenedi-—
carboxylate ester. More specifiéally, the present
invention pertains to an improved process for the
hydrogenation of a dimethyl benzenedicarboxylate ester
in the presence of certain, supported palladium
catalysts which permit the use of significantly lower
process pressures.

Cimethyl 1,4—cyclohexanedicarboxylate has been
manufactured for over 30 years as an intermediate in the
production of cyclohexanedimethanol which is used

extensively as a monomer in the preparation of conden—

sation polymars, particularly polyesvsrs. Dimetayl
cvclcohexanedicarboxylates are wvaluzhle chenicz?

interrediates useful, for example, ir the manufacture o2

polyester resins used in the formulstion of ccating

The manufacture of dimethyl 1,4—cyclohexznedicar—
te and 1,4-cyclohexanecdimethancl using dimsthyl

the feedstock and heterogenous ncde

)

described in U.S. Pzitent 3,334,.49.

his raguires the use of high pressures, e.g.,
gre:s crEan 345 bars absolute (34,500 kPa), znd

utilizzs = pel zdium on aluminz catalyst in ths

hyvcrriganzation o0 dimethyl te:rs

I “haiznc llcarboxylate. z¢ ’
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deposzi. I =r = o aira, the crystallinz phase of vhick is
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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 operating 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
(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

catalyst, the process is unstable and the hydrogenation

IR

rate 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
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
sensitivity of the above—described palladium on alumina
catalyst to parts per million (ppm) amounts of carbon
moroxide is surprising.

The present invention is concerned with a process

worely dimethyl benzenedicarboxylates . zv be

cicaliy hydrogenated tu the corresponding Zimethyl
cycloitexanedicarboxylate using moderate pressures and
rezdily avallable catalysts. We have discovered that

zle rates at moderate pressurss may be zchieved

" palladium on alumina catalysts hevein
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(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

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

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

of a palladium on alumina catalyst; wherein

(1) pailadium conmprises 0.1 to 5.0 weight percent of
the catalyst; )

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

(3) at least 90 weight percent of the palladium is
located on the alumina z:t 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, etz or a mixture thereof.

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—benzenedicarboxilate (dimethyl
terephthalate). The maximum operating temperature can
be as high as 400°C. The process preferably is carried
ocut at a temperature in the raznge of 140 to 250°cC.
Aithough the process may be crrried out at pressures in
(800 to 69,000 kPa),

ent invention permits the zchievem=nt of good

The rarge of 8 to 690 bars ahkzolut

©

matlon rates without .z wz. of th: liich
described in the 1. :erature. Thus, the
pressures are within the range c¢f 50 to 170
bers @zaciute (5,000 to 17,C .7 kPa). Althouch the 1,2—,

T— soi 1,4~isomers of dime: vl cvclochey:zradicar—
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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
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
surface metal atom will adsorb one molecule of carbon
monoxide and thus, the percent of metal exposed ray be
determined. This percentage is known as the dispersion.
See Myasaki, J. Catal., 65, 84 (1%80) and "Structure of
Metallic Catalysts" by J. R. Anderson, Academnic Press,
1975, page 360. The catalysts which are advantagecusly
used in accordance with the present invention have a
dispersion percentage of at least 20 percent, preferably
at least 30 percent (as determined by carbon ncnoxide
adsorption as described herein).

Another characteristic of the palladiun catalyst
used in the present invention is that most of the
palladium is iccated on or neer the surface of the
aiumina suppcrt. Accordingly, at least 9C weight

vercz=ns of tho palladium is lccated no dassczy than 730

microns, prefirably less than 100 microns, Irom th:
external surface of the alumina suppecrt. As is well—
known in the =xi, depth of impregnation can be
Zetermined eliher visually using optical microscony o

ny = line wooo technigque in a SE¥ with a palla~.
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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
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.

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
(mz/g) with the range of 30 to 150 mz/g-being preferred.
It is well known in the art that BET surface area is a
function of crystalline phases and calcination history
and should be as high as pcssible while maintaining the
apprcpriate oxide phase. Catalysts having the
characteristics described hereinabove may be prepared
according to conventional impregnation or deposition
technigques 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. The particular form is not
critical so long as the cataliyvst form does not lead to
excessive channeling of the Iiquid feed through the

reactor, e.g., 1in continuous operation using a fixed bed

of catalyst through which ©i. reactant is passed.
Preferalzly, the surface arez:volume ratio of the
catalyzt s at least 500 an’ ~referably crezier than
150¢C.

The process of the inv: ition may be carried out in
a batch, seri-continuous or -untinuous mode using
conventicnal chemical prooc.s: ing techniques. The

praolerred modoe of cpsrot . © a 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
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
isothermal fashion. 1In 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
(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

operated.

