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LOWM PRESSURE PROCESS FOR THE MANUFACTURE CF e

CYCLOHEXANEDI CARBOXYLATE ESTERS This invention pertains tg-—a—
pracess for the nmanu- 5 facture of dialkyl dycloRERRAEEBDCEHEERY| of e a
by &he low - -~ pressure, catalytic hydrogenati @mﬁ;rtphenC@agedsﬁ@ddxmge_ ----------

di akkyl benzenedi-carboxylate. More particularly, lERiGam(s) :phgedentfi arpaged ...
per¥ains to the | ow pressure, catalytic ‘hyid
benzenedi carboxyl ate wherein 10 the fornmation/
‘monoxide is* - suppressed to nmaint aih X fe act}
“nmetal catalyst. D nmet hyl 1, 4-cycl ohex

‘menufactured on a CoMMERgi AhesSRRE bR cggng PR MARSFAGTURE an
~internediate in the produgfi@®fe Hﬁiﬁﬁ CERRBOPEAPE EsTERs anol, a diol
whi ch is used extensively as a nononer I n € preparation of

- condensation polyners, particularly ) gol yesters. D nethyl
cycl ohexanedi car box Fhaseinyerblon Pertains, 5o APECEHEF| EF thHR MY at es

useful, kor exg@Rkfrel Bf2@ialkyl f@y@?@ﬂéﬁ&ﬁéﬂkﬁb&ﬁl@ﬁéﬁ%%@&dﬁﬁed in
t he formul ati on of coat’ ng 1%(,) osi tions. e nr?.nuf acture

of dinethyl 1, PrEFERTRexSREM ¥t ogeBtioR L ke corresponding
1, 4- cycl ohexan@dalRyyhapehzéemedicair-dkpyate. Morerpahtiahbielys this

f eedst ock d g d 5 Lon |j [ bed in U S.
batent 3. 334 148IehEiBHIAE IS S oene 10k RPELALED ERCARREIL o0 N ein
nol t en di net hyhydepgghahatmief fa cibalivel henzetedicarboxylate baversdim
support gg pall%ﬂbu?bfﬁggﬁéﬁéﬁééhﬁhigE@bﬁfof carb&® Gh 6£ﬂd%§%§rred to as

trickl e bed operation. .- continuous process _descri _requires the
use of high  SUPPFPESSHrER’ maintain ehecacthuitBsst bERe RERGIQHT (34, 600
kPa), and util ipg@slacRahipe um on al um na catalyst in t he

hydr ogenation of dinethyl terephth te to dinethyl

Y ool ohexanedi caPEBethut b Ay LR FraReds LRI B 3575 DS na

enpl oyed is i nmhhaf&detured éh ran cdmmereidll scale for over 30 years as
15 an intermediate in the production of cyclohexanedimeth-—

..................

anol, a diol which is used extensively as a monomer in
the preparation of condensation polYmers; particularly
polyesters. Dimethyl cyclohexanedicarboxylates also are
valuable chemical intermediates useful, for example, in

20 the manufacture of polyester resins used in the
formulation of coatihg Eompositions. )

The manufacture of dimethyl 1,4-cyclohexanedicar—
boxylate and 1,4—cyclohexanedimethanol using dimethyl
terephthalate as the feedstock and a hetercgenous mode

25 of operation is described in U.S. Patent 3,334,149.
This patent describes a continuous process wherein
molten dimethyl terephthaiate flows over and through a
bed of a supported palladium catalyst in a mode of
operation referred to as trickle bed operafion. The

30 continuous process described requires the use of high
pressures, e.g., greater than 346 bars absolute (34,600
kPa), and utilizes a palladium on alumina catalyst in
the hydrogenation of dimethyl terephthalate to dimethyl
1,4—cyclohexanedicarboxylate. The specific palladium on

35 alumina employed is in the form of 3 mm chips and



-

- 2= : ~contains 0.5 wei ght percent palladi um deposited on

al-um na, the crystalline phase of which is a m xt ure of bayerite and
boehn1te " It is apparent that chemcal processes which 5
réduire-the use of high pressures such as pressures in excess of 340
bars (34,000 kPa) are i nherently expensive ~due-to the increased
opérating costs and the cost of the appar at us required including the
hi gh pressur.e- r at ed react or and tﬁezconpressors However, when the

10 - hydr ogenati on of di met hyl terepht hal ate to di nmethyl 1, 4-

cyclohexanedlc?%ﬁ carr t ; t han 135
bars absolute ( uj%%%a J'sﬁ%s’tt ﬂ’eg%ten% %}v%ei'%z P°El<¥ dgl%?ladl um on

al um na cat al ysﬂ,umlna. tlm)msmadlmyl%lmxa;itaakﬁ@ whyidtho gén &t WtﬂmeeS?fcannot
be 15 achle%%%. For exanpl e, when operating at
125 bars absol u G%QQ 58%“£E%§ f%e hydrogenatlon rate typically is
significantly |ess tIlfaristm’ chemigadd pae "Wé{"-'()gly 410 bars

absol ute g 41, 0QRdi¥e the udd %&S%&%h p'r'és%iﬁ%§%’iﬁ§) Tsh‘bﬂé‘é&ﬁ:@%ni&i on
reaction can 20 decrease to a rate of zerq.: The reduc hydr o enatlon

rate is due toSXEEGSEa&Ed 340 BRTS) (31,090 KRA)a@reninherently,expe we
have di scover ediue to dh dhdreased operatdeitecisten avd m@bmsmwruﬂm

during the hydrogenation .l quer, .pressur es. a en nd t hat
the 28 "y GRERIATHY Feairel Jrai SR T, Rigr) pregbutEctattt
relatively | owrpaetoar end ¢hp compressoes.of Hoemverhawhen thel75 bars
absolut 17,5 | t o] f oxi_de,
possi bly cE)y thglq’gg?%ggi%ly’oﬁ%oqup%gggl %@nﬁqﬁhn&atﬁ g:er gtiﬁ%% mrit )k%e

di met hyl est er cyriohexsilegihcarboxydateardisocannied dutf atmpriessuxes/ or

catal yst deact ijwdg thaw 1his0Bairs gggoggggpghgrg%dMH§g)tlegﬁngg@natlon S

carried out at the pressures describ Pat ent 3, 334, 149.
It is known théP°Wﬁ€ﬁﬁﬁE§é¥ﬁ9'Gﬁlladlumb&Pb@ﬂqﬁ&ﬂ§GQi§ﬁlﬂsﬁydrogen gas used

in catalytic commercially acceptable hydrogenation rates cannot be

15 achieved and-or maintained. For example, when operating
- at 125 bars absolute (12,500 kPa), the hydrogenation

rate typically is significantly less than the rates
achieved at approximately 410 bars absolute (41,000 kPa)
pressure. In some cases, the hydrogenation reaction can

20 - decrease to a rate of zero. The reduced hydrogenation
rate is due to decreased activity of the palladium
catalyst which, we have discovered, is related to the
generation of carbon monoxide during the hydrogenation
at lower pressures. It has been found that the

