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pri rra Yy S%\a? %%l Qnd ﬁ surLI;?éa ﬁatlgﬂ%r} help nirol etgﬂrgéf r§ orrﬂgl ﬁey
may al so hé}é’ﬁeﬂﬂﬁh@ﬁqu@é’ta@e er&fﬂih%uo%H &ﬁ'ﬂ rerﬁlalmt ihO,
ether or AQoRthdd Gitit fhb dbdird d Feewp&nvésﬁbnluﬁmaeascrﬁdoaﬁ em.a{ 9 \gBrbrailP 1P b.28 B18hbR, €,
at the chosa@pleRasly iR absansHeltd &Gt eight Hobirst Ne esteri fication reaction, as by
causi ng ROoNPeAinBiggh 'tk 6stdrifichlionS brCanstStorNlcatioh Géa¢tidnSin tHdystodebs/ 61 the Presdnt hﬁéntlon will
hydr ol yti c pibceql crereWitd rafde df Rsactant lpaRibs, sifoNéxa@ple vyer thevarohdl:@r of aciigtio range @bid| S
are: met harodtt; to @0:ih ame mplanbasis,d{ia fagduredi by @p bxjess o bicoholLdverthd arganiecaaid @B ester. A more

n- but anol ; petersd mmbes fos thelvatf Aleghelrtic o bster iissfoqme il &ntH:1 @r a oyiel asie rand a atilt more
hexanol s sunsipnad rangd isxfeomo?:1 tociPd| aveemelardiasie rTheralcdhpl andagid 9t géter avay the mited in the
hept anol %; prsency [of tie cuifrep-funelionalized| ogtalyst edsyeryrhixed] and isekisequertlyadded te ditept. or the
stearyl al cetis|addest igythe mixtuig. \The Ireaction anixyp angy Re| Reatad to. thereacting| tamesrgjirg @der; or
pr pyl ene gpt;pegﬂent qimbingpie eeagents |¢g@g]tactlr[§htp yﬁl@ﬂ@sy@age funchonallzed catalyst beads, but

, 4- but"ﬁﬁ’@t"?ét“?edqeads 1" %' ar“H ‘Iz@éi"‘ﬁlp“’ﬁﬂ'hﬂ “g‘w&g@ d§6° Cor
m)noet hyI & F’ﬂ‘e Ici h°b d‘l‘°’° 'i’efS’a 3. ‘31

3
P

hexanet r#ol 5 ;te s‘?"fﬁam \"“ 'ﬁ 'feel” ag gel DI ;lﬁ
a; dul ci to'aﬁsf: t‘%@l tﬁg[':i: ﬁﬂdesﬁ fq‘i) é?;{mcH d%%ae er%
above. 50 §EME aht!

uti1i2ing thE] tlfg\ﬁﬁerly% mm s Mra %%99& o T ot o
carri ed guiy, ope%%&% SuRrBlbyl, Byl Bihd the et S), WhtopUrdditodt to BACH Jmna.dasuiehe

presence of the surface-functionalized catal yst beads. The reaction
t enper at ur gxaRpLeshe process is preferably at least [err] As the reaction
tenperature is reduced, the anmount of ether produced by the reaction is

al so reduced, THeudllowifg Examiples ate prsdbritedio lillRétatePreféried ophBGdimenth, of Gdtppdsbiit iinvéitiom Al
reacti omo @Eaios @epaarntdgby/ andvidioporiorishate BUWAIGHE Bnidss Rhbwiza apdcified] afball reagibists Yyt alvamds
useful in tghal gomeseiat quakty entdss otherwlsg/ speeiidll yze esterification at tenperatures
bel ow 60 C, the advantage of their selectivity is reduced in conparison
with other Benipli t cat al ysts ‘at such | ow tenperatures, and the reaction
rates becone inpractically slow. A nore preferred reaction- tenperature
range i s%fr omffsdpample tﬂusmrstes gnthegisgha § W@@&éﬁ‘?‘!ﬁh’aﬁ\‘ efdherersserfeweﬁﬁw and
with the stat P 3l fmea eeed%as PRUSRRT wih  condapsqy rupshanisal SUESY 3P,

above [err? ‘feﬁéo% g 7%‘?1%!" Z%';: H?i\ém%?ﬁaé% °\}'é? gskw SWI 180 be

obvious to"™ u?ﬂe - ' lf%g '°1.”’?Fet° P d%@ﬁ Rpyturp F?é
present n\ZgT& ite&ﬂﬁﬁ%{g %r;?f a u ch JO is :%egw ©

P 50
avi ng ade

't from ri 65°C
preferred rd%ﬁta!d&ﬂontcﬁ%e u@L e aﬁs%tu @r%i'y ﬁsltﬂpraﬁﬁ th
preferred LaRutad rﬁatérfapwms%& ﬂer 'i water s.é &n;. \Mﬁthvavﬁol e e A i e
preferred #1Qb rhéyfy 5RAE InloRfre-Holdg SdapRity BOLME. Tis AR \eulibriZiRa HRSHaC of Y pRSent
used, ang t;,m,ﬁo,nayefgp@dmow&blcgtawgncertal n situations to help control t he
tenperature or maintain a reagent in the liquid state. The reagents and

surface-f umedmpial i zed cat al yst beads are allowed to remain in contact

until the desired degree of. conversion has been achieved, which is

general |y fr omisOB2mplecilldsGatbs anaher @puthesis edf e alrfage-$utfanated batatystoresin tad thd) pretont

ei ght ‘hoar énvention. Al t hough the esterification or transesterification
reaction in t¥eea Bt Snecked flaskcoapipred crith 4 ¢ppdansdr.omechirlidal gimercandck thereocaplpiwde
range of r@aded A1 0 day MREoPomRys, Fyrenes20indiiayikepzene eopelymerciopdst 1065 o olagjpl apetic gcid
rati o rangé@4 ?‘@Png(?f 5“"!"'0( *'1‘9"’2@"91‘308?1\"%9’ iPpAds werg pligwed tq gwell dn this\mibdyre for pRe hepr, then
excess of 4&° ? El‘ab?e"‘ég‘f‘lérf’ f°"A“’?r6‘P‘€s Er@'P‘éﬁ'Pee‘EPP?‘!m‘?j@
for the*® aﬁ" ac!S"r A&?" 8P"°5?5' E to q“S‘P‘r"‘ “ » With
basi s, and % (igfﬁag gn a?;otl r°§° hls d ’Pac'd
basi s. The ab@ hgé Q{al aﬁ?%—om) and ofﬂths F,Pé r?ﬂwiz he
surf ace- fun ona I zel cataP tt r m xe subsequ 8 t'o
them or the beads added to the mxture The reactlon m xture may be heat ed
to the reaction tenperature prior or subsequent to nixing the reagents or
contacting themw th the surface-functionalized catal yst beads, but

