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A PNONSN NN A




25. al so suggest that isothermal reactors may be preferred becaq;aﬁ tvge it
e

anmount of catalyst required nmay be |l ess 'than that required in other t‘y (33

" of reactor systens. Russian Patent No. .3Q01901 al so discloses a nethod for
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Moreover, anion exchange resin catalysts are believed to be compromised by
limited tolerance to heat. As described in WO97/19043, monoglycol selectivity
deterioration at high temperatures is the only reason why these catalysts have failed
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r adi abatic reactors are separated by at | east one heat exchangg‘jg ggﬁl 0
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t he cross exchan of s and products wt

hat an_ener oy a7 fPSTRHIE thPBLeEPRASES B CUREE AR aV PG PRT RNy | s
created. ®*Bidbrm@fimiescanditontrolofresihealaipstisvgslifg and pedmits optisahenat i ¢
represent gt t 1 ki [ ' I ' e

cat al ?/fl c%?%gg;rﬁc£ﬁé@éfbiféﬁeﬁpg%?gg f??%mﬁ@%aﬁ?rg%%@&ei@%&@@&%g n of the
present i pat@hst sratedais svcBRS anios exaharge @sinsit al yti c adi abatic reactors

wi th no heat exchanger between them Figure 3 is a schematic representation

of the present invention, illustrating two catalytic adiabatic reactors in
series wéﬂ%@ﬂﬁm bet ween them 43440 - 4 - HttJlt(VL~~iJ
~NcT G5 .~~.;"~el~~ -s Figure 4 is a schematic representation of a

conpar ati ve enbodnamspeciwthie prasentgiveaties isna snethbé foromakingl giycal imadinabat i ¢
react 9f . ELaur i I C.Lent j i
embodtenf iRl FeadePs MR Arhns R G2 Hnedfaft of SRARA Bld ¥Pleast one,
one heat &agighatigépagobendeeeendiions FucGinat epexida aseHbruwater reant &8 &pmagi on
of the prgReB pidRNE&am, tHd Aihbalid RehddY @htaRImR ¥ thfalpdivrlaakhignr eact ors
in series W,th one heiat chhan er ggbtyg(a,en egch of t he4n Figure 7 is a
schemat i cUPEpraessRlinghdgrng fe Use '“”?‘?n)‘@?ﬁr%ht,heiq IrRFtCRERRtPr AP AleS
adi abat i cundectonditions Suffislenbentedeicelths getesofteitapstswelbng rélbeve to atnoneact or
bei ng,a n%@%%ta?llc%égt& S{?‘&E%r_’ the second reactor being a catalytic reactor.
In a second aspect, the present invention is a method for making glycol in an
adiabatic reactor system, comprising feeding water and an epoxide into a first
adiabatic reactor under conditions such that the epoxide and the water react to form
a glycol product stream comprising a glycol and water; removing the glycol product
35 stream from the first adiabatic reactor and feeding it through at least one heat
exchanger; and feeding the heat-exchanged glycol product stream through at least
one more adiabatic reactor; wherein at least one of the adiabatic reactors comprises

a catalyst bed, wherein each adiabatic reactor is in series and at least two of the
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Figure 8 is a schematic representation of the present i nvention, oy
illustrating a first catal ytic adi abati c reactor and a second ncfh@a’e*al‘ %
" adiabatic reactor, with a heat exchangelL:pom ti oned béfore the first

adi abatic reactor, and another heat i *15 exchanger positioned between the
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EO hy8li ol ysi s, ani on exchange resin catal yst unexpectedly swell S

conti nuously and irreversi bl y to an unlimted extent. Such continuous,

unl i m t ed Beief|Dasuxiption of €ed Drawdbipdiens in an industrial situation, such as
reactor plugging and a detrinental effect on selectivity. 25 Preferably,
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O .course, the rate of catalyst swelling will depend upon the gpeciigam
_catalyst. Mreover, nore swelling can be tolerated V\Ath a catalys 1_aV| ng a

hi gher- activity. Preferably the rate of scatal yst sweliing is reduced to
less than 1 % per day, nore 35 preferably-less than 0.9% per day, and even
nore preferably less than 0.8% per day. Continuous, unlimted catal yst

suel 109 s ik RERUBiEHaho o coMaTth BY a2 HILRL BBl B ARG
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concent r ¥ehB8en dm! he terrper ature is lower than could S be achieved in a

non- adi abatic or is act or edu sin swelling.
ke se. at - (HGUIEH 1<t SEhenas femesemition ol he aksedt NeHECh AR e | <
hi gher, liteet detafic @afabmticranttors inssdrivsewitiuode theas extctidnges detween eaetiused
resin svvetl] ng. Multitubular or so-called isothermal reactors are

I nappropri ate for use with 10 anion exchange resin catal ysts because the
tubes in the ridgereot & aischematic aepreaantation of ke pedsgit inventioe, iHestratingnd t he
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agai nst the e caral yst

r eact or uggi ng_of f t.h hth
9d and JERrateivic SoiamARraACsr abdh N na A pBPRHE FeasdSr. sl s
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t'he r,@si roportions of the reactor and/or
cat all§st réb)&ﬁggggldaaﬂﬁ{) (?8? e retsh:érr}%(%g{dorgxpand freely into the portion of
the reactor 20 igHea 9 dpaschematiaireprgseqtaiiont afithe psgsany dveniipphidustratinglieng or

bri dgi ng fpeehdisdathl ﬁc 'é@?hfbta% ré\aétbﬁ and 'é%ébdn@q&#té ﬂ@ﬁ&@b@ﬁﬂ r@@ctaiewthxms' ng,
for exampl e, a ver ri.cal vessel atic rgh Wi th

I

a suffici I%CFBW?@ e[eBQIaegﬁ%ta@,d seqeng Q#'al? gr@gp%r@sqndog n such a
reactor, ddialyﬂahdlatmtlccread:tdabmth ongthedt ekoh&mdm@et\mef rpg'lre sembgmif arxlri’di tl‘?\li‘tﬁ
vessel expand upward over tine. Preferably, the height to
w dt ¥ ra{?%&%%t?dt’\ﬁe% i&tsal yst bed in the adiabatic reactor is |less than or
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preferably | ess than or equal to 10:1. Preferably, the height to width
rati o of DekilestBesstiptiod afithelinvendtiabati c reactor is at least 0.1:1, nore
preferably at least 0.5:1, and even nore preferably at least 30 1:1. A

catal yst bed h?hlghﬁvérﬂlow |§ta|"méﬂ4d00fogrn?éﬂlﬁ‘i gy 6% & epoiidstand WaferSYﬁ{eem

whi ch does |l ow th t ecaus res ands
oo Rerad sPoLHEs faslias StviRna Rage (FOLCPIoBN e@@r&ﬁ@? 50). SR Bu i
hei ghts t coxidet(BO) aand ttehpraferrde atkytane @IgtoleHnecmde\aielhmsgettlva)mundeh(wéﬁe o