25 hydrogenation of dimethyl benzenedicarboxylates at
relatively low pressures, e.g., pressures of less than
175 bars absolute (17,500 kPa), results in the formation
of carbon monoxide, possibly by the decomposition of the
methanol liberated from the dimethyl ester. The problem

30 " of carbon monoxide formation and/or catalyst deactiva-—
tion is not encountered when the hydrogenation is
carried out at the high pressures described in U.S.
Patent 3,334,149. It is known that the presence of
carbon monoxide in hydrogen gas used in catalytic



- 3-: - hydrogenation processes is detrimental to such

processes However, the production of carbon nDnOX|de -and the
extgenme sensitivity of the above-described - - pal I adi um on- al un na
cafalyst to parts per mllion (ppm 5 anmount s” of “car bon nonoxi de is
sur pri-sing.- The present invention is concerned with-a process
whet eby a dlnethyl benzenedi carboxyl ate is catalytlcally

hydrogenated to-the correspondi ng di met hyl cytlohexane-'. : -

di car boxyl-ate usi ng noderate pressures and readily 10 avai l abl e

R o S BESEEE  smmpea LR 000

conpri ses the spepses$ées. Howevdy, cihé i prodistyids edf ncaxiyok auemoxibde and a

liquid ] Xt ur f t he dJ | cycl.ohexanedi te 15
pfoduct and the %%rr esp%ﬁg'f% cﬁ%sfﬂi/’r %z%‘%e%‘?? -égo‘?g_&gégpf%éﬁboxyl ate
reactant to a mﬂl@mim ahnema catalyst toparns npexntni Ehion ofppi) xed
bed of a pal | adjjun b o m d{yd%&%pgé%g catal yst; and

(2) continuously renDV|ng ﬁFrrogen gas an pr oduct
conpri sing di met hyl %@%Iﬁﬁﬁﬁﬁﬁﬁxﬂnﬁﬁntlon is C°nce¥%§91%&¥hpﬁcﬁﬁﬁﬁe$$on1the

Eygrogenazlgnt zm@feb a dﬂi@i Ill%]é}ﬁzéii%aaiéwfb : di§aééat§a<wei&1§y
ydar ogenat e CyCl ohexanedl C oxyl at e at ressure
of 10 to 205 bgfe@ PR (56 oS (P IHPARANGENG o SRESIEL Frel e R o of

150 to 230[err]ﬁcfmb¢m1ate us i MRidraie cysréésm@oandrtrmimyl n the

hydr oge ved f t he drogenati on zone. 1 S maint |ned at
| ess t hah 200 paraf]slﬁ)lg‘{mrﬁ??qjc}#%/ %rén?ep% S 1r&ﬁntlon Pro% p? ocess
may be used to cgnmduusotds rm'dm;és@(for mmmmembc&ww@tm ers at a

conver si on of <910 exan?édg%%cgfy -t tert%&%é’ §é£'5t1($’a§€é’pé’rbfhe

vol une of cat al yst or greater

:
Vari ous pr ocess(UonQQHWWI)erﬁsgé’g drydrogen (grs andm rkiawid
control I ed or nodif gkt @rdBdntidid) diMdthyl cyclohexanedicarboxylate

15 product and the corresponding dimethyl benzenedi-

carboxylate reactant to a hydrogenation zone
containing at least one fixed bed of a palladium on
alumina hydrogenation catalyst; and.
(2) continuously removing hydfogen gas and a liquid
20 product comprising dimethyl cyclohexanedicar—
boxylate product from the hydrogenation zone;
wherein the dimethyl benzenedicarboxylate is
hydrogenated to the dimethyl cyclohexanedicarboxylate at
a pressure of 10 to 205 bars absolute (1,000 to 20,500
25 kPa) and a temperature of 150 to 230°C and the
concentration of carbon monoxide in the hydrogen gas
removed from the hydrogenation zone is maintained at
less than 200 parts per million by volume (ppmv). Our
novel process may be uSed to produce dimethyl
30 cyclohekanedicarbbxylate esters_at_a conversion of 99%
or greater and'space—time yieids_(based on the volume of
catalyst) of 1000 g per liter—~hour or greater.
Various process conditions and or modes of
operation may be controlled or modified to maintain the
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-4-. - . carbon nonoxi de concentration at |evels which do not

reIard significantly the hydrogenation rate of the process. Thus,
_thesconcentration of carbon npnoxide may be ‘maintained at |ow | evel s
siply. by venting all- of the 5 gaseous effluent fromthe process and
feedi ng onIy fresh .~ hydrogen which is essentlally free of carbon
nonoxi de. - ‘However, this node of operation is economcally feasible
only if the- off ‘gas conS|st|ng primarily ~oft hydr.ogen -and a snall
anount, - e. g.,. 500 ppmv, of -carbon nonoxide can 10 be transferred to and

used in anot her 5:5!?&9: Cﬁén&fﬁfee%nc(?éitrgﬁod fad I'ieexfgf Qﬁﬁ&?rhzg%wf' fied

te renove the car I nce purging a stantially

all, of refany o ki fgant vh &hey rysirogenasiion gk af ddheent | y
i's not practi Cahroddis 2MBkis Oftw%dﬁaé&{tfwléi? &M&%o}% monox i ralie

systemto control carbon monoxi de | evel s nQr mal isupto about 10

vol une percent Rf maintained at low lcﬁvqlrseﬁiw dﬁéﬁ’q 1% “I]He"
hydrogenad i on pffésiss effluent fronCHHW priovend thnd qzrerwu@ Sy tﬁ'esh

Z(ujppres?lggrg)éequ}_qqﬁperat wgtl n a ggd.e ﬂ?’hg‘?%ov‘% des .a 6}'5?%6 arg)unt of

hydrogen to th&iamé\aél;/,sttrsust amdms:tf h@dnaghcnnm:gtedmmmcallsa\ﬁuatM\e ng a

| ower di ssol ve 0, t
st ream of hydrgc’g"wr?fI tget%‘e used saao(;&tlg’tlﬁtgrégl%%@gas vew%%l Y tahrough

t he catal yst bead smnlzls amountscresgse S0 Ipp}m,d dﬁ)lcnalﬂ}pn maraxideaciagr whi ch
decr easqg, t he &%&ﬁ%& % GaRhitela U UERMY Cheical deidaelr o0en
our

nmust di ffuse. space veIOC|t e hydrogen
normal | y shoul d”be‘-fatthe °f aéaﬁan %d’qﬁléi‘lédalﬂ%/ 1’1‘9%“‘-‘1% Wfbﬁlg‘@r@l‘mabout 3