. whenever the beads, alcohol, and acid or ester are present sinmultaneously,
and the tenperature is [err] or grezr\ter, the al cohol:acid or ester ratio is



20 Because the esterification is an equilibriumreaction, the water
produced during the reaction is preferably renoved to favour fornation of
the ester. The water may be renov&R 0862541 Bing, distillation, adsorption
wi th an adsorbi ng agent that is relatively non-reactive with the al cohol,
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mai nt ai mtr@ hta}'iee'?pe"é(g 1"3Hbsf%%erx%{t' ?seasﬁ%’Wéa“‘t"h% Fflt?tegmﬁoT t of water or a

water 25 azeotrope at the pressure enpkgyegd, thereby allow ng the water or
water gzeotrope to boil off.continuously.” EXAMPLES The follow ng Exanpl es

1 tz s Y nan £ + e—iH-e5: at
ar e \pt es gated—to—H-ustrate—preferred—erbedirents—ef—t-he—presert—Haverty on.

All 30 rdtios, percentages and propéaalysbPrepesies by wei qht unl ess ot herwi e
speci fi ed, oatagst ||Co5mbto§suhrée m&mpéaﬁmp%ea@ fdcd bred] Wikl [t WPotebilyEmiky

ot herw sd specrfled L&&ﬁWﬂ%‘ J is Exanple illustratgs synthesis of
a surfacgsuffonated tat g yst TSI T Ol 1T {Te Presgnt T NVENtT oM. [ T0 [ re
t hree nedked,fl ask equi gbed with a condgnser, chani c stirfrer gid a

t her nocoupl e,.was| added 0 g dry, macrapprous, sltyrengg20% diliny nzepe

copol yrreg begds. To thig, flask was added, 100 m et hyl e dichll ori :gsand
2000 g 9% sgl furic aci@ The copol ymergyas al | d tasvell Jin tQas

m Xt ur @ flor pne hour, abg er Whl th the m1xture S heat ggl to [err]oggtd hel d
at that tci"lmcl oamvyy e—fui'*‘l*u ot to—40—st-Forate—the copP ot yret— e
en)cg\%gf that (EaHYét Ea's ; Q@'r‘i‘?ﬂi‘"ﬁ‘f‘°'1'¥)(9€9’°H?’:’%I'EP°“%P%’1°|'M°@E°’9§&Y é‘Pg %”ﬁﬂded to the
m Xear e t ¥R X el

tenperat ure fromr|5| ng above [err] C dur| ng addition of the guench wat er.
The et Bl ene dichlori de was renoved by steamdistillation and the

sul f onat eBxample@ri al was washed wth water and then with nmethanol. This

mat eri al had an acid capacity of 1.30 nmeq/g and a noi sture-hol ding capacity
of 44% Thi Jhis EFxdmplecillustritesothe peogesamt the ipeasent inverttien g appliadito A dstetiiication of lauric
referrggd addwieimsibareh Cat al yst D.  Exanpl e 2 Thi's "‘Exanpl e ill ustrates another
synt hesi s ofTo sensrater flagls_contpiniag %ﬂ‘e'&"&t'ﬁ'ﬂ?é‘ﬂd Y’@'S |aFF'°6f7 Q??@PI?F é%@ﬁ?’esdﬂed sized

i nvent i on{#29rB809 “G‘)'I strenaly ac@'c @E‘R’b‘?ﬂ‘c ﬂas"s woro

nani cJoaSH 14 C.fag e af ﬁdﬁtr’
e A T aW%m R
and 2064 jﬁ: mjhut ua Vi) tgllrz?ﬂm;i%eptha o an ,n% ﬁntﬁ GSld a
this mxtatn%ﬁrt? . iﬂ o.ui?t eﬂtwarn f

that tenp

(ﬁ‘:dé?Jr ﬁ: %Lq; aﬁ&s h‘?o

After th'é; Hed B %éa&lﬂng tvi ?rbrﬂrthez tahd uét@gsth@ JsQavﬂtbe“C

the react ¢liateVthd RurfiseP ot Hﬂle@%f Hiﬁﬁtﬁﬁséﬁfe)/ phodudall. SR NJas (chidmbtS l’canfeblflt@ fHes

ri si ng%abgyidafidnlréactiohl &re/¥Rdwalin PdbleNRsbigN) aci d capacity of 1.15 neq/g and a
|s ure-hol ding capacity of 38% This material is referred to bel ow as

lyst F. Table I, below, shows the mdneai cal properties-of Catal ysts D
and F of the present i nvention, with 5 EP 0 552 541 Bl three other,

fully sul ffohated, macroporous cC E[E CJ and a rurty sulftohated
gel Ca?oal L\Aer\h AV‘DAW“l @é[ﬁ}étT@ﬁt}ﬁ% lve

catal ysts o Catplyss prT Imerto 89.9% copdssien, fing CErmawgthem@p@dtat WHUan¥drsjon; grams
Copol yner (Cr ogsl ijnker Aciygh Wt . capag¢ity, nmeq/g Sugdgace area, n/g
Porosity, |[mM/g Ldgvel, W. 489 10 A 13240

50 4 | ¢ 35 180 ). 24 B 180 20
4.7 D 43 158 0.35 C 1.00 80
3.3 - 50 U. 45 O - - 20
1.3 45 0.35 E 4
5.2 [err] : [err] F 20
1.1 s Damplod 45 0. 35 :

This Example illusivates the process of the present invention as applied to the esterification of
monomethyl maleate with methanol.