d t d 1. 35 I | LO i le i
vol ure. oviVEdReetiebe eqidEch: Bipyfens st aTHaD ol BonIOR VAR Gftef cibst '
G oot o Eat s ot et LT 43040 o AMENDED SLEET s g 602
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sections ere I'S one coni Sectl € angl e of
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angle of rnclinatro eas romvertlc , nore preferably
at | east depelgsaebeptashtlyset Praduct ai@asy W%?@ﬁé%ﬁ?”ﬁ@d)f ééﬁenmes
degrees fromvertical. Preferably the angle of inclination is | ess than or
equal to 45 degrees fromvertical, nore preferably I ess than or equal to 35
degrees fromvertical, and even nore preferably less than or |, :@qua‘*,t@;_ -30
degrees f2§)4n;0verti cal. Qther than for eé:onom cal considerati ons thi's™ ™=
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15.reactor configuration has no upper limt on the fati o of hei%ﬁt -*'t'uéi £0c2
~width, as there is for a vertical cylindrical vessel. Yet another type of
reacti-on vessel is a conbination of cyligndrical shaped sections having
i mcreasing dianmeter frombottomto top. Tn this manner, a snall dianeter
cylindrically shaped | ower section is connected td one or nore
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Epoxi = 2by . : ' - L de. Feed St
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for syst esfioMRRERabEE rddin eatasteinekpBEtet s wallsecdritin@obb iy HHd ifraRetdinng t8f
epoxi de concentrati on. Tg% %pom.de eed i's split and fed to each reactor
separ at el 31 URHAS SXiflin SHICH SRR tBHBR U iEha WP RS 5AR TR AP e 1 98 can
be contr drdesitéiiahsiwtimnn each asseactodpluggirepand deletimeetdl effecbon seldativity. t han
In a n e a | I . V, In
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the presesdiabaieBpé@iohNFlore @reRratf aRRast 209E AUV RbRITH FAERIDI aD @23t
| east two iabati¢c reactors..in series, wherein e CE adj.abatic reactor is
sonar at oB 0 St Rt SRR Rolk e Fath 4R SERIN G CHSBSL FRIING 15 1% LAY |
Fi gﬁr e 3,usihg mbndazﬁbb%t’m bwa@?naﬂhghitneadtjeadmf]gidgmnueastsweﬂingi ddingtieeat .
exc er en ee . a f o ere |
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5a. Epoxildespeedag. is divided into two feed streans. Heated Water Feed

Stream 3 i s cogpi ! I d'gb% i

Adi abatic Reac%?aggeé\gﬁ%gﬁgﬁgg%s?gﬁﬁﬁg \é@om gﬁﬁl.g)ec?gptﬁer%]e‘;c\f&c;%ae’?lyg%d
epoxi de rldgegovat, mese swielingmarabateleratedwitbra catalyst Pevingrahighge artivhoduct

St ream 6aprethFdMMHar=8 of afdist Fs%ﬂﬁwgris a8duder fordsé thdiedd, fcdN9Rére! Where
it is_cool Ieeg % cross-eXB@R%: ng Wi th Water Feed é‘& Th? Co%:eggoéq)ycol
Produtt SRYEEIRPY eSS thth ehiaY W% SRR KIE REgtRiablY leshieB 4< BEF eam 9
to the segand Adi abatic Reactor 5b, where further reaction occurs to
produce the 4 xcaol. Product. Stream6h. . i cul a
configuration ?Sﬁnh‘i“éc.’u% L{"@'”&‘E& ciaﬁl&gtf%V?&gégﬁghtge%ﬂtcﬁg%&%x%i%ggFg'ﬁ"ls‘%g%é/f

wat er to aporihieatioshef fighdxD ceacentoatiansnaret highrtempenatunes) whicmaat&lgraies

gl ycol selectivity are required. The epoxide~feed is split and fed to each
reactor separately. In this manner, the anmount of reaction and tenperature
rise can be controlled in both reactors. Because nonoal kyl ene gl ycol

sel ectivi43440n 35 catal ytic reactors i<s0higher than in noncatal )AMENDED SHEET
reactors, this systemis optimal if maxi num selectivity is desired. Versus
a noncatal ytic adiabatic reactor, this systemgives nmuch hi gher selectivity
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~5 .~ ~LQ~-1to- .: . . in lower rates of catalyst S\Nellﬁr5g ELQ
| oner epoxi de concentration in the feed: Versus a systemwith two catal ytic
' adiabatic reactors with Split epoxide feed biut 1o heat exchanger, this
systemrequires nmuch | ess catal yst because the reaction occurs at a higher
average tenperature, where the reaction rate is higher, while 5 staying
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.eﬁogl glenclogce”ﬂ'(i:e,féoér u%n’fé?ﬁs 'tcgh;b& r?%’g??@:?m@eﬁfrté%am;:ﬁd @W@ﬁldahé@lr\wmbﬁr 294
B e R A L X R AL S s AR T
i nvfe_nt i oncatalyst bedisihrsafchsa reamitorgtie cambat abyitibe adatsat tﬁerbemmu)port'ﬁneof

nf igur .
Goes Tt ebse 20FAfER o gxm ublbafd 8y e, BiERRALY e {15 EAGLRY )
10 o Fajie-of the- cat@hzst-had In-t e adiabatic reaetoFngles@tlfan er egualdo@Pat anpre
purposes Qakyag que§§t @éﬁ%BCﬁ'SWPrEanéY]émhﬁ vae%awneslsttghhldﬂgqm &9

two noncat al ytl ad| a eact ors vilit %? exchan etween t

The confi Yl atfir6feraBl; H@w'ﬂ?'@ﬁt tq Wit s3tiq Af egatalyst bed e Jdfabateeactor
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shown, j \/\151 Figures 1 and 3, this system does not result in smaller reactor
vol unes eln conpared with a single noncatal ytic adiabatic reactor. In
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and tenperature rise can be controlled in all three reactors. vdr Budd 7092
noncatal ytic 30 adi abatic reactor, this system gi ves nmuch hi gher
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because the reaction occurs at a higher average tenperature while staying

bel h A h,t
catalytic adi apaie Y BrBYEBRNc FORREL N s tih: RS rE itartrialiie e
sl i ght | yreésis swalingds al yassehwith t@e\mnnomcwlcalcsmeﬂgsﬁetmeemmm fineand al so
|1 | t
hi gher 85%%%%%@’%@8%};% sAPrfhuptaf B S B ME LB ERORERY [0 o °
wat er thaecmmmarlﬁlethemglea melingtioneoba @@lu@al $OEDED S8FEHTa4Baesin can 05
~ &pgnd LAw freely%;f ﬁﬁ’ﬁﬂmﬂ\ﬁ{; GRtRAVES RGEOrads afSHLche rte@’ct@r' ze of

the evaporat rs. The wn in FiLg

S
cont i nuo¥@lluniheiaagtpr ?&é 9¥? SBREIqyﬂ'ﬁ%r'cqilséﬁii‘@S?atstE‘S\/@leéa§53°t”élﬁf ﬂﬂgﬁ"'%‘?/\/o
r eact or s batweémaohieal sentiohang evetre id horbithst oAdicabital setliatt Die 2Aglssof

onctor Viaifafisd St 8 ol RGiGERaRsel) Roalht rRERRISl Syodhd flelyaly ol L
fini shi ngleteratned byIIhQ prapeartiep of titeucatalyshsed.aPneferably tthe ar@abf/mcllaaﬂom ow
nonca@al yd ?Ple%ﬁf‘"‘?td'eg%é ﬁ'BPrfsverjuEéi ﬁﬁi;%%?ﬁ#e}’aﬂl fy IRPa Ec?‘ga%’@? véﬁ’lcbfs

operated a nperature’ tic actor 5b.

