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PREPARATI ON OF DI METHYL CYCLOHEXANEDI CARBOXYLATES
This invention pertains to an inproved process for 5 the prgparatiop
of di nmet hyl cycl ohexanedi car boxyl at es by ¥t he hydrogenati gn of thea
anal ogous di net hyl benzenedi - carboxyl at& ester. Mre speC|f|caIIy,
t he present I nvention pertains to an inproved process for the
hydrogenation of a di methyl benzenedi carboxylate ester 10 in the
presence of certain, supported palladi um catal ysts which permt the:”
use of significantly |ower process pressures. D net hyl
1, 4- cycl ohexanedi car boxyl at e haRErEERTION OoF MwH@piured for over 30 years
as an internmediate in the 15 cyclhmHENNEDICHBEyalaExanedi met hanol whi ch
is used extensively as a nononmer in the preparation of conden-

sation polyners, £§U£ﬁ0LthoH|8 Brégrghgﬁ188|1Q¥L°V8diRF8Fﬁ§ﬁi£PES

cyclohexanedlcarboxy ates areva
useful , Por ex&hpl ereparaheonanfif dtmatbydf c@Olohexpoefésteboxylesensbused

in the formul athennhr698hiP9on of the analogous dimethyl benzenedi—
carboxylate ester. More specifiéally, the present
invention pertains to an improved process for the
hydrogenation of a dimethyl benzenedicarboxylate ester
10 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
15 production of cyclohexanedimethanol which is used
extensively as a monomer in the preparation of conden—
ion polymers, particularly polyesvers. Dimetayl
vclonawanedicarbhoxylates are vealuzhkle chenicz?
interrediates useful, for example, ir the manufacture o2

20C polyester resins used in the formulziion of ccating

The manufacture of dimethyl 1,4—cyclohexznedicar—
& and 1l.4-—cyclohexanedimethanol using dirmethyi
terepnthalate ¢s the feedstock and @ heterogenocus rcde

25 of operaticn is described in U.S. Patent 3,334,-49.

This process raguires the use of high pr essures, e.g.,
gre:s crEan 345 bars absolute (34,500 kPa), znd
utilizzs = pel zdium on aluminz catalyst in ths
hydirooonztion 0 dimethyl ter-.ohths oo dl
i 5 carboxylate Tia o
IR -cntains 0.I weig A RICYEN ¥

» iirna, the crystallin: phase of hich is
- tte and oralte = cate iz
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conposi tions. The manufacture of dinethyl 1,4-cyclohexanedicar-
boxylate and 1, 4-cycl ohexanedi nethanol using dinethyl

terephthalate as the feedstock and a heterogenous node 25 of
operation is described in U S. Patent 3,334, 149. Thi s process
requires the use of high pressures, e.g., o _greater
than 346 bars absolute (34,600 kPa), and_ , _ utilizes a palladiumon
alumna catalyst in the hydr ogenati on and di et hyl
terapht hal ate to di net hyl [err] di car boxyl at e, The J[err]
depositon on [err] TIthés a@m&&%bklﬁﬁat &h@&qcﬁﬁ w&b@ésb&s which [err]
site and backni t e. .3 nm

[;err] and ngUl]re IH use Otfaill.](. El pressures SuCLl as pressuregz in
It is apparent exhesschénBéal bprscg¢3ssesoshikPh) are inhegehntdyt kepesei®ie hi gh
pressures SUChdﬁé EBeﬁﬁBrgﬁc%Qased ope% %?%% %% %Oaggr%hg3cos%0 %P%% are

|nherently expensi ve
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

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

20 which, we believe, 1is 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
moroxide is surprising.

