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PRODUCTI ON OF CARBOXYLI C ACI D ESTERS OF ALKYLENE GLYCOL MONOAL, KYL2 BTAPRS?002
FIELD OF1hhlpdNVENTI ON The present invention relates ‘generally to

" preparation of carboxylic acid esters and specifically to a nethod for
preparing al koxy al kyl esters. BACKGROUND OF THE | NVENTI ON mmmmmmmlmm,m
present invention is directed to prepar ?}ti on of carboxylic and

specifically 10 to a nethod for preparing al koxy al kyl esters ofissatbkyl ene
gl ycol nonoal kyl ~ethers | o i nUous reactjon | iberates water
ol on i n- SdavETRNQUS rRebESsa PR ik e B et MGye P catposdiL it el
purification prolei-lfﬁT | R CON3A RE6FE I e by
reaction of an a goho Sé?:% %ﬂic\m%lle% amg, ﬂ%@o%qgﬁopﬁ%% on is

removed to increase conversion. Typically, the reaction is carried out 1 ~

using a reactor containing a mixture of alcohol, carboxylic acid, ester,
water) and an acid catal yst. THELLDEQEtIGIE (NVR&EL@Y to obtain an equilibrium

m xt ure and e products distilled in, a fractionating columm, As product is
it ed i doRaT- SRR ot eies Bt B AR R B SI B el R o
esters spchiiasiyabithetR@iciptepany Btbyy aiRgrésatre the water is removed as
azeotropes with the ester and unconverted al cohol. The disti m\m\m“ﬁmmmﬁes
into two liquid phases. The 20 upper phase, referred to as t ")
contains mainly ester with Lt qgﬁ, ter. The ke
phase, referred to as the B@#%{}h&i&\i}é%ﬁh@gﬁt r@ﬁl ly water with sone
ester and al egRYresedGv¥RIGENs BRASE loSréfatRithedc@Bok Plicacil Sdidrs hAd §RR; r
and the water dicHsr%sﬁarggd frolinthe bg'fptroﬁm of thec tSV\g} as vvasrtgl?&%lﬁrealﬁcgw
dixil | ad e meshadefoy ptepdring hloxy hlkphases ofSalklylend gllyed monocalkylethéis¢ati on t ower

to produce a base di scharge pr.oduct of re ester, and a distillate which is
2~ r ecy CPBUENYOYS filey Z.;E f ??%?lo‘ghpesratﬁﬁ SeES g" mb"éigWOB e Pﬁ’iei"éﬁ‘g BreAnts RauSFRar s
to allo [ §iApl e esters at high rates. Wen it is

at t enpt ggp{agg%%%gggwﬁ%%géﬁg%e gl ycol nonoal kyl ethers such as

1- met hoxy- 2prinpamiriuous progedsks ® poduwessterstbyhrasctivaad ah alootlolt andvaorakbagxgtie byid, i f

at all. The distillate fromthe, reactor columm_dges not readily separate
into twihpWaseseh reaetkaniig ISTRONFEY INFreass EQNVETHAN.  BYRSRALY 196 repstigR isesaragd out
reaction by t : - S ' S not
oc@tcjr i susP)IéiaatrQ%@b%\ﬁgaélﬁ%g %gﬁgmés?i%l&g?%%ﬁgru%a%r%?Jg@’segfez’g\?%&?%h%? %ﬁgcorrpar ed
t o si nplegtaBst. €Tise rehétohidheeé to dinnindinteqailibrium Mixpae ahdtie grodwpedistited e
reactor/distillation tower in such a manner so as to  7170-PCT 2 9 AP R
2002 seprcHoRRtngEORIYS efvy PI9gLSti i distiltebaedipd and easboxylicreid are fadte the tegriene

gl ycol al kyl r_,and [k i.0 orr dj.n ter)
A T hougn” Lhe 5 s s b e b3 B 4R SLET Heck ol P FERPRANS R,
hi gh r efWitixtht @stdt sid dlcaheertedtal @holb PReadistilfateddephrates Ghts trivb lliqhidoghabedwelthei N
this manner greatly decreases its capacity. This produces a distillate
whilh doesersiass. sefarrediicasdhe §illphastaseniahy maipkytesier pididditipaicohelandsgmee of
separation i or. Furth t.he, C i.stillation towe st _be
SSPr a1 lkl, THRIGHto S PERIRE ool B FASHRIL LRI AL ON AR I 05,
unf easi bhg alcBREIAUSR Witer fHRsSRInabkfeirbd 104 OlligmoAaswer HRdhaharme distheged kymene
gl ycol nonoal kyl ether esters are usually manufactured by a process