The Heat aeﬁmm@pm prﬁée@rbdv Fhipast €0 deprangdiPmoertinati rﬁﬁeéaiév @iye énglecpkncy.
10 More $r|?éfi‘ﬁ'af|bﬁ<”r’d ie‘ésftﬁ‘én bt gylL&l 6,458 a8 ﬂEﬁﬁ*‘Je&ldaF rite ;§re?é‘r§bfyel@s§0 each
react or ie ar ate tream; 2a an Pr eheat ed \\at.er gg J{ i's conbi ned
Wit h Epoxi@fe°Fegd 2‘8% ?%ﬁeﬁ?d’iﬂ%uvﬁ r\é’re%mEb%Rr‘%fEr@W Sthangii ch i s

fed t o t keguabttcald dkytass fAolinaleatical. Rﬁaetmanﬂ’ar teocon@Eaitial ambmerramﬁisym

By
cr o585 exPESP kg b ER Peg eyt dritioh & Ble cRRIG Wil B tnsre s for
Adi abat i @ mgalmyllsﬁﬂcaid@lséﬁl d ycol Product Stream 8a from Heat Exchanger

7a is further vaQ|Rehddty F@%‘f r@tﬁi‘&ﬁﬂ&%&eﬂ@ a%brﬁb@x%%oﬁ%%?ﬂ%rf&l YhiPed
cool ant whi Qh enters Heat Exchanger quF' olant-In Stfeam 11 and eX|ts as
I g’d’@@i“

Cool ant - GgctieRs 8aKNgIncregsingf! topa N dBisirsagRefhArzgaly ¢

gltOOXI de Fhatetdy dyﬁndxﬁldfamy@mipedﬂdw@” s{@@tlonﬂewmea@ﬂdo@@@mo@e}dlr&inc&ﬂy
re

th b b f h
encePon SBEREPSEHoRT BATEL TS BReRr Ash PR e iamtuy ekl il riely
heat ed i rirdredive Emtthartg»dhe'laptoétl‘fe)vassaeat ed dycol Pr oduct Stream 10. The
configuration 'ﬁ*@&‘({’\]ﬂd'ﬁcgf :Shq]Zohn%OXI %@tdcr%ronﬁg@rraﬁgh@%@rﬂldn@ﬂ' étf‘o% dtdqy of

water to epoxi cat al ytlc
react or V&IPS 0f P‘Q@@?“Eéﬁ%@ﬁfsrta‘tal QHOWémICBWV%‘Be@ hR$iB expansion and

oppor fj unnhVerithn i €lot Gfriitedtty th@§é$c<b@flg1]rat1@1iui Othegldondibaratibhe abelp@eeml@f
epoxi e

b act; vanEbreey L et i it e GRS s iy e Yo"
confi gur at| on Preferabtyi, the ezdoficadwixtitradge tadstof the tep pithl adiapatic obagtoodlibei on
capaci ty @b g4 gﬁithré et ﬁﬂ@ﬂg@ﬁbv%% Mpﬂgﬁ?ﬁé eéﬁégys@ b%@agﬁw% d%ut‘i’@é&tg and

nalntalnlng or reasi n
equi pmentfOETE gbfel BiPdust, tap dnmagipishexisrihe reactar. Bovgiioyeeremtien ofess
syst em i sadi@intagEEbRiralpfioddbpdratibs fetsorhe sibremis er of e@ms@am@\mﬂ@\want

stre Howev it i efficient, tha oes
ot W HRREEOn. dondelallras reanioRe At EETBGR T TRo B e etV st ogd [ g fid ine
noncat al yseod::oneﬁctm@reacioxt Hesigned! tw bscarhnicdete pshh gkpansieacae minimizddso

because (fidekedt MiStamper Bl e 408 iRE S04 shVaaorith e HOGs SRRALARL o
Zg:)\gﬁafmlndtwebfr nelycauses mgmlﬁcamdoseta&trmnsgb{?dl saiecﬁnefatbeaauaan@ee. The first
AVENDED ST 3fga s abg Ry MorsGat BowHil pRraRP dfoid haieiaton of
noncatal yihECatalysiRad, eyl caB ocerrinupflovs ppetatipnas syificiantly iah yglpdlies efat er

Feed 1 i sthprrehemdreiklire: PREEXFITREEI0 toad t&cﬁa%edttﬂlmahdﬁ’émt Stream
Sa in Heat EXc ter Feed e Feed

r
>a to o nPERINEHC ey SRR BRI RorgmoRRal RatracoT Rttt al v o
Adi abat i chigh&easit aoldrae tofteharssotiayed witRraofiuidizeStbegiam 6a. Stream 6a i s

heated in Heat Exchanger 7b and exits as Heated G ycol Product Stream 10.
Stream 10 is conmbined with Epoxide Feed 2b to form Conbi ned d ycol Product
and Epoxi de Feed 9. Stream 9 which is fed into the second Adi abat i AMENDEE: SHEET
5b to for4d84@ycol Product Stream 6b. 1@ -The advantage of the configuration

of Fig. 8 is realized for systens where a noncatal ytic reactor already

exists (as with a process retrofit), the feed is cooler than



required for an exclusively noncatal ytic reaction, sel ectivity igj Rott! 3 7002
critical, and energy savings are desired. The cat aI ytic reactor is used to

* convert sone of the epoxide at |ow tenp@ratures: where the noncatal yzed

reacti‘on is very slow The reaction is 15 then conpleted at higher
tenperatures in the noncatal ytic reactor. The epoxide feed is split and fed

to each react GEgL&@Qaiﬂ@ét&étﬁs aSr@abfb&tsyEfe@n thﬁde&&@@tdaﬁﬂyﬁ@ddmw ature
ri se can_be .,controlle n t he ceed .t he

t 1 1
degr adat f%??‘?érfﬁe?eé‘?ar"@ tnd REaf Bkhasf. ERAidd regy B siRR iskin 2
provi de seHel.i Wdtyr Besedil db cambires w;tls ldaihléwld 2a arfdofedds Adraleatid-i gures 3

Cypi cal GRSk Pt & GPBstnREy ﬁdﬁbéﬁgﬁf%‘%ﬁ £18 o8 AP BRORER o T
epoxi dle rm in dciiahatictRedctor &a tefernt GlydobRerdynt Sdeam Gas deaaye Gacisper at ur es
because chﬁ]q’n“r‘é"d?MtHrE i %Pe&&@ﬁeﬁ?&%&és &Wxné&@%&bﬂﬁ&uct%oﬁ@&ipém
will alsqg allow econ mca operation for practitioners t wer
the wat efeed <fframdetorAdigbatie ReackiiShwivdiere durthenseaction eacis toproduce

t enper at t@@@olfprgay@ﬁg@é@mgstexcesm vely high. It can also be used for

retrofit appli catlon i de5|re t ol rodu ity ~by
| owering the mixFMNAA ?%ﬁﬁéﬁ}ﬁ réfs AR h'gt ﬂé%%i‘éSP %Q%é@?ﬁf WA s
conf ilgur abtaysti ssveliing ratalisialsyroad\fanttiyeoiepdxide earpxaerdrat@nglmtaoépmldduct ion

mar e o e Brodahbinte S oA Pedetor bena I B Y bR 305 i o
equi prentreagtibreard ggmp@rratwatrae eammpecantroted Mhbethgpactons iandcibemnaddy
adi abat i %oﬁegnﬁéﬁ&L% ISREF HarsRVa B8gle EaxQHéﬁ%ﬂa%étéNSBé@éL%‘é ﬁqaﬁsslkg@n@bat ic

(eact ors eal exchangers irst and second abatic
reactors | slectwht inssatBlykg &9 a%@%&‘ﬂﬁ%é 2R MHRANGAIEVERIrPACIER. 4Bist i ¢
reactlerSsyitEnis G;Sﬁméﬁaﬁ‘tam‘mum sulectitgliy desired@nd the 35 second and third

20 The vt or FIGIOI <Rt e eer paeihy bobled 1 BRRERC BadBhea

Wat er ancyEmwicdepBisingaat |¢asiSivceadinbaiic rdasibrisrin setiee, wivereit eagh adlamtlabat ic

