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co-current direction (see, for exanp Figure 3). In anot
t he heat ™1FYhiqibe first effect af;ﬁ‘ralé‘z)’f%‘twae?f?fef&yd@xnd Fapopndde eondesserapdbrsttemeddol thtzo a

differ enﬁrsteffécﬁﬁkthqﬁxb aBy &dﬂ&nﬁx@&x\/ﬁﬂﬁd’ﬁyﬁﬂe Jiyedé' s heaﬁﬂﬂ]ﬂ&'ﬂ&d@actﬁﬂq‘rom the prevxogé ycol
compound AsuSoFieimaiss e wiB oot Gl B Wl p i e Bt el s

t he :Fﬂ/d r pWiile efisereium the final efertchem s@ids a irdditiowsy copildnive pOSbaned sEbt e aliteSisvedtedt, as
the |i qL'zibgveh%qga@t\féﬁlzorteeﬁfjcondensmg and :%ﬁ‘mﬁ e 'évabsrat %l & \!x ggd with a new
feed of hydr OXX‘Q? npound. For exa : ndensat e

Return 9 is c8 tﬁfetae dhfclopre heesin pose § nEsylH xmmw CPCF@eelthit v@wm thieondensisg anéf f ect

f OI’ r eaQEﬂhﬂﬁ\g kdhe Esh&:alfed! Be‘éﬁee@% %Erat@ effects it 1s n'b?c‘?ﬂ%a'l 2o %ﬂaleefﬂé\étst e l‘inlﬂgd xh:'%%x' de
ver, in the second effe of gure 3, there I's no separate

35 | i quu“&“m’d FERple: ‘f‘@’éed’f%%‘é/%“bf’ﬂ@”i‘ é’éfd‘ﬁ‘ efﬁfa&S&ﬁféd 19 Sttpresplspayens effgstfor
Condiéns awhishRetubievapctatddydiady! @mpdund) @l gicbildisolve@erein (for ex&rﬁ;ﬂa the FBARSALE Bridflot
compoun Y. ouynd for densate js conbi ned
in the (S:bérz(l:%_ ﬁpoﬁ]éuyeﬁ gcghq%a%/éhe ﬁ:eat om"“n1 éevboil_xs Vf\Qca Hxst&!}lte avf WB‘E}%&F WQ@H is

bei ng prooERRYEHmYYS in dre- qumeﬁinleetmn @mr emmplk iFgte 3bf1n trfother embodiment, the heat from \A®

98/ 1441 %revious effect’s di

POT] LS 31 s effcts dislate i waneferd o  diffrent ffct than the unevapored hyltoryl compoutd 4ol | ¢ 1o
art wi | B9 dptied thereinatuchha thebeat andibeiunsyappryied kydipkyl comnowndrmepve i celnter-current

al s®obe daetdes] above, or within, the reaction zone of the subsequent effects
if so desiredcﬂlﬁ 1 . W n(grrultl pl e effect evaporation reactor
is utilized, UReVapEros é&‘“ﬂ?&}’&’r‘%‘sﬁ’gﬂ%’% Y FEer B Rpd grelpeigly as the liquid pydgpayideed

di ssol veteatmharignay be tanbinedwis e w dd sf0ydtoyLdSPEHIE Bor SMAREREiER83, aRlcurdngkf ect
at a poi f the suhbsequent effect such that
it becorgg{sumttbﬁ‘l;e&ﬁ(‘b gw“qetgcéoydm“ am?oumélp lé}ﬁ °ﬁ'§sgﬁf§“ ﬁfé%f“"éf"f S‘bft-"?‘ edpdhd

t he hydrestipn zene n@bun@pm;ie ﬁ?gnmqnm fHomeed indrse@hdaifeg] of Bigibre mmd:us:xto seﬂatatei S

i Npast amuid

cuboeqopy. ARt fbiE APk BRand BB e omoens ReBuB 8 oty
conpoun ofl fipydrgpl ponpgund. The only pidipxygomprundsior which thepvierset seomliked "gh%@'cnlnd
product effayis tha e¥aBérhted iakyl Enpbunt Whidh B B&Ag BOMER inSthe e} 26ne! FANRIRMEI NY MRY
be continued for any desired nunber of tinmes with the final transter being
for the purpose.of product recovery by 10 trangferring the unevaporated
hydr oxyl conpound, and gl ycol dissol ved therein, out of the multiple effect
~evaporation colum reactor. In order to evaporate t he "unevaporated
hydroxyl conmpound” once it has been transferred to the subsequent
effect's reboiler zone, it is preferred that each subsequent effect of the
rrul ti pI e effect evapor at| on coI umn react or be rral ntai ned at a | ower

o . e 1. g o Y o o Y e Y b1




mul tiple effect evaporation colum reactor. This maintenance of pressure in
each effect may be acconplished by 15 any neans known by those of skill
in the art such as an overheads purge on each effect that allows the
pressure tWO98/14419 pe i ntained at the desired pressure. | RCT/YSH[13H6

possi ble to evaporate the "unevaporated hydroxyl conpound” in t he
subsequent effect by maintaining the tenperature of each subsequent