descri bake bottomy pbPeaewerasevasteApys! distilateols regycledo 38 oflphpselis distidledrppaind such
as toluene.is.added to the reactor .and the water is renmpved. di,stillation
25 an & PUBEFISE R BPRRE D PP oSyl B Plascbieh AT b St e SRS The
azgppt r ORE:,R RIS MERadtdE. ThisRoRRRELSbech B?tii‘f@icﬁrovblsthé SERY eflalfsw bRRLYGIESS
phase and ‘the oil phase is recycled to the reactor. 'In this process only
wat er i shatesimple estemsit high ratzeot r ope, | eaving ester, unreacted al cohol or

carboxylic agid, and catalyst in_th eactor. Thi rqcess requires regoval
o the’cat al y¥hen Rorrienited @ sieduaRvisge auset mprodelaees Sichas Tt figrorgans
prior t r%bfﬁs@%‘ L roARRLNES b@ér@f’&ﬂﬂ@'fo Wérl@;ﬂi%‘rlyﬁ f1es 811 PTRE 8RS Se Fotn the

nor mal | run I n batches rather than in a contindous node and result in |ow

raw mat eeacadr cefumme Heesaioe seadiid s¢pasae ofto ot phasss, mdidingeioveny, diffigubto namievetthe s

way tends to have problens with acidity and stability. 20 SUMVARY THE
| ,\ﬁlﬁam| CRgter of reactiog by the above process. 'Phe r>elason that pgase sepaYration does not occurql:s that

the alcohol and ester are much more soluble in water compared to simple esters. It has been

found that it is possible to operate the reactor/distillation tower in such a manner so as to



¢ 1t is an object of the present invention to overcone the foregoi ngZ 2002
di ffi cuI%Lﬁ_sch\/‘é have di scovered that an al kyl ene gl ycol nonoal kyl 8t AER
ester, sdé as 1-net hoxy-2-propyl acetate can be produced in a continuous

" process in high yield, at high rate, with excellent product quality, and
Wi thout catalyst loss. This is acconplished using water as the azeotropic
agent and 2~ distilling the product as an azeotrope of water, carboxylic
acid ester, and some unreacted glycol ether alcohol fromthe reactor into
an over hemhte ecablbedly bxiling atanropFhiose prioutun therapiguértesgli ol anionllly bethérasd. A
smal | anmount of an ipert solvent is fed to éﬂg decanter/extractor causing
the di st 9theraiqher e FRTESPPRAIBE &iETdi flthoreddhissan Be artoaPlishrslsty opprating; the
phase cqnt.aLr j i I , - ter
Bnd unr SRs T B hil L hG B SRR Sheray B MR ARy Bl
unr eact ethnabCcabaly @RetaSRTR capdcly, THNRadicesa RN Hich @sds depiinale Gb ah yat
remain in the reactor. This process is not constrained by the difficulty in
separ at iPhefe@he serajeripbiase, hyt the degrevplseparation gipeer. boirthengorsther product s and

lts i bstantial | y _hi gh ti 2 9 APR 7170-PCT. 3 rates.
Vor cover IR EROURR Prek msr e TRE 0t G-t P e do ot Rekatg 0 qhasodBEon
cont am R&dRrliflyRIgdde. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1

illustrates a preferred enbodi nent of the present invention and illustrates
the esterifi Bataweoprhecebibrlsy emblany desgribed dwot aht riklytsnk glycobmdnaikyllegter on

tower and a decanter/separatqr. DESCRI.PTI.ON OF. THE | NVENTI ON .10 T esent
| vent | BEBARTHAL HUTGRRGEF A HITEFA CFF oGy PO APBHERTSY e
rggcti opiofs @mﬁ@@%ﬁ&n &5 @fileHe ANRABDIARE AARlor ahdtHR W& 18 FREl R TRAL, Of
t he inventi on, e carboxylic acid and al cohol are reacted in a

r eact or As ebaiebeopeawdh tdieerree slihit dnngs et reactpnod vemplesomaibe azpeope saparcaadsl y
distilled into an overhead decant er/ extractor ag a qugaLe, phase. A snal |
ROQUPIEASE 1S

anount 810 540 BRaser s WAL 15 TgERYed & the talET Pease RR UES s thdhe

resul ti st - 4k ' €
Cont ai niasfnld ishbeck oBERIAE gitulled pd Bt SocHBpAIARA: e PuiORIR alconal,
pr ocess oflegbétyie dcids ambéatalonsh (el remdord YThidyrockist fdquirks senafvabefrie aitalygt from