R

Coactor 18abfyILAiarR BAGFIERY AR nEhPEkHarger °MHch Foy TS iffitkited I |
in Heat EigWEngarhivh depics bua catalviicnadingalis raactors athar iegt exshangar stream
6¢c. Ggol %t@eéﬁ@lﬁerﬁr Qﬂwt‘ér F@erdeﬂgi%@tbﬁ—léat@mrangép?%éré nH@atieaEéd:mﬂger 7b

St cam SHSOLGRE R SV RRTYRIER] (8 HELAIBBATE AT oo ROHOBAR 28t oduct
and EpoxidiedBdfetedwelfecdisirehmss HedteddNValer FeadsStreamad is cambidiedlvaith the

React or E@péﬁdﬁbsd%ayﬂféﬁf et A &%B&ﬁ@Re§%{o$%a§$cbﬁﬁnﬁé’%vvat@?%h

Exchanger_'~c and Ccrossex eam 1

Cool ed GEr@fideFsgd4 Bre é@ﬁﬁ:mnd §P@>§ﬁ9|fﬁ%%t inithe firsh SdizhaticRepster fa tPorm

Conbizzed f@rrﬁ@l cOR@UGEt @ﬂéar‘ﬁp@d(' QﬁeEﬁﬁ‘S‘a as‘ats W Fe'&ctcﬁ‘ afrﬁﬂlstf@d &@ﬂe%ﬂ'cond
cat al yt | c Reactor 5

u 60 is
e EXREaar £ S Bl A T st O VAR B2Rdeh THE Aohied s
Heat ed GG@lycb! Proaidiet StrEtrreduis fHan &mbmédamttaﬁpomﬂetﬁwdczmbngde@bs@ran‘m Fi g.

9 is reald zed f S n r : i gl
desired téogol EnF‘ce r%?r%) Z‘}gt'&h‘gg%?%\éd]ﬁ %Lg)ag@m % Hgfer rﬁg&ﬁé;'(f:??&ﬁ.krgttgﬁ%ééaﬁnes very
hi gh sel €elycel PipduetStreant ght of the di scl osure herein, those of skill in

the apgt will W%@&R!u?:% écﬂ%té@é‘ﬁf {h%ac?érf?@u?é&ﬁ}nqmﬁi@”@is“@a'hﬂé'@ fSH ¥ stems
per nmut at W@;sb d 1 hvention ar The conf ur atbgm .
Rs

depi ct ed @g @t'@s g?waf%rtoqu%qer &t e\y% %f‘?ﬁﬁ@@ tsmr-gser% fehap

and 5 belrﬁlnb@llk l@ﬂé@yc&illséfécﬂwwﬁf@@quu’eﬁ ITheegside fdad RaHvEnd fédad t he
nmet hod of _this |gq{ent| o e an_adi atl C r§8gt ar thﬁStem wher e, at | east

20 one r SR LIEACHHSHPAE 8& alWéiS Magpeh Hae pmedy iA0d WIRRAEES wat er
of dif f errisd caubetcpntrajfedtn bstbdreautdrs aBetnasd nvatoatkyletes glycaleskleetiily, inst eam

d {d ed gl |
conpotmas2 e e QBRI ta RS i PORLEBN IR L5 PBIE P RED B S8 RR!  Dcess
in the proayigurorseigctinltkyg eesiraski dersasda apngatalytic @dgﬁb@mczrga@wmtbﬁ Ftpjem
contain r@@égﬁﬂjcrﬂhgﬁ@ éele&fﬂ‘lﬁt VRURE sbﬁwé?xb’\/atér%@pbwdér\‘eém?am W@lrﬁtk 4s in a

st0|ch|orretr|c exce hat reqque gnga desire M hfrom
reacti on $NEK Esalvt '%Iéd'qblaé‘Pé?%‘btpyt lsh%/SFﬁiT'é)rroY' €3l P&WVHOBF‘% twill residlki de
is at least 1.1, nore preferably at |east 2.0, and even nore preferably at

| east 5.0. Preferably the nmolar feed ratio is no nore than 30, I
preferabl&kﬂﬁ nore than 25, and even 30 nore preferably no nore t hr‘@@ ohi
Those of | in the art will recogni Z& that this ratio will vary

dependi ng upon the epoxi des enpl oyed, the reaction conditions, and the
specific catalyst utilized. The water and epoxide feed nmay be fed to the



|
43440 -14 0 5 ~~'~=J 102 -15 invention, the "glycol product stb8adtNsHEP!
_ be read broadly to include any product streamexiting the adi abatic reactor
whi ch contains at |east glycol and wat For exanplé, 'in a series of two
o nor'e reactors, after leaving the fifTst-adiabatic reactor it is likely
that the glycol product streamw || also contain unreacted epoxide. The 5

| | :
o eact A ML tSs Q?P%ﬂs“f Sp/efling il foiua? sthidl: aotoehitaheh Btelleedh ",
conduci véersus & Wste@aw n tyvp pata@dmdlab@tmeantofsww SNt epokudetmeddmﬁ no
Factors fést e@ﬁéﬂéh&@( Ystef katilfirds1BuORTdLE. Qapﬁé@éuébeme%s e, and
water to alk ene OXI a 1 O r react|ng e reans w t hout
provi di n%%ﬁatﬁlfwﬁervaﬁ%ﬁgeiegnp?rawm wWhedr thatracting ratg iaihjgheriwhied or

;el edt i vithyi gtbendsw tﬁeebtae@lstme@da@ét.orﬁ@ afméem aeautueﬁweﬂﬁlz.ﬁ dé|§batlc
r ovi Si ona

cenmber
(b ovi o SRS TR SRR SR eR By B diatband 406 paliaarts o i%ﬂa@fat Gres in
r eact or scadgingai Thisgllbwpitba heatiilepstionh énl be defe ingtvecpradLigt stredrhandaegaltsf
from 30 ﬁ ég ﬁ%e );eferably from50 Cto 120 C. The reaction
terrperatures tic reactors are 15 generally in the range of from
100 C to 250 Bprthegtresan %l ipvention, Bt teastopexgoheadiphaticdaaetomminsaraumest ar e
general | f t er about
5000r &’oht@nr{}ﬁ'%ﬁfﬁ%%e@ c&ﬁ&g&%ﬁ/@g‘ g Hbtéﬂ%%%e%ﬁ@ capélf‘ét I%’r’xé’ o?’% é’tﬁ’ %R’éﬁc

tent of r mat
her ei nabEﬁ?& org C@Qf%ﬂ?@tc%ﬁﬁsm (‘satq Y‘t@ r@@é@rl nagd i '§£§I Om'nﬁerﬂeﬁeby an

adi albat | adiagats %@cto:ntr@e does nof gonted g xcatshszsth%dad Memcahemnc sedctbi™yed
cata yst ul

T b eartip 8hinstimnt Pobis Rulotad e oBfenafira e P adt my@ladid 1o

reduce thepareﬁugnleeicawyitoueaumrmm thadhancatalytiovieaetatoncat al yti ¢ reacti ons

whi chs may | ea‘i‘héqﬁﬁ@%tu l'hfécﬂr?@%' JYHets%ﬂt mé’ﬁn rfhhd Esge#aﬁd 'S

preferred over ot yst nay conprise
any nat ePf¥@ntagpalever the réré@raaryzFﬁgemrapt@ewﬁé@ss—@é@lawg Marious PECEgSabat i ¢

reactor Sﬁe%‘scﬂwé ;Sre*sénﬁ'ﬂi%ﬁb(&ﬁjmcbﬁ’ @rﬁféél éhé?@y‘éﬁ‘f@é’r%}l By ﬂféhé‘l’éﬂ'l tHed al | ow

react ant SS throu t e béd rovi.de a s i ci ent
surf ace g?%ﬁ‘)ff'%?c %’i‘iﬂ fne f@e oI ca dBI%';‘ éq% tg:g PR éymihﬁl is
Sﬁl id agdllmmatesdieubé@d ltanpm\mdlteany eeterpaladonting. @y ¢dm|nglgrodyctmtmhms svmtnlnder
t he n c cat al yst
or ag(gol mc# %‘n{%l lf&ci Eﬁ?eg&‘g 'ﬁé er S Waﬁ)@ht{o g?“f&?“eq‘ﬁg%&ﬁgsa%#]d t hei ry
oxi des olOW%rEﬂde%JQtUDW@bllféeﬂireain fempetaldeesaAreasiapts ©r suakaining orgry

het er ogeaefausss,t\Mé Bnd, hé% Héé’ﬁﬂe@”aSHveO‘fch%dEi@lﬁBQ@@l'ﬁtsSNélrh he system
Preferably, the