To a fixed-bed reactor containing 57 ml of a strongly amdlc cation exchange resin catalyst of Table |
was fed continuously a mixture containing 38.89% methanol, 59.58% monomethyl maleate, 0.99% dimethyl
maleate and 0.32% water. The reaction was repeated for each catalyst, and the amount of dimethyl maleate
and dimethyl ether produced by the reaction were determined. The results of these reactions are shown in
Table Hll, below.
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1 - Catalyst Eis a gel resin with only mcroporosity; it contains no
macroporosity, and-its surface area is approximtely that of a sphere

havi ng the sane diameter as the catER Q8§52 58Rt. 20 Exanple 3 This Exanple
illustrates the process of the present |nvent|on as applied to the
esterification of lauric acid with net hq,%)ged To separate flasks
containing 70 g nelted lauric acid were gd 7 g sanples of the pre-dried,
sized (425 - 600.Terr] strongly acidic cation-exchange resin catalyst of
Tabl e |. The| coniyen} STeoh. | HHSVIHASKS| RevdectiComeridn B0 | 10iBietyl ather impiotichivired| at
t hat- tenperaf urg wWhj Tg. hanghs Wwas| addedggd, a rat ¢ of 0.4 pl,per m nut
tenperature jof 10 [%uﬁ 0.5 M nt ai ngéizoabove the liqui 50 renove |t he
nmet hanol and —wet-et-protteet—bhy—the—+eacton ..rﬁ%eaﬁrkeﬁ#o&s——‘

noni tored by renoving a 3-nl sanple of the reaction nixture every 30

m nutes, dissolving it in 10 m nethanol and then titrating the residual
acid w t1b ardi zed sol ution of sodi um hydroxi de. The anount of

di met hyl eth et d by t ' th ' o .
2- bt oxyet harlle BRI g IbarRE aherré%%%eoq‘@renvé%ﬁv{f‘ tigi e a@ie%ﬁ%aénﬁﬁtwawgwew 1
and was coff eY fn o % o4 ¥ Viofliohd & Mol parled At

and usi ng taag ;7593 chéﬂ;l i. wi%ﬁe P IE S g ie,; e let

et her G{aﬂﬁ b&atrﬂ%ﬂé Butdhoiiwak héde&@{td-% of

reacti ons @I;;in

Laur
m n-
180

3.40 452

D

Exanpl e i | leshovatie Table bglowwcess of t he present
esterification of nononethyl

P%uﬁe”A
ri.c ACi qlafespreducdd 5yothé RBCHOE IHS b &toakmséacuonwamoﬁ.ﬁrea Dy PSMNRAE BRI Sanfpibs of
@elﬁﬁ@ i€ PNMOEHITuRol afd ftfling™the solution for residual

DI muehrydctieit hiRiire &yl 80 afthub,

ﬁtu}e of 1

PPIcOMss aks

ve the liquid to remove butanol and

acid using a standardized aqueous sodium hydiraitide Bolution. The amount of dibutyl éthdv produced was
determitied by measuring both the dibutd @ther content of the reaction flask and the dibutyl ether contéht SO
of the distillate by @as chromatography. The lauric acid conversion and amouiit. & Qibftylcath@l eroducddi s

mal eate wi th net hanol .

To a fixed-bed r

I nvention as applied to the

eact or

containijgg 57 mM of a strongly acidic, t&€i%n exchange resin catal yst of

Table I 55 was _fed continuously a m xture containing 38. 89% net hanol ,

59. 58% nononet hy | caise ft ime Rind Y0 alkieRdidInvérBbERt [© Dl Bne? PRAINERE Pm) The
reacti-on was repeatedor_gactrjcatatys ard—ttg—arrourt—gf_drmettyr)nal eat e
and di nmet hyl ether _profuc by |t he red tazon wer g determ The regul ts of
these reacti onslLarB shbun T 11197 8el ow Ep 0 '8%2 541 milTable
I11 Catal yst Tenp. LHSV, HRS- 1 Product Conversion % D et hyl ether
in product, w.%A [err] 0. 25 99. 20

0.21 D Exanmpiy 6C 0.25 99. 20 0. 06
Exanpl e 5 This Exanple illustrat es the process of the present invention as

applied®o t H'@'sé%‘i"@?'? flpstrates A Pepcess £f thp (9’98?,‘1* H'VW'?WPB'I?F anthp estyrification, of sigagic

fl.asks confl{ soutggo ted |auric acid were % ortions of the
oreCar ed, < B eee ol et by b%lgwoceamﬂ'ﬁ st gt o p e cid. Tho
screened t §mReay et°rW ‘f’"tsaaﬂﬁ %WE b hep d%aﬁéém ad RS
wer e he%e8'°?"8af' ?"Jver?i aa"ﬁﬁfnﬂlf PhAbYvLRner RRguce ?ff)g'}°gf'{?r | PL% - but anol  was
added at a rate of 0.4 m per mnute. r{perature of [err] was al so

mai nt ai ned above the liquid to renpve butanol

and vvat er produced by t he
reaction. The ot g I

Bl

eactHo—waSs—e+

FIUHI Co T! LII_C lvu T CITOVI T
sanpl es of the |r E¥§tdn TiRePInT ¢ Reass doid Gonypraien %s| Qijuiyt enPrﬂﬁ'uqeﬁrpm)Jo m
but anal #nd titjratang |t heiggol uji on f orggmesi dual fci d usi ngoa standarldi zed
aqueous sodi umlhydpoxi|de ssol ut {on. Thesgasount of| di butyl zspher proddced was
Example 7

50

This Example illustrates the process of the present invention as applied to the esterification of acrylic
* acid with butanol using a continuously fed, stirred-tank reactor with a fixed catalyst bed.

To a continuously fed, stirred-tank reactor containing 82 g of the catalyst of the present invention at a
temperature of 90°C was fed a mixture of n-butanol and glacial acrylic acid having proportions shown in
Table VI, below, as "BuOH:AA Ratio”, the ratio of n-butanol to acrylic acid. As the reaction proceeded, the
water produced by the esterification reaction was continuously removed by distillation. The conversion of
acrylic acid, as the percentage of acrylic acid converted to butyl acrylate, and the rate of production of
dibutyl ether were determined gas chromatographically, and the selectivities were calculated as parts

55
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20 determ ned by neasuring both the dibutyl ether content of the reaction
flask and the dibutyl ether content of the distillate by gas
chromat ogr aphy. The lauric acid c&N\&$2¥A BInd anount of dibutyl ether
produced are shown in Table V, below. Table IV 25 Catal yst Time mns