cl osely boiling azeotropes of reactants and products or by high boiling
pdint edearodico iy sewraligapn PsemeLUies 3RS PACH P AUricaiogh dngshes drawhask i at es
t han achi_eve curr e r e, Wt IS 4nvent| t here
i's prownl g%;‘ege Pbrxéf ‘?15(%651S *’?gﬁ“”%ﬁfgf&p&%gg@?ﬁ%%gﬁg tg%plglaar 3&(@?‘%‘% rg%dlle gsr%gél?{;nof

al kyl engvglaue glaterneraiieytie CaMEloss ARy ssi Mprecdlr, kSREnadgthds WRNIREAS lathavki C
or hal ogenat ed nonocarboxylic acid having from1l to about 10 carbon atons,
wi t h anpeblepsewih geigicnrRnd@aotinky| et her having the formul a

20 SUMMARY OF THE INVENTION
| [t is an object of the present invention to overcome the foregoing difficulties. We have
discovered that an alkylene glycol monoalkyl ether ester, such as 1-methoxy-2-propyl acetate
can be produced in a continuous process in high yield, at high rate, with excellent product

quality, and without catalyst loss. This is accomplished using water as the azeotropic agent and

(28]
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distilling the product as an azeotrope of water, carboxylic acid ester, and some unreacted glycol
ether alcohol from the reactor into an overhead decanter/extractor. This product results in a
single phase. A small amount of an inert solvent is fed to the decanter/extractor causing the
distillate to separate into an oil phase and a water phase. The oil phase contains primarily the
solvent, ester, and a small amount of water and unreacted alcohol. The water phase contains
50 primarily water and unreacted alcohol and some ester. Unreacted carboxylic acid and catalyst
remain in the reactor. This process is not constrained by the difficulty in separating closely

boiling azeotropes or higher boiling ester products and results in substantially higher production



CH3(CH. , )ri OCHCHOH?R R XOR--~(CH)n CGOH 30 wherein rzﬁ gﬁg;gaﬁz
R, R =H Cd (CH,)n ,-X=2C1l, Br, F 2 ~ APR 2~0~ 7170-PCT 4 <
-presencéllﬁ-PﬁﬁT aci d catal yst; the X group nay be | ocated anywhere in the

" chain; b) distilling the m xture in a distillation tower, while using water
to azeotrope the carboxylic acid ester and unreacted al kyl ene gl ycol

nmonoal kyl ether; c) directing the distitlate of (b) to an overhead
extractor and contact i ng with an effective anount of inert solvent (also

| T o Bis dloRn S ce SRR R SRR b o VAR o e e gt L or

phase apdq4@id (product) phase); e) dlstllllng t he 0|I phase to recover
(substantially pure) nonocarboxylic acid ester product and inert sol vent
(for recycle); and, 10 (fJ distilling the water phase (to renove water for

wast e di sposal and al coh r : process can be

applied to a continuous §®E§$§$¢F§§J %’éﬁ?ﬁﬁ@ﬁ% preferably applied

tosa continu l.ation

oner and an osr hose” aeARr AT LRt O U e R T f ff Tl

i ncl udeednrificatien poiceduraeingtbyi a @aebi/ebarderda distllatian @eieflanda opi oni ¢ aci d,

i -butyric acid, and n-butyric acid. Exanples of glycol esters of the

productd‘??fimtel?{éﬁpﬁﬁé%ress include but are not limted to 1-ethoxy-2-ethyl

acetate) 1-nethoxy-2-propyl acetate, and 1lmet hoxy-2-propyl propionate.

Exanpl es of useful ethers include: 1-ethoxy-2-ethanol, and

1met hoxy- 2- propanol , and t DEICRETIGR ChEHEGABENTION catal yzed by an acid

such as a mneral acid such as concentrated sulfuric acid, hydrochloric

aédd, nitri ch@ms%men@on pmldesém%h@ctpd@mwfﬁgﬁuaglmw eﬂpyt gsterb bmhede

ant i non ent anic s fon| o
%89 I;]Oé)lo gﬁ u‘fg afco olm‘:fX re%grrpae xﬁrg%fmc%g tﬁ} myeHon,

acids a SAr ¢ &¢I s SUER A% et hane

sul f oni garB&iylie ,acfrdranﬂlamm@mé heRRdsHl b freitos/rétoidr and the e&hgfx@r&khanﬁu&uhf Onl C

acid, o- or p- toluene sulfonic acid, benzene sulfonic acid and the |ike 2~

as wel | water szeotnpjicglladisdilesd iotd W@addpmﬁmew&mn as aesmgiang@er esismslland