effect's dieheird RfeirZ mmeraﬁoswf@gn RSKeiab @hlYrecognize that 1¥regiREd I BYIRRYIALHPERSA could
It has been dI‘fC %)ered at a syner |o?t|c effecffe e%ults when such a

mul ti pl e BPPEA{IST B8 Gl LbedrAciw 2 ° TIPS ° & dranuf act ure of

et hyl ene gl ycoWhefnrmltq:uehyfh@ Mp@a(ﬂoidﬁ,acajﬂd ullired Iimevapbraicd;h}ﬁfoe)ﬂ esripednd, £hd gKeol a
ts;/g![ gmo:c Spr?dﬁl ttdlsfo‘tl' ed Flertelélh f g:ﬁ\ r{ed %acefulﬁ qaftmt E\{tag(}raehgxlél t? rbén?]l e% E(l)lgt bglfoIv e reagtleo?iCt or
evaporiat ewndnf theasbyequendeffsersmt thatiybebrencaih ey drond lcommuwme@ behfesuwdveme@ect rBinge der
to provi dtﬁe l%ﬁl%ﬁ)g Yor&;ofldd%ﬁgﬁa\ﬁsfér{%d E(Q\%ms glycol prod'u@ta@{s Qﬁpox%ﬁ?ﬁ)ﬁ s ;Bt%xﬁ %Q&??e% td? f

t he evaporation col'um reactor systemay be attributed to sSeveral ftactors.
For a P°é‘5<‘s°|‘f’p‘1 the supssqusnf &fect fysachinzene tQRinjmize s E%Pa?‘l“h‘@ CROBIAE PR I‘";?t Widl bty
evapor at i fedio tHel3fect. Ndthdraike, fhegny‘aol SR A Bether re@idt YOBHm highr gRBols. sru@m}aﬁﬂerﬁxrgqmyt he

reaction Zone. n as i rem)v Qf the glycol
i 7 o<0e Sontnda il B8 B o i i o) B8R Vi o B EHRIRS S PEPLG BB o

Furt her, thedatimshd inevaporaledydrbxyta@mpaiid) dnd gyctiaiskalvagitherein, out of thhelumﬁlﬁfﬁmcat ure of
the react o ound at
t he syst eé%%rah&‘ C%BH% geg%}lr) egn #’%r &Q?agg}% P’L ng}éﬁr%% hgjr?rx%r‘%mg%qg oélés[e '%aggg)‘bm | up
whi ch berfeepsferssd fodbeesthsetyers effestsrebipiler gone it preferred that caghosbspanent effect of the mpliplat ur e.

30 effect evap(;glf%n hﬁmdcf%pbe%alinltau@@atfa Wvuteﬂﬁéssuﬁé BdnitfeipRSsuR s e ﬁ@ﬂ&!s gdcAdrien
of the fol exanp whi ch are intended to be purely exempl ary

of the u s'%“ l&ﬁle elffgcé eYaﬁQféth‘ F%\ﬁnn reactor. This mE%raﬁameé)é pressure in each effect may bFB‘fCO’EQEH“Fd by
the fol | owmy mepnex@HP bthose f sRifli thd UQLLS af zﬁi&&érhdﬁtﬂ; pscgsaﬁmn\m&: mmawSuﬁetpeadsu&fm
PYREX[ err onsi sted.q "

r ound- bot mn%“#“f“&‘i?é “Fg?s“adsﬁ’eéﬂ‘bﬁ |I‘é5r a‘s"?ﬁsé‘glf é‘b%i‘ﬂ%f ‘hv?/a%""'ﬁaéﬁ)ﬁ‘é%hygvx i n
heat i ng rteerstibsequenf effdchiey nragitedriigelre, tergper3tBre iof wath suiegyery yifeot’sgetioita homls @ peressivelpl umMm

was attaghgd {dQeffifes M ddl e neck. The colum was packed with eight
inches of Tnert 1 4 inch Berl saddles to forma stripping section in the
reacti on It has been discoveragghatgsyneggistigeffect results when such a multiple effect reactor system is

PCT/ 4g97/ ul:ﬂ;fé@ 6In the manufacture of é8Y) &m @Eb@fr&@ctbmg@ﬁdegﬂd W’r,fld xHQEfQ?éd hd QB4 €aifer d

resin cat above th strl ng_secti on.