. . : 5 :
;?u r8 |2 ¢ Ac Eigutﬁ:%t?l\e/reprroscfugeg pé') mly%g;l)a%g LXt}lﬂ acI:Ertylgtg %?5&0%9;%?3%&1 are %Po% irél'fbgdll, b%lgvg.
180 so Exanple 6 35 This Exanple i ablg%]rat es the process of the present
i nvention as applied to the esterification of stearic acid with n-butanol.
The  pr qcepre—eh—Exanpre—srwas—-oH-awef—suBsiituihRg—a—g—Helted—-siear C
aci & f or | Ifetalyst|r BuOHAA Rptio | Fieed Ratmipdhvhi icwlia Asid fanversianh® | Pelestivity prreRBE) ind
t he vapouj agovq thegghi qui § wergpreatefl was [ @ard The stlearic gggyd
conver si oh apd gnouRio9f difbut ykoget her | producedsgér e shown in Tajghe V,
bel ow. 40| Tabl e |V Capeiyst| Ti g m ns St easpog Aci d Cdnver si 30 %
Di but ylo E} hep Prloduasct1 (ppi) 45100 A 81.12 140 794
98. 80 D 1.00:1 410 Boo 180 58.91 99. 438
220 50. Expnpbe 1 Thigo:Exanpl e i Bbustrajes t he 4psdcess of| t he préd8sent
I nvention| asEapgl i ed08:b th¢ est @@l ficafion of 884fylic aqid w t#idut anol
usi ng a cpntEnudqusl y-08:&d, $tirrdetank|reacto®0fth a fijxed cat@Byst be[d.
To a coént| nuBuslly fa8%1stifred- %k repctor cd®¥@ining §2 g of &8fe cat af yst
of the prpsebt ijnvedf¥bdn al a td¥peratlire of BéP?] was fled a MBure of
n- la(t;twanol an@ gllaci 38%heryli c a8% hav| ng prof$fions sHown in?*Pabl e vi|
beloW, as "BRoiaA B3 o lithe P io of n-put to acidvlic a8 As the
reactign proceeded, the water produced by the esterification reaction was
continfbusly removed by distillation. The conversion of acrylic acid, as
t he percemtamgle 8of acrylic acid converted to butyl acrylate, and the rate of -
production of dibutyl ether were determ ned gas chronmat ographically, and
t he sel ect i \hig Exampleeiiustrates] they pragase] ofke preseptdnvpntion agappiledsts ragasterifidatien] ¢fumeliiyl
et her pg oneiaseyigrovithfiriutanal ip forgy n-kutyh methacrydate. \Fhis reactign isderiesented hydheregptien: shown
in Table VI, below. Table VI Catalyst BuOH AA Ratio Feed Rate (m/hr)

Acrylic Acid Conversion, % Selectivity ( ppm DBE) & 1.00:1

100 Ho. 88. 39 3884 C 1.00:1

300 3 67. 38 - — 28 C .08 1

500 m AHpnet RO === T7%5 on D ¥ CHFOH (0
100 CH 81.12 794 1.00:1

300 2 58.91 548 €H 1.00:1

500 44. 86 485 E 1.00:1

100 in which the R-OH i3 @-bflténol. 1710 E 1.00:1

300 * The equipmentQided for the transesterification reaction W89 & cdinuous 106p reactor operated D&k 1
5Q0 | open-system mode{ @hat @, during the reaction the methandSrofticed is continudusi§Srerhoved as a
10 methanol-methyl m8ihachfllate azeotrope. This reactor compgH3&3a Beated, stirred, 250-1h:rdund-botiom
300 " flask equipped witthd tediperature controller, a sparge tube’ddnrectdd to a 92% niftoged gds sourcs, a
500 4 Grain tube connectefi3o 8 bottom of the flask, and a distillafiohJ@ad? Fhedrsimpbe w8 arranged to feed

a pump which circulated the reaction mixture from the flask through a reaction column containing the
catalyst resin and back into the flask at a rate of 200 ml/minute. The distillation head contained a controller
which allowed continuous, automatic removal of a portion of the azeotroped vapours above the reaction
mixture. The reaction column contained 67 g of the catalyst resin being tested, and was held at 100°C. A
mixture of n-butanol and methyl methacrylate, in an 0.83:1 alcohol:ester molar ratio, was fed continuously
into the circulation path of the reaction mixture, ahead of the reaction column, at a rate of 2 ml/minute. The
catalyst of the present invention produced an n-butanol conversion percentage, based on the feed rate, of
40.3%, and a rate of butyl methacrylate formation of 2.3 millimoles n-butyl methacrylaie per gram of
catalyst per hour. '

45

50 Example 9

This Example illustrates the process of the present invention as applied to a baich transesterification of
n-butyl acetate with n-hexanol to form n-hexyl acetate.

To a stirred reactor equipped with thermocouple and condenser trap was added 12 g catalyst resin
beads (Catalyst F) which had been dried for 12 hours at 100 *C under vacuum. To this was added 110 g n-
hexanol (99.9% purity) and the reaction mixture was heated to 80°C. At that temperature 25 g n-butyl
acetate (99% purity) were added and the mixture was heated to 120 C and held at that temperature for two
hours to allow the transesterification reaction to proceed. During the reaction, evolved butanol was collected
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This Exanple illustrates the process of the present invention as applied to
transesterification of methyl 25 nethacrylate with n-butanol to form
n-butyl net hacryl ate. This reacti orER 8582pHdB%ent ed by the reaction: 0 30 in
whi ch the R-CH i s n-butanol. The equi prrent used for the

transestertf catl on reactl on n nuous. oop react, or ra

the ent
open-syst eff ! % 3‘.5 e e B as$H
conti nuousl hp? a ﬁ%ﬂl gﬁse%'ta & Traeieg
ical %ll étres wnl
reactor cof rls s rre , round bottom fl ask equi pped
with.a tgrrperature control ler, a spargerud connected to a 92% ni trogen
gas\source, a 40 drain tube connect ed to the bottomof the flask, and a
distillation heagd—Fhre—thHeat+r—ttbe wae—a-lhlhemged—t-e—f-eed—a—pwaﬂp—mﬁ-e-h—
circul at ed t he| reaiast pn Fonversion of | FarPibuy! efheria jerodygt ¢y gPiexyl etherin Braduch | urm
containing the|lcatal y$t 94849 dl back into the flask at a rate of 200
m / m nute. The|ldi il fati oszhead fkont ai nesth1a contr@l | er wheegh al | owed
conti nuous, aufjongtic|renowal of porti awveof the azeotropedsvapours|above
the reaction mXture. The reaction colunn contai ned 67 g ol the catal yst