to _10f 30 Hehdigidd culsairndwq:r rzthéiéi wzc@uuéﬁarml\aqu all, of
satisactory OgPUBlodss b B ISR brocees SRR
di net hyl cycl ohiex arotdipraadiixcdlat €he amount aflgasawhithrdady/ Ibe purged
b enzeneq_lsc arb O)%:lo% SHé %%{ts%%tm tt% control carbon monoxide levels
normally is up to about 10 volume percent of the amount
of fresh hydrogen fed to the hydroéenation process.
Carbon monoxide formation can be suppressed by
operating in a mode which provides a large amount of
20 hydrogen to the catalyst surface. - The mass transfer of
hydrogen to the catalyst sites must be high enough to
avoid having a lower dissolved hydrogen concentration
than desired. A recycle stream of hydrogen may be used
to increase the gas velocity through the éatalyst bed to
25 decrease the liquid hold—up in the reactor which
decreases the liquid around the catalyst through which
the hydrogen must diffuse. The gas hourly space
velocity (GHSV) for the hydrogen normally should be at
least 2 and preferably in the range of about 3 to 10.
30 The partiéular hydrogen GHSV which will give
satisfactory or optimal results can depend on other
process parameters such as the feed rate of the liquid
phase comprising the dimethyl cyclohexanedicarboxylate
product and dimethyl benzenedicarboxylate reactant to

miiiiﬂ‘iiiufﬂﬁ‘ fiﬁn



t he hydr.ogenation zone and the tenperatures and pressures enpl oyed

and ‘'on the. characteristics of the catal yst. The rate of
t he-exot herm ¢ -hydrogenation process of 5  'the present invention is
nmoterated by feeding the © - .. dimethyl benzenedicarboxylate reactant with
t he dinmethyl . cycl ohexanedi car boxyl at e product as an inert diluent.
The  wei ght ratio of the dimethyl benzenedicarboxylate to t he:

di met hyl - cycl ohexanedi car boxylate may be—i ® the 10 .- .range of 1:50 to 1:5
al-t hough wei ght. .ratios of '1:20 to 1: 10 are preferred. The di net hyl

cycl ohexanedi cagpoxyl ate inert dil uent Y,.be provided in the form
of- a recycl e stﬁgﬁr#%‘?r?ql : ?)?b%cﬁmé?f?ﬁnwe emperalihtpgeﬁ e%l e stream may
be passed throughessires diployeikdmhgem the icharemstexistivs eft dheonl v,
decrease the catal erature of the streamto control the tenperature of
t e hydrogenati on zohe. I n commercial operation, 80 to 95 wei ght
percent of the produthe gfdteicof the émothermic rhydrdgenatiomongadssyatati on

zone afteg bei c5gg$§§L 2 EH%P ' Qﬁﬂiﬁﬂﬁfi boxyl at e
reactant .- ngl?g The d.ﬁ%e‘{;ﬁ!%gnééene |‘%§%§lﬁ%te reac aﬁr%%_rrust be
fed to the hydrdyReEhYbrrensrhegicarhaeylatie reastant with the dingthyl
substantially cey®laiexamsyiidtoiyiatdproduct d£afi Atertty diient.

cycl ohexanca o apRL A LS lor The aindGRIPISLE SEMELRIMALA
bed and or the rdimerhy Y ezt lahexariddidarhoxy Tate Inay (teeein dheci ty
hycrogensli on BT CaTy S 1 T ritidlidh, R ranios of 40 td °
The nost suit abl €10 H8%e frorefienred. Theatimetthyked i s dependent upon the
particul ar cﬁf‘éﬁ&ﬁé&fa%:@fﬁé@rﬁz% it Ry B PrYibea
her ei nabove, capn depend upon the flow rate and or purit of the
hydr ogen. in the form of a recycle stream of the product effluent.
- This recycle stream may be passed through a heat

15 exchanger to inCrease or, more commonly, decrease the
temperature_of the stream to control the temperature of
the hydrogenation zone. In commeréial operation, 80 to
95 weight percent of the product effluent may be
recycled to the hydrogenation zone after being combined

20 with frgsh'dimethyl“benzenedicarboxylate reactant.

The dimethyl benzenedicarboxylate reactant must be
fed to the hydrogenation zone at a rate which will
result in substantially complete conversion of the
reactant_td the cyclohexanedicarboxylate product.

25 Incomplete_conversion of the reactant may cause the
formation of hot spots within the catalyst bed and-or
runawvay reactions. The liquid hourly space velocity
(LHSV) of the dimethyl benzenedicarboxylate reactant
feed to the hydrogenation zone typically is 0.3 to 5 and

30 preferably 0.5 to 2. The most suitable LHSV for the
reactant feed is dependent upon the particular
temperature and pressure used which, as mentioned
hereinabové, can depend upon the flow rate and-or purity
of the hydrogen.



The hydrogenati-on process of the present invention may be carried out
over a tenperature range of 150 to 230[err]C. Generally, higher

t enperatures favor carbon. .- nonoxi de formation.and therefore the use of
temperatures 5 'in the upper part of the range require nmeans for:
renovi ng carbon- nonoxi de fromthe hydr ogenat i on .zone, e.g., by
purging all, or substantially all, of the “hydrogen effluent of the
process. Ve have dennnstrated f or &anple, -that when all other
operating conditions 10 are kept const ant, decreasing the feed

tenperature to th imar drogenation e ct to
1#[err]C resu lf‘%e]l"ﬁ %%’X?‘é% l%ﬁ (f?ﬁ %ée%# @?ﬁﬁ{i %
product streamuawnbe ocaiied4ownbyer )a ttmnp:em'admre rangenmbxliﬂe to
concentration i hy r ﬁﬁét g%ggi éﬁfb rged from
tIte process is %bé{]/éeTurrg&g%f%lﬁr i ﬂa%ur{%e anount éwesh

hydr ogen fed, thszéormatlorpra;tQﬁ:ﬂ#l;ef@r@p&%tm vl mmmn@met ure
range of §6d th¢“tﬂ8 %%?&frééfi of the range el Qaaiidd | Ay Process may

be perforne ressure ran 10~ t.o 205 bars absol ute
(1,000 to rempGRd kFay O IIRsias %rféw lnr%r%ﬁrg%tl%ezmer

hydr ogenation refe. | sbj:qmgﬁ.@tam idt dupEeaeei Bl @all, of pEweluction
rate whereas at essur es ove 2 rs ' e (20,500 kP t he
benefits and a&ﬂ&fﬁ% ?(ﬂﬁsc}gﬂa HRF YifFS ﬁ‘nvﬁﬁ lh?n éol ‘gé q‘)s%d
significant. for é’:kmnﬂnyd,r Ogsantatwhen @K eyttdyy operairiniedenditiorns

bressure §n t et angs of el nd A0 halc A e dékd Wemperatife 1, 000

kPa). ItTalso is pr o nai concen |on car bon
nonoxi de i n t h&hs @oiparyhydegenatbmy atedeton tfiromyadoeer i bt Yone at

less than 100 pegy) @iy é’e:ieé?ééééjrhpy(i’)mﬁi{@ DM TedrBEHY 65 PEEess may

be used to manufacture 1, 2- __cycl ohexanedi car boxyl ate

ester by the hmﬁﬁﬁ?ﬂ from cqq@%r%sﬁi% iy e SRR boxy| at e

~ester isOnMers. monoxide concentration in the hydrqgen purge gas. When

15 the off-gas purged from the proéess is 30 volume percent
or less of the amount of fresh hydrogen fed, the process
preferably is operated within a temperature range of 160
to 200°C. .