prepar ed ‘%f/y 3}8?:5%39“6 Fry “gé‘ic? Ry} %%T"‘f‘é‘ﬁ‘?‘&‘ SELdS gﬂlﬂyﬁﬂé Y‘BF‘FE’B" aepLpf feptinp of the

di anmet er ehapblagihyeipxjlciepctndfiay bt bseCover it ambpldeffects in order to ﬁeﬂahrederggefﬁ@ent:)}‘nﬁ the

t eachi ng nt iLhcor ein b fer ce)
to form zeagtfoo Svd‘% ﬂgg&ms Bk of 5?r§1°hc ummfaﬁm %R\?\}tg ﬁ/&y Jf}ﬁl(itg? {(g)ssfﬁé on?t%rs grg’l d.
About f olsranipiee breapsethe redcton m@hurﬁercbncsrepddbl with m@nqnhmmadd@ehom orotikes glyéol, is t op

of ths C@Lrﬁdv&ﬁﬁoﬂ’%@ Q&cﬂo&ﬂﬁe rﬁ&iylzlmlcq(f? a8t hs fcﬁiﬁeda&hlgﬂﬁxbﬁmf% g@@(ﬁtrﬂuglﬂmesA one
sixteenth inch fe port was ad he colum tén i nches above

the r eb0|dF"é‘F‘P%fﬁ’6“ p&fgrfhebréﬁcsws EOH‘édBP‘E‘PB bmodt% FE‘E‘FT BRSPS thshydroxy forppepnd ishedinge

packi ng. tl-ﬁOemperalure of thB &a&tﬁﬁ)ls QdntrbilRe btd BoilAg p@Ant GOPEISBBRY codpSundla thCHgeln The
a chilled coo 0 tlnuousI%

condenser_was

ci rcul at &5V rougﬁalt if r%cfm SIPRLY S m@f&h?ie%s‘”ghhg?’%‘yvare%§}°ngs?l§“\?i"fy Ut REEFS
t he top démpehwrer eacti on zone. The reboil er was operated at a
bressigre of - abhidy {18 8. &mpag?ﬁe@m LY B e SRIREIAIE hlon KT dnis” ] C
10 I n eac he exa e reaction produ wer e anal yzed by
gas chroﬁ&?%?@?&ﬁwnpéﬁwf&mawfw@wﬂﬁ%r _ et hyl ene gI ycol di et hyl ene
and hi gher glycols, and water. EXAVPLE 1 To the
reboi |l er descri bed above, 651.45 grans (g) of water was added. The water
was heat &Xamples | | ng and allowed to evaporate up the col unm through

the inert pac iﬁomcﬂ? %e ?(ﬂlromné/ é(tamﬂglsda ééptmlu&lrs Qaa&xlaﬁsygt% qm%x%&ucte-gtaﬁ%wh‘ It

condenser was al pérate at tot al flu and ter a steady stream

| owed
of cofderfeniisied pfedapp TP'B’L“ETF %thhr%ed‘e‘t%““d “bottorn ﬂaé'bﬂomfﬁboﬂfrhéheéewréﬁ%heet e (EO
feed punmesiagmhnde. TRLhXBboild E36hiRE Bng BiloRe Méh dReldPludid wad AHRAED to THI niddRInkckUP Of

The column was packed with eight inches of inert % inch Berl saddles to form a stripping section in the reaction

onto
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wat er was determined to be 240 g/ hour. The conversion of EO was determ ned
to be 35% and the selectivity to et hyl ene gl ycol was 94%

EXAMPLE 2 To the reboil er described above, wat er.
was added. 8ell"\%/}ft er was heated to boiling and al | owecir/f}%sg”el\?%gor ate
up the colum through the inert packing and catal yst and up into the
condenser. The condenser was allowed to operate at total reflux, and
after a gPeawy 16 inchenpfipertluresiRairaa Esip exphint Yo heitinging SetiopeThe catalyst waso| urm,
the EO fq)waarpdmemﬁng PG dsuTbnic ;;Efaqmmﬁ@ma eat,echafmaemmclyﬂmg{sfammcon&hﬂd boi |
up of water our The conver5| on of EO

i et orAHIoFU 1 B R PO A ek 6?%’?9? '8 b fYefrenss) to fogr & s a5iks
93% catalyEXINW_\E%?perﬂuorosulfomc acid. Aboutlfourtifvies ©fil dtcly Bérl sadilds iwera theR addB®to the
reactison e Bsinches, t he
cat al yst 09 the ézga])éfp%h(fn lhe €0 u(r)n\x/:l?o %{]as Qn g‘nng}xl?rl%\é&horg‘er}\ctt%? g%’(]t'ét%nﬁlrf%h feed gort Yaso r%io ‘;Z tgne

t hat was ﬂ)_tlcolium lsa énclies gffove ﬂﬁ)re\tolder apdibe bl the top of thehtripping $vetipn Blowd veddle BisRing) STog  of
wat er  WasneAsHis the cdiiin, \Q@éneénse%& HEALL Ind @nddfed b3 go@ea@y @Lﬂu@% dpﬁmpwlﬁeﬁ%w at e

up the 30 col umn through the inert packing and cataly Into the
condens eFonMtippRusly gifHiard Brovgldsat 471G dvoadertets felifu ety directly °“‘&i“° f°6t°§1‘lh¢ ?@F*Pmne and

after a sme@dwms\wsegaamfat élEl@d’b?&Ecﬁt m&;ﬁr@gaﬁgﬂ) wdraamememm&@&fumc the EO
feed punp wa urne ed rate of EO g/ hour. The

boi | p of MtI%?aCM§he&éW ‘*i?é%fc‘t% P‘ES’ “°§0‘6’°g"?%ﬁf’r Y 844 r°ma‘°gm1’h<¥ B A Rnfiggorof