resin being tg Ct!es@é]tdfro\ﬁ@ DT t@bﬁmlﬁqhy bfocstt of !hE Ho@APi is
met hyl. net Qé’rﬁﬁ ts eridrio f?.ﬂ/ &'ﬁlmi' a{sgﬁg s iﬁ%pﬂes fartna{ dhlof HerWeEea 3|r£:)]gn

cont i NUJBISlpy,ivaid tq,, osibf Cul ation p the reaction mxture
the reaction colum, at a rate of 2 m/mnute. The catal yst of the present
invention pkic@d an n-butanol conversion percentage, based on the feed
rate; of 40.3% and a rate of butyl nmethacrylate formation of 2.3

m | |i ol es n-thist Grampre tillusteatos| ths Propsds of tRNprédentCiatedlionsds 4ppRedto Wirect Tateriticutiph ol €
9 Thi s E%ampthacrylit lais twith indstabdh @siy the estinmis-obys opsresyster reanise tdsiribed as Bamplei7ed
t o a bat chThe pmesdart of Examplet 7 eas refeated,husing la nzixterd at ebutanbhand -nietheerpiiz actdpinfaot.2n
n- hexyl acelcehokacidSplar ratio, od 434y ratatystiresie ircthe reactiqu colwed Reiniiting ¢oaditinne endoesultaind
condenser Be&owids Tapleddlbalow.g cat al yst resin beads (Catal yst F) which had
been drigd for 12 hours at [err] ‘under vacuum To this was added 110 g n-
hexanol (99.9% purity) and the reactionf@@p¥ture was heated to [err]. At
that tenperature 25 g n-butyl acetate (99% purity) and th

m xture wap dapRétgdrsind, {@f Fibw a8, niaiic] Rite b BAMAL! € NRate2df DBE%T O %wtuahVeSs.oh
allow the {ransegterificption reacti Oanrmaﬂbh,Oj eRgimatiohl mimdlig/tr e stetady sty
evol ved sbuy anol - was col | pcted 8 P onb#ihr541 Bl in the cgndenser trap
At the end[OT gThg Z-PPUT| T €acfgyOn peri 00, NE EACTT ghoAN XL UNE was5 ool edjto
anbi ent temeﬁattre gd filtefggd to rem) t hd catag

t beads. I"&,,freact ed
andobge resfyl ts ajgg shown

m xture was agal yzedggas| chrojmt og- |[raphygal |y

in Table V| I ,Fb6| OW10(5 120 36 0004 79'§abl e I
Cat al yst*® “t-Conversromof—=5vbrbut yr—ether—n—product So-Drtrexyt— TLTI

i Q product butpé acetate 10 A 87

3 Example shows e mg selectivity of the sent process for formation of buiy rpgthacrylate
0.59 As maf hEH °ff‘1"° fﬂﬁ‘l‘ﬁ%t 's\ﬁ"F"’*“’t“h'éﬂ';I % ?%4’“’?’ MRS fer g pogepprocess.
process of T'Weresﬂ) 1f°r il BH’C?SIEP'"QS Friont rﬁiﬁ' superior to fully

sul fonat'ed glyyst resins in suppressing formation of ether, while
produci ng a‘E’rﬂ‘&gquval ent yield of ester. Exanple 10 20 Thi s Exanpl e
illustrates tg BReEHEIRSs 4 BfchRRRIRRY of id\pRibrt AReriien fap&tdn@ﬂg TriRthedr1R GLid with

esterificahb@hopf nethacrylic acid with n-butanol using t

continuasis- | @sig ap RPfrdsSimiE toeRattdd ExahpiCs, the Fhattion Mack iRk e:ha?gedTm 182 QC@shiar e
of Exanpl eméthudngic aei®eiat @oh-butkdblegd 87.8igXdatdlyst bBidsNTHAUbaEEH miRiD@ waslifkAmy Hdated to
acid, in asd.CRaid thé depipefatugecivad alidvetito fiskt b @, maxiiim1c 45 €C adting kheSbactiehs iThe ietctibih e
reacti on cwasupaateRdnbiplivategfoc Catalyst iFaih thegpnadont drvanitibis, aad éor Shislyst G, the Teally| seifowhtéd |,
bel ow.” 25 catalyst of the prior art The results for this example are shown in Table Il ablbw VI | | Cat al yst
Tenp, C8% Fl ow Rate, m/mn Rate of BuMA Rat e of DBE% % MAA
Conver si on :
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Formati on, Formati on mmol / g/ hr at steady state 30

mmol / g/ hr B ' 90 180 4.1 0. 027
59.1 F 90 180 3.9 0. 003

56.4 B 100 120 3.8 0. 048

83.8 35 F 100 120 3.6 0. 004

79.9 This Exanpl e'shows the surprising selectivity of the present process
for formation of butyl nethacryl ipeoﬁg%ﬂﬁ%’r_nation of dibutyl ether. This
selectivity is better by an order of magnitude for the present process,

using resin F, than for the prior-art prqgess using fully sulfonated resin
B. 40 Exanple 11 This Exanple illustrates a batch procedure of the present

i nvention for g - Usi ng an
appar at us si ni | farCatalys % PBE Rrogeesd dhar ged with
152- g sgl aci al thacryli 157 d n-butanol Z cat allyst beads.

nd tdesat enpgr at ure was
reacg.gson. THe reaction
esend.o4tnvent}i on, and
pri®37art The results
028 0 592 541 B1
nved-3Bon % DBE

The reaction mixture was i@itiflly heatedoto [err]
allowed to rise toFa nmpxi nem of 95 [errlssduring the
was repeated in trFplifates fof Catal ystsoB of the p
for Catalyst C| thé fully Bul fpnated catgdRyst of th
for th s exanplle aPe shown7in Table | X I88ftow. 50 55
Table |1 X Catal yjst C Rehctidn % Met ha®B$lic Acid
Produced Tinme, hrs F 6 97.0

0.058 F Again, thes® results show that the reaction ﬁ%urgrisin ly selective for the productiQn 6Rkb Sster over
6 ,5 the dibuty! ether, whéh ddmpared with the fully sulfonated igsiﬂs‘}l C 7