The hydrogenation process ﬁay be performed within a

20 . .pressure range of 10 to 205 bars absolute (1,000 to
20,500 kPa). At pressures below this range, the
hydrogenation rate is low resulting in an unacceptable
production rate whereas at pressures above 205 bars
absolute (20,500 kPa), the benefits and advantages

25 provided by our invention are much less significant.
The hydrogenation preferably is carried out at a
pressure in the range of 40 to 140 bars absolute (4,000
to 14,000 kPa). It also is preferred to maintain the
concentration of carbon monoxide in the hydrogen gas

30 removed from Ehe hydrogenation zone at less than 100
parts per million by volume. Our improved process may
be used to manufacture 1,2- 1,3- and 1,4-
cyclohexanedlcarboxylate ester by the hydrogenatlon of
the corresponding benzenedicarboxylate ester isomers.



-7- . The 1, 3- and, espeC|aIIy, the 1, '4-_ I somers are the nost

|nportant products of the process. .The precious netal 'catal ysts
usef-ul: in our novel ‘process conprise supported pal | adi um catal ysts, 5
~especi al 1y ‘pal-l-adi um on al uni na catal ysts wherein - . palladi um conprises
0.1 to 5.0.weight percent of the catal yst: The preferred pall adi um on
aluntna catalysts have the foll ow ng characterlstlcs (1)
pal | adi um c¢onprises 0.5 to 2. 0 wei ght pesc@nt of. 10 .. the catal yst;
(2) the palladiumdispersion is at |east 20 percent; f (3) at least 90
wei-ght percent of the palladiumis . located on the alum na at a

depth | ess tharfl®0L,3~ and, espedi@ldys fihenl e SLEINR%S ATe HheMAFtha;
and 15 (4) 1&%@5&@@3&1{&90?@_6%1@ I{ﬂf‘cégélm na is al pha,
ga

theta, delta, , _etaor a mxture thereof The nitrogen BET

surface area of the ThE IRKRGHAYUS metal cafiadyshe ugefykin QY n9¥ethe
process of our proedés omprise suppditidie g=AIRIAIm Zhta] y¥XE square neters

er gram 20 t he range Df 30 t errld bei n
Br ef gr re _ eép@‘f‘?ﬂ%@ﬂﬂﬁ%}ﬁ' iqp t %éé%%ea% Hb?ea i sga

function of cr ysd bl ad iven poagpas sesd aeal dnmaa.lmrwénmtorgercent oﬁmileshoul d be

as high as poss | e & dase.
Cat al ysts havi n%%%eyg% 'ﬁadh%ftéerl s% I*CS daescrl bed erel nabove y be
pr epar ed haxnx#hhrﬁpkkpwmngunhanaﬂﬁeﬁxﬁﬁxgﬁ%u|on or deposition

Lochni ques_usi ngy pr QseOiERRldndk RS 10,3 N5 iddethe percentdihe art.

The cat al hydr ogenation process in the f orm of
pellets,1 pheres or Y cat%%&ﬁﬂbdates The particular formis
not critippl el amdnh@l i%n 1 mtlaRsagot20 apekdent ;

" cont | nuoue obBY attort ”‘em 'y i@&e‘j peent’ bt dhe s 3ad S8 8o o
the reactant is passkstated 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, eta or a mixture thereof.

The nitrogen BET surface area of the palladium on
alumina cataiysts used in the process of our invention
is in the range of 20 to 300 square meters per gram

20 (m2-g) with the range of 30 to 150 m?-g being preferred.
Tt 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 possible while maintaining the
appropriate oxide phase. Catalysts having the

25 characteristics described hereinabove may be prepared
according to conventional impregnation or deposition
techniques u51ng procedures well known to those skilled
in the art. The catalyst may be used in the
hydrogenation process in the form of pellets, spheres,

30 extrudates and the like. The particular form is not
critical so lohg as the catalyst form does not lead to
excessive channeling of the'li@uid feed through the
reactor, é.g., in continuous dpération using a fixed bed
of catalyst through which the reactant is passed.
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= 8- Preferably, the surface area:volune ratio of the cat al yst

. i,s at least 500 and preferably greater than - . 1500. 5 The -
-acconpanying. Fi-gure:is a process flow diagram .- illustrating the o
“princi pl.es-of the process of the present invention. Those skilled in
~thezart willl-. " . recogniize that the hydrogenation process may be operat.ed
-y ‘modi-fyi ng -the particul ar- equipnment depicted in the 10 Fi gure.

‘Referring to the Figure, reactor 10 isT®l With a . liquid mixture of
di.met'hyl- "benzenedi carboxyl ate reactant’ and di net hyl

.cyccl-ohexanedi carboxyl ate ‘di | uent by. neans . ' tGondfi tthel?2 and 14 and
hydrogen i s sindfieathliky 1% he suEEacs 21§ 'y?c}gﬁlgui?%s 16 and,1@nanReactor 10
eonstitutes the pripmry; byl qeesal isoo amde pyrefexably 945 5cess system
depictedij1ttﬁ? |dﬁ$% and may be a general ly col ummar pressure
vessel contai ris@Pone or nore fixed beds of a palladiumon alum na

Aydr ogenati on 20 catalyst. A portion of the Iiquid product,Z and hydrogen

gas is renoved fromthe base: A bys consiodesd, £1ow diaqﬁgtged
t hrough fieat exchanfa® %%C%%ao'i € fﬁdg b |

_ rcl e ans_ . ~cesdfof£ORli ts 24 and
14 to the top priugpeatingtthe Fliflmnplegrgg(a:{&b? APCTRat exc nger 22 is
used to increase or. . 8 ... fDHE tppbsal siilleddinriekecarhevt ﬁperature of

t he r eREePeNE FRYRTaRG T hus.ai d_in fhytbe operated
t enper at ure mﬁtbbognﬁeepthﬁﬁr?hﬁyUYBﬁgﬁs??g%gﬁeg€€%ég§ Y LAckydi ng the

t enper at ure grggiﬁgh-gyghgthﬁelpagtmcular equipmeRg €§P§F§§F ged or beds
cont ai ned therern. é The recycle streamof conduits 20, 24 and
14 10 pro¥iguzeal | of .the cycl ohexanedi car boxyl ate .di Nty;ith a

whi ch is conbi ned Wigdeedirimightb hhadeGﬁI@arE@§?£8¥egb i If:4‘=Ihe'lre§'ctant fed

via conduit 12 and fed tq reactor:1Q+nlie benzenedicarpoxy YatqureaCF5ital | y
constitutes 80 igud@ i nﬂ?e Jf dlk yﬁ e diluent by means

and dimethyl'cycloheganedicarboxylat !
of conduits 12 and 14 and hydroqen-is supplied to
15 reactor 10 by conduits 16 and 18. Reactor 10 o
constitutes the primary hydrogenation zone of e

process systen depicted in the Figure and may be a
e vessel containing one OF

ressur
generally columnar p ' .
. more fixed beds of a palladium on alumina hydrogenation

iqui n
catalyst. A portion.of the liquid product and hydfoge
? “ se of vessel 10 by conduit 20,

is tremoved from the ba .
- hr 22 and recycled by means

through heat exchanger .
i:siiiduits 24 and 14 to the top or upper ?ortlon of
Heat exchanger 22 is used to increase or,
to'decrease the temperature of the
hus aid in the control of the

reactor 10.