Y e iAh T s heg DREVhoR s roh R T hS Al AT bal JBi B, 1 ¢
aci ]9 ca}3 ae;se;schamgjerdnha:peram':gamesastemmdnraalspmt epotide Geed mEsiults inf&or e

a e e resin.
IIo:lel ?%ht #%ect@ﬁgysg%at}%g CLU(?rre rrﬁél)'f\e %%Q&‘éﬁl&oda%ﬂe% &ﬂn?atﬁ%g Oagr(ug'gﬁr%xchange
resin i sadiabatin reactos Rystem. nSutpsisingly, iPwas eisgoverashihah fanaystenge whesens, and

hod P
Aopl 1 cat {ar . 260 URAE 1 356 o 8o cR P gt LR ok T
1T ed" DedEAbENCANDSTS andErRioYBast 5Dltiees FRTANGHS RS 35 Faipbisb i) 3

Er ff er ab{Cbmp‘ﬁﬂ@ﬂilemglé sREARIAtAI9EE ReadtCS ystemt hl&n@frﬁpmentemmed
a og&na

b
N B e R L TR S
JP- A- 57- PS8 irfvantionp diuathestimoee giynusing medltiplereaytors ratheutitanaa smglenf

bi car bon @8@7
971 33850%%5%% %BR@%%%%%H?Q% géllg gﬁ i‘@’@d ﬁ\%\wﬁpl S 1 noz)grporat ed
herei n byopeswiratinrest thetinies opaaeh ceadier i Iower oulﬁahe inresiagieoreastehange
resin Comadiifg %J?Jrﬁ-{é}qfédu@éfm 4ifelingupPs. Exarrpl es of suitable,

commerci al I'y avai | abl e ani on exchan e resi dqdrgg rrBerI i teT RA 400
and 20 900 sefi@dre(bisor COMPFEIL)E RYBAESS €8 vand et ein eammt

di vi nyl bemzsitieh. (IRubstrated diaghk ndresrilytid Mtiidb2ago rddrtbBayee ):onﬁ@m’atubaw A

e bﬁ%@@iﬁéﬁ%ﬂ*mﬁ%&alﬁxsﬁgé’%%e@eﬁsamHOFﬁ. R LR armo o,

groups (i.e., Type | resins) are particularly preferred for this invention.

" 15 In one enbodi nent of this invention, each subsequent adiabatic reactor
in series contains a catalyst bed having higher catalytic activi tifhan tthe
previous reactor. This is particularly advantageous because it is observed

that, in43A¢0 enbodi nent of this inventln, productivity to a desired

nmonogl ycol is highest in the first adiabatic reactor and progressively |ess
in subsequent effects due to decreased 20 concentration of reactants in



The reaction may al so be conducted in the presence of carbon did&5deﬁw 2002
_Whether to provide carbon dioxide to the reaction may depend on whether a
catalyst is utilized in the reactor angdithe type of . catalyst used. For
exanmpl'e, if an anion 30 exchange resin is-utilized as’'a catalyst, it may be
desirable to provide an ampunt of carbon dioxide to the catal yst bed. The
car bon di oxi t ner.

The. oar bon i GLTE B0t PP Ao aneEspeon s o RO oL ¢

one or rRyention. hllusEREsdwonaRcatafic adinbatic erastegavitng heat gxekangern n t he

react i orpeijvisbtigernn 'IQ\%'S@cmf@ufr@tﬁdﬁ Rridémtidan o fHat Pfgu?@.r 3CakbshtitRafffied or in
the form of, salts carbon dioxide is

present [PA- iorehb el oG Rn D a2 et LAl Le calpon i de s
wt % Spr éfignaisl iy afd 35 this Yystear dops abersshltyn @n&ﬂemééctéhﬂilumegfvﬂfaw y the

t h NaHCI)S NazC03
o esent o Riaa vt & liche hhowpl M TRARE" B NN 2, N800 xt ure
ranges from dnlfogene 6 dhede @Eita@tlomeactmw/erermnplopedf eWateIr)Fe@dODE spligntoost
prefera tbéa%@@% Wﬁ%b Eﬁbglma F%'éoccar?%tl B el Qﬁ“%g andP8c Ug¢steher ei n,

I s base upon t I oxi de 1n reaction mxture I n

any for meed &2 ISdfegst@Nv!%t an@&f Banvheradt i heatadwithi@ycel Predual Btsrare) .
"Redaot i @ fromt thedirst Adlébaﬁ@meatmrlaacﬂowdﬁnea@ |P-Ie@afted eatep FREA BAL SHéE'ﬂe@lh are

conduct Syt el 51 S HDEer Wit He3d Bt Slaam 48 YoM HERHER AP AR de
pH adj uslﬂeatgdathdrlF\@dscBa berd 3baarti combingd b&thclipmeqie Feetida torformuch as t he
ype Of CayBInG! Wi hnd BloMIRIR A PR dhulsHRa "Bl 1 Adlgegd 2L YS!

bed. For_eéexa carbonate torm an 'ani on exch esinis
autili zeoRa@ctar Batarsast arid formyGlyeolddrodtabBeam §a,ovhigk exits éhﬁ)tﬂﬁCt@lf amH

adj ust i ng Bdfdd ;h\fﬁetﬁ?stt@@at@@#amabr psd cﬁ@dﬁeﬁ%n wra&étmjtéaqh 8% igompr I ses

Dhosphat GUDREAANTH SapRHEEed 3h KAl GPBRIRAE ol RHGUGhand| ERRAS®Xi de.

and contFeed BbnStidaen Obfis fe?asﬁﬁa; sedhd Adisbdtmale?cmr 5bhial degbtea@@ffd)md as

br o or aot O Piooler SHERET By Rl Bl aMe SEadtoR B S s oI RT I st 080 sty

The pH alaml‘@tngeg Taddrooled Glyc@rﬁfmddeﬁsﬁraamrﬁ!amnmbmeﬂfthh Epoxide fraed2ai n a
pH O tﬁ%fb era Pm'é‘g%l‘g’/&@l Blodtict QH\@'Epoh@etFégd §ﬁ%rnd"@8§nt8r§frﬁrrdabl y 3.5,

nost pre For an usting additive is
pr ow dedMigbahc B@@Gmr Squthere duth Qfdeﬁﬁ 911 FFHTE tamr@fuq%@*wcehefqm fni xture
bel ow 9. Stregeder ably 8.0, 20 and nore preferably 7.0. By referring to "pH
of the reactl.gn m Xt ure" ant t he i ch includes

f h i
Snch of nct cBfle Bthtete drine 2pBR§RabE SpRiindh iy B atiken Ml s, Yo T
be furt heherd bigheér initidh yeactoortemparaturemacs recuireficir vavéredowsawpterispatide h

are jit ef'é@@draﬁﬁs Bfs Bgélﬁé&’ Bg gﬂfﬂe%?eéd?@rsuﬁ%ﬁﬁeﬁﬁ%t 'té}ﬁggltdtlﬁ’r'% cérbe