The present invention is concerned with a process

seby dimzthyl benzenedicarboxylztas . :v be

i ciceliliy hydrogenated tu the corregpondine dimethyl

v
<
)

cycloitexanedicarboxylate using moderate pressures and
v avallable catalysts. We have discovered that

22l rates at moderate pressurszs nay be zchieved

" palladium on alumina catalysts hevein



due to the increased operating costs and the cost of the appar at us

required including the high pressure-rated reactor and t he
conpressors. It has been found, however, H@hﬂﬂh enation
of di met hyl terephthalate to di nethyl 1, 4 cyc xyl at e
is carried out at pressures |less than 135 bars absol 500 kPa)
usi ng the above-described palladiumon —~ 3 — alunln

comerci ally accept abl e hydrogenati on rat es cannot achleved over

ext ended period of tine. For exanpl e, when operating contlnuously at
125 bars (1abgdiautdsl PeT, 50M leve) dentiy athel epssvid idos aff Bde 15
catalyst, the P00 iR~ %dcrfl*}? ! %&%dg% (2)_ tH! €
typically is not. nore than approxi nat 55@60 ates achi eved

at appr oxi mat el3} W@ ass %ﬁosaomﬁretlcular C{%@ddm)pfm%s@@ The

reduced hydr oge(rze)t ite IAlrface ared Sfdudhd xHANAASEE AGtHH4IH Y5 Of the
pal | adi u cataé)ést .20 whi ch, we _believe, is rel ated to t he genera,tlon of

carbon monoxi dEFHITHY Athd MR 0g e IRHPSESS RRgvided by quisdifvantign g
known that the theeediee girocaidesn a means rﬁmomrdf: priegapditagen s used in
hydr ogenati on S tri I uch . Qcesses. However,
the extrene 25Ilal %%%%Zfel clylcmheia?et S Sabon )}é'al é-'secrw} lccil pzﬂn\prcfl Lﬁﬁ on al um na
catal yst to papp§q@9tuﬂQIa(ﬂimﬁﬂhﬁﬂahﬂﬂﬂﬂnﬁdﬂbanthMiate withhyeiricgren s

SUrprising.  at a temp emecﬁree%%ﬂwonwwo%d %naorac?;fa%%d&dé 2 1R Qg$ss

wher eby dlnethyl benzenedlcarboxylates

cat al yt i*®al | y 2R{dPGFén &RsP 1 He (O8O é§pc¥r?d|0r%’ éﬁPr?ét Hyl the presence

cycl ohexanedi C@Eb@XﬁaatT%dliﬁnﬂgamﬁd.@lﬁtﬂtrﬁ RIRSIYsRS WMbrein readily
avail able cat 3llysts Ve .have di sgover ed t hat gglft ptable rates at

noder ate press FBETEEhCRFRF 15es Oy ‘1"hé3 e et PEFA9™Hdi%%m on
alum na catalysts tWhemaualyst,

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

15 (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.

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—benzenedicarboxilate (dimethyl
terephthalate). The maximum operating temperature can

25 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
the rarge of 8 to 690 bars akzolute (800 to 69,000 kPa),
vhe present invention permits the zchievem=nt of good

30 ~vdren znation rates without .z uz. of th: :ich
pressurzs described in the 1. :erature. Thus, the
preferrad 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—



- 3- (1) the dispersion and depth of deposition of the
pal l adium metal are within certain ranges, (2) the alhigfihgsiHas Been R

. . ea§ed0f a
particular crystalline phase, and (3) the surface e
catalyst is within a particular range. The 5 proc y our

ratl

i nvention therefore provides a means for the prepa
di net hyl cycl ohexanedi car boxyl at e_whj ch conprises contacting a
di met hyl benzenedi carboxyl ate with hydrogen at a tenperature of 140

to 400[err]C and a pressure of 10 to 200 10 bars absolute (1,000 to
20, 000 kPa) i npbhe1 REESRAGEHEf pPepared B! LAHI pAbeAssl yfi tRigat al yst;
Wﬁereln invention by the hydrogenation of the analogous dimethyl
benzenedicarboxylate, the primary usefulness of the
process is in the manufacture of the 1,3— and,
5 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, 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,

20 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).

25 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=nT of ths palladium is lccated no dszzy il 30
0 microna, prefirably less than 100 microns,

exterrnal surfasce of the alumina support. As

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~.