perfluoroalka?e sul foni c_acid rﬁf S jare so usef cat al sts
SHdpi

bre gendParHy! aREEyLan sV ERR i Bpiietl et Re i Ge vt

% 5 pr ef gEaRly zfsé’s”bﬁ@?lﬁgse Qoﬂ{aﬁlﬂ]gatheHEsu%d%rMucP/chMﬁ@rdco‘ﬁfhlﬁlﬁg pliRadly \g,gt@pt ion
m Xt ure, whi ch Concentrations may vary with the particular acid erpl oyed
The fol wa\pmgeqsahescgl’oaqblrs rmtpbmmmeﬂrbe thig dxf@mélrycxf semravengTlodely aikng r opi c

processes 30 currentl | oyed and .use o hase separatin ent
et actieBOBR e Seetam st FERHGT! . Mgt g R Es BBy re Bxiie, i s
used ass@@taﬂaﬁglﬁlgﬂér(br@&ﬁ:ﬂgn'rrﬂesath% Qa8SRd by leuhrsntgffedsds0 or present in the

reactor/reboi | A constant boiling mxtufe distills through the
distillationin muendancez“nﬂu thipRvegLn2he-PEvvided pmutbodica thl mepdrataineof

tai ning the hydrocarbon and other co nts, inthis case, prinmarily
wg er. SHREOFLSAF SI?F%H{)Pg le%ﬁﬁlﬁ%{’rcltnécﬁ’o &ggﬂg‘i’rsﬁﬂ‘a‘}’ﬂfmﬁar boxylic acid, and
cat al yS£ 'S bebiind MrbREcABAGObH haBRidaRH mm%skbaxm@m&a&\h@&ba pgemoas 2
phase separ at1ng agent (extraction agent) in the process of this Invention,
it is atbledbdmwatohs, mzbrahaﬁdlaﬁecg&wbénﬂoa@hylam hawiagshenfgrihhla product to
separate into two phases. By operating this way no carboxylic acid is
distilled, greatly sinplifying purification of the product. Useful phase
separating agents include those solvents which are inert, have conpatible
chemistry with the reactl(bfd;(@bhl}p‘rr@rr’s'%ﬂ HS‘e—@He desi r ed product to

separate into phases. Cenerally, any so vent haV| ng these characteristics
and | ow water solubility is suitable. The

O

R —7L(CH )——C—OH

wherein

n=0-6;R,,R,=H, CH;—(CH,);—, X=C|, Br,F



10 solvent may be a linear, branched, aromatic, or cyclic hydrocar2 ggz
ester, ether, ketone, or fluoro chloro conpound. Generally, those O@rpoun
have fr k 5 to 12 carbon atons. Exanple of suitable solvents |nclude)
" but are not limted to: pentane, cycl opentane, hexane, cycl ohexane,
t ol uene, benzene, xylene, olefinic hydrocarbons, butyl acetate, propyl
acetate, ethyl acetate, nethyl t-burylether, diisopropylether, nethyl ethyl
ket one, nethyl propyl ketone, methyl 1 - butyl ketone, and correspondi ng
conmpounds, fluoro chloro hydrocarbons, chloroform carbon tetrachloride,
met hyl emetheldresenckeof aredidradps; thPiegenp ethvpjeas@tesieqmam&eng tsothaémt s are
C$-C,, hydrocarbons, especially when enp ed under atnospheric conditions.
Hy dr ocaPbofistlingaRemixihEin e,d,ls“il@eorhtﬂweﬁrré@ér% WRIALE GFEMEIRsI the carpexXtlige
hydrocar?@ﬂmgga?&p&.%%gpﬁﬁvgg thgrggkgdgqgggrhydrocarbon tends to go to

t he reac str Fation r ‘ovérhead receiver/decanter. i'20
| f the Ryddesanbaole dssdoof (bYW & H@irhdat @xR@itdit andidoniadtin®ivitRRactfeeale t 0
enpl oy under atnDspherlc conditions. Aefinic hydrocarbons may be enpl oyed,
butS ar e amonpefaher seldentiielse rfemé o at phaskesrpgratiog pesnyhieranzlde iformationoéatiest
The pha(ssW i B%wgtrng solvent is enployed in an effective anmobunt to enable
formati f F?qurd phases within the decanter/extractor tenperature
range ofy) OpSfathingRhe rRSItiAD bEasds otadHPHﬂh%xé rdt R ade D ADPHIduTt)t out 70 wt
% prefera%ﬁ§ 10"t o about" EO wt % and ngg{ S?Eferab ggabougvg%§?o about
40 wt %) Tdistillingttheeoiphlzese tcwpa‘reat(su’ogtaagem pue) homasarboamBeaqpt astengrpdadidnt 0o
much w || re urr exce sive,equi pnent size and energy consunption to
process‘“ﬁ%ﬁ’ °E§?é?9&éﬂ¢ester|flcatlon reaction may be carried out in
anyj sui t(ﬁb|d%t1rllﬁ?gctthgrwate§?hgser(§ﬁ%%rve Reaver 18 »ve@eﬂélsg&m m@qmopsncr @e&tfaﬁt S,
regul ating tenperature the reaction, and neans 30 for separating t