93.2 These Examples show) cldatiy ) when the surface-sulfonated cation-exchange fesin is employed in
86.1 the esterification process of Ghefiéseft invention, a significant reduction is observed in t#®%nunt of ether

0. 355 Agaeducedihtiewesacttmul t s show that the reaction is surprisingly selective
for theegroduct i on of the ester over 15 the di butyl ether, when conpared

wi th gheClrims| y sul fonated resins. These Exanpl es show clearly that when the
surface-sul fonated cation-exchange resin is enployed in the esterification
process bf ARieeess g gieducing astatsi with a lgw cpment pf ethais. whish Gemprises postagling &p \peganic n

t he anount ag?' oKgapie acid apfwydrida gr plerwith ap gicghpliahp temperafurpsof atjeast 601 Gjp He pregence
produci ng § Frepen NYRMARP c?ﬁ'ﬁ'f‘%’nf’eaﬂ? f’he’ﬁ s”"\'@‘ﬁ'fé' onglized; withsstropgly geific ng
an organi c BECH' ISR R SRR PERANGR FRRAFY ST T &L1ZS BRI an al cohol at a

tenperatyirq of.. .taslcﬁﬂ%ﬁ illc(?ari ] vivhg }npe presence of ~crosslinked, vinylaromatic
pol yrer edde TREASREE I A | ATG) dol i 31 ONO1 Y il

functi onal g(b?éhoo?garnﬁ e@teﬁ@Eé %fe@&ﬁlhﬁ’tgg@oh{;ﬁﬁﬁgﬂs Nori th% ssY! 0.1 tQ 2. 5_ ”E‘q/ g.
.26 2. A process as clai mac? In claiml, erein: "(a) an organic acid is
cont at eg] Wigrdbetd s Mims ! claln® 1 @5 B 3, WwhbrBiR tiRCdaflon-dREnahdd) cag&itg iU 61 85567 | S
contacted wefh. t he al cohol to transesterify the ester. 3 A process as
claimed in claiml or claim?2, wherein the cation-exchange capacity is from
0.1 to 24 OAmegtess. as claimed in any preceding claim, wherein the beads are gel polymer beads or macro-

porous polymer beads. :

9

35

5. A process as claimed in any préceding claim, wherein water, produced by the reaction, is continuously
removed during the process.

6. A process as claimed in any preceding claim, whersin the temperature is from 60°C to 130°C.

7. A process as claimed in any preceding claim, wherein the alcohol and acid, anhydride or ester are
present in a molar ratio of alcohol:acid, alcohol:anhydride or alcohol:ester of from 0.5:1 to 20:1.

8. A process as claimed in any preceding claim, wherein the alcohol has from one to twenty carbon
atoms.

9. A process as claimed in any preceding claim, wherein the organic acid has from two to twenty carbon
atoms.
% 40. A process as claimed in any of claims 1 to 8, wherein:
(a) the ester has an acid component of from two to twenty carbon atoms; and/or
(b) the ester has an alcohol component of from one to twenty carbon atoms.

11. Use of crosslinked, vinylaromatic polymer beads, which are surface functionalized with strongly acidic
functional groups to a cation-exchange capacity of from 0.1 to 2.5 meq/g, in the production of esters
with a low content of ethers by contacting an organic acid, anhydride or ester with an alcohol at a
temperature of at least 60°C.
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4. A process as clainmed in any preceding claim wherein the beads are gel
pol yner beads or macro- 35 -porous pol yner beads. 5. A process :
clained in any preceding claim -whER @552 64kBt, produced E ot Ml is
continuously renoved during the process. 40 6. A proces ﬂmm”mwnﬂlﬂny
preceding claim wherein the tenperature is from[err] to*[efr|t /7w As "%
process as clained in any preceding cl ¥ Xwherei n the al cohol  and acid,
anhydride or ester—are nresent in a mlar ratio of alcohol:acid
al cohol : anhydri dg @atalyst ¢ olRedcti@st|epo MdthatrylimAc@. Gonderdion |23 DBE AfaducBd |A process
as claiged in any_precedi figedirailm wherein the al cohpl has from ¢ne to
twenty carbon atpmsg 9. [A pgocegs as claiggd TN any |precefffsgg cr g m
wherein the orgapi craci §§ hag frgmtwo toggwenty carbon atggp. 50| 10. A
process as clainpd irn apy o clgins 1 togge Wherein:| (a) dqag est¢r has an
acid conmponent of from{wo o twenty carlyga atons; gnd/orgdsh) the ester has
an al cahol conpophentc of {from ong to twentggicarbon atljons. glagsg Use] of
crosslinked, vinylacoma{ic polyfer beads,ssshi ch are |surf agssfunciionalized
wWith strongly acrdrc runctional groups tO0 a cation-exchange ctapacity of

f 0.1t ; L [ ' ' f it h I tent of-
et her s bymés%,a@pﬁi%@%M%}ﬁfﬁﬁ@jﬁ%@g%ﬁéﬁe B8 pRoyieh S HRBERBT o
the s o~

a t enpeP at Uredd| Exhplbahoh (cRiufy that whist 10 Rlefink |
Reacti on the e%f:ﬁfﬁétia@%&h’dsé sftﬁ&ﬁfie%uﬂmia niﬁr(:)a% rﬁ%ﬁ@&éﬁ@ﬁiﬁ&ﬁéﬁ%@éﬁl};

Ti e, , hr S ploduced in the reacfion.

6 ~ 88. 2 0.050 E 6
90.0 Claims 0.041 C 7 - 93. 2
0.237 b C 7 86.1

0.265 C 1. A procesd for producing esters with a lo8&orflent of ethers, which comprises coRtacih ar\Gighriic

t hese resul tasidsdiganictabid ianhyHrigderoe asteriwithi an glcahoirapa tesipergtuig of atl lest 60v e if 96 plossace
producti on &f crosdinked; wnylaserestic trolymeli berts Iwhigh faer surfabrefonctanalizad edth vairdriglyt duidic
fully sal f orfenctianalgeupsis a catipa-sxchangs nepacity obfrpovd.tfofrmen/d hat when t he
surface-s;#l fonat ed cation-exchange resin is enployed in the esterification
process of t‘\f?mgf‘seaéélﬂm?ﬁfﬂ/%ﬁ‘f{‘i‘ﬂ?mﬁ]: significant reduction is observed in