EO was dethglensighed, didhyleee MO Yiglenglydolspang @htect i vity to et hyl ene gl ycol was 93%
EXAMPLE 4 (multiple-effect evaporation colum reactor) 35 As an
exanpl e EEAMRLEDI| e-effect evaporation colum reactor having single epoxide
feed ports in T%%heballe]g descr&&g ﬁgfc’ 65%‘&5%&9! (g) & QLHJWE% adiBy ﬁﬁ w@tg%g hdalld ?oebrohigg to

t he col um descri be ove, wherein
9 and allowed to evmr@cgqplhpépg!gmn through the inert packmg and catalyst and up into the condenser. The

PCT/ US97 c3nf83& was allowed to operateQt 1T Ye R S4H hf@?ﬂstﬁ@ﬁéﬁ@mﬂ & cbﬂdbﬂsht@ﬁ‘é&arﬁ@mﬁ)ﬂg tdthd 1 d
colum of a triple effect reactor. Each column is |%ent|ca

col um d&¥PFH 8@6‘“&5’8%“‘%9?9&{5?" RURR 2% TR B TsTeL prde PP s it ?hgb%'ﬁﬁ&ct ed
to a tramnafeewasldetargidedto be 240qyHoat Theonversion of EQtwa idétbrinire@tofbe B5% iddehetselgrtiaify b he
first col n heat exchanger of the second col unm and back up into
the fi rsteM%c%Yy%wgs%qrm as condensate return. A simlar transfer line is
connect e@ﬂﬁ% the second and the third colum. All 5 the colums are
connecte S es such that the bottons product draw fromthe first

col uff i s trarfethersbaider describpeabove, 547.5 5 obwat (aagfadnmbe vatrd WesHeatesse baiking apt oduct
draw fr orndwRe0ee£40/d uf Bk bl throdgh @R $deR bafcﬁdg inQ cih dnbii |u15 ftoGRY cuimnseﬁaﬁb

colum is ui pped wifh an over for contr.ol each co
pressure’ °"$%‘éer f”{g? ”glt“w%dtc}? BRffpiet ‘l"'é*GBfﬁ’l" EEBH ngr a steady streagyof ¢ %ﬁd‘gﬁg‘él?eg%{‘ r@‘ﬂfﬂ’dém o the
pressure cmﬁmrbeweemd Purp WiPaurted o . The ¢Rbrata ntEGwisa Opasuat T]feeoxovip dieteen 140
1] C L@l 501, ol Vo SR SALHI B L EHPL B sy D50 i
120[ ¢ r] @yedbwasdBferr ] C. The third colum's reboiler is operated at a

pressure of between 0.05 MPa to 0.2 MPa and a tenperature of
bet ween SEAMBLES to 120[err]C. To the reboiler described

above of the frbihsrcataﬁk 44600 mbs‘etrmeda 26 Gh thdcoliaia d%cﬁlfed mwean ddgitiadOeehesi e
heated t o _boi and allowed to or at t he col um
r ough BT S en M) R e AR E 0t o pote B e 1 nchas ety 1E 6 Eprolhe

t ransf er ddstribed ab8id, 651.48 g sf \Wyvaﬁduaﬁamwfatecwmhma& B)llhtg gndraﬂo\baﬂ 16’ evhpubfare upa@het he

col U?’ﬁ’ouuﬂ\?m Elg%gbg%ql)e inert Ipack'%é % Cftslystt nd d’s (ijnltootpe cioncp:gser el‘ﬁe? c:oBEi?l tns%r \9as ah:'é\)wed %o %%gtat\g/ee n

10 g ran roduc
accunul antgotal rneftuhend #lo0d steady soéamidf eonﬂtznsmbeslh freatmmg th the miwap@ Eatfcedl pwgtvers and

gl ycol pEuQrghl 81; '1|h§ fegci AMs ]9(51 &'asqx.i? @E&HS The boil up of water was determined to be 300 g/hour, The

conversion of EO was determined to be 56% and the selectivity to ethylene glycol was 93%.

EXAMPLE 4 (multiple-effect evaporation column reactor)

35 As an example of a triple-effect evaporation column reactor having single epoxide feed ports in each

effect, two more columns may be added in series to the column described for Examples 1-3, above, wherein the

S r » s 4 g



of a transfer punp or pressure |etdown valve and transferred to the

reboil er of the second colum. A simlar process is conducted for
the second colum, as with the first, and the unevaporated water and glycol
product WO9B44Y ot he second effect is transferred to t RCYHPYHTEOf oct .
As water is evaporated up the third colum it reacts wth 20 the EO feed
and water and gl ycol product begins to accunulate in the reboiler of the
third ef fawin deddribedabdve @ utilized as thevigrtl ecrlurmeqﬁ oriplesficonatensidh i:orhmtnhexdmmlen&er
and ret UL &&rlﬂelag%ngg(%gly:t &F\ (Q}%f e stI cgluﬁxgxs c&nxecteuli& ﬂ&hsf&%@e%é c?r@lﬁa

the EO fee I'n suc fect evaporation reactor, It 1S ca uI at ed
that 1. 6dlﬁéletﬁ fiem e t@tOéénﬁw colump aroynd g hgat eedlanger of the sqspd cs’em ghdbhckasp fryd thefarst

gl ycol pﬁm&(\a@%naéns@e B! M RirYE (hMer iR c@nr@éted&etlveénvtﬁets%on& Qld &l B @aﬁ"up Xdyd e)