desi r ed restkck). product frontthe unreacted conponents, and mater whi ch |s

generated during reactiagn. preferred enbodi nent, enp g in addition

to that ment |Téﬁé>d°‘i§|5%%“dl?sqp§7heq%’aaCQﬂttlﬁP?Lfsloétb?E f%tleﬁﬁe“’& dblidasfeRblyand a

phase s r r

Cor vent (OB AR AR Ao AEhAIAEE reacttr Zofil, CORENDGAIRAL B b

sol vent oaaﬂhetactteec\aate%xttama distillation coI urm .~ general procedure for

carrying out the reaction is to charge the glycol ether, carboxylic acid

and aci d cat dxEwlesf &1a dcedsdrslade %egeerotdrmreééetqcstﬁc eQARRMICHSHE, PraRionic

m xture d. t e i iate
?J& i BRAE %%1@ %xd d- F&Xn L %xﬁﬁgﬁé oggr rqg?e dsaéf‘rttdga o%ctaéhﬁ‘é’gto%é’{s

perlodo I nme; an errln ct m Xtur

over heaghdyhasisut SeP@dt dintited t@@rﬁtmymmhyh&em'tegtmhehbﬂy-tzlwo@h atQaepA Bt or

w th a phase separating solvent and allow ng the phases to separate. The
product meskxt?-9rPRYk BrOBiRateh Sxamplrsob waefphe pmcatctend -ghexy-Prethaselyped hy
phases of i xtur e ., phase and oil (containing product) -phase),
drstrllrﬁﬁﬁ?ﬂe ﬁ? gﬁ/éga{;(ﬁ'grh’e(goverrng the desired 10 nonocarboxylic acid
esgoer of int eIﬂﬁ&&aanﬂﬁﬂa&dl?@dt@ ani QW Such as b Inlib&rhr &ieshichSs dofiRathed stighed | er
wherein reactants are contacted together and m xed throughly enpl oyi ng

st andar dcidebrdrpeiornagigautricrgidandibeske.| teweﬁwdﬁguthﬁéaomtrtﬂmadg APAWNY t he

feed rate_ o C s_adj e ain a,suitable r dence.tine at
oaati or SRuirasARIhe ykE AT LlR bE CricRylta il Quiitld ReCerHRISRAGE | I, o1
tower WREIEHIB a8igt Slichlas mdh AR Usthanevld®utan@ RAIfaE ediat, @Ml iSRfedHInS s@féhic acid ,

distilled. The distilled product stream cont ai ni ng ‘the desired ester
pr oduct tiighlotogrethiine sulfendc aeida0- d)emamleqrvewtfamatagud birarnd wlfgneps@lds@piamtltkng

i's ed to n a short . a unt
B cal Py YA cEene el Sfaie” Ay siafaped RS pe AT tpmatian s e
r esul tS gl @find &RMsoldeRul %'é skiPBAIKSts Jéﬁg‘eneratryernp%ﬁeqﬁtomaeetdre of from
separated fromthe water phase. The product phase is then distilled t
achi eve ahoti beto 2But Hret YghrefemablyyfrorThkowdl leto gbhas20 carib,diasédgn thasoday
wat er, sone ester, and sone unr eact ed alcohol IS drrected t an organic

r ecover YEAHRB MIXTEEH SYMeh ¢QNSERTationg BaNiVANOWED fsrPaptrylar dg i frrlayed.
esterificati f about
80 to about | BSCOISEE e B PTG Yo E PR S BB
paxral anttently emaploged aebisdeiiaghhsenepahtiabagent &x&atzmnaetgeut) m-ohnsyenThxa t hree