t he amount of a% hygan taﬁ'ﬂl'fccéﬂfa‘ft??‘Y"ﬂ[éhera@&'ﬂpc?ﬁt?"fﬂ‘aia% %0 1. A process for
produci ng est & & YPINS o5ty 15 Gpnasiag M the lcabplie ransesigrity e estShpr i ses cont act i ng

g aci ¢, acid anhydr | _ester with | cohol at
emperat ure gy f08Bhb el Fa ' 4 Fndin §8' Slorsiyered eaeeh S PR o i

pol ynmer beads \ﬁ)ni ch are surface-functionalized with strongly acidic .25

functionak, G Sbdass Ccl@m&din! 4077 : i f 0 2.5 meq/qg.
2. A pr oces§,°g§s @ly%n@qgf Irrl‘ é@ gﬁgﬁ%ﬁ?ﬁﬁ t%%f&g%fa%r%]aﬁ?hémeggeags 1% adlo
contacf®d with the al cohol to esterify the acid; or (b) an organic ester is
cqnt,act eds. WAt gocbscasalamba G arly PracsdhyScRing, Whbrbid watd pR&IcEd by R readtion As hBERF as
cl ai med i n ednaiven durity the pratess. 2, wWherei n the cation-exchange capacity 1s from
0.1to 2.0 neq/g. 4. A process as clainmed in any preceding claim wherein

t he begdst-aA®rageds ap oliynew in dop preleeding clatm wisreirbthe temperpive GLfonsdl- gh@I3okeads. 5. A
process as claimed in any preceding claim wherein water, produced by the

reaction,?i & RQeAS #pRRAIMed,in reayrpipeatiing |ofeinm gvheriein ther @lenbigisand acid, anhydride or ester are
. present in & molar ratio of alcohol:acid, alcohol:anhydride or alcohol:ester of from 0.5:1 to 20:1.

8. A process as claimed in any preceding claim, wherein the alcohol has from one to twenty carbon

45
atoms.

8. A process as claimed in any preceding claim, whersin the organic acid has from two to twenty carbon
atoms. o

50
10. A process as claimed in any of claims 1 to 8, wherein:
(a) the ester has an acid component of from two to twenty carbon atoms; and/or
(b) the ester has an alcohol component of from one to twenty carbon atoms.

55 11. Use 'of crosslinked, vinylardmatic polymer beads, which are surface functionalized with strongly acidic
functional groups to a cation-exchange capacity of from 0.1 to 2.5 meqg/g, in the production of esters

with a low content of ethers by contacting an organic acid, anhydride or ester with an alcohol at a
temperature of at least 60°C.

10



S “ -
40 6. A process as clained in any preceding claim wherein-the tenperature
is from[err] 7. A process as clainmed in any preceding claim_ wherein the

al cohol and acid, anhydride or est &P @%28i8B%ent in a jﬂlﬂm ml"n”ﬂlj”m
al cohol : aci d, alcohol anhydride or al cohol:ester of fr 45
8 A procegs?&g cl brred I n any preceding claim wherein the alcofol ® has
fromane t ;}la &1 bon atom; 9. A process as clainmed in any pr ecedi ng

claim whegeiy rpe% %[%meﬁur%c S (i bl oh Javzfenényar&% R em59n910-
A process as orgafii 5brB, éi'Srgdhisciies B4lFBan 90 er E it 'ole

aci dcorponenjn Qling &9@60‘“@ i Qlot BBGBIWert: @ HU' sn%ﬁ

an ®¥cohol C QJIBacHE Wivd, Wbictld’ Iancﬂé}?rm &ark‘éﬁi?ﬁnyfudk%n R GRlp KalionehiifSta hka-
crosslinked, pﬁ,@y\loabqrm,tgwm 0RfunkaGRfbRert sal Ch are surface functionali zed
W th strongly acidic functional groups to a cation-exchange capacity of
fromO.1 to AHahieanwig in AnSpridha HerdprueHt, iwabei:0f esters wth a | ow content of

et hers by cont @&glina@rgarisché Glure enitadeindAlkchol Ty Kbntake gebfacBtStidl umidishszare Al vwrseln; at
a tenperature ofierat | east 60 * C. 10 EP 0 552 541 Bl Patentansprlche 1.
Verfahren zur Keeisbaeiischg EsonmiEdéneAtikohni it Kertahiegebgeht iwindj em dake Bstbrtumaesietihem

bei wel chem eine organi sche Sgure, ein organi sches Saureanhydrid oder
Ester mit &i risrightinkwiad? Aesprucieil ieder im Angpeic @ ippangprucht, wokeh die rHalinpenausiavschkgadidt n
der Gegéhwar tvor@iie 2049/0ystn| yar omat i scher Pol yner konchen in Kont akt
gebracht wird, welche Kor nchen mt stark sauren funktionellen G up P n auf
eine Katiofk er¥ (febhyen, wi m(%{n %? e{gg enmprg_chmegnsgmgit W&?I ghe K&rnchen Gelpolymerkdm-
sa&tn/efunktlor‘f TW%dP'é'PT '°§?rﬁ olymetkinehen sind i e in Anspruch 1 beansprucht

wobel : 10 (, q‘ sc e . Sgur n

b h t20 orfahl en wne o e end pruc S ﬁ%els r.{ggcp c{le
senccnt b et e Al Sl R
Ver f ah
Kat i onenautt ooy gﬁﬁﬁ‘zﬂf b .%"*"’9%*"‘*"5’%‘#“%5'? Raner R AIRRY HE Homoo G a%r%sn

wi e in g nemvorhergehenden Anspruch beansprucht, vvobel di e Kornchen

Gel pol yrer k6narfahton>wie in einem vofHaRBheRSKAT AnERRich BR&HsSHadht, Rhei BB ARRRGE DR dis BSle, dad
5. Ver f ahr en,ankjdfd bdbr GérMEStat v @inbral IMHREGREAR IAIKOIESE U RikEHBEANRTY Gldr AlkoRvbEster von
Wasser, wel clogst whaoahstdi e Unset zung gebi |l det .wird, w hrend des Verfahrens
kontinuierlich entfsrrt wird. 6. Verfahren, wie in ei nemvorhergehenden
Anspr uchke b&arverahrephwie inveinern vdihergdhendse rAnspmich \beansfrleht, Grobei Jledl BlBotol € ibist zwafg 7.
Ver f ahr en, wiKehlgnstofigtoreetegit-her gehenden Anspruch beansprucht, wobei der