25 more typically, .
stream and t
z::z:i:turé within the primary hydrogenation rea::ézf
including the temperature gradient over ?he leng
the catalyst bed or beds containgd therein.
30 The reéycle stream of conduits 20, 24 and.14
provides ali'of the cyclohexanedicarboxy%ate diluent
which is combined with dimethyl benzenedicarboxylate
reactant fed via conduit 12 and fed to reactor 10.

recycle liquid typically constitutes 80 to 90 weight

The



-9- percent of the total liquid ef f I uent of reactor 10. The .
degree of conversion of t he di met hyl benzenedi - car boxyl ate reactant.
fed to reactor. 10.usually is 92 to. 99 nol e percent, preferably 95 to
08 nol e percent 5. A second portron of the liquid product and
hydrogen . gas is renoved fromthe base of vessel 10 by conduit 26,
passed through heat exchanger 28 and fed _by:conduit 30 to the top or
“upper portion of reactor. 32" wherein the 2= overal | conversion of the

. drnethyl benzenedrcarboxylate 10 . -reactant fed to hydrogenation process

is increased to at- | east 99. gﬁt Seareacter Ednst Bt es
t he secgagaénthyﬁrugenﬁpFBh ib Q?EQE depi ct ed

c
in the Figure and na gpﬁvgeggaﬁlby tbeuﬁﬁHFtﬁyf Befiz éééggfe ﬁzsgb
cont ai ni ng ongeg | Xxed beds %fda SreacpakladruSHQAIXI&ﬁt
hydrogenatroncaam@kygate %&ﬁ§?n g 168 Q&hh&te product is
rFenoved from r act erce,;tg lw-erfeamblﬁf éo Q‘Fﬁg‘ % 1y
has a | Ieast ?%%ﬁgetpl @ adifuid product a Jdogen gas

ef f | uents of r eact orA 3323‘%%“ Qulidis 13 mneariuis r2®act or
10. gas :Ls 3%moved ﬁmﬂ.d@ﬁ/(ﬂ% clfgrcent of . thi's

8ﬁﬁlr Gl e
streamis % &b%ronplt K ' Secttngdy dlﬁghal‘@) rf (PBSE arﬁd In the
mai nt enance of94$ﬁ9 noxi de in ihe stredle g&rlxsswherelntq$§h 200
ppnmv. To suppﬁgssnéhtopooneﬁpﬁﬂ¥dﬁ%{ﬁ&ﬁ%u|on 25 patde

wi thin the catal st}geggnvggglgﬁsof the ¢mm@t9¥§b%%% e%ocrty 0

hydr ogen gas i 1grodbssvibsuiBCFERFE0 recycle
hydr ogeRg reapphntdf?ﬂateoﬁﬁgr?gé% toa?resh

d guaagleﬂevra
condui t “16 usui $ol.8 Woler pegeept. ReacHor: ?¥ Engﬁl

In a preferred odrnent of th s egbngnwgnthenprocess FH& ﬁydrogenatron
process is car rHes$ng@ryu 8ydre gt?ﬂam'ﬁﬁ Ay Tolaynax,

primary zone a%ﬁmﬁdﬁmhe quurﬁ)ﬁé‘dcmrr tséryng 21a tot ald % &SVVQ;fora nor e

e
reactors. A pressure vessel contalnlng one Or MOX

tor
removed from reac
rboxylate product is
cyclohexanedicarhoxy The product normally has a

15

32 by means of condult 34.
purity of at least 99 mole percezt. or 32 is cecyoted
ffluent © reac
The hydrogen gas e o
b onduits 36 and. 18 to reactor 10. Approxlma Y
| . am is
t? 100 volume percent of this gas recycle stre o the
o
rged from "the process through conduit 38 to ai e
o the strean
pon monoxide in
intenance of the car S
- 200 ppmv To suppress the formatlon/accumula
than .

in the
the hydroqen gas is
space veloc1ty of en
hourty fp2 to 10 The volume ratio of recycle hYdrog
range o °

20

t
t using at leas
cess is carrled ou

the hydroqenatlon pro 4 a secondary

e an
2 hydrogenatlon zones: a primary zon

eactors. A
f two or more X

ing a total o

zone comPrls

\r\\\r\\\\rtt‘\‘tt‘t’“‘



10 - m xture of fresh di methyl benzenedicarboxylate reactant.

and “di-met hyl cycl.ohexanedi car boxyl ate diluent is fed to t he prlnary'fj
hydrogenatlon zone al'ong with a mixture of fresh and recycled .
hydrogen.- - . 92 to0.99, preferably 5 95 to 98, nole percentHOf :

di net hyl benzenedlcarbox- - .. ylate reactant is converted to dlnethyl S
cycl ohexanedi - A carboxylate pr oduct |nlbhe primry hydrogenatlon zone;j
80 to 95 wei ght - percent of t he i qui d- . ef fluent exiting the primary. =~
hydr ogenati on zone I'S. - ‘recycled and fed to the primary zone along o

with the of ﬁ%ﬂr '@Et?¥%Fpea§ﬁaﬁﬂgiaﬁ@ﬁi&h@&fcﬁfﬁSk?ﬂ&te reactant

The- r emai nder I qui d uent and
t he of f - gas fronﬁﬂﬁe Iimethyy CY01°hﬁ¥GF6§éﬁaFPBKY%BﬁB ﬁélPEBttéstﬁéd to

secondary hydfogﬁﬁétbQEm&§y hyd%@&én&ﬂfbﬁ'th&eaQMﬁQahhtﬁOﬂvﬂiﬁtﬁﬁeoéfthe
di net hyl enzenedi_car xsate reactant to dine

t h
anedlcarboxylategﬁFﬁBuEPdl§eFM8 qsRYAreIen - | cAbPUE99Y. ¥° 93' pﬁFE?E?HBYy
at |least 98.9, npbetpesggnmoléhperapnt of the dlimbthpl benpehedigabpdxegen

O <SPl penBELSTTI LR AORS L8 AERNERSY PLEfgels
vol ume percent, oérbakylateypreducteim thepprimaryrbydrogenatibn zone.
hydrogenati on Syﬁgﬁﬂb&9ﬁ§€5ﬂ?aba £Qe9§aﬁg9§gﬂnﬁ8%égﬁt ﬂf t%scﬂﬂgﬁﬂérat'on

in the recycle fed tot zone
The above- descrl%ﬁﬁlbﬁéteﬁXéﬁléﬁbﬁﬂﬁn@ﬁ%m@IYthdrOQGBatlﬂneﬁ?ﬁ@n1$herefore

concerns Qoproceféc{réﬂ.ehhﬁnd fed t&BENE aGEiLErPf 28nd arbﬂglmtn the
cycIohexanedlcar8$ rises_the ste

continuously fee h9aP8§EﬁEgB@néﬁﬂe%ngﬁH?ﬁylate reagtanﬁ?xture of the
di net hyl cycl ohexanedTher bexugintier of the liqupdodffluent {tkecporespandi ng

oL CeneenHbt recyolgn) anSAAR YRS EEREE n AR
hydrogenation zone is fed to the secondary hydrogenation
15 zone wherein the overall conversion of the dimethyl
benzenedicarboxylate reactant to dimethyl cyclohex—
anediCarboxylate product is increased to at least 99.0,
preferably at least 99.9, mole percent. The vapor
effluent comprising hydrogeh from the secondary