Exarrp es wer'e y_ expet i me oratory
equi pmen?C 'E‘!(%QT’M“B@UM& PQ”&%CH‘LE @l‘]é}%@%ﬁf ipdhagnaEmven teraperatiyrg it i on

? of L walr espﬂ'\éédin@bth@ wﬁiﬂQﬁ|éﬂ&ﬁcttém§@raieﬁdA|§§@bVQDﬁgﬁeEé°lﬂ%d£%Hj§ «rx‘ésmme feed
EC nol o. rol
3 Ot A Yed B O ot P NRAT S SRR E 2 & B2 ioRor ¢ he

Cat aI r eand Temperataieyite oars bOOAXoMEANall tHee reastormni bersueranmonadtalydcwet
Vol WPt I b GiaBXA0 R0 R8G5 bivs niBthigher BRCAMPA HE JadWlletfde TSt

was converte _ . . . i
epoxide feed ratio. Versus a single catalytic adiabatic reactor, this system requires

much less catalyst because the reaction occurs at a higher average temperature
while staying below the catalyst degradation temperature. Versus a system with two
catalytic adiabatic reactors with a heat exchanger, this system requires slightly less
35 catalyst at the same water to epoxide feed ratio and also allows operation at a lower
water to epoxide feed ratio, which resuits in a higher concentration of glycol in the
product. This reduces the amount of water that must be removed from the product

AMENDED SHEET
43440 - 11 -



5 the bicarbonate formfor use in the exanple. Descrl ption of thg othot 632

The reactor was a jacketed, 1.1 cminner diameter, 23 cmlong, 316

~ Stainless Steel tube having a height toyyidth ratio of 20. 9:.1. Heat
transfer fluid was circul ated through - t‘%“‘] acket to mmintain a constant,

uni formreaction tenperature, thereby 10 creating isothernal conditions. A

3.2

mount ed_cgerhATE Syt ShERR AR RdickR Bt X8 ihY eRBBE Rl 3RE IRt oe ur e
The t ube shewnpiadkedd aisoregacas ths rata@fucestxmumwmylsnted tatatysé swellimgd

t hyl d RS d and
fed 1o the roaddoe? ShERETaMRER AUTRAS ol R EH Al Aot bichbRBers, Theed 2"
f or mat i orfirstddigbalig Repsierfads & TWI'C‘@’G@'VB& reacteieand ihesseppnghhdighatie arCé@rd

rate was gb Qéé‘talyﬂ&erea@ﬂé?OWtrfl@@?stéﬁﬁ tﬁé cQ(a'Ml@aAdiébéﬁ’é Reatrf sY ishusEas0z
in helium 1 bar. The conbi ne %tr%ueou had 0.014 wt %

02. 20 F?eEWPﬁg‘gfﬁ@"tﬁ’rr oilrE: 0 RAIRSraiEe ¢oR Qth‘%[Etr@n?%?rﬁ'tsL ‘gﬂﬂ‘i"’ f or
et hyl ene moricdealytieactionoatey treneorgataigtic AhiBaticcReddiyt Saés gherated GDEG) |

"eact or thEREr Srihetiiie Y e bR ATRAR HadhnS8° SRR EER At

was 98. 4%/ amnat 7iskdrecarrangad fos matinwnaeeargy®ffigiedti di ng the nunber of
mol esjgof EO C%%%@ﬁeélﬁcingrfm Plrggl'ré/ en EBBQﬂqueé?d y 'lsd |t%¥1dth8 tb @ah rBHE’l*b‘?r of

nol es of EO converted to

After ration
react or t¥9RSRIPMA® SHBIMS ¥ %'&%39 t%’ei‘ééte@ WE@'CFcﬁﬁFE?' 4% 6%%%fﬁ?é’a‘f"ﬁbel y rose
tA ? ?ﬁ%; f’@ﬁb)ﬁ@@}?e@d(zasﬂoWoﬁht@@ﬁﬁdlrie@ Bebdraaraf Epoxidd Stryam damncn(‘j |ssreartggh@n
a 0Ol e.re or, e e ur e S r.als an e

conver si PR IS ARG 8 ReEr EEl e AR L G 50
days of opeeamiGais cunded irhideabBrtlmndeandatiyy besstaxchdogingduth Goyosk Besdicte

res re In
o eparaigfin o BUETNENGERC Al R cOSE. CRRY BN PRSI rddih
pressure & &pm Haat Eé@harwegmﬁ sifugheioeeelesin Heat Exehangericby cigssn openi ng
: Eg Iro'raggts %tha%%gj[b wfﬂ& e di&s Whlgﬁ gfn@%r@g%att@dm ﬁgve Qs GG@lﬁthn sgreéﬁH wve
resin was22Pexits aaﬂiﬂwﬂaﬁﬁ d)%tsgﬁe%%ﬁ ﬁﬁ%‘él}%ﬁg rPd%c N/éhl
43440 - 1With EpﬁaxﬁjaJFéfd-ZBQGZOFrﬂ@omb"lﬁbdﬁlya@rﬁrbdumdﬁpemdadﬁed Qe

bi car ¥onapEoPl W FLARR SRR ERPRle Hun il (i@ nrd Ealet opfuss,

2 (mWAmmwaum%)cdﬁeo@mtastmm&m $t§a@mcﬁb isyhaaded e Heat cbaln@eras | n

Exanpl e 1731'??0&139@5 dGFy'EBFP?chU& mapntai ned at 98t1 C throughout the
run. Feed So

d 0 he f
Pl ion Eoitog et okt M R
Relsul ts Nivateheo poixie rrg??rﬁ of e epoxidE®@ aervied B e nurgabdlytidreaanst Wwhere
sel ectd vi I cane
excest vet KR amkerddlionie (i o ﬂ?’ s 8RS of SeBYFRRSS  art?
conpl et el yriglydolssdThé baled ceerfstpoxjdeateeidrs réactpd @wtm@atemmeactotrhelr@vml | en
resin vol HRS% p’ﬁrgoﬁéelgttlvezé’atm\xg@fthéFé%y%%in'tﬁﬁwgetﬁ%ﬁ sWREi(R).OfARd into the

reactor, experi ne onver sion was 85% after

r el oadi ngC‘PW&UF@téQR @rpqrﬁewaav @ﬁﬁaatWﬁrﬁ%@mndmeglyp%pr@éﬁpﬂq@ﬁae@?&v to

75% \Ah$ﬂofé¢a¢1rt9$ﬁtrr@n é&@ﬂn@m&ﬁtamcca@&bm wnnie H‘e@nt@ @r deBreasing tHeown
again e

T delel Sarrieg SaConaloaaEradBEeiafy RRE l tipecvaRe Al %Odﬁger
t he cond| teamysiztidstbab sl systeDis 208 S letedy adllaba‘axr toa &b éhd osencdbh mplamte
exchange Egélialﬂt éf?eérﬂ? P-%Wé\;&f]ﬁii?l’noqg%?ﬁlﬁgnt%angystem that does not use a heat

exchanger for transferring heat between the products frorm the noncatalytic reactor

to the products of the catalytic reactor. It also permits longer catalyst life through

35 reduced swelling of the catalyst because the second reactor operates at lower
epoxide feed ratios.
Figure 8 shows another system with two reactors and two heat exchangers.
The first Adiabatic Reactor 5a is a catalytic reactor and the second Adiabatic
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adiabatic and offers energy savings.