Al kohol und die Siure, das Anhydrid odor der Ester in einem Mlverhaltnis
Al kohol : Sg#r /ertgrapowie in ApAT virherpebrIden AsRragiotoanspiueht, WoBP] dip, BganispfeSipg: zweij bis; |
30 8. Verfahrzﬁ?ﬂz'gmﬁeﬂsﬁ“‘ﬁ?'?@?ﬂs%rhergehenden Anspruch beansprucht, wobei
der Al k6"’holm.§|8n bi s zvvan2| KohI enst%&%onsﬁﬂggs%tzlt 9. Verfahren we in
el nem-vorh an| S, he Saure zwei
b| zwanzi g Kog‘ X A(ﬁ( Ik ef"fttm't :’3’8’ bispwans T“ '\'/}? ist, unciadPer
AnsprUche 1 bi bggres'beru qlkomperigatp mit Siem Erzw@flg Reiots gmﬁ'ragk@'ﬁiponente

Mt zwei, \émwu KRGS Shleb AuOdHED P é@@& waféé © safiéi! ﬁa&%
ei ne Al Koh f ﬁe thfoné?lhﬂfﬂﬂ&a "E()jg Y kidFeilsi Ed
11. Ver V\’endu'?‘ﬂrsiéﬁl?iﬁtvgﬂ Edtorn Wit 3 ,arg@rma&dé I?En Bﬁérwma %@% mschw@ %561% h-
stark sauren yiisdet B56H hie Bindsh WRBIRN ba bineCTdMpolsdl LANRIRAUEBASEE ST RBRZH: bbtackON
0,1 b| s 2,5 Mirg/ g slurefunktionalisiert sind, bei der

® Revendications

1. Procédé de préparation d'ssters de faible teneur en éthers, comprenant la mise en contact d'un acide
_ organique, d'un anhydride ou d'un ester d'acide organique avec un alcool & une température d'au
50 moins 60 °C en présence de perles de polymére vinylaromatique réticulé qui sont & surface fonctionna-
lisée par des groupes fonctionnels acides forts jusqu'a une capacité d'échange de cations de 0,1 4 2,5

meq/g.

2. Procédé tel que revendiqué dans la revendication 1, dans lequel:

55 (a) un acide organique est mis en contact avec I'alcool pour estérifier I'acide; ou
(b) un ester organique est mis en contact avec 'alcool pour transestérifier I'ester.

11



Her st eI I ung von Estern mt einemgeringen CGehalt an Et h em ei ne
organi sche Sdure, Saureanh- ydrid odor Ester mt einem n"mﬂ %m
Tenperatur von mindestens 60 | C i P @§h2 B4k Blebr acht wird [mns
1. Proc6dd de preparation d esters de faible teneur en et hers corrpr &naht

@ aci oo O of ra?étaé‘sewseev oo L et et et ogiocrs A B 80 - ¢

en presence perI es de polynere vinyl aromatique reticul4 qui sont &
surface f40”$rL K 38ion rbn% B&Jquéj‘?: béh Q&i%nsf brﬁ’él”ﬁéré r@&@dﬁé %@E tsﬁntl dé§qu a
une -cap acrt ,y é

reven’dr qu4 dans | 'a reven |cat| on eque (a) un acr de

Or gani ques, eplcddl Solbi! 6 NJudiednqdd’ 86s k@n&@éﬂbnsp&éb@d&&tsl dighé icdlel lreAAChroiRite BaF 16 D)

un ester or gadibrlsse exdaite dfl pormiRencd pdndsik levse6dél ' al cool pour transesterifier

| "ester. 11 EP 0 552 541 Bl I 1 1 e 3.

Procede el Piacddé sslenviting qusitbnqai dds grécédented asvendicatipns, | dahsdlequalna Giripératireaidtange de
cations estad®°0.1 b 2,0 meq/g. 4. Procede selon |'une quel conque des
revendi cations precedentes, dans |equel |es perles sont des 5 perl es
de pol ymdr ePre¢fdé eselon U'unke quglpondue sdeg geysndicatidns eprérédantsp.odans Mequdl . I'afepel cot d'4cidee| on
| ' une quel clankydrded ey I'pstay csneti Riégents denspure cappst melsire  glegekacidegriedolanhydtide oy @Hui t e
par | a'r 6actdotasteedlentdr 064828 1en per manence pendant |e proced6. 70 6
Procede seI on | ' une guel conque des pr~cedentes revendi cations, dans quuel
enperBat FfP¥ds seigy’ “T"tq‘ﬁ"’ ’gﬁ‘tdes?"""ep’?'??&@a@’éﬁ PRRS: F“’lﬁrﬂ%‘”ﬁlu@?‘l?b‘??&i?@e dewna
re ndr catrmatﬂq‘%sc‘@cfé’ﬁ?@s dans loquel |'alcool et |'acide, |'anhydride ou

R v e B s
une

de cay|
Pr ocode sol on

congua "des revendi cati ons prdcedentes, dans | oquel

' al cool 1P0§r§&ﬁé’ b GholtdrideH geR haRR= ﬁsr%b&n&eq P 9. Procéd4 sol on
" une quel congesd PossbRVRenbdRkrt Add dold8ix SiSmesctidarbrisdstel | ' aci de

or gani gue pogsrestélPosiBaciMbsmposiit Bi6dol & G Evin SoR&l d3QaBenel 0. Proced6 sol on

| " une quol conque des revendications 1 h 8 dans loquel: (a) |'ester possede

un conpo3anttilisetibriae peles] Gelolymaré RalarethaBGIRSEREGIS CAN SN R sufibéd Rictidalisée par deb)

| ' est er posgagpes ishcticrmelp acidestiord| iqwh ultccapatittid$chaije dalcativhsdale1 & @/5heae, dahd .

Utilisati onlagedpsiod @'sstete dp ddibjarenedr en Btiibraparvaite epueontabit d'dudcitle, djun arhgdiile au

sur f ace f ondin estenerjanivbe & pee teripdatge dapmeing 8Ct | onnel s aci des forts jusqu' a

une capacite d' 6change de cations de 0,1 A 2,5 neq/g, dans |a production

d' esters de faible teneur en 6thers par m se en contact d' un acide, d' un

anhydride ou so d' un ester organique A une tenperature d au noins 60 O

C. 36 34510 45 50 55 12
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