EXAMPLE 5 (nultiple epoxide feed ports) an exa
si ngl 2- eff %‘E‘t’““é%’éﬁ%‘f‘%ﬁ‘ef’ Erieried F‘iﬁhﬁ“r"t—f‘ré&‘ﬁ“&‘ﬁ P‘H‘éﬁﬂ Jy Gm e fﬁ'ﬁ‘é"‘éﬁm&ﬁa’eﬁﬁeﬁb‘a ‘he
ports, asecond colurifRBrdftiRtoidinis P ECdEhvefrsm mu&eadnu &ﬂuddtﬂStrﬁxﬁféthd@cI BhiBSRehn U BRA

measur ed | netics 1 feet 4. 91 neters)
o o o e Peed i s B e fibe Son Sfmpetriie e prtsbitig? rSleeh
ef f ect oObpetaled atrmghige plegut eﬁ:dtween 0.5 MPxao 2.8 Mmasndexmpi:naed oblyetwomtHICC ka YO °C.

co Hp uter gﬂ%&%ﬁﬂﬂ%ﬁ%r §1le¥\4s To& a%ela ghag:m?brof Qeftwe%np 8% Milg to IWPszﬂﬁ I; ém egityrc 09 from

e ba5|c was as set re 1",
des c ﬂ‘? bew‘wer EORC tapiep °¢1 o'f“ne é%répghmncs rehgiles rs|°aqrate!et a progage oftbptveondds Mfattcmez

react|onMppﬁ@amyaemtngtoﬁLewye@,;@o@fw epexi de feed I rrespective of the nunmber
of feed ports const ant _at 000 pounds_ (22,6

ki | ograms) of T‘E‘éf ‘ﬁE‘?’l"’I‘ﬂSffF‘bedﬂ’Pé"' ﬁ@eff’éséEPIWSbeR’@f)‘t 258 éﬁ]ép syf Yt fsraikﬁﬂrt Ehg water
anongst i heekd bbmegiarﬂ@lldv&d bevapgratu tip thé oRichn (hraugh lhb’ﬁcl’pﬁhblh 'ahd cald@t dn@@glintoat € t o
i nactive

const ant angf[al Oféh He tsran sfer h(n& /?.)fl{' cpa Tl?ead rstreaD of C(fnd%]Su[tﬁq)eEl lf’ re%in to ﬁ)e ccgurfrbalﬁ%%f? dgr ams)
of t bt al puEDIs turned Onf @eedeed'f@e 4f EPussherwaend 0 FABI: Bhd BO g/hRunASWatghmcal pragtd begivanber
of feed aaqsct,ﬁulstpm% rémneT bR e RORESpRIA WaRFA ggic@pmaét is dr;w;@aﬁ% ymeafly 11,
14, 17, 20, 23, and 26. In "Run 8", 80,50 pounds/ hour /hr) of

wat er wad 24ERHEEPuY of pressure letdowrh\alye andyrnsferpd i i Epbeileref themendtcewﬁer/aflmle at the

r eboi | erprwas iskédduetd thiGheashnd &bﬁmﬂx&ﬁ%ﬁ At FisCand the L apoRRE GASEAInd YWad! product

\],'\gfgrer r Lf%nhg %e’e&tﬁlae e%%gangfgrgd wbc tglrc;J e?fﬂct Vﬁs wa%e? gs exiliatporatecp upehse tl%rd c-(l)-mmn 1t(r)e|ac|:ts wi% of
10 20  the EO feed and Wi 408 £1eblgkSHuct begins to accumulate in the reboiler of the third effect. Unreacted

\IZ/aC-Sn gg? Zé/a%% g%gr is cony enseg én %@c&ﬂ&gs%éﬁ;\? ﬁgxm%eﬁg!‘lgz%gm% Qénlé ag ]iqul-g fil& flﬁ'&gp{%r f?dn? Qlthor gl y E(?l
was 90. 5%eE0 frp rlefuelr triple h@ect'%mecrndeaeen VEGlcujged ﬂeol @mum of sterg rwﬂebe R

t hrough p7er pound of ethyltHeiglybd §da R et ¥ 816 Wei it B 8 8 (Watd@ %o cEﬂ-}ﬂ:mSoxxde) S
TABLE d Sn # #of Fgﬂe‘té %orts Location of Feed Ports
% Yi el d EXAME@ 5 gmultxple epoxide fled ports) 1 26

gg 6% Asan exagxple of a smgleseffect evaporation column reagorlhiv?ng %txple epoxide feed ports, a