P



(1) palladiumconprises 0.1 to 5.0 weight percent of the

cat al yst; (2) the palladiumdispersion is at |east ' 2G-paigglY;; 15
(3) at least 90 weight percent of the palladiumis | ocat ed on
the alumna at a depth I ess than 200 [err]m fromthe surface of
t he al um na; (4) the crystalline phase of the alumna is al pha,

t het a, delta or a mxture theregf; and 20 (5) the catalyst
has a surface area of 20 to 300 square neters per gram

The m ni numtenperature at which the process nay be carried out is

limted by the gediitlid/ep@diteddion.ne see, £di MBI 1deraRNediGaRodat e
. di et hyl 1, 4-benzenedi car boxyl ate

Eg?(r:r;[a?ﬂ;l =9 ’"#t%%pq{ﬁ%?glogggtzﬁﬁé%%%}ati ng tenperature can be

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 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

15 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

20 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

25 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
catalyszt ls at least 507 an? ~referably greasier than
20 150¢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 . © & continuous process



as high as 400[err]C. The process preferably is carrled out a

tenperature in the range of 140 to 250[err]C Alt
the process nay be carried out at pr

- 3a -

of 8 to 690 bars absolute (800 to 69,000 kPa),
permts the achi evenrent of good hydrogenaflon
the |}

the high pressures described in 5 2
‘pressures are within t he range of 50
17, 000 kPa). Although the 1,2-,

CCH %ge
t he ' nvention
t he use of
terature. Thus, the preferred

0 170 bars absol ute (5,000 to

1,3- and 1, 4-isoners of dinethyl

cycl ohexanedi C@herein a melt of a dimethyl benzenedicarboxylate is

20

25

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

The

process may be operated in either an adiabatic or

conditions employed may be used as a solvent.
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
The LHSV for the total liquid flow

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

range of 0.5 to 5.

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

emperature 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

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

1
held in place ithin the reacior by 100 cc of 1.6 mm

inch; 116 stainless s.=2el Penn 5. - raclking

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

77 10 therroccuples which eirzendad through

acter il and approximetely 3.2 wm intc “iis

wenperature razmorted in sach ey Lle is



4 - boxyl ate may be prepared by the process of this invention
by. the hydrogenation of the anal ogous di nethyl benzenedlcarboxylate

the primary useful ness of the process is in ﬂﬁ b@ﬂ t he
1,3- and, especially, 5 the 1, 4-isoners. _ I used in
the present invention is pal | adi um deposited o upport

wherein the pal | adi um conprises 0.1 ?o 5.0, preferably 0.5 to

wei ght percent based on the total weight of the catalyst. 10 The_

di spersion of the palladiumon and in the alum na support typically
is measured by thiel Gatdree0bft RBesd IdCeadings. 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 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

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
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

20 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

25 Disp. is the percent of the palladium which is exposed,
Irprag. Depth is the depth in microns of the

irprzonation of the palladium on and in the support, and



of the support wi th carbon nonoxi de gas and neasuring the amount of
car bon nonoxi de adsorbed on the palladi um surface. Normally, it is
assuned that each surface nmetal 15 atomw || adsorb one nol ecul e of

car bon nonoxi de and t hus, t he percent of netal exposed may be
determ ned. This percentage i s known as the dispersion. See Myasaki,
J. Catal ., 65, 84 (1980) and "Structgre of Metallic Cat al ysts"
'by J. R Anderson, Academ c Press, 1975, page 20 360. The catal ysts
whi ch are advant ageously used in accordance with the present
invention haveraadieSper ¢heNcrystalpeheephage of &hel adsniz@ pRbRORL.
preferably at |east 30 per cent (q? geégfnined by carbon nonoxi de
adsorption as descri bed herein). Anot her characteristic of
t he pal | adi um cat al yst used in the présent Impvegt.ion i s that nost of
t he pal | adi um Catalyst | o&aPdd oBE@r SAear Dils@.sur Pbapg&hof t h@hakeni na
support.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 Ganmma
20
G 0.75 198 11 <100 Theta
EXAMPLES 1—-3 AND COMPARATIVE EXAMPIES 1—4
Dimethyl terephthalate was hydrogenated to DMCD
25 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
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

monoxicde in the hydrogen purge gas.