Figure 9 illustrates three adiabatic reactors with two heat exchangers
between the first and second adiabatic reactors and one heat exchanger between
the second and third adiabatic reactors. The first reactor is noncatalytic, and the

35 second and third reactors are catalytic. Epoxide Feed 2 is split into streams 2a, 2b,
and 2c. The Water Feed 1 is combined with Epoxide Feed 2a to form Combined
Water and Epoxide Stream 4. Stream 4 is fed into the noncatalytic Adiabatic
Reactor 5a to react and form Glycol Product Stream 6a, which exits the reactor and
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The first step of the method comprises feeding water and epoxide into a first
adiabatic reactor under conditions such that the epoxide and the water react to form
a glycol product stream comprising a glycol and water. For purposes of this
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bed wil | gﬁ}? q ntIy egr ade ?'EZ met hod of Claimb5 wherein the
epoxi de |s sepegd a,- ,J,,ﬁ@m@t@g{aq\rgq oxi de and propyl ene oxi de and the glycol
is selected f ene ro ene col. 8. The met hod of
d ai m5 wher efrﬁ éa B@E’@MF% idd‘ﬂﬁ”g%é fgﬂét with aewet wlymetricer i es
gn\(ljmbot herchizryat d:apafﬁy(dfdr& nmeEiinhi The ch&ir@?}’f@tbmbﬁdhe Pesid haisneinvedteeltoCl ai Ein
eel t t n adi abatic reactors in series, an
wher eslr n on @E?fﬁ;ongg%@{ﬁ\ ];03 ggg{\?@e ?éﬁ@’P in series | S contains a catalyst
bed. 10. The @Emgiﬁ qlhgl ﬁé&ﬁpere' n the glycol product ~treamfromthe

second adi aba -exchanged with the glycol product stream
fromthe firstThadeagier wasraigcketed A. hemeaneestiomeaige 23 c lonth & 1GeBtainless

Caimb5 M@éu%@e haemg% Heght & w Q&g zg otfir ﬂ%aﬁﬁhﬁé?élé ﬂﬁ.d%paé éﬁEnPI%Ee% in

seri es, each di abati'c reéact or VI ng east one eat exchan ocat ed
bet ween mroaaa theyackehia maMtaina penstaahtuaffgrm Toactipidemnaiairestherahyn 5

wher gpn, crsatmgds@m@ﬂnhpcdﬁmudnsr SA 3@ nehuteér dugﬁt@t@fthemwuplé wathsgixf ed t 0
at | east one 5 where

Sl 1 onel Bty Raged du s uds BohBlad apnoshedlRgde e fdd & RgabHfainY Lo,
one nor ereatit@bdemparatace.oilhe 1dbe Was pastkied dvitif 2CInaliahtte weedm eatalydte gl ycol
product 8Tk Ll Ay BHECHS o i WRrOBShRACHARNEI REllard @ el N

tedtoa tic reactor In ser f or naki ng

gl ycol i mléwi aadé@ehtt@ the epcter Histaasionwas paetaéed ab14 bapte aveig:vapors eed| ng
wat ef s angpafbtRpOXxi de into a first adiabatic reactor under conditions such
that the epoxide and t he wa><er react to forma glycol product stream

conprising a @e ﬂc&omn@hwat er; removi ng the glycol product streamfrom
the~first adi
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43440 28parOThe corﬁbln&'%quggus and EO6&d ﬁb& 0?8 14 grsicone adi abatic reactor
is a catalytic reactor’ containing a catalyst bed, t he’cat al yst bed

conpppsi ng an REEURS exchange resin having anions sel ected from the group
Combi nat  ans. THErSERLCER Angigre Y SasrRa Aarnt FEREGP e XE Bofos
and with rmdnmqihplenecglydthﬁﬁﬁndmﬂwlerhe glyeoh(DEBGatand riettyienesglysola(T&E Rl yti c
reac“’r %’I‘ihé 'B‘épﬁw%pq Bf’{h%bé’ﬁ\ﬂ??mﬁ?% Ecg%rrea@ho?%h%%r%tﬁreawa%%&t@'E’é' ¢ reactor,

p (c) ct st'ream of the
cat aI yti @Oﬂééltsﬂcm weg 8ht%nand &6 selaativity wast-4%. Molar selectivity is calculated

, 25 by dividing the number of moles of EO consumed to form a given product divided by
the total number of moles of EO converted to all products. After 27 days of
operation, the reactor temperature was increased to 108 °C. EQ conversion
immediately rose to 95% then continuously dropped to 86% after 42 more days of
operation. At that point, the reactor temperature was raisgd to 117 °C, and the

30 conversion increased to 96% then continuously dropped to 80% after 37 more days
of operation, when the reactor had to be shut down due to excessive pressure drop
through the catalyst bed. It was discovered that the resin had expanded and
completely filled the reactor, which caused the excessive pressure drop that led to
shutting down the reactor. In fact, upon opening the reactor, some of the resin

35 forced its way out of reactor to relieve the pressure that had built up due to swelling.
The volume of the swollen resin was 40 ml, and the resin swelling rate was 1%/day.
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width ratio of 6.3:1. A 3.2 mm outer dlameter thermocouple with six evenly spaced
30 junctions was mounted concentrically inside the tube to measure the reaction
temperature. The tube was packed with 30 ml of the resin catalyst. Aqueous and
ethylene oxide feed streams were pumped at constant flow rates, mixed, and fed to
the top of the reactor. The reactor was operated at 12 bar to avoid vapor formation.
Feed solution
35 The ethylene oxide feed was 99.9% pure and the feed rate was 8.3 g/h. The
aqueous feed was 64 g/h of deionized, CO,-free water. The feed temperature was
adjusted to maintain the temperature at 95 °C at a point inside the reactor that was

2.5 cm from the bottom (outlet) of the reactor.
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A second order kinetic model was developed for the catalyzed reactions
mechanism using data obtained by feeding a reactor with c:tiifferent concentrations of
ethylene oxide and water (5:1 to 15:1 by weight) and running at temperatures
between 70 °C and 125 °C. By combining these kinetics with praviously measured

20 kinetics for noncatalytic reactions, a comprehensive model was defined that predicts
the rate of the reaction at each point in the adiabatic reactor system. The pre-
exponential rate constants and activation energies for the reactions are shown in the
table below wherein the following abbreviations apply: EO (ethylene oxide), EG
(monoethylene glycol), DEG (diethylene glycol), and TEG (triethylene glycol).

o
wn

Table 1 — Reaction kinetics used for Examples 4-13

Reactants Product Mechanism Pre-expopential Activation

Factor (I/tol-s)* Energy (kcal/mol)
EO + H,0 EG Catalytic 1.60-107 18.9
EO +EG DEG Catalytic 1.63-10° 23.3
EO + DEG TEG Catalytic 1.36-10° 17.8
EO + H,0 EG Noncatalytic 8.8:10° 19.0
EOQ +EG DEG Noncatalytic 2.2:10° 19.0
EO + DEG TEG Noncatalytic 2.2:10° 19.0

*The reaction rate for the catalytic reactions is based on the gross or bulk volume of catalyst in a
catalyst bed, whereas the reaction rate for noncatalytic reactions 1s based on the net liquid volume in

30 the bed. Both types of reaction were accounted for in the catalyst bed, where approximately 40% of
the volume is liquid.
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& () - "FYaRRtch&ohntains 4&dtal}t ted 3.25 meters in diameter by 10 meters in length. The
20  product exiting the reactor is at 17.2 bar and 100 °C and ¢ontains 130893 kg/h
water, 12 kg/h EO, 23957 kg/h EG, 263 kg/h DEG, and 2.5 kg/h TEG. The total
volume of catalyst is 344 cubic meters. The EO conversid;n is 99.93% and the EG
selectivity is 98.7%. |