89. 49 manufacturing-scalk simulation whs conducted based upon measu@d kihetjcs 8@ a réd@or diameter of 16.1 feet

89.91 (4.91 meters) havifZg a total of 305s'éeve trays, with Tray 30 being g\e re%élh’er. ﬁe ef%gl’of gtgmuléi%le feed

90. 18
90. 35  Ports was examineg by conducting computer-generated runs with ghe number of gpoxife f2efl popgvaryirg from

88 g? Tupto8. The basf® design of the &t up was as set forth in “Figuéyl”.%escxlb%d helé.qn, bek fio cazf@ltic frateriad ©
" T30

was utilized in the reaction zone. The total rate of epoxide feed, irrespective of the number of feed ports, was
kept constant at 50,000 pounds (22,679.6 kilograms) of EO per hour. The EO feed was kept equally distributed
amongst the EO feed ports being utilized (“active ports™). The feed rate to inactive ports was zero. The boil-up
to EO feed ratio was held constant at 10 pounds (4.5 kilograms) of boil-up to 1 pound (0.4 kilograms) of total EO
feed. To illustrate TABLE 1, “Run 8” shows a total number of feed ports to be 8. These feed ports are located at
35 Trays 5, 8, 11, 14, 17, 20, 23, and 26. In “Run 8", 80,000 pounds/hour (36,287 kg/hr) of water was added as the
hydroxyl compound feed. The temperature at the reboiler was 177°C and the temperature at the condenser was

164°C. The pressure in the column was set at 100 psig. The boil up of water in the column was 500,000

" 10
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O her enbodi ments of the invention will be apparent to the skilled in the
art froma consideration of this specification or practice of the
inventio ' ed herein. It is.intended that the specif] iggi .
exanpl e @ggbigh’écon5|dered as exenplary only, with the trté scope and
spirit of the invention being indicated by the follow ng cl ai nms.

WO 98/ 14419 _ . PCT/ US97/ 17936
What i s rouedsie (326,796 kg/hr). The conversion of EQ wigs dprerarined o beBd oy anglthecselpctivity tan

evapor at éﬂ@%n&@bd&fmas@ﬁ 894 OfherefoRCthE®h RRM 1S MBBF w9087 for “Run 8”. Runs 1 through B)
feedi ng a_hydroxyl conpound into the reactor; b)

f eedi ng %ﬂ”@ﬁ%&Y 8L REEREERATR " At o the reactor such that the epoxi de conpound

is contacted 5 wi t h hydroxyl conpound in a reaction

zonefynder conditions such t Pbstantially all of the

epoxi‘de co| ‘f?Eﬁ§P+€P4£§QE§:?F?GH?%—eGﬁ1" 6 g-ycol which is

di ssol ved up ¢ .} of Feed Ports Location of Feed Ports :‘;,_;_______,_:_g!: und:

G) I e MpyHRgRe—--t-g %%2&5 greH-e—Ry-e-aa #d di ssol ved

glycol awaprremi-he—teasthar—- ge; 10

d) hea—iﬂg tﬁ%—ﬂiXFUfe °&l;§ﬁ§éu Fry-e-aay i di ssol ved gl yco

such that pi—tegst—sefre—ot—17 ydir oxyl conpound is
e e 18,1417, 2 90.18 N :

evapor at edjaway—trom-the gHYEPr B1?ﬁ§§26 50.35 €y condensi ng and

refl uxing pae e’ﬂnurated'hYanA¥!1¥?§B?QQ§ a.@oﬁ rbt-rAg—{t with the

hydr oxyl cpapoturdg—of—Step (.J81114172 2326 %gz%ggziz::rf epoxi de ‘f eed

ent ers t heeaetet th+eugh—a+-+1ﬁﬁﬁ—44kr+#<ﬁ+ : hin the reactor.

15 2. The nethod of Claim1 wherein the evaporation col unm reactor

conprises: a reaction zone for reacting t he epoxide and

hydr ox ;l co np@tﬂ&@fnb@dirﬂeﬁg g*‘ LheexBVGEIQOQ %vﬂ)"%i a?gelfe}mtsto lhg %Eeg g\ %&tq}g arlgns dedf o?{ﬂxs

zone; ensin uxi ng zone océ{ed above
t he reac¥PécHisationqepracgiee df @ay{ven@predqu&a@ﬁ bg(gjp } is éngenegrg that the spec1ficauon and exampbhbech i s
| ocajeed IRQHRA N exthiidd sm,t afn heRfkkiopdand gm,of AP R vation BAS hhdit D 15 BRXAMRiE eed
ports mhlch are | ocated above the reboiler zone; wherein the
reacti orf@®he, reboiler zone, and condensing and reflux zone are all 20

in fluid comrmuni cati on with each other. 3. The met hod of Caim?2
further conprising stripping any unreacted epoxide after Step (b) in a
stripping section, wherein the stripping section is |ocated
within the reaction zone at an interface directly adjacent

to the reboiler zone.