Accordingly, at |east 90 wei ght percent of the palladi um

- 6- wherein a nelt of a dinethyl benzenedi carboxylate is passed
over and through one or nore fixed beds of catalyst 1 sndePHR BeddHeGKlcE
bed" manner. Typically, some of the di met hyl cycl ' Xyl at e
product is recycled to 5 the feed port of the react oﬂmﬂﬂlﬂ mlgk Hﬁu a
sol vent for the reactant. OQther inerg,—_non-aronat i ch
are liquid under the operating conditions enployed nay be used as a
sol vent. The process nmay be operated in either an adi abatic or

I sothermal fashion. In trickle bed 10TaByEerddation, the liquid hourly space
vel ocity (LHSV; unit DMT in

Example Catalyst Tenp. Product STY co

5 1 A 177 0.0 1.87 15
2 B 170 2.2 1.73 16
3 C 175 0.7 1.82 7

10
173 7.4 1.41 40

P
o
=0 O

172 6.1 1.49 26

T

15 C-3 170 10.0 1.25 28

C—-4 G 170 >10 <1.25 15

The space time yields reported in Table I1

20 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

25 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

30 15%.

Tre invention has been <:scribed in detazil with
narticalar reference to preferred embodiments thereof,
»ut 1t will be understood thait variztions and
3Z mod 7 eiions can be effectes wiw:ir the s.irit and

scco. £ the invention.



vol une reactant fed per ho catal yst) of the
reactant feed may be in thH @ﬂ ﬂ melo wth range
of 0.5 to 5. The LHSV for mﬁf I i qui d fIO\?\;hSSheetHPSBee Ced
solvent) may be in the range of 15 1 to 30. Hydrog lﬂ

reactor in excess of the stoichionetric quantity

purged fromthe system The rate of hydrogen purge is dependent on

t he tenperature and pressure at whixh +he process i s operated. 20
Qur novel process is further illustrated by the fol |l ow ng exanpl es.
Al'l experinents were perforned in a trickle bed reactor system
conprising a 1.83 neter (6 feet) S&iN®n of 316 stainless steel pipe
havi ng an weli®igihor dianmeter of 2.5 cm (1 inch) and equi pped with 25
means for liquid recycle. The catalyst (800 cc) was_he in place
within the reatt or By°99%S chpertie cﬁ‘yﬁp%‘g%’r‘(’@ 2% dlmeglyl

cyclohexanedicarboxylate which comprises contacting a

w

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

10 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

15 (4) 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
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
(1) palladium comprises 0.5 to 2.0 weight percent of
the catalyst;
25 (2) 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

ricrcns from the surface of the alumina; and
{4y the crystallins phase ol :he alumina is alpha,
0 theta, delts or a mixtur. thereof.

z Process accoriing to CI: : 2 wherein a solution of
the dimethyl benzeredicarkaoy - te in dimethyl cyclohex—

0]
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iz cont: . 2 sith hydrogen.
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I nch) 316 stainless steel Penn State packing | ocated above and bel ow
the catal yst bed. The tenperatures at various

- 6a - poi nts |t bed were neas , Rqﬂmmd
t her nocoupl es which e l ‘L “ﬂmﬁu he reactor vval I
approxi mately 3. 2 nm ¢at &l yst. The tenperat I n

each exanple is

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
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.

15

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
20 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

25 located on the alumina at a depth less than 100
micrcns from the surface of the aluminz; and

(4) the crystalline phase of the alumina is alpha,
thetz, delta or a mixture thereof.

39 3 Proec.. 3 acceriing to Claim 5 for the prevaration of

dimethyl 1,4—cyclchexanedicarboxylate wherein a solution
¢l dimethvl I,4-hirzeredicerkoxylate in dimethyvl

1,<--cyclenexanc  cirboxylate is contacted with hydrogen.