paranmeters can be adjusted to optimze the process, .and will be different

for eachVBet @hygpeuhendor FEMPie ASEKY 2pan AZOHBRIF 22EMdN BIPERSESY: &' BBYRE 'Pi%Bns
are oper 5 f
about 0. @é%gﬂmqgﬂ: ag“rh%b)&lgr Aggr?shﬁué b&grﬂghék&gi‘grgﬁ@sﬂ nveg?tﬁﬁé ggﬂﬁﬁd&t {égtepd
to the production of aIkerne gl ycol nDnoaIkyI et her esters, the procedure
is applicable to general esterification reactions. Those of skill in the
art mnll also recognrze t hat the present nethod |s broadly applrcable to

o o o, . . o o T Y



EX. W PLES Exanple 1 An apparatus was assenbl ed having a 30 tray, "ﬂhAPR 2002
di aneter O dershaw distillation colum, a reflux condenser. an oveéerhead
‘recei veglfdj_g?a}nter), and a reboiler/reactor. Punps were used to feed fresh
material "to tThe reboil er and cycl ohexane to the overhead receiver. To the
reboil er/reactor was added 62.8 granms of 1-nethoxy-2-propyl acetate, 66.0
grans of 1-nethoxy '10 ?-propyl alcohol, 132.1 gans of glacial acetic acid,
67.1 grans of water, and 17.9 grans of fethanesul fonic acid catalyst. The
distillation colum was operated at atnospheric pressure at a reflux to

di stil | atgodwdeiandiatillale Gontdnmghhatgtdesdazsbon dne\athey campongaes iid thivcaeé, pidndhiwt %
| - met hoxy- 2propyl  alcohol, 14.0 wt % gl acial acetic acid, and 42.0 Wt %
wat er, WaSTf &ge %H@ﬁ@rqdélsbwréﬁcta@ algohol ppd/gF carboy ligragids Apd FRtalytds herdhe was
fed to r R r . =~ qr [ma.n....Durj :
oper at | SACPRETRIERCHREE ELY Bhe o BLFpel s lerriind R Ry S R

t enper afhdipgocebs dihistioperttivayit af adibdtoths bidrhedd deoare/ sepratdr, QhGing i srogmgur ed
that little or no cycl ohexane was present in the distillation tower or

r edct or fors@pyRiednto tHeephesasa Bymnsthtioe thiavay o saboneliosad fedistilitdcamady was

6.36 gr ams/l.@'.n i nﬁlagdi %? t he %L?'?l ohexane feed. The condensed distillate

i medi at BIPY DB RPARERHOP Of PO phase containing prinarily cycl ohexane
and 1 ~? 0 K¥hade BE ing@ IR i ﬁ&'ni FQ tly
water with gg%rgglyhrre% ho@%lpﬁr%%{? al coﬁ%(%egﬂ{gg??@%?/%f?g%\%‘y cgtggfe.
Onl y t heheaystepwsthphasectvascongionexte dnd causth thediesited pratucmo sapasate infdplsses.
operati condi tions re. maj ntajned for fi hours. The conposition of the
distill Q?%efﬂ?wflyéglvsl\g‘ﬁ}at’in@ﬁ"?ﬂs CE%‘F‘S‘H%BE&&%X T waisr S9IRP Bt ERe- 350wt 0%
11 5Bt hoxyoenm Hfaf@ﬁié'a B66E, B fhehddl atorifdiic?Brleydht No¥e b ARYbeRleBRP Yeto@NE: 4~ 7

w 2~ water. was determ ned from prior experinentation that’ undet these
react i ofiumordidro ooxapéirids Genetallyethnsd dommmtundepavedten abdw Sttad 2phdeaatom.t er

addi ti on of cycl ohexane and separation of the phases, the oil phase
cont ai nE¥ATARIE PT fipitablg 3y vaniHBEHR bulre GORHMISd [eRamEnG- ZCAPSpNadEtHie) 7. 7

t %1 - - 0 i
obser veil St i, S ROk G R Bhe, Aiidh lartftEh L1 scERRS o B A Ry
pr ocedugc@ratd) niwteyipitarylgthen) aiistipsdpyldtadr] methgDEtinTketais, aRelydbRpybketdnd, &idtd t O