4. The net hod of d ai m 3 wher ei rl‘lﬁm‘ ppi ng section conprises an

i nert packing material. “\‘“ “‘ hod of Claim2 wherein the
reacti onpﬁ)&zlégonprl ses a c The_nethod of Claimb5

wher ei n B yst bed conptisSes a catal yst sel ected frBMHUR"EUp
consi sting essentially of alum nosilicate zeolites,

anor phousygl; H.pRgkl | cates, and acid formion exchange resins. 7.
The net hod of C{ﬁ%lﬁns] 5 wherein the catal yst bed conprises perfluorosul fonic

acid resgin em&&%@&::m&g‘%gbol in an evaporation_column ﬁﬁ%r,%eﬁ%fo&&gn phiflfiPughout a
carrier of netal oxid The net hod of Cla|m5 Wwherein the

cat al yst bed a?:onprf?eé‘@éahydffﬁlléPWP‘@ inyp WelEaier ei n catal yst of hi ghest
activity is %eaced towards the top of the reaction zone and catal yst of
| esser acti vi y i deed 1“&6‘15"(!!"’%"1‘1’%&?@5"‘1%%‘“ reactor such that the epoxids corgpoppgkis ‘E"H@C‘?deactl on:

zones . w1th-ﬁhﬁoﬂﬁiohﬂﬁinﬁﬁaﬁh&bmoﬂ:e wldareidiiodskechefatsabsiadls alebdne ene
3\;(:)' gg/ 14419 epoxide compound reacts to form a product comprlwlgwgg 'Wuft?’é ggsolved in hqmg 10
The met hod of O aibmirdxyideepaind t he hydroxyl conpound is selected fromthe
group consi sting essentially of water, alcohol, and noieties
of glycol. © remjoying the miFtse afiguirbfeydigty! cimpoynd and diseqivel alyqohevaglﬂymdie raetpduct
is selected from %,le ene gl ycol, propylene glycol, and

gl ycol ether. 5 The method of C aim 2 wherein three epOXI de

f eedoports agg ut |hlsdn§§§le AR ehred fi cfuﬁlrh?d}&xymyﬁﬁt&arﬁfdxs%[%@d(glﬁ@l such that at least some of al €
fed into each epoxtllglg ﬁ (15] f3 thod of Claim?2
further conprisi nd"e¥Py ‘i°ﬂ‘8°“f‘ ‘ée"é‘%ﬁ??ragf‘ye&mh@?ﬁlww conpound in an
enriching out undesi red, conponent s
wherein the &hri cﬁ?"r?&ns?écrﬁlmgltﬁm?% b4 o?f’afa[egl}?%“{xﬁ compfoﬁ%naxd COMBIAIng it With e reaction
zone at an i nt er f dgdoxyl mpiuhgofddp Gtent t o t he condensi ng and refl uxing
zone. 10 14. The nmethod of G aim1 wherein the method is conducted in
at | east t\/\/()“‘@@"&f&é‘ﬁ??"élde @fdrfemsﬁle(#ctwmwgh at least two distinct poris Wi fhg ragier- col urm
reac% A met hod for making gl ?/col in a multiple effect

ev ad I’alzl on cB% rﬂﬂpdpgglewrwhe{eﬁ@eﬁﬁ{p%wn e@mrp@ oHQ)mprlses areaction zone for rcgytmg
feeding a hydieeyklde ﬁxﬁlrmd}bbﬁﬂzolnﬁciuﬁd b RBoileLnd Qﬂmh 1s locatcd below the reaction dbhe; a
Lgﬁ?lagtgegnwe?% zln;:mﬂ’ ang I‘ﬁ?]mj}% ZOII:IBV% 1S !ocateg:n;ove ereac on ZO cbalﬁ%;]a ne%rrc}?'?xggfd?d!p(gﬁ zone
under condi thvd)iqkslsmsmtbﬂ dbbrator withingheaerclicnlzbng; @il ht lgft twmommocd datsmaint s ldcged

forma produgl, cRRELS % @gegélmaleacm'z&n ;eﬁougezs@oénw&dén %J;ngve!ﬂex %Q&%y'

conmpound; renoving the mxture o I qui d dr oxyl
comg®und and indfluidsemiparicagenpigicach gt f r om t he reacti on
zone,;

3. The method of Claim 2 further comprising stripping any unreacted epoxide after Step (b) in a stripping

section, wherein the stripping section is located within the reaction zone at an interface directly adjacent

to the reboiler zone.

4. The method of Claim 3 wherein the stripping section comprises an inert packing material.
25 5. The method of Claim 2 wherein the reaction zone comprises a catalyst bed.
6. The method of Claim 5 wherein the catalyst bed comprises a cataiyst selected from the group consisting

essentially of aluminosilicate zeolites, amorphous aluminosilicates, and acid form ion exchange resins.

7. The method of Claim 5 wherein the catalyst bed comprises perfluorosulfonic acid resin entrapped within

and dispersed thronghout a carrier of metal oxide.