______ 20 hydrogenation zone is recycled and fed to the primary .

hydrogehation zone. Normally, a portlon, e.g., 5 to 30
volume percent of this recycle stream is purged from
the hydrogenatlon system to maintain the carbon monoxide
concentration in the recycle fed to the primary zone to

25 less than 200 ppm#. '

The above-—described preferred embodiment of our
invention therefore concerns a process for the
manufacture of a dimethyl cyclohexanedicarbexylate which
comprises the steps of:

30 I. continuousiy_feeding hydrogen gas and a liquid
mixture of the dimethyl cyclohexanedicarboxylate
product and the corresponding dimethyl benzenedi~
carboxylate reactant to a primary hydrogenation
zone containing at least one fixed bed of a

e

>



palladlunton aluntna hydrogenation catal yst wherein t he di net hyl
‘benzenedi‘carhoxyl ate i s hydrogenated- . to.the dinethyl
Cyclohexanedlcarboxylate 1. continuously renoving hydrogen gas and
~aliquid5. -~ product conprising dinethyl cyclohexanedlcar-

‘boxylate product and unreacted di met hyl benzenedi - carboxylate
. fromthe primary. hydrogenatlon -zone [11. contlnuously recycling 80 .to
95 melght percent of - the Ilqnlﬁlproduct fromll to the primary
107 ~hydrogenati on zone: : V.. contlnuously feeding the liquid

product mhlch i s -~ - not recycle frogealyet VReFEIP! to a
secondary hydrogenaﬁammaamun qneabﬂﬂlﬂﬁrggg?88EH§tma a® dgb hAykd
benzenedi car boxyl ate_ i s hxggﬁgenggﬁdehedltﬁrboxy late; ig BYSE ﬁg
cyclohexanedlcarbox§ ﬁtg arboxylate hydrogen gas
and a |iquid to mepMGG@PY&oﬁ%'F‘li | ng | rre h\ét c%%dot&eﬁgqqd_ucar-

boxyl at e product__at RloRs gemevaaioc VS conver si on
rate of at |eastti99S nﬁﬂq;le perceg? fre V

d th 1 cycltdm
hydrogenaj i on zone; product COpPr rom 5 Lp égﬁ grezareti-of the
hydr ogen f_féqmddtto‘brﬂﬂ é‘%%ﬁeena

groces og@d
vlil. recycling the hydro%wn}é?aes glr‘%n%a\kpﬁmasyrhﬂdroge

purged
fromthe process to € r §gepeidgion peneent o
wherein the hyd¢pg enaénﬂﬁnmsuskwr#%%N%htn%tgah%gessure of 10 to 205

bars absol ute (1 OOOF#ﬁtigﬁégg kPsduendfrom II to £ gﬁpgrg?urg of 150 to

2300C and the concen carbon nbnoxi de in the hydrogen gas
removed fpom the 3Aydrogenat§eRatPBfiizone is i, t 2l N8t wheeh &Ban 200,

preferably |ess tganc%%Q1nﬂéhE§ypceeﬂuhgt@neb};gm e
not recycled and the hydrogen gas from I "
secondary hydrogenatlon zone whereln unreaz : .
dimethyl benzenedlcarboxylate is hydrogenaté
the dlmethyl cyclohexanedlcarboxylate, . g

v. contlnuously removing hydrogen gas and a iqu

product comprising dimethyl cyclohexanedlcar—

t
boxylate product at a dlmethyl benzenedlcarboxyla e--

conver51on rate of at lea

tlon zone;
h secondary hydrogena |
e 5 to 30 volume percent of the hydrogen

and

15

st 99 mole percent from

20
vI. purging from

gas fron v fr

vII. recyclind the hydrogen gas from
purged from the process to the prlmary

om the hydrogenatlon process;
v which is not

25 hydrogenatlon zonej;

drogenation is carried ©
solute (1,000 to 20,500 kPa) and a
o 230°C and the concentration of
emoved from the

ut at a pressure
wherein the hy

of 10 to 205 bars ab
temperature of 150 t

hydrogen gas r
on monox1de in the
e ntalned at less than 200,

is mai
hydrogenatlon zone -
* preferably less than 100, parts per million by VO

(ppmv) -

This Sheet Has Been Reﬂlaced

[ANARIT0




- 12 - The
process provided by our in
h;igff;?;egrgy the ;olgomﬁng experinments mhgreln an;ﬁgt;on 'S fug;her
specified in:parts by weight except for
gxg;??ﬁgnrhlch I s speC|f|ed in parts by 5 'Vglune The co%??nﬁgggnt.Of
o Flgures wefe_pa;;:ﬁgrguhydrogena55|ng t he’ process system depi cted in
L i on_reacto
-Qggrogenatlon catal yst. conprising 0. SW“p&IIadluL1ég contaqng?uﬁf e °
ondary hydrogenatlon reactor 32 contained 10 6 parts of tﬂg ggge

hydrogenation catal yst- utth
wei ght percent di nanmprocess W%%E’fe(? arb n&%/ﬁtaﬁoerﬁl(rjgl )r;ﬁeth @ 10

o LS e wiosl evigine et i M
5 Zts e of 96 Earqg matenaap%ra%ﬁﬁ’ aédfe'\i%eratur w%gﬁlfaogfégm %%rrg
ormésam;mpoﬂmymt@%wm&ﬁe %’eﬁ’t% ﬁ;{ b hydrgggn

suppl i ed_by cond it 16
by COﬂdU$t 36 Y& %d tgﬂgeac < %}bbglﬂéhts Wﬂfen@am@@mugupm i ed

1
ook 5 " "9‘”‘9 A ot
%?? ?8r5§3n¥@i&ﬂﬁréﬁcﬁ@faiqstonha ed 12-.pa%ES 95 3.4

32.  About 90 WBL C
recycled by cohﬁdrpgeggtlgg gggatﬁg 'Laubd; Eiﬂ&”@?ggggegiadlﬁﬁeaﬁtor 10 was
' b IBnECRERGTS 10
$3654

?gg)SzlmﬁZ nalgiahﬂﬁg ﬁhd secondaﬁﬁrhyﬂnegengtlgn paprstabsdfube”

ef fl uent® not & parg drogenat§ohcaatanyst.l i quid and gas
0 Fe@fcﬁgﬁ FepPeE PYans orteg ‘by conduit 26, heat exghanger

28 and conduit 30 and fed to
sec

tenperature of 194 C. DMCD ng?gry_hydrogenat|on reactor 32 at a
percent DMT I ning | ess than 0.2 wei

wa from reactor 32 by 34 wei ght
9.9 parts per A mixture of 10 weight percent @Q3d¢ny134 at a rate of

1, s-benzenedicarboxylate (dlmethyl terephthalate, DMT)
15 and 90 welght percent dimethyl 1, 4—cyclohexaned1carbox—

ylate (DMCD) was fed to reactor 10 at a rate of 96 parts
per hour and a temperature of 186°C. Hydrogen gas
comprising approximately 33 volume percent fresh
hydrogen supplled by conduit 12 and approximately 67
20 . volume percent supplied by conduit 36 was fed to reactor -
10 through conduit 14 at a rate of 0.9 parts per hour.
The hydrogen feed rate represented a GHSV of about 6.8
based on the volume of catalyst in both reactors 10 and
32. About 90 weight percent of the liquid effluent of
25 reactor 10 was recycled by condults 20, 24 and 14. The
pressure within reactors 10 and 32 was maintained at
approx1mately 124 bars absolute (12 400 kPa) = 1 bar

(100 kpa).
The reactor 10 liquid and gas effluents not
30 recycled were transported by conduit 26, heat exchanger

28 and conduit 30 and fed to secondary hydrogenation
reactor 32 at a temperature of 194°C. DMCD containing
less than about 0.2 weight percent DMT was removed from
reactor 32 by conduit 34 at a rate of 9. 9 parts per

i



- 13 -. hour. The hydrogen gas effluent of reactor 32 was
recyecl.ed. by condU|ts 36 and 18 to primary hydrogenation reactor 10.
Hydr egen. gas was pur.ged fron1the process by - conduit 38 at a rate of
0. 03 -part's per. hour. 5 - -~ Wil e the process system was operated at
the - . production rat es described above the systemwas stable . as
evidénced by the fact ‘that the tenperature gé the liquid fed and the
liquid renoved from reactor 10 ~renmingd” substantlally t he sane.
Wien-the feed of DMl 10 to- reactor 10 was increased to 10.9 parts per

h h f

o e ¢ at noPbEEC! BhY! BxBEoblf GhgURFrifERChe FORERECHS uID |
time, showing a #ecycded by conduits 3tand 18 touprimarychydregenations
decreased reacti 9Ratfbg 02 1§,éaro%é £?Q§rw§§t plkhadcerom eﬂelafaeaég by

t he® anopunt of DMI an i nCrease of 13 weig

percent of C°PﬁBlBN?3 ﬁttﬁer?E%yEﬁeOSPPeHﬁFﬁF P8RJRPYT 20. Upon
redUCIng the DMI TeedWhilg £Re ﬁo@ﬁéé @tehowas bﬁerated aﬁSﬁﬁéen1

ret urne to nornmm VI aence. yt e the rec

[ Taui d and_produBrodiction raged peqtrshea above, ERg oxSten Wad lehle o oo

as described in Esaephdeﬁced by eueeﬂacthahatlthéhteﬁ&ﬁrataﬁerafethe

reactor 10 ves 19348 reaPBhhocHE’1 IONE a3 Pnbibl EDSa"dL0EED pyT 0° rate

Vi a condui our
conpri sing 50 voramelpedceubstaethahyﬂrbgensame 50When theofeﬁ@ o€ r DRt

recycle hxarOgentﬂa§e£8€ﬁ£0%569&éOinép?aSﬁestBhiﬁughp&f@gubérlﬁo@f Rt e

of 1.2 parts per hour use. o € process paraneters resulted
in snoot h, tEPEQH?t§¥§t@fd5%$a%%@%léfr?ﬂevﬁﬂo€§§§ refpetPhciRase in

the amount of thaebydageq) gachérr@eaRCiftié&bed) and cohBbtheegetdbn the
rate of DM addi Eggeggéh8g£h8t5§§I gﬁgwing a decrease in reaction rate
within reactor 10. This decreased reaction rate was
15 further established by an increase in the amount of DMT
in the product and an increase of 13 weight percent of
the DMT ih the recycle stream'ofﬁcbnduit_zo. Upon
reducing the DMT feed rate to 8.6 parts per hour, the
system returned to normal as evidence by the DMT content -

20 ... of the recycle liquid and product.

EXAMPLE 2
The process was operated as described in Example 1
except that (i) the DMT feed rate to reactor 10 was 10.9
25 parts per hour and (ii) the hydrogen purge rate via
conduit 38 was 0.3 parts per hour. Thus, hydrogen
comprising 50 volume percent fresh hYdrogen and S0
volume percent recycle hydrogen was fed to reactor 10
through conduit 18 .at a rate of 1.2 parts per hour. The
30  use of these process parameters resulted in smooth,
steady state operation of the prqcess. The increase in
the amount of the hydrogen gas purge permitted an
increase in the ;ate of DMT addition without a decrease

Ty



- 14 - in reaction rate caused by the formation/accunul ati on of

carbon nmonoxi de in the catal yst bed. = - .The -hydrogen purge rate

t her-was decreased to . apprOX|nater 0.15 parts per hour. The carbon
nonoxide 5 concentration in the gas purged t'hrough- conduit 38

increased from 74 ppnmv to over 100 ppnv, showi ng.that:. . carbon nonoxi de
is nat in equilibriumand that- hlgher.~ - jpurge rates reduce the
cohcentration of carbon nonOX|de : mhlch provi des nore Stable
operation. 10 . EXAMPLE 3~ T' * The process was operated as

descri bed in Exaris erdaction mt:aap:tam Hyt ytheh of OivR s aciueny @ trise toff

10 was 10.9 | en purge rate via 15
ey Wikl A dyld aa:}glgéwéw

conduit 38 was 0.3 parts per ogén . conprising 100
vol une percent fresh HiRR dyeiregan purge rﬁhﬁ Lﬁ#’béﬁ,ﬁerﬂeqr@,ﬂﬁﬁfb B9y dr ogen

vas“fed 1o react Qpghlbxinate iU Perlholir & M LR orknll A S

per hour . The DT content of the material_transported by 20 1 nes
20 and 26 was 6. FIRFYHTFUenn thehgagepingesd dihrough gopdtitdsdgen gas

within conduit | Sneredstd el 74 ppmv @lidvdld 100 Ppriv)ClARRE Y thia
hydrogen feed rate t

conteént of arﬁf?’?d‘tﬂ’t?% |10ﬁ<ra§’l tlg‘m]?% ST aog.'*’?fgq%@% 25

percent and the Gantgs radresximsiuentthel concentatdiogef carborgamnouriged
via conduit 38 degy %}J‘;lgmsgrm%qjeersttamhré op rat[]x%.ppm’ to 58 ppnv. This

process nodlflcatlon nstrat vantages provi ded by
i ncr easi ng& he flow rate of the hydrogen gas. 30 . The

i nvention has begﬂggggg%;ged in detail with - .particular reference to

preferred enbodi nents er eof , 15 -
CLAI VS The process was operated as described in Example 1

except that (i) the DMT feed rate to reactor 10 was 10.9
parts per hour and (ii) the hydrern purge rate via

15 conduit 38 was 0.3 parts per hour; Thus; hydrogen
comprising 100 volume percent fresh hydrogen and 0
volume pereent recycle hydrogen-was fed to reactor 10
through conduit 18 at a rate of about 0.6 parts per
hour. The DMT content of the material transported by

20 lines 20 and 26 was 6.5 weight percent. The velocity of
the hydrogen gas within conduit 18 was increased
resulting in an increase of the hydrogen feed rate to
‘reactor 10 to 1.2 parts per hour. The DMT content of
the liquid on lines 20 and 26 decreased to 2.9 weight

25 percent and the carbon monoxide content of the hydrogen
gas purged via conduit 38 decreased from greater than
100 ppmv to 58 ppmv. This process modification
demonstrates the advantages provided by ihcreasing the
flow rate of the hydrogen gas.

30 ' |

The invention has been described in detail with

particular'reference to preferred embodiments thereof,
but it will be understood that wvariations and

-——
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1. Cbntlnuous process for the manufacture of a dlnethyl _
cycl ohexanedi car boxyl ate which conprises the 5 - steps of: . (1) Qﬁ-ﬁ
cont i nuously feedi ng hydrogen gas and a I|qU|d . mi Xt ure: “of the:

di et hyl cycl ohexanedi car boxyl ate - -product and the correspondlng .
"~ dizret hyl benzenedi - - carboxylate reactant to a hydrogenatlon zone:
10 ' cont ai ni ng at | east one. flxedlgpd.of ‘a palladiumon. - R
al-um na hydrogenation catal yst; .and- (:2) contlnuously renDVIng

hydrogen gas and a liquid ~ product conpri qﬂ@& o
cycl ohexanedi car - éegfféaﬁd@cwlthknnéhﬁa rogenatlon zone;

15 wher ei n m@ﬁnﬁﬂﬂ%?h9?55%§§enedlcarboxylate 1S hydr ogenated to*

t he di met hyl %Séggeégneﬁecﬁn%eﬂy1ﬁﬂe at a pressure of 10 to 205 bars
absol ut e (1, 00 20,500 kPa) and a tenperature of 150 to 230C and

t he concentration of carbon nonoxide in the hydrogen gas 20

renmoved fromthe hydrogenati on zone i s nmaintained at | ess than 200
parts per mllion by volume (ppnv). 2. . Process accordi:ng to- Claim
1 wherein the gas hourly | space velocity of the hydrogen: through the
hydr ogenati on 25 zone. i s at |east 2. 3. Process according to
Claim 1 wherein the gas hourly space velocity of the hydrogen

t hrough t he hydrogenati on zone is at least 2 and the weight ratio of
t he di net hyl 30 benzenedi carboxyl ate to the di nethyl cycl ohexanedi car -
boxylate is in the range of 1:20 to 1:10. 4. Process according to
Claim1l wherein the dinethyl benzenedi carboxyl ate i s hydrogenat ed at
a conversion 35 rate of at l|east 99 nole percent to the dinethyl

-16 -




cycl ohexanedi car boxyl ate at a pressure of 10 to 205 bars absolute (1, 000 to
20,500 kPa) and a tenperature of 150 to 230[err]C, the concentrati.on ofs e
carbon monoxi de in the hydrogen gas renoved fromthe hydrogenation . Zongé. |s
mai nt'ai ned at |ess than 100 parts per nillion by VOFUﬁe——%he~gas_hQULLy
space velocity of the hydrogen .t hrough the hydrogena ne is.3 to 10
the weight ratio of the dinmet hyl. ‘benzenedi _Cgrdoxyl at ’m’ m mm’

cycl ohexanedi car boxyl ate i.s in the range of 1:20 to I: d
hourly space vel ocity of the dimethyl benzenedlcarboxylate is O. 3 to 5.
Process according to claim1 wherein the lpggegenation zone is a prlnary
hydrogenation zone and wherein the hydrogen gas and a |iquid product
conpri si ng di et 4%ﬂﬂ“5hexaned|carboxylate product: and unreacted di nethyl
benzenedi car boxyliat e a:mmﬁouwcpﬁcgs@emmed:ﬁer mﬁmad:tmmmd 80 to 95

wei ght percent of sal rean d I uct .are nuo ec ed to
the primary hydr 5&1 g)éagzycl r| mi’&':élsrﬁ?r X:Z‘leeps
of : | 8. contstepsudfy: feedl ng the I | qui d product Whl ch i s not

s wher ain unr 430 o ROy $RRAATIIIEN Yae ana a 12HIHOCNAT ON
hydrogenated to the dimiattiye Of the dl@p@h&ﬁeﬂa#éeheaamsﬁypam@oxylatev

conti nuously re”DV'ngpﬂ*ﬂﬁ&ﬂ?%d&ﬁ%h%néoirhbﬁbhéing dlmeth Oiﬁ&keﬁﬁﬁﬁﬁls'ng
di met hyl cyclohexanedlcarbo | a prod uct aV|n a purity of at

| east 99 nol e percent €arbo atPr 6':‘haF|*r§“§e&9néa 90 #9NLone:

VI. purging from5 tocdhtadniime I&Qr(l@atstobnbh@.b”ﬁédr b@enof a palla@damf oam V
from the hydrogenation.pra VI | cling the hydrogen gas

fromv which is not pﬁ?ﬁ$5%%$%ydr°gePF3ﬁPPh€ 3§§§s 84 he primary

hydr ogenati on zorf@) wcondiimuohsllyydengyiag bydregenr gaesdauodt aafl iguidessur e
fo 230[err]C and the S3SSRSEr SOibx isiag. SiNetRg) B 10neRIREaTCd2 on gas
removed fromthe hydrGGQWdPKGnPZ@ﬁ@Ctsfnamntéﬁnbﬁd§99B§§§lpnaﬁ°@GG parts
per mlliagg by VQhBEEl%PQﬂE)dlmethyl benzenedicarboxylate is
hydrogenated to the d1methy1 cyclohexanedicarboxylate at
a pressure of 10 to 205 bars absolute (1,000 to 20,500
kPa) and a temperature of 150 to 230°C ahd the
concentration of carbon monoxide in the hydrogen gas

'-

20 removed from the hydrogenation zone is maintained at .
less than 200 parts per million by volume (ppmv).

2. Process according to Claim 1 wherein the gas hourly
space velocity of the hydrogen through the hydrogenation
25 zone is at least 2.

3. Process according to Claim 1 wherein the gas hourly
space vélocity of the hydrogen through the hydrogenation
zone is at least 2 and the weight ratio of the dimethyl

30 benzenedicarboxylate to the dimethyl cyclohexanedicar-
boxylate is in the range of 1:20 to 1:10.
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. Conti nuous
. roce ma
ycl ohexanedi car boxyl at e thch Czipﬁ?;eghfhe nufacture of a - dlnethyl
' %eﬁs—off—rr‘_——‘
(1)~

~continuously feedi. '
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