Our novel process is further illustrated by the
following examples. All experiments were prerformed in a
trickle bed reactor system comprising a 1.83 meter (6
feet) section of 316 stainless steel pipe having an
interior diarmeter of 2.5 cm (1 inch) and equipped with

me

z for liguld recycle. The catalyst (800 cc) was

s
held in place ithin the reacior by 100 cc of 1.6 mm

{C.32z% inch; 116 stainless s.=2el Penn &. - Tacking

abovs :nd below the ceatalyst bed. Tae
temperatures a. various points within the catalyst bed

wars rersurad v 10 therroccurles which e:rczndnd through

i1l and approximetely 3.2 mt intc iz

wemperature rezmorted in esash a2 e is
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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
dimethyl 1,4-cyclohexanedicarboxylate (DMCD) through the
reactor system at a rate of 5 Kgrhour at 150°C and 70
bars absolute (7,000 kPa) with a 6 L-rhour liquid
recycle. The feed gas then was switched from nitrogen
to hydrogen, the pressure slowly was increased to 125.1
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
reactor system at a rate of 8 to 10 ILominute. Carbon
rcnoxide concentrations in the hydrogen purge gas were
monitored using a Beckman IR carbon monoxide analyzer.
Operating data were recorded when a steady state of
operation was achieved, typically 1 to 2 hours from the
commencement of the reaction.

The palladium on alumina catalysts employed in the
examples are described in Table I wherein % Pd is the
welght percent palladium present on the catalyst, BET SA
is the BET surface area of the catalyst in mz/g, Pd
Disp. is the percent of the palladium which is exposed,
Irprag. Depth is the depth in microns of the

irprzgnation of the palladium on and in the support, and



Phase is the crystalline phase of the alumina support.

TABLE I
Pa Impreg.

Catalyst % Pd BET SA Disp. Depth Phase
A 0.75 42 29 40 Alpha,
Theta
B 0.50 34 27 62 Alpha,
Theta
C 1.00 107 30 50—-100 Alpha,
Theta

D 0.50 270 32 62 Boehmite
E .75 93 28 400 Theta
F 0.75 203 - 150 Gamma
G 0.75 198 11 <100 Theta

EXAMPLES 1—3 AND COMPARATIVE EXAMPIES 1—4

Dimethyl terephthalate was hydrogenated to DMCD

using the catalysts and the procedure described
nereinabove. The catalyst and temperature (°C, Temp.)
used in each examnple are set forth in Table II wherein
C—1 through C—4 designate the comparative examples, DMT
in Product is the weight percent cf the product which
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

monoxicde in the hydrogen purge gas.
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TABLE TII

DMT in
Example Catalyst Tenp. Product STY cOo
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
Cc-3 F 170 10.0 1.25 28
C—4& G 170 >10 <1.25 15

The space time yields reported in Table I1
demonstrate the advantages provided by the present
invention utilizing Catalyst A, B or C. The relatively
pcor performance of Catalysts D, E and F is not
completely illustrated by Comparative Examples 1—3 since
the gaseous effluent from the reacter was not recycled
in the examples reported herein. We have found that in
similar experiments in which the gaseous reactor
effluent is recycled in a manner analogous to commercial
operation, the presence of 37 ppm carbon monoxide in the
recycled gas can decrease prcduction rates as much as
15%.

Tre invention has been <Jascribed in detail with

narticular reference to preferred embodiments thereof,
mut it will be understood that veriations and
mod 7 eiions can be effectes wiw:ir the s.irit and

scco. £ the invention.
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CLAIMS
We claim:
1. 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 10 to 200

bars absolute (1,000 to 20,000 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;

(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

~~
fiz]
—

the crystalline phase of the alumina is alpha,

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

2. Process according to Claim 1 which comprises

contacting a 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

(1) palladium comprises 0.5 to 2.0 weight percent of
the catalyst;

f2) the palladium dispersion is at least 30 percent;

(3). at least 90 weight percenT of the palladiunm is
located on ths alumina ai a depth less than 100

nicrcns frorn the surface of the alumina; and
F

{£y the crystallinz phase o :he aluminea is ealpha,
theta, deltaz or a mixtur. thereof.

z Process accoriing to CI: : 2 wherein a solution of

the dimethyl benzeredicarkaoy - te in dimethyl cyclohex—

zredicarboxylate i cont: © © ith hydrogen.
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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

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;

(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.

5. Process according to Claim 4 which comprises

contacting a dimethyl benzenedicarboxylate with hydrogen

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

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

of a palladium on alumina catalyst; wherein

(1) palladium comprises 0.5 to 2.0 weight percent of
the catalyst;

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

(3) at least S0 weight percent of the palladium is
located on the alumina at a depth less than 100
micrcns from the surface of the aluminz; and

the crystealline phase of the alumina is alpha,

—
Ko
—

thetzs. delta or a mixture thereof.

Proec.. 3 acceriing to Claim 5 for the prevaration of

[6))

dimethyl 1,4—cyclchexanedicarboxylate wherein a solution

harzeredicerkboxylate in cdimethyl

. vzrboxylate is contacted with hydrogen.
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7. Process according to Claim 5 for the preparation of
dimethyl 1,3—-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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