30 8. The method of Claim 5 wherein the catalyst bed comprises a catalytic grade wherein catalyst of highest
activity is placed towards the top of the reaction zone and catalyst of lesser activity is placed towards the

bottom of the reaction zone,

9. The method of Claim 1 wherein the epoxide is ethylene oxide.
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d). heating the m xture of | i qui d hydroxyl conpound and di ssol ved gl ycol
such that at |east sone of t he hydroxyl conpound is

gz e, (AR, ., R

hydr oxyl conpound of Step (a); and transferring
unevapor at ed hydroxyl conpound, and gl ycol dissol ved therein, fromStep (d)
to a 10.  The method of Claim 1 whﬁsﬂlb@ehp@mrl cerprousdtis %llect#‘tf@nwéM@mﬁsewmm
reactor at a p@water, REdneank RRieli@3EHBN zone of the 25

subsequent effect such that it becomes the feed of the subsequent effect's
Step (a);i1. The method of Claim WaBdr&@h e LRI fréRRSS selediddF@miethy St cbif ﬂroﬂy&n&@f&)l nued
for a desired nlamg of tinmes, with the final transfer ei ng
for the purpos&’d °ﬂ)?‘5"6‘uct recovery by transferrl ng the unevapor at ed

hydr oxyl gonp n erein [ the
i 14 8 e Br T SoPRaisuRbe Sama vhssyin e ey i bor SR Bla RS fatyd s
C ai m 15 wher eirifed in® ceghopaxie fekdpat. of Step (b) enters at | east one effect of
the nulti ple 30 ef fect evaporation colum reactor through at
| east two'3di stThaaethpdbefClaim 2 further compyising enriching thewyaneratedifydiokd comppBndjimar eptichinghe

m xture of |1 Gudidn By, ﬁ‘fp@?ﬂélaut ggrm&esmd caﬁyénédis%aamdemcmg%cdoms located withip the

heated by a reboil er he meth

O ai m 15 wher SP3URFERF 26 TR C"éfia‘l‘lé‘"ﬂ‘ tfhe @H‘@“sh‘i}lat‘q ‘ﬁﬂ‘%‘"éf‘?’@ct evapor at i on
colu ct I.ned, at |, ower press t han- t he
pressire Bt i (eprld ?f%g‘“é? ?"g"’é“t‘" tga ‘Srf’ﬁTd[“ftEﬁ ‘%até?af‘é‘%"tsp quential effects of the
evapor ati on caivaertisrafning Feactor. The net hod of C aim 15 wherein the

condensing and refluxing in Step (e) occurs in a condensing and 5
r ef | uxi ng3zoneA methation reaking gladobid 2 Inaltiple effectaveporfidngolumg repgtachd roshod oerepraingt

anot her effectys repQil&hyd AP Rompound into the reactor; SUCH that, during condensation
and reflux, heat i's trans¥erred ¥Yom t he evapor at ed hydroxyl conmpound to

the reboiler zagne ofedinden §bl@int6 vk QGdter such that the?@oxnde cor?u_;kb@nm&&ﬂﬁﬁemxt}@y@tbf?l 15
mhereln each subsequent poration colu a reaction

a cl er
zone '8f hi gher cat & °9‘P‘?“B‘?’§8f‘ia?}’i°f‘ §Poe HgF P ‘°bsrs§§’ ?g% ﬂ@t‘aﬁi" %"é’?’f‘%"s‘"‘acm to

form a product comprising a glycol which is dissolved in liguid hydroxyl compound;

c) removing the mixture of liquid hydroxy! compound and dissolved glycol away from the reaction
zone;
d) heating the mixture of liquid hydroxyl compound and dissolved glycol such that at least some of
20 the hydroxyl compound is evaporated away from the glycol;
e) condensing and refluxing the evaporated hydroxyl compound and combining it with the

hydroxyl compound of Step (a); and

f) transferring unevaporated hydroxyl compound, and glycol dissolved therein, from Step (d) to a
subsequent effect of the evaporation column reactor at a point below the reaction zone of the

25 subsequent effect such that it becomes the feed of the subsequent effect’s Step (a);

wherein the transferring in Step (f) is continued for a desired number of times, with the final transfer
being for the purpose of product recovery by transferring the unevaporated hydroxyl compound, and

glycol dissolved therein, out of the multiple effect evaporation column reactor.

16. The method of Claim 15 wherein the epoxide feed of Step (b) enters at least one effect of the multiple
30 effect evaporation column reactor through at least two distinct ports.
17. The method of Claim 15 wherein the mixture of liquid hydroxyl compound and dissolved glycol is

heated by a reboiler in Step (d).
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18.

19.

20.

c

The method of Claim 15 wherein each subsequent effect of the multiple effect evaporation column
reactor is maintained at a lower pressure than the pressure of its previous effect of the multiple effect

evaporation column reactor.

The method of Claim 15 wherein the condensing and refluxing in Step (¢) occurs in a condensing and
refluxing zone which is located between one effect’s reaction zone and another effect’s reboiler zone
such that, during condensation and reflux, heat is transferred from the evaporated hydroxyl compound to

the reboiler zone of the other effect.

The method of Claim 15 wherein each subsequent evaporation column effect in series has a reaction

zone of higher catalytic activity than the previous effect in series.
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