2 9 ASR ~~J~ 71 70-PCT 8 distillate ratio of 0.68. Fresh material, having a
cdiposi bitphkespneq and cqresponding¢qrangpngds. flusps shlarodydsrcarbpgs. chigrofzrg) earben
acetic i and 3 t d boi - r f~1.85
gr ans/ m%%?%%&o Hleeiha?aeeﬁlgm%ﬁs@%ds{doy@ nes@;v%r%ﬁeé;aeg%}] ésgeesl eéerrgﬂr}ﬁagoellg?nﬁagér%()cg' 701
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cycl ohexane to the overhead receiver was 32.1 w % 1-net hoxy- 2-propyl
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was det erm ned.fr.omepri or experinmentation that this mxture will not
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preferably about 20 to about 40 wt %. Too little phase separating agent will not cause phasing,
and too much will require excessive equipment size and energy consumption to process.
The acid catalyzed esterification reaction may be carried out in any suitable reactor, said
reactor having means for mixing of reactants, regulating temperature of the reaction, and means
50 for separating the desired ester product from the unreacted components, and water which is
generated during reaction. In a preferred embodiment, employed, in addition to that mentioned

previously, is a distillation column, a condenser and a phase separator or decanter/extractor for
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desired ester product is then directed to a decanter/separator wherein phase separating agent is
added to the mixture. Generally within a short amount of time, typically minutes, after adding
the phase separating agent, the mixture results in at least two liquid phases. The oil or product
phase is separated from the water phase. The product phase is then distilled to achieve a higi’fer
20 tevel of purity. The water phase containing mostly water, some ester, and some unreacted
alcohol is directed to an organic recovery tower.
General reaction conditions for the inventive esterification include a temperature range in

the reactor/column of about 80 to about 160°C, a pressure of about 1.01 x 10* pascal to 1.01 x 10° pascal

and a reactor residence time of about 0.3 to about 5 hrs. The three parameters can be adjusted to

i~
h

optimize the process, and will be different for each ester produced. For reasons of economy,
the preferred conditions are operation near 1.01 x 10° pascal and with a reactor residence

time of about 0.5-2 hrs.
Although the method of the present invention is directed to the production of alkylene

glycol monoalky! ether esters, the procedure is applicable to general esterification reactions.
30 Those of skill in the art will also recognize that the present method is broadly applicable to the

preparation of other esters such as propylene glycol monobutyl acetate, dipropylene glycol

monoctyl butyrate, ethylene glycol monoethylformate, etc., using the appropriate glycol ether

and monocarboxylic acid.
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Z(10% ' ;&o@l—a/lcohow 14N1 wit %(gl%{'al acetic acid, and 42.0 wt % water, was fed to the reboiler at a

rate of 5.28 grams/min. Cyclohexane was fed to the overhead receiver at a rate of 1.07

13 grams/min. During operation the temperature in the reboiler remained at 112°C and the
temperature at the top tray of the distillation column at 94°C; this ensured that little or no
cyclohexane was present in the distillation tower or reactor/reboiler. The total product rate from
the overhead decanter was 6.36 grams/min, including the cyclohexane feed. The condensed
distillate immediately separated into an oil phase containing primarily cyclohexane and 1-

20 methoxy-2-propy! acetate and an aqueous phase containing mostly water with some 1-methoxy-
2-propyl alcohol and 1-methoxy-2-propyl acetate. Only the aqueous phase was refluxed to the
distillation tower. These operating conditions were maintained for five hours.

The composition of the distillate prior to addition of cyclohexane was determined to be

33.1 wt % 1-methoxy-2-propyl acetate, 21.2 wt % 1-methoxy-2-propyl alcohol, and 45.7 wt %

25 water. [t was determined from prior experimentation that under these reaction conditions this
mixture will not separate into two phases. After addition of cyclohexane and separation of the
phases, the oil phase contained 44.1 wt % cyclohexane, 46.6 wt % l-methoxy-2-propylacetate,
7.7 wt % l-methoxy-2-propyl alcohol, and 1.6 wt % water. Phasing was also observed with
about 10 wt % of cyclohexane.

30

Example 2

Following the procedure in Example 1, the distillation column was operated at a reflux to
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receiver was 32.5 wt % 1-methoxy-2-propyl acetate 19.3 wt % 1-methoxy- 7-propyl alcohol, and
"0 48.2 wt % water. It was determined from prior experimentation that this mixture will not
separate into two phases.
Composition of product phase after addition of cyclohexane and separation of the phases
contained 30.8 wt % cyclohexane, 43.5 wt % 1-methoxy-2-propyl acetate, 5.7 wt % 1-methoxy-

2-propyl alcohol, and 0.0 wt % water.

Comparative Example

Many experiments without addition of cyclohexane showed that phase separation could
not be achieved in the overhead receiver unless the reflux to distillate ratio in the tower was at

least 3.0, and preferably greater than 5.0 using a 30 tray column. At these operating conditions,

o
o

however, the feed to the reboiler could only be sustained at a rate of ~1.0 g/min. In a practical

sense, not even this rate would be possible when recycle of unreacted 1-methoxy-2-propyl
alcohol and operation of the water removal column is considered.
The examples show that the desired ester product can be removed at a rate >5 times that

when not using a phasing agent. They also show that a distillable product is obtained containing

[N
W

the desired ester, that is free of carboxylic acid reactant. They illustrate a practical process that

does not require neutralization of acid catalyst to recover pure product.