25 Example 6
The apparatus shown in Fig. 3 was used. EO (10 °C and 17.2 bar), stream 2,

is fed to a splitter at a rate of 17237 kg/h and equally divided into two feed streams,
2a and 2b. Water (46 °C and 17.2 bar), stream 1, is fed at a rate of 137892 kg/h to
the shell side of a heat exchanger, 7, where it is heated. h‘he feed is combined with

30 the first EO stream, 2a, and fed as a 68 °C mixture to the first of two adiabatic
reactors, 5a, which contains a catalyst bed that is 2.75 md:aters in diameter by 10
meters in length. The product from the first reactor is cooled to 74 °C in heat
exchanger 7 and then combined with the second EO streém 2b from the splitter.
The combined material is then fed to the second reactor, which contains a catalyst

35 bed 3.25 meters in diameter by 10 meters in length. The’;product exiting the reactor
is at 17.2 bar and 101 °C and contains 130893 kg/h water, 3.5 kg/h EO, 23946 kg/h
EG, 283 kg/h DEG, and 2.9 kg/h TEG. The total volume of catalyst is 143 cubic
meters. The EO conversion is 99.98%, and the EG selectivity is 98.6%.
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The apparatus shown in Fig. 5 was used. It is a comparative example oniy,

because neither reactor contains catalyst. EO (10 °C and 17.2 bar), stream 2, is fed

15  to a splitter at a rate of 17237 kg/h and equally divided intp two feed streams, 2a and
2b. Water (140 °C and 17.2 bar), stream 1, is fed at a rate of 137892 kg/h and fed
to the shell side of a heat exchanger 7 where it is heated. 'The feed is combined
with the first EO stream 2a and fed as a 153 °C mixture to the first of two adiabatic
reactors 5a which is 2 meters in diameter by 3 meters in length. The product from

20  the first reactor is cooled to 162 °C in heat exchanger 7 and then combined with the
second EO stream from the splitter. The combined material is then fed to the
second reactor, which is 2 meters in diameter by 4.85 me’@ers in length. The product
exiting the second reactor is at 17.2 bar and 182 °C, and tontains 131257 kg/h
water, 3.5 kg/h EO, 21495 kg/h EG, 2239 kg/h DEG, and 134 kg’/h TEG. The total

25 reactor volume is 24.6 cubic meters. The EO conversion is 99.98%, and the EG
selectivity is 88.5%.

Example 9 ,
The apparatus shown in Fig. 6 was used. EO (10 fC and 17.2 bar), stream 2,
30 is fed to a splitter at a rate of 17237 kg/h and equally divided into three feed
streams, 2a, 2b, and 2c. Water (46 °C and 17.2 bar), stréam 1, is fed to a splitter at
a rate of 137892 kg/h and divided into two equal feed streams, 1a and 1b. The first
water stream, 1a, is sent to heat exchanger 7a where it IS heated with product from
reactor 5a. The second water stream 1b is fed to heat exchanger 7b where it is
35 heated with the product from reactor §b. The two water s?treams are then combined
with the first EO stream 2a and fed to reactor 5a, which contains a catalyst bed 2
meters in diameter by 10 meters in length. The heated feed material is at 77 °C and
17 bar. The product from reactor 5a reaches 95 °C due to exothermic reaction, but
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contains a catalyst bed 2 meters in diameter by 10 meters;in length. The product
stream from the second reactor reaches 97 °C, but is cooled to 81 °C in exchanger
7b. The cooled material is combined with the third EO feéd stream and fed to the
third reactor which contains a catalyst bed 3 meters in diameter by 10 meters in
length. The product, stream 6c, exiting the third reactor is at 17 bar and 101 °C and
contains 130894 kg/h water, 0.7 kg/h EO, 23939 kg/h EG, 292 kg/h DEG, and 3.0
kg/h TEG. The total volume of catalyst is 133 cubic meters. The EO conversion is
99.99%, and the EG selectivity is 98.6%.

Example 10

The apparatus shown in Fig. 6 was used. The reactor configuration is the
same as in the previous example, but the water to epoxide feed ratio is lower. EO
(10 °C and 17.2 bar), stream 2, is fed to a splitter at a rate of 22680 kg/h and equally
divided into three feed streams, 2a, 2b, and 2c. Water (2$ °C and 17.2 bar), stream
1, is fed to a splitter at a rate of 137892 kg/h and divided into two equal feed
streams, 1a and 1b. The first water stream 1a is sent to heat exchanger 7a where it
is heated with product from reactor §a. The second water, stream 1b is fed to heat
exchanger 7b where it is heated with the product from reactor 5b. The two water
streams are then combined with the first EO stream 2a and fed to reactor 5a, which
contains a catalyst bed 3 meters in diameter by 10 meters in length. The heated
feed material is at 75 °C and 17 bar. The product from re;iactor 5a reaches 100 °C
due to exothermic reaction, but it is cooled back to 78 °C by cross exchange with the
first water feed 1a. The cooled material is then combined with the second EQ
stream and is fed to reactor §b, which contains a catalyst bed 3 meters in diameter
by 10 meters in length. The product stream from the secd,nd reactor reaches 101
°C, but is cooled to 78 °C in heat exchanger 7b. The cooled material is combined
with the third EO feed stream and fed to the third reactor which contains a catalyst
bed 3 meters in diameter by 10 meters in length. The proauct stream 6¢ exiting the
third reactor is at 17 bar and 100 °C and contains 128709 kg/h water, 13.1 kg/h EO,
31342 kg/h EG, 503 kg/h DEG, and 7.0 kg/h TEG. The total volume of catalyst is
212 cubic meters. The EO conversion is 99.95%, and thei EG selectivity is 98.1%.

Example 11

The apparatus shown in Fig. 7 was used. EO (10 °C and 17.2 bar), stream 2,
is fed to a splitter at a rate of 17237 kg/h and equally divided into two feed streams,
2a and 2b. Water (135 °C and 17.2 bar), stream 1, is fed Tat a rate of 137892 kg/h
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&Y8 09XHXHGrther dooléFdPhEhiSeXaeP M8 72 °C and then combined with the second EO
5 stream from the splitter. The combined-material is then fed to the second reactor,
which contains a catalyst bed 3.25 meters in diameter by 10 meters in length. The
product exiting the reactor is at 17.2 bar and 98 °C. The product is then sent to the
shell side of heat exchanger 7a where it is heated to 145 °C. The product stream 10
contains 130992 kg/h water, 12.6 kg/h EO, 23292 kg/h EG, 802 kg/h DEG, and 30
10 kg/h TEG. The total volume of catalyst is 83 cubic meters.; The EO conversion is

99.92%, and the EG selectivity is 96.0%.

Example 12
\ The apparatus shown in Fig. 8 was used. EO (10 °C and 17.2 bar), stream 2,
‘ 15 is fed to a splitter at a rate of 17237 kg/h and equally dividied into two feed streams,
2a and 2b. Water (46 °C and 17.2 bar), stream 1, is fed at a rate of 137892 kg/h,
preheated in exchanger 7a to 72 °C, and then combined with the first EO stream 2a.
The combined stream 4 is fed to the catalytic adiabatic reactor 5a, which contains a
catalyst bed 3.25 meters in diameter by 10 meters in length. The product 6a from
20  the first reactor is combined with the second EO stream 2b from the splitter and
preheated in exchanger 7b to 150 °C. The combined matgrial is then fed to the
noncatalytic reactor 5b, which is 3.25 meters in diameter by 10 meters in length.
The product exiting the reