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LOW PRESSURE PROCESS FOR THE HYDROGENATI ON OF DI METHYL _
BERZENEDI CARBOXYLATES TO THE CORRESPONDI NG DI METHYL

CYCLOHEXANEDI CARBOXYLATES 5 This invention pertalns to an- lnproved
process for the preparation of dinethyl cyclohexanedi carboxyl ates by the
hydr ogenati on of the anal ogous di net hyl benzenedi- carboxylate ester. Mre
specifically, the present invention pertains to an inproved process for the
10 hydrogenati on of a dinethyl benzeredi car boxyl ate ester in the
presence of certain, supported, binmetallic catalysts conprising (i)
palladium (ii) a second Goup VIIl metal selected fromnickel, platinum
and rutheniumand (iii) a catQPVSPRgﬁﬁﬁBEtPRGCBSSaFORThEEuse of the 15
supported bimetal | A 5-FQNc@FnPEMEﬁBYDSEEBZEBE@hCARE@&¥L&TESWEQ
process pressures QNDEING, BIMET B nCECLOREXANED FGARBOXYLATES

1, 4- cycl ohexanedi car boxyl at e has been manuf act ured for over 30 years as an

intermedi &e in the This inpendiiohi pareaisyctohsy aipstoPedpPbcods by S
ol yror s, par t1 St ey PREATEER.Pe. dipRERRE] ShsiraRatriirtpeRiathe b o
“val uabl e cheni ckxhe hydrogenatlon of the analogous dlmethyl benzenedi-
carboxylate ester. More specifically, the present
invention pertains to an improved process for the
10 hydrogenation of a dimethyl benzenedicarboxylate ester
in the presence of certain, supported, bimetallic
catalysts comprising (i) palladium, (ii) a second Group
VIII metal selected from nickel, platinum and ruthenium

and (iii) a catalyst support material. The use of the

15 supported bimetallic catalysts permit the use of TN
significantly lower process pressures in the ester o
hydrogenation process.

Dimethyl 1,4-cyclohexanedicarboxylate has been’
manufactured for over 30 years as an intermediate in the

20 production of cyclohexanedimethanol which is used
extensively as a monomer in the preparation of conden—
sation polymers, particularly polyesters. Dimethyl
cyclohexanedicarboxylates are valuable chemical
intermediates useful, for example, in the manufacture of

25 polyester resins used ln the formulatlon of coatlng
compositions.

The manufacture of dimethyl 1,4—cyclohexanedicar—
boxylate and'1,e—cyclohexanedimethanol using dimethyl
terephthalate 'as the feedstock and a heterogenous mode

30 . of operation is described in U.S. Patent 3,334,149.

This process requires the use of high pressures, e.qg.,
greater than 346 bars absolute (34,600 kPa), and
utilizes a palladium on alumina catalyst in the
hydrogenation of dimethyl terephthalate to dimethyl

35 1,4—cyclohexanedicarboxylate. The specific palladium on



.internmediates useful, for exanple, 'in the manuf acture of 25 pdf&égng
resins used in the fornulatlon of coating conpositi ons. THik8heetdias
i IIfS' A

di methyl 1, 4-cycl ohexanedi car- boxylate and 1, 4-cycl ohex

di et hyl terephthalate as the feedstock and a heterogeno

operation is described in U S. Patent 3,334,149. This process requires t
use of high pressures, e.g., greater than 346 bars absol ute (34, 600 kPa)i
and utilizes a palladium on al uni na cat alys®2 +n the hydrogenation of

di rethyl terephthalate to dinmethyl 35 1, 4- cyclohexanedicarboxylate
The specific pa - 2- alum _na enpl oyed contains 0.5 weig

Gﬁﬁdlun1on ng
percent pal | adi JH*HETR S9Pd o¥eda COREALNS! Re cV?%ﬁBFIPﬁﬁcﬁﬂﬁsﬁabiaﬁhF%h is a
m xture of bayerdeppsan'mizd)@ehmlm;nihethat et'ystalliluéeﬂhaﬁet b€ ¥Rishois3 NMm

chi ps and exhi bi al gt It a nt, t hat
cheni cal procesé%s ﬁf of bagg¥§t% na Loeﬂmlte. bﬁe gg@afyst is
used 1n the form of 3 mm chips and exhlblts poor

5 physical strength.

It is apparent that chemical processés 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

10 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

15 (13,500 kPa) using the above—described palladium on
alumina catalyst, commercially acceptable hydrogenation

rates cannot be achieved over an extended period of
time. For example, when operating continuously at 125
bars absolute (12,500 kPa) using the above—described

20 catalyst, the process is unstable and the hydrogenation
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

25 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 hydrogenatién processes
is detrimental to such processes. However, the extreme

30 sensitivity of the above—described palladium on alumina
catalyst to parts per million (ppm) amounts of carbon
monoxide is surprlslng.

The present 1nventlon is concerned with a proéess

whereby dimethyl benzenedicarboxylates may be



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 10 apparatus required including the high
pressure-rated reactor and the conpressors. It has been found, however,

t hat when the hydrogenation of dinethyl terephthalate to dlnethyl

1, 4-cycl ohexanedi carboxylate is carried out at pressures |less than 135 bar s
absol ute 15 (13,500 kPa) using the above--described palladi umon al um na
catal yst, conmercially acceptabl e hydrogenati on rates cannot be achi eved
over an extended period of tine. For exanple, when operating continuously
at 125 bars abséahadytizady kydrogenagedhtoabbeccdrresponding dimethyl

catal yst, the prdm%éﬁdéa%%%% Et&@euﬁxﬂ ﬁ&&éﬁ%@é bRLEShYBECAY 1S

not nore than agproxlnately e rates | eved at™ approximately 410
“bars absol ute (P393 ¥%PYR P@%?uFétaiﬁétﬁeduWEdhﬂYGr%ﬁ%ﬁ%Y?Eﬁdr§§§t|s due

to decreased actacddptadle Rates bhédmbaecatal pﬁésgﬁres o Isé #6hbevegve, is
| aver prodsures Y s Ugk, 4 AnaRBPRECARcCEReLYRF CamRche Lo ofh bEad i
hydr ogen gas us@md 2 [sedonde GxbupnVELTcmetad selected from nickel,

platinum and ruthenium deposited on an alumina support

wherein (1) the dispersion and depth of deposition of

the palladium metal are within certain ranges, (2) the

10 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

15 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 supported catalyst comprising palladium and a
second Group VIIT metal selected from nickel, platinum,

20 ruthenium or a mixture thereof deposited on an alumina

support; wherein

(1) palladium comprises 0.1 to 5.0 weight percent of
the catalyst;

(2) the palladium dispersion is at least 15 percent;

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

(4) the second Group VIII metal selected from nickel,
platinum, ruthenium or a mixture thereof comprises

30 0.001 to 1 weight percent of the catalyst; and

(5) the crystalline phase of the alumina is alpha,
theta, delta, gamma, eta or a mixture thereof.



i s detrinmental to such processes. However, the extrenme 30 sensitivity
of the above-described palladiumon alunina catalyst to parts per mllion
(ppm anounts of carbon nonoxide is surprising. - 2a - EP-A-0 005 737

di scl oses a process for the preparation of cycloaliphatic carboxylic acid
esters. Mreover, this docunent in general discloses a process utilizing a
supported catal yst conprising palladiumand ruthenium There is no

di scl osure that at |east 90 weight % of theqpalladiumis |ocated on the
catal yst at a depth less than 200 microns fromthe surface of the catal yst.
There is further_no acknow edgenent. that the pall adi um di spersion nay be at
| east 15 % The Pref8fond\GoauroVIII petedr ofdthet batapystesimphovesy

~dimet hyl -benzenathe IV tAL AN iRG as cOmpared to the same supported
palladium catalysts which do not contain a second metal.
The minimum temperature at which the process may be
5 carried out is limited by the melting point of the
dimethyl benzenedicarboxylate reactant, e.g., 140°C for
. dimethyl 1,4-benzenedicarboxylate (dimethyl tereph-
thalate). The maximum operating temperature can be as
high as 400°C. The process preferably is carried out at
10 a temperature in the range of 140 to 220°C. Although
the process may be carried out at pressures in the range
of 8 to 690 bars absolute (800 to 69,000 kPa), the
present invention permits the achievement of good
hydrogenation rates without the use of the high
15 pressures described in the literature. Thus, the
preferred pressures are within the range of about 50 to

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

1,2—, 1,3- and 1,4-isomers of dimethyl cyclohexanedicar—

boxylate may be prepared by the process of this

20 invention by the hydrogenation of the énalogous dimethyl
benzenediéarboxylate, 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
25 comprises palladium and a second Group VIII metal
deposited on an alumina support wherein:

(i) the palladium comprises 0.1 to 5.0, preferably 0.5
to 2.0, weight percent based on the total weight of
the catalyst; and '

30 (ii) the second Group VIII metal-sélected from nickel,
platinum, ruthenium or a mixture thereof comprises
0.001 to i,'preferably 0.01 to 0.5, weight percent
based on the total weight of the_cétalyst.



catal ytical 'y hydrogenated to the correspondi ng di nethyl _ _
cycl ohexanedi car boxyl at es usi ng noderate pressures and readily avail abl e
catal ysts. W have discovered that acceptable rates at noderate pressures
may be achieved 5 ~ by the use of a supported catal yst conprising

pal | adi um and a second G oup VIIlI netal selected fromnickel, platinumand
rut heni um deposi ted on an al um na support wherein (1) the dispersion and
depth of deposition of the palladiumnmetal gaLe within certain ranges,  (2)
the 10 alumna is of a particular crystalline phase, and (3) the
surface area of the catalyst is within a particular range. The process
provi ded by our Theveiisperstibar efotReppayid@sun o adnd i tHe dlnefiataat i on of
a di met hyl cycl diecar a ich ¢ rise e tacting a

di et hyl benzen%&%&?&o?ﬁé?gi#t %Sh%%‘é’éﬁaﬁyaé’féﬁl‘é’r%? Lﬁé%@’fe 140 to
[err] and a presyface of0the soppontswitlsotarkeor maexide AROEN&KPa) in
Lhe presence of naaBupoi! €feCahahute! of CBRELGH okl &' B ANLA P Y
Goup VIII netal selectéd fromnic el platnum rutheni um or a

m xture tRer eof PRdIRSiEB]SYRTaReal UNPFRALLYpOtE : isResyneqd thata qash um
conprises 0.1 teurf@cecingbalpat6fiPi adsorb one molecule of carbon

monoxide and thus, the percent of metal exposed may be
determined. Metal dispersién also can be determined
using hydrogen as the probe molecule. Hydrogen:

10 dissociates to 2 H atoms and each surface palladium atom
absorbs 1 molecule of H atom. '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 360. The catalysts

15 which are advantageously used in accordance with the
present invention have a dispersion percentage of at
least 15 percent, preferably at least 30 percent (as
determined by carbon monoxide or hydrogen adsorption as
described herein). , .

20 - . 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 is located no deeper than 200

25 'microns, preferably less than 100 microns, 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 a line scan technique in a SEM with a palladium

30 sensitive detector. See, for examplé,.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,



the catalyst; (2) the palladiumdispersion is at |east 15 percent; 25

(3) at least 90 weight percent of the palladiumis |ocated on the al um na
at a depth less than 200 microns fromthe surface of the alumna; (4) the
second Group VIII netal selected fromnickel, platinum rutheniumor a

m xture thereof conprises 30 : 0.001 to 1 weight percent of the
.catalyst; and (5) the crystalline phase of the alumna is al pha, theta,
delta, gamma, eta or a m xture thereof. -4- The second ‘G oup VIII netal
of- the catalysts inproves the catalytic actévity as conparéd to the sane
supported pal |l adi um catal ysts which do not contain a second netal. The
nininunltenpera%%q at I ch the process

linited by the A1y 58 MBasES RF 8 H&f‘ﬁ'?‘%eggﬁgﬁﬂsai gg{’%lﬁgﬁg’lﬁ‘% IrZact ant ,
e.g., [err] for Rhassshy| Alunibanoénetietar, bdeikat or(dlipkahytyseatpine '
thalate). The ERELBINRPHIKELId L2 BGER! H16niAY PE Bfeferred withn

theta alumina being especially preferred.

5 The nitrogen BET surface area of the palladium on
alumina catalysts used in the process of our invention
is_in the range of about 20 to 300 square meters per
gram (mz/g).with the range of about 30 to 150 m?/g being
preferred. It is well known in the art that BET surface

10 area is a function of crystalline phases and calcination
history and should be as high as possible while
maintaining the appropriate oxide phase. Catalysts
having the characteristics described hereinabove may be
prepared according to conventional impregnation or

15 deposition 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. The particular form
is not critical so long as the catalyst form does not

20 lead to excessive channeling of the liquid feed through -
the reactor, e.g., in continuous operation using a fixed
bed of catalyst through which the reactant is passed.
Preferably, the surface area:volume ratio of the
catalyst is at least 500 and preferably greater than

25 1500. '

The process of the invention may be carried out in
a batch, semi—continuous or continuous mode using
conventional chemical processing techniques. The
preferred mode of operation is a continuous process

30 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



high as [err]. The process preferably is carried out at 10 a
tenperature in the range of 140 to [err]. Although the process may be
carried out at pressures in the range of 8 to 690 bars absolute (800 to

69, 000 kPa), the present invention permts the achi evenent of good
hydrogenation rates w thout the use of the high 15 pressures descri bed
inthe literature. Thus, the preferred pressures are within the range of
about 50 to 170 bars absolute (5,000 to 477080 kPa). Although the 1, 2-,
1,3- and 1, 4-isonmers of dinethyl cyclohexanedi car- boxylate may be prepared
by the process of this 20 invention by the hydrogenation of the

anal ogous d|netﬁ9lvﬁéﬁzﬁﬂédth%rt&#sﬁanta tQtheyx jinent ,uenrnarematdc t he

process is in tBemBBAHASOHKIEh %rd NPich i Hibr HREUriiabidde 1, 4-1 Soners.

The catal yst used I.n the present 1nvention 25 cofmpri ses "pal | adi um and a
second Group VI F?nﬂé'ﬁé?nﬂe%?ﬁfi ﬁh@%lqﬁﬁ%é%@pﬁ&%"%relme (i) the
pal | adi um corrprpseeeeslmap Be 0o enfae&ﬁainﬁ ‘eitHer @n’ ddialitdld drer cent based

o Pe P52 i gBngnlics SBAN 27V ke b 'l ¥ 1B the™ 0P VI
11qu1d hourly space velocxty (LHSV; unit volume reactant
fed per hour per unit volume catalyst) of the reactant
feed may be in the range of about 0.1 to 10 with a
preferred range of 0.5 to 5. The LHSV for the total

10 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 system. The rate of hydrogen purge is dependent on
the temperature and pressure at which the process is

15 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
20 feet) section of 316 stainless steel pipe having an
interior diameter of 2.5 cm (1 inch) and equipped with
means for liquid recycle. The catalyst (800 cc) was
held in place within the reactor by 100 cc of 1.6 mm
(0.0625 inch) 316 stainless steel Penn State packing
25 located above and below the catalyst bed. The
temperatures at various points within the catalyst bed
 were measured by 10 thermocouples which extended through
the reactor wall and approximately 3.2 mm into the
catalyst. The temperature reported in each example'is
30 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—cyc1ohéxanedicarboxylate (DMCD) through the



pl ati num rutheniumor a m xture thereof conprises 0.001 to 1, preferably
0.-01 to 0.5, weight percent based on the total weight of the catalyst.

-5- The dispersion.of the palladiumon and in the alum na support typically .
is measured by titration of the surface of the support with carbon nonoxi de
gas and neasuring the anount of carbon nonoxi de adsorbed on the 5

pal | adium surface. Normally, it is assuned that each surface netal atom
will adsorb one nolecul e of carbon nonoxidegand thus, the percent of netal
exposed may be determ ned. - Metal dispersion also can be determ ned using
hydrogen as the probe nol ecul e. Hydrogen 10 di ssociates to 2 H atons

and each surfaﬁ&%&ﬁ@i;ﬁ?@@@@@d&% begl %@U?(:;Su?f a’E'CgB@Fb 12%57%4
(7950) and » otr (AR Sedo e, O oU kpa) g thog § LoRRAbiGHAS Acaden c
Press, 1975, pagee@@®le Thdhmifeedigaslthen walsi sWittheddfashagitrsgenused
in accordance V“E$‘ﬁ§ﬁ%ogen, the pressure slowly was increased to 125.1
5 bars absolute (12,510 kPa) and, finally, the temperature
was increased to the desired reaction temperature. The
reacﬁipn 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
10 reactor system at a rate of 8 to 10 Lo 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
15 commencement of the reaction.

' The catalysts employed in the examples are
described in Table I and contained 1.0 weight percent
pallaéium, as well as a second Group VIII metal, on
theta alumina. In Table I,the second metal and its

20 concentration on the catalyst are given, BET SA is the
BET surface area of the catalyst in m?/g, Pore Volume is
given in mL-g as determined by nitrogen adsorption
according to known procedures [Charles Sattefield,
Heterogeneous Catalysis in Industrial Practice, 2nd E4.,

25 McGraw-Hill, Inc., 199, pages 141-143), Pore Diameter is
determined by nitrogen adsorption and is given in
angstroms, and Pd Disp. is the percent of the palladium
which is exposed. The catalysts, all of which are
commercially available, were in the form of 3 mm

30 pellets. |



present invention have a dispersion percentage of at |east 15 percent,
preferably at |east 30 percent (as determ ned by carbon nonoxi de or
hydrogen adsorption as described herein). 20 Anot her
characteristic of the palladiumcatalyst used in the present invention is
that nost of the palladiumis |ocated on or near the surface of the alum na
support. Accordingly, at |east 90 weight percent of the palladiumis

| ocat ed no deeper than 200 25 m crons, preferably |ess than 100

m crons, fromthe external surface of the=aPumi na support. As is well-
known in the art, depth of inpregnation can be determ ned either visually
using optical mcroscopy or by a line scan technique in a SEMwith a

pal | adi um 30 sensitive detector. See, for exanple, the above-cited
"Structure of Metallic Catalysts”. Yet another inportant characteristic of
the catalysts is the crystalline phase of the alum na support which is
selected fromthe al pha, theta, delta,
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-6- gamma, eta phases or a m xture of such crystalline phases. Al um na of
theta, delta or alpha crystalline phases or mnmixture of such alunina.is
preferred with-theta alum na being especially preferred. 5 The
nitrogen BET surface area of the palladiumon-alumna catal ysts used in the
process of our invention.is in the range of about 20 to 300 square neters
per gram|[err] with the range of about 30 to 150 [err] being preferred. It
is well known in the art that BET surface i@ - area is a function of
crystalline phases and cal cination-history and should be as high as _
possi bl e while maintaining the appropriate oxi de phase. Catal ysts having
the characteri stgxavpigs ri-el her ei nabove nmay be -prepared according to

conventional inpregnatdon.or, 15 eposi tion techni que sf ng_procedur es
wel | known to those 2‘5&.‘?‘%58”1 #?ﬁ?%&a%ﬁewéﬁt éYég?g%ﬁ?Eﬁ‘g tge R the
hydr ogenati on prandars 325 .lhdars absblutel ¢12,53phkPa), peessuratasingd t he
i ke. The parti f ' QAL 0..L.o : rm does
not 20 I ead%é&a;éegsl ig\% cgltgn%el #EQ(L):F a@ﬁ% P?ﬁ#fﬁ?@eﬁ%ﬁ#’%%ﬁiﬁhe
reactor, e.g>® (iTheFANSEES wsedatinothespngmplesxeere: Catalyst A —

Examples 1-5; Catalyst B — Examples 6-12; Catalyst C -~
Examples 13-15; and Catalyst D — Examples 16—18. The
results obtained are shown in Table II wherein Temp.
specifies the temperature in °C used in each example,

10 Feed Rate is the rate in g per minute at which a
DMT/DMCD mixture having a DMT:DMCD weight ratio of 30:70
was fed to the reactor, DMT in Product is the weight
percent of the product which consists of unconverted
dimethyl terephthalate, Rate is the g of DMT converted

15 per g of catalyst per hour, and CO is the concentration
in ppm of carbon monoxide in the hydrogen purge gas.




bed of catal yst
surface area:vo
greater than 25

t hrough which the reactant .is passed.. Preferably, the
lume ratio of the catalyst is at |east 500 and preferably
1500.. The process of the invention nay be carried out

i n-a batch, semi - conti nuous or continuous node usi ng conventional chem cal

processing tech
process 30
over and throug

manner. Typically, sone of the dinethyl

Is recycled to

ni ques. The preferred node of operation is a continuous
wherein a nelt of a dinmethyl benzenedi carboxylate is passed

h one or nore fixed beds of gstalyst ina "trickle bed"
y¢l ohexanedi car boxyl at e product

the feed port of the reactor and serves as a -7- solvent

for the reactant. Qther inert, non- arongg@géggﬁpounds which are liquid
under -t he operating condi ti ons enplo d nay e used as a solvent. The

process may be
I'n trickle bed

5

10

15

20

25

30

35

40

45

% in ﬁl t her an bat i gugdlgt g%gt her _cnﬁl fash_l on.

1 85.4 0.71 1500 37
2 160 86.4 . 2.0 . 1450 3
3 © 150 82.5 6.8 1150 0
s 180 98.0 0.71 1720 10
5 180 125.7 2.6 2070 20
6 180 83.6 1.0 1450 3
7 . 180 83.2 1.0 1450 13
'8 200 82.3 0.4 1460 24
9 180 85.4 0.7 1500 12
10 180 124.6 2.8 2030 20
5 B 180 86.5 1.6 1470 14
12 160 81.3 4.1 1390 4
13 180 83.5 0.3 1490 48
14 160 84.2 4.6 1280 27
15 200 83.5 0.2 1500 -
16 177 118 2.0 1970 36
17 155 116 6.4 1640 5
18 165 116 2.6 1910 12

The DMT in- Product, Rate and-or CO concentrations
reported in Table II were consistently superior than the
values which were predicted from results obtained when
DMT was hydrogenated substanfially as described in the
preceding examples using a supported palladium catalyst
having the characteristics described herein but without
the second Group VIII metal. For example, the rates



Ii'qui'd hour |y spac'e velocity (LHSV;, unit vol unme reactant fed per hour per
‘unit volume catalyst) of the reactant feed nmay be in the'r out 0.1

to 10 with a preferred range of 0.5 to 5. The LHSV forThisgefgtal- 10.. .
li.quid flow (reactant plus solvent) may be in the rang laced
Hydrogen is fed to the reactor in excess of the stoichi M / ty and
normally is purged fromthe system The rate of hydrogerm™ . endent
on the tenperature and pressure at which-t{®e process is 15 oper at ed.
Qur novel process is further illustrated by the follow ng exanples. All

experinments were perforned in a trickle bed reactor system conprising a
1.83 nmeter (6 20bservedefdrsExamplesfl&its simiwhixts st eel pi pe having an

interior dianet i . i i |de@ui d
recycle. The ca?éﬁgéfaféﬁﬁ% lﬁgﬁﬁﬁ%ﬁgﬁqﬁ%.%ﬁ?ﬁ%%ﬁ—&%y 100
cc of 1.6 nm (09¥8aternthanstke sxrafes chich care myedigitac fRam il 25

located above angdkeyenatiensaisingtaweshalddsud it AfmMR | OUS
poi nts V\Athl% t he cgg,% yst bed were neasured by 10 thernocoupl es which
u

extended thr gﬁaf’ﬁ actor wall and approximately 3.2 mminto the
'~ The invention has been described in detail with

particular reference to preferred embodiments thereof,
but it will be understood that variations and
modifications can be effected within the spirit and

‘10 scope of the invention.



catalyst The tenperature reported I n each exanple is 30 t he average of
t hése 1 0 Teadi-rgs—Typi cal tenperature gradrents t hrough the bed were | ess

t han [err rocedure general |y used in each experinment conprised
purgi ng t '{ﬂg my trogen and punping di net hyl -

1, 4-cycl ohe J"te (DMCD) t hrough the -8- reactor systemat a
rate of 5 Kg/hour at fery] and 70 bars absolute (7,000 kPa) with a 6 L/hour
liquid recycle. The feed gas then was switched fromnitrogen to hydrogen,
the pressure slowy was increased to 125715 — bars absolute (12,510 kPa)
and, finally, the tenperature was increased to the desired reaction :
tenperature. The reaction was commenced E%%ﬁggiching the reactor feed from
DMCD to 30:70 parts £¥ wei ght m xture of yl terephthal ate and DMCD.
Hydr ogen was pur Yhithe 10 reactor systemat a rate of 8 to 10

L/ m nute. -Carban. mmebsscr&erﬁueatpze@%ﬁahbheo&yer agfetRyiJe gas were
moni‘tored using é&é%%ﬂgghneéiéggggﬂ} nox q%m?@%m ilges contacting a
5 dimethyl benzenedicarboxylate with hydrogen at a
temperature of 140 to 400°C and a preséure of 10 to 200
bars absolute (1,000 to 20,000 kPa) in the presence of a
. supported catalyst comprising palladium and a second
Group VIII metal selected from nickel, platinum,
10 ruthenium or a mixture thereof deposited on an alumina
- support; wherein :
(1) palladium comprises 0.1 to 5.0 weight percent of
the catalyst;
(2) the palladium dispersion is at least 15 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;
(4) the second Group VIII metal selected from nickel,
platinum, ruthenium or a mixture thereof comprises
20 ' 0.001 to 1 weight percent of the catalysts; and '
(5) the crystalline phase of the alumina is alpha,
theta, delta, gamma, eta or a mixture thereof.

2. Process according to Claim 1 which comprises
25 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 supported catalyst compriéing palladium and a
second Group VIII metal selected from nickel, platinum,
-30 ruthenium or a mixture thereof deposited on an alumlna
support; wherein
(1) palladium comprises 0.5 to 2.0 weight percent of
the catalyst;
(2) the palladium dispersion is at least 30 percent;



Operating data were recorded when a steady state of operation was achlgved,
typically 1 to 2 hours fromthe 15 commencenent of the reéaction. |ne
catal ysts enpl oyed in the exanples are described in T@migw&}gpgmﬁ
1..0 wei ght percent palladium as well as a second (}ou1

theta alumna. In Table |I,the second netal and its 20 on on

the catal yst are given, BET SA is the BET surface area
[err], Pore Volunme is given in nl/g as detddnned by nltrogen adsorptlon
according to known procedures [Charles Sattefield, Heterogeneous Catal ysis

in Industrial Pr t|ce nd Ed 25, NtC?aMFFﬂ|| Inc., 199, pages
141-143], Pore t%‘rb' f et Weishtypercentyef seopadiladiumdiss gi ven
in angstroms, and Pd Dbagted sor hhepalmiinaohatt e adegs whagh1bs

exposed. The catal yst h are commerci al | avallable were in
t he forn1of 3 mm 30 ﬁic£g+ﬁ({r°m gWEfface of the 4180

(4) the second Group VIII metal selected from nickel,
5 platinum, ruthenium or a mixture thereof comprises
0.01 to 0.5 weight percent of the catalysts; and
(5) the crystalline phase of the alumina is alpha,
theta, delta or a mixture thereof.

10 3. Process according to Claim 2 wherein a solution of
the dimethyl benzenedicarboxylate in dimethyl cyclohex—
anedicarboxylate is contacted with hydrogen.

4. Process for the preparation of a dimethyl
15 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
supported catalyst comprising palladium and nickel
20 deposited on an alumina support; 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
25 located on the alumina at a depth less than 200
microns from the surface of the alumina;
(4) nickel comprises 0.01 to 0.5 weight percent of the
- catalysts; and :
(5) the crystalline phase of the alumina is alpha,
30 theta, delta, gamma, eta or a mixture thereof.
5. Process accordlng to Claim 4 whlch comprlses
contacting a dimethyl benzenedlcarboxylate with hydrogen
‘at a temperature of 140 to 250°C and a pressure of 50 to
35 170 bars absolute (5,000 to 17,000 kPa) in the presence

[




- 10 - EXAMPLES 1-18 Di nethyl t erepht hal ate was hydrogenated to
125.1 bars absol ute (12,510 kPa) pressure using the catal ysts and the

procedure descri bed herei nabove. 5 The catal ysts used|1hﬂﬂmmﬂm
m@ are
r

Cat al yst A - Exanples 1-5; Catalyst B - Exanples 6-12;
Exanpl es 13-15; and Catal yst D - Exanples 16-18. The res

shown in Table Il wherein Tenp. specifies the tenperature |n
each exanple, 10 Feed Rate is the rate in per mnute at which a DNW/DNCD
m xture having a DMI: DMCD wei ght ratio of 30:70 was fed to the reactor, DM

in Product is the weight percent of the product which consists of
unconverted di mefthul suppepbelatat&lysetcompriditng vl LML e e bkl per

of catal yst per 4 d Is_the.concentratio m of carbon nDnOX|de
in the hydrogen %g#%%tgg ogtén aiumlna suppof% rherefﬁ)
pall;dlum comprises 0.5 to 2.0 weight percent of

the catalyst;
5° (2) -the palladium dispersion is at least 30 percent;
(3) at least 90 weight percent of the palladium is
lqcated on the alumina at a depth less than 100
microns from the surface of the alumina; and
(4) nickel comprises 0.01 to 0.5 weight percent of the
10 catalysts; and
(5) the crystalline phase of the alumina is alpha,
theta, delta or a mixture thereof.

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

of dimethyl 1,4—benzenedicarboxy1a£e in dimethyl _

1,4-cyclohexanedicarboxylate is contacted with hydrogen.

7. Process according to Claim 5 for the preparation of .
20 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
25 dimethyl 1,2-cyclohexanedicarboxylate wherein a solution

of dimethyl 1,2-benzenedicarboxylate in dimethyl

1,2-cyclohexanedicarboxylate is contacted with hydrogen.

A



-12- observed

for - Exanples 16-18 in which ..~ a

pat| adi uni ni ckel / al um na catal yst. was - used were 24-45%greater than the
rates which are predicted from DMI hydrogenati ons using an anal ogous

pal | adi um al um

na catal yst. -12 - observed for. Exanples 16-18 in which a

pal | adi um ni ckel /al um na catal yst was used were 24-45% greater than the
rates which are predicted from DMI hydrogenati ons usi ng an anal ogous

pal | adi um al um

na 5 catalyst. The inventiondas been described in detai

with parti BoWapresseren€ert eher Rfarogena | §E Nd fmé 18y E Oben Pethe dicAibdxPEates
under st godtohshevepraespondingd duslethgli cpEiohéxa 1atés N

spirit and 10

10

scope of the invention. ABSTRACT

Disclosed is a process for the preparation of a
dimethyl cyclohexanedicarboxylate by the hydrogenation
of the corresponding dimethyi benzenedicarboxylate ester
in the presence of a class of supported catalysts
COmpfising_palladium and a second Group VIII metal
selected from nickel, platinum, ruthenium or a mixture
thereof deposited on an alumina support which have a
unique combination of characteristics. The use of the
catalysts permits the process to be carried out at
significantly lower process pressures.



, i
“14-- (3) at least 90 wei ght percent of the pal lfaliBescriptiomcpassd - oniﬂtmm

~alumna at a depth | ess than 100 microns from §h¥ Ehihéie ppag**ﬂa“aslﬂupagad _
(4) the second Goup VIII metal selected from ni EkBtawipg(a) ipagsd..‘r‘.u&)hgg'edr.m.
ofF a mxture thereof conprises 0.01 to 0.5 wei dhD Absent oOfageldier-cit pAged s,
and (5) the crystalline phase of the alufina i{s al pha, theta, delta or a
m xture thereof. 3. Process according to d ai mlﬂ%’[‘ﬁ"@flﬁﬁﬁ : Ipfl_ﬁlﬂi@ﬁ%ﬂﬁ%

t he di net hy| QQ%@.ﬂﬁdleﬁ%rﬂé@@d %‘dﬂﬂy @t§1wel A e LT AT OO
contacted wi th hydr, Proces accor to clai m 1 wher eln the

0

catal yst conpfi e?@?"ﬁ%ﬁl 25 L?H'n“&ﬁd‘% &P e P Sugcort ;

\(/\g;ar elhn (1|) I Ra izt edmaysrs th Jartd) Hi:éhmo eght Ty ecadalofsd higs ggt al .ys';];
t he pal |l aq] i Spersi as rce ast wei ght

per cent of thgl léré; ﬁ'adﬁ%m |f[2:‘r}1'“{oca€l d "6h %hné Al S’rﬁcng&al’tb(l?g 3&:{#3' ess than gOO

5 phys;cal strength.

y @(REPLA£EEWEVT Sd*‘ﬁ\ S5G

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

10 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

15 (13,500 kPa) using the above—described palladium on
alumina catalyst, commercially acceptable hydrogenation
rates cannot be achieved over an extended period of
time. For example, when operating continuocusly at 125
bars absolute (12,500 kPa) using the above—descrlbed

20 catalyst, the process is unstable and the hydrogenation
rate typically is not more than approximately 55% of the
rates achieved at approximately 410 bars absolute
(41,000 kPa) pressure. Tpe'feduced hydrogenation rate
is due to decreased activity of the palladium catalyst

25 which, we believe, is related to the generatioﬁ of

' carbon monoxide during the hydrogenation at lower
pressures. It is known that the presence of carbon-
monoxide in hydtogen gas used in hydrogenation processes
is detrimental to sucﬁ processes. However, the extreme

30 sensitivity of the above~described palladium on alumina

catalyst to parts per million (ppm) amounts of carben
monoxide is surprising.




mcrons fromthe surface of the alumina; (4) nickel conprises 0.01 to 0.5
wei ght percent of the catalysts; and (5) the crystalline phase of the
alumna is-al pha, theta, delta, ganma, eta or a mxture thereof. 5.
Process according to Caim 4 which conprises contacting a dinethyl
benzenedi carboxyl ate with hydrogen at &atenperature of 140 to [err] and a
pressure of 50 to 170 bars absolute (5,000 to 17, 000 kPa) in the presence

of a supported_ catalys onprisin al I adi um and ni.ckel osited on_an

al umi na sup §r’f“;‘gwﬁ8%eisﬁg( S ;qs%tﬁpt?mp&ﬂ?ﬁﬁssg? % cP"f‘g"We KR frcent

of thecgalabiiphatir theqmﬂﬁhiﬁtauiﬂ:ﬁ:ﬁersm1marenvén¥ﬁnhiﬁ)¢mﬂmmﬁmt (3)

at |ea h ) i | h fa at a

dept h rﬁélsggp%%gq %ld' ?l’lc%%tnss%f ome:ﬁ%gé sur ali?el p%fn?eﬁ% 8%‘1?]4 -15- .

(4) ni cRebrésipg pad ladium @l Ewmwunpemne oxfs tee disclosure that
at least 90 weight % of the palladium is located on the
catalyst at a depth less than 200 microns from the surface of
the catalyst. There is further no acknowledgement that the
palladium dispersion may be at least 15 %.

The present invention is concerned with a process
whereby dimethyl benzenedicarboxylates may be

W/



céfafysts; and (5) the crystalline phase of the alum na is al pha, theta,

delta or a m xture thereof. 6. Process according to Caim5 for the
preparation of dimethyl 1,4- cyclohexanedlcarboxylate wherein a sol ution of
di‘met hyl 1, 4- benzenedi car boxyl at e in di met hyl

1, 4- cycl ohexanedi car boxyl ate i s contacted w2h hydrogen. 7. Process

according to Caim5 for the preparation of dinethyl

1, 3-cycl ohexanedi car boxyl at e wherein a sol ution of di et hyl

1, 3- benzenedi car boxyl at e in di mret hyl 1, 3-cycl ohexanedi carboxyl ate is
cont act epl W th h_y;shg&e&bd8 fd¥ ocessy, gli ng 1e-1¢g ai min f or wiwsh a
preparation of dlmfaal&n %pf@mma@gget Gatheisld @etel W4 sof

di met hyl 1,2- be@.zé%\;eéji ley ra %.Eﬁ redlcted from DMT
| oh d
Suppor e cat al y YRR %‘?%h%n'%afﬁ%%ﬁﬁm R T e oY

support; wherein ?ﬁ5 adlunlconprlses 0.5 to 2.0 weight percent of



the catalyst; 5 (2) the pal I adi um di spersion is at |east 30 percent; (3)

at least 90 wei ght percent of the palladiumis located on the alumina at a
dept hHmﬂHl“umuﬂﬂmm crons fromthe surface of the alum na; and (4) nickel
conpr JHl wei ght percent of the 10 catal ysts; and (5) the
crystafline 'phdse®of*the alumina is al pha, .t4geta, delta or a mnixture

t hereof. 6. Process according to Claim5 for the preparation of 15

di met hyl 1, 4-cycl ohexanedi carboxyl ate wherein a sol ution of dinethyl
1, 4- benzenedi carboxyl ate in dinmethyl 1,4-cyclohexanedicarboxylate is

contacted with h YanogeR. feastpr%?e%él%ﬁ%or PhAA® dfei fhe fRd11d®ium is
preparation of 20 di ARy %@@ﬁ% cg b%yag{)ghvwl%rseé ntﬁaﬁmllé I on

of dinethyl 1, 3- benzene L car
1, 3- cyclo%exanedlcerb %' ﬁﬁFFh &FS 3&“W§na’ Proces
ﬁrec?ﬂ% LK g fREigsted from nickel,

accordln to daif

1,2-cyc|ghexanedlcarb@%ﬂﬁ%ﬁﬂmMuﬁQQ henslwp| QK | dnmbRturfethereof comprises

1, 2- benzenedi car boxy| &-@1 frodiOst welight? peypciesite odn &dtiec aaltedyisitss iand

contacted with hy@#ogehe crystalline phase of the alumina is alpha,
theta, delta or a mixture thereof.

3. Process according to Claim 2 wherein a solution of
the dimethyl benzenedicarboxylate in dimethyl cyclohex-
anedicarboxylate is contacted with hydrogen.

4. Process according to claim 1 wherein the catalyst
comprises palladium and nickel deposited on an alumina
support; 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;

(4) nickel comprises 0.01 to 0.5 weight percent of the
catalysts; and

(5) 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 supported catalyst comprising palladium and nickel

deposited on an alumina support; 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 90 weight percent of the palladium is
located on the alumina at a depth less than 100
microns from the surface of the alumina; and
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(4) nickel comprises 0.01 to 0.5 weight percent of the
_ catalysts; and
(5) the crystalline phase of the alumina is alpha,
theta, delta or a mixture thereof.

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

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.