10KBKB

10KBKB! Q86" ' 10%KBKB&' ()-1Ly&6 ' 10%BFB& () - h4a56#789%: z[ <r S1! ! #1088 (APR 082
0% () - TSM0I0R ()- 1 &10%& ()-19 1 &L0%&' ()-!' 109%KK& ()-$::; q;

<=>xVA4r S11114s' 109 ()-'i % 10% ()- 'V 9% 10% ()- ! % 10%&' () -

C % 109X& ()- ! C % 10%yy& ()- >>>>222272xV7! !

10% & ()-1"10% /& ()- 10% & ()-910% & ()% &10% & ()- 10 10 10??At ABI CD|];
XV7I111T 109/ h/ & ()- y' 10%&' ()-! &' 10% /

/& ()-Ss' 10%&' ()-M VSs' 10%=/ =/ & ()-M " Ss' 10%GG& () - MDEXF HHt HuHv HwHx YNCS! !
10/ 10/ 10/y<!10% & () -

QSs-' 1098e$8& ()- S HSs-' 10% /// & () - SCL8EMS1098/ 3/ & ()-S!|!"' 10%/ c/ & () -
WHHHHI| JJaBNC8! | 10/ " 10%&' () -

1 & ' 109%& () - SH109&' ()- & ~10%& ()- 109%& () - &L0%&' () - J#KvKKILKLLJENCS! !

10/ ys! 109%&' ()r.3" 108&d:Ds e ki Yok b 9B () g M M<MM
NHERGEL | - 10/ $1]: #10W§§?§Q?d§@%@eﬁa}at%§%¥q @etok Yo 297Ex1ér of%]a%@‘en(e al%

10%&. () -rha09Ak v pthtDBEhEN S 0%& () -~ $10%& () - MUNNOUOOPJENCS! !

10/ . $109%& ()-& ' ! 109%&. ()- +109%& ()-)! 109%& ()-,3(' 10%& () - 3&$10%& () - PWPPPPP
PPPhC! | 2107585 4RAR § C2FLRIORaRiTy 2 SWnoogbeyylic pp halggenated monocarboxylic acid having

10, 210% () 140"t Qok kiR RPOTT QRRUEREL biy O o hE e PR b o QU () -3

109%& () -

CH.(CH,) —O0— CH— CH—OH
oo | |
R, R

O

X
I
Rl—7L(CH2)rc~OH

wherein

n=0-6;R,,R,=H, CH,——(CH,));—, X=CI, Br, F

in the presence of an acid catalyst;

b) distilling the mixture in a distillation column, while using the water of reaction to azeotrope
the carboxylic acid ester and unreacted alkylene glycol monoalkyl! ether;

c) transferring the distillate of (b) to an overhead phase extractor/separator and contacting with
an effective amount of inert solvent to enable formation of at least two phases;

d) separating out the resulting phases of the mixture so as to form a water phase and an oil
(product) phase; and,

e) distilling the oil phase to recover monocarboxylic acid ester product and inert solvent.

2. The method of claim | wherein the acid catalyst is selected from the group
consisting of concentrated sulfuric acid, hydrochloric acid, nitric acid, boron trifluoride,
antimony pentafluoride, sulfonic acids such as methane, ethane and butane sulfonic acids,
trifluoromethane sulfonic acid , trichloromethane sulfonic acid, o- or p- toluene sulfonic acid,
benzene sulfonic acid, sulfonated aromatic ionic exchange resins and perfluoroalkane sulfonic

acid resins.
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cvcloaromatic hydrocarbon, ester, ether, ketone, and fluoro chloro compounds.

5. The method of claim 4 wherein the solvent is selected from the group
consisting of a Cs.;; hydrocarbon, pentane, cyclopentane, hexane, cyclohexane, toluene,
benzene, xylene; and butyl acetate, propyl acetate, ethyl acetate, MTBE,
diisopropylethers, methyl ethyl ketone, methyl propy! ketone, methyl butyl ketone,

methylene chloride, carbon tetrachloride, and any corresponding branched compounds.

6. The method of claim 5 wherein the solvent is employed at about 5-70 wt %.

7. The method of claim 6 wherein the solvent is employed at about 10-50 wt %.

8. The method of claim 7 wherein the solvent is employed at about 20-40 wt %.