-7- the average of these 10 readi ngs. Typical tenperature

gradients through the bed were less than 10[err]C The procedure
general ly used in each experi nent conprised purging the systemwth
nitrogen and punping 5 di et hyl 1, 4-cycl ohexanedi car boxyl ate ( DMCD)

t hrough t he reactor systemat a rate of 5 Kg/hour at 150[err]C and 70
bars absolute (7,000 kPa) with a 6 L/hour |iquid recycle. The

feed gas then was switched from nitrogen % ftiydrogen, the pressure
slowy was increased to 125.1 bars absolute 10 (12,510 kPa) and,
finally, the tenperature was increased .t he desired reaction
tenperature. The rea?ToRe vAEEOTding el tl gyé‘%ﬁi g&ﬁi%e%’éa%%t%ﬁ f eed
f+om DMCD t 0 3@iméthyl 1, partsldhexenedicarkoxyrattéd dherdiylatsobpbidal at e

and DMCDy £ Ry Q08 V2Ss BILGaS 44 P03 LS BREL Ol n SYBAEMRPE 2
1 1,3—cyclohexanedicarboxylate is contacted with hydrogen.
5
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.
10
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15 - rate of 8 to 10 L/ m nute. Carbon nonoxi de concentrati ons in the

hydr ogen purge gas were nonitored using a Beckman | R carbon nonoxi de
anal yzer. Operating data were recorded when a steady state of

operﬁti on was achieved, typically 1 to 2 hours fromthe comencenent
of the reaction. 20 The | ' | g, & tal ysts enpl oyed in
t he exanpl es are descri be P ﬁg f&g;c ggﬁﬁng d is the-

wei ght percent pal | adi um present- oI the catalyst, BEl SA is the BET
surface area of the catalyst in nferr]/g, Pd D sp. is the percent of

t he pal |l adi um which is exposed, |npreg. ABSTRA®Epth is the depth in [err]m

of the inmpregnation of;LBeoseq isPR! ASLEES 0P thd bl difa SHPPS tor A
dimethyl cyclohexanedicarboxylate by the hydrogenation
of the analogous dimethyl benzenedicarboxylate ester in

5 the presence of a class of palladium on alumina
catalysts which have a unique combination of
characteristics. The use of the catalysts permits the
process to be carried out at significantly lower process
pressures.

10




G0 44 ) (-1 7 3,2a) & 4y bpday N9

- 9- FABLE 11 . _
DMT in Exanpl e Cat al yst Tenp. Pr oduct STY cO 5 _ 4
A 177 0.0 1.87 15 2 B 170

2.2 1.73 16 3 C 175 0.7 1.82

7 C1 D 173 " ¥.2 1.41 40 G2
E 172 6.1 1.49 26 10 C3 F a5 170

10.0 1.2%1) 2Be dispersf€oft and depbh of depodifion of>ifle <1.25

15 The space tinme yields reported 1n Table 11

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

5 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
10 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;

15 (3) at least 90 weight percent of the palladium is
located on the alumina at a depth less than 200 pm
from the surface of the alumina;

(4) the crystalline phase of the alumina is alpha, theta,
delta or a mixture thereof; and

20 (5) the catalyst has a surface area of 20 to 300 square
meters per gram.

The minimum temperature at which the process may be
carried out is limited by the melting point of the
dimethyl benzenedicarbéxylate reactant, e.g., 140°C for

25 dimethyl 1,4-benzenedicarboxylate (dimethyl

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

at a temperature in the range of 140 to 250°C. Although
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denonstrate the advantages provided by the present 15 i nvention

utilizing Catalyst A, Bor C. The relatively poor performance of
Catalysts D, E and F is not conpletely illustrated by Conparative
Exanpl es 1-3 since the gaseous efflgent fromthe reactor was not
recycled in the exanples reported h&fein. We have found that in

simlar 20 experinents in which the gaseous reactor effluent is

recycl ed i n acli@nmescessl agpuse t CacoiB@r shial appereééswies in thé heafgesence
of 37 ppm carbon nonoxide in the recycl ed gas can decrease production
rates as nuc[’Q%sS 1@0/0690 bars absolute (80 to 69,000 kPa) B the ﬂ@fﬁw

invention permits the achievement of good hydrogenation
rates without the use of the high pressures described in

5 the literature. Thus, the preferred pressures are within
the range of 50 to 170 bars absolute (5,000 to 17,000
kPa). Although the 1,2-, 1,3- and 1,4-isomers of dimethyl

cyclohexanedicar-
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W claim 1. Process for the preparation of a dinethyl

cycl ohexanedi car boxyl at e whi ch conpri ses contacting a 5 di net hyl
benzenedi car boxyl ate with hydrogen at a tenperature of 140 to
400[err] C and a pressure of 10 to 200 bars absolute (1,000 to 20, 000
kPa) in the presence of a pal | adi um®n-al um na catal yst; wherein

(1) palladiumconprises 0.1 to 5.0 weight percent of the 10

catal yst; boxg/z;lttehqlagaweagjr@pae}bap%&s k88 pSopbskeast tAQsPeHGRRL I on
(3) at l|east 90 weight pércent of the palladiumis Iocateg on
t he al um na abyatdeptlydregenalidon20d@ ftaer pmalogous dimethgi t he surface of

the alumna; and 15 .. (4) the crystalline phase of the alunmna is al pha,
t het a, %enzeggﬁgg%régﬁﬁggtgvat £ BRTAMREYr USERELBEFS ghdthe

process is in the manufacture of the 1,3- and, especially,
5 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.

10 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

15 atom will adsorb one molecule of carbon monoxide and thus,
the 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, 1975, page

20 360. 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 determined by carbon monoxide 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 alumina support.

Accordingly, at least 90 weight percent of the palladium
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(5) the catalyst has a surface area of 20 to 300 square neters
per gram 20 2. Process according to Caim1l which conprises

contacting a dinmethyl benzenedi carboxylate with hydrogen at a
tenperature of 140 to 400[err]C and a pressure of 10 to 200 bars
absolute (1,000 to 20,000 kPa) in the pfe§€n6e of a pal I adi um on

al um na catal yst; wherein 25 (1) palladiumconprises 0.5 to 2.0 wei ght

percent of thes located noCak@p¥st than 200(gh,t Becpakhadi,um.dikSpaLSI 980! S
at | east 30 percent;

pm, from the external surface of the alumina support. As
is well-known in the art, depth of impregnation can be
determined either visually using optical microscopy or by

5 a line scan technique in a SEM with a palladium

10

15

20

25
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(3) at least 90 weight percent of the palladiumis | ocat ed on

the alumna at a depth less than 100 [err]m fromthe surface of
the alum na; and (4) the crystalline phase of the alum na is al pha,
theta, 5 delta or a mxture thereof; and (5) the catal yst
has a surface area of 20 to 300 square ~ 6 - neters per gram

3. Process according to Claim2 wherein a solution of 10 t he di net hyl

benzenedi car bexgkata anmdigebliyk @yfkeh¢xabBenzenedicdibakpoxybatg is
contacted wi th hydrogen. 4. Process according to Claiml
wherein the DPassedjg¥elypRnBehisauahicanboryl apsei §isedt hededofii chthysebgen

15 at a tenperatyre.of ,140 tq 400[err]C and a,pressure o to 170
bar s absoluth?S?OOgr38L17,gﬁs kpgyker. Typically, some gt 2e

dimethyl cyclohexanedicarboxylate product is recycled to

5 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

10 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

15 1 to 30. Hydrogen is fed to the reactor in excess of the
stoichiometric quantity and normally is purged from the
system. The rate of hydrogen purge is dependent on the

temperature and pressure at which the process is operated.

20 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
feet) section of 316 stainless steel pipe having an
interior diameter of 2.5 cm (1 inch) and equipped with

25 means for liquid recycle. The catalyst (800 cc) was held
in place within the reactor by 100 cm’ of 1.6 mm (0.0625
inch) 316 stainless steel Penn State packing located above

and below the catalyst bed. The temperatures at various




5. Process according to Claim2 wherein the di met hyl

benzenedi carboxylate is contacted with hydrogen 20 at a tenperature of
140 to 400[err]C and a pressure of 50 to 170 bars absolute (5,000 to
17,000 kPa). 6. Process according to Claimb5 for the preparation of
di met hyl 1, 4- cycl ohexanedi car boxyl ate wheP& n a solution 25 of di met hyl
1, 4- benzenedi car boxyl ate i n di net hyl 1, 4- cycl ohexanedi car boxyl ate is
contacted W t BoAREAEOGERhin the catalyst bed were measured by 10- 12 -

7. Process according to Claimb5 for the preparation of di et hyl

1, 3- cycl ohexankdiroacbopyeat @hilcér extieadsdl thirongh the reactor wall and

approximately 3.2 mm into the catalyst. The temperature

reported in each example is
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of dinmethyl 1,3-benzenedi carboxyl ate in di nethyl

1, 3-cycl ohexanedi carboxyl ate is contacted with hydrogen. 5 8. Process
according to Claim5 for the preparation of di et hyl

1, 2- cycl ohexanedi car boxyl at e wherein a sol ution of di met hyl

1, 2- benzenedi car boxyl ate i n di net hyl - A,2-cycl ohexanedi carboxyl ate is
contacted with hydrogen. - 10 -
CLAI M5 tWé ghaikBbe 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 liguid recycle. The
feed gas then was switched from nitrogen to hydrogen, the
pressure slowly was increased to 125.1 bars absolute

10 (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

15 rate of 8 to 10 L/minute. Carbon monoxide 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.

20 The palladium on alumina catalysts employed in the
examples are described in Table I wherein % Pd is the
weight percent palladium present on the catalyst, BET SA
is the BET surface area of the catalyst in.nf/g, Pd Disp.
is the percent of the palladium which is exposed, Impreg.

25 Depth is the depth in pum of the impregnation of the

palladium on and in the support, and
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1. Process for the preparation of a dinethyl

cycl ohexanedi car boxyl at e whi ch conprises contacting a 5 di net hyl
benzenedi car boxyl ate with hydrogen at a tenperature of 140 to
400[err] C and a pressure of 10 to 200 bars absolute (1,000 to 20, 000
kPa) in the presence of a pal | adi unPon al uni na catal yst; wherein
(1) palladiumconprises 0.1 to 5.0 weight percent of 10 t he

catal yst; (2) the palladiumdi spgyrsi at is at | east 20 percent;

(3) at least 90 weight percent of the pallTadiumis | ocat ed on
the alumna at a depth | ess than 200 m crons fromthe surface
of the alum na; and 15 (4) the crystalline phase of the alumna is

al pha, theta, delta, ganmma, eta &MTalfi xture thereof.

2. Process g&gabdieng 3l 1 Eg%ﬁﬂ co ' ontagting a

di et hyl benzene |c§rbo§%t§Pe%Etr1 y rogenng%bﬁﬁigat éﬁgggpergghre of 140
to 400[ erx] C andla pressur@ of 10 to177 200 .bars absaolgsgte (%, 000 to
20, 000 kPa) in the presence of a palladiumon alum na catal yst;

wher ei n (%) palladfum conpri 49 0.5 t02220 wei ght7Ber cdft of

the catal yst; 25 (2) t pal | adi di spersiyon i s at .l east 30 percent;
(3) at |east 903meight pe?ﬁent ofHﬁﬁe pal | a anlis 1.82 g | ocat ed
on the alunina atia depth bess than 108 7.4 mcnoas framthe
surface of the alum na; and (4) the crystalline phase of the
alumna i s al ph&;2 E thetal7@el ta or 6almi xtur@-4Bher @6f .

10 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

15 invention utilizing Catalyst A, B or C. The relatively
poor performance of Catalysts D, E and F is not completely
illustrated by Comparative Examples 1-3 since the gaseous
effluent from the reactor was not recycled in the examples
reported herein. We have found that in similar

20 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 production rates as much as 15%.

e e o T
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Process according to Claim 2 wherein a solution of t he di net hyl

benzenedi car boxyl at e I n di met hyl cycl ohex- anedi carboxylate is
cont act ed wi th hydrogen. -11- . Process for

t he preparation of a dinethyl cycl ohexanedi u’ mﬂ m
conprises contacting a di met hyl bed®enedi caﬁﬂ ﬁ“ﬂtlmml I drogen
at a tenperature of 140 to 400[err]C and a pressurte 8f 50 to 170 5
bars absolute (5,000 to 17,000 kPa) in Q#%I@{Sesence of a pal | adi um on
al um na catal yst; wherein (1) palTadiumconprises 0.1 to 5.0 weight
per cent of We claim the cat aI yst; (2) the palladiumdispersion is
at least 20 percent at |least 90 wei ght percent of the

pal ladiumis - essf o%%‘fe‘tf‘%r?“fﬂéa’a?ttﬂﬁrhap%ta L4+ ess than 200

m or ons T om e SHELAGE Lol b, gh B 418 compr sel o drystal | ne

phase of the afumna is el'ta, gamma,
m Xt ure tsheredfimethyl 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

10 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 um
from the surface of the alumina; and

15 (4) the crystalline phase of the alumina is alpha, theta,
delta, gamma, eta or a mixture thereof; and

(5) the catalyst has a surface area of 20 to 300 square

meters per gram.

20 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 cof 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 to 2.0 weight percent of the

catalyst;

(2) the palladium dispersion is at least 30 percent;
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15 5. Process according to Caim4 which conprises contacting

a di net hyl benzenedi carboxyl ate with hydrogen a e of 140
to 250[err]C and a pressure of 50 to 170 barﬂm a‘ C“E to
. atsa

17,000 kPa) in the presence 20 of a palladiumo _ WSt ;
wher ei n (1) palladiumconprises-018 to 2.0 wei ght percent of
the catal yst; (2) the palladiumdispersion is at |east 30 percent;

(3) at least (39 wgi gl.@asclﬁrﬁmefglhoéo%x@ér{@@fjmrﬁez@Slafdium jd ocated on

the alumna at a depth | ess than rom ‘the surface
of the alumina; andocated opdkhehalomystabki Bedppaselekst Baaal udongm S

al pha, theta, delta or a m xture_thereof. 30 6. rocess
according to O ai fFSMf shet Furfpegarat tbas efumina; dhdet hyl 1

, 4- cycl ohexanedi c 0 e wher ei sol uti.on .__of, di net.hyl _
1, 4- benzenedi gg? b%)r{% >aitét/]'leyasl[tnaltljfl]lrerr{\e‘? i‘%}faase ot Te4-aéwlm%€@}%o>&neattae i s
contacted with hydseges. or a mixture thereof; and

(5) the catalyst has a surface area of 20 to 300 square

meters per gram.

3. Process according to Claim 2 wherein a solution of
10 the dimethyl benzenedicarboxylate in dimethyl cyclohexane-

dicarboxylate is contacted with hydrogen.

4, Process according to Claim 1 wherein the
dimethyl benzenedicarboxylate is contacted with hydrogen
15 at a temperature of 140 to 400°C and a pressure of 50 to

170 bars absolute (5,000 to 17,000 kPa).

5. Process according to Claim 2 wherein the
dimethyl benzenedicarboxylate is contacted with hydrogen
20 at a temperature of 140 to 400°C and a pressure of 50 to

170 bars absolute (5,000 to 17,000 kPa).

6. Process according to Claim 5 for the preparation of
dimethyl 1,4-cyclohexanedicarboxylate wherein a solution
25 of dimethyl 1,4-benzenedicarboxylate in dimethyl

1,4-cyclohexanedicarboxylate is contacted with hydrogen.
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-.12 - 7. Process according to Caim5 for the preparation of

di met hyl 1, 3-cycl ohexanedi car boxyl ate wherein a sol ution t hyl

" 1, 3-benzenedi car boxyl ate i n di net hyl 1, 3-cycl %)&“E‘Ee S
contacted with hydrogen. 5 8. Process accordm for the
preparation of di mret hyl 1, 2-cycl GhéXaredi car bo ate whérein a

sol ution of dinethyl 1, 2- benzenedlcarboxylate I n di met hyl

1, 2-cycl ohexanedi gaddeaad aldrdfa Lantas terh wh th fudriigepbrddhration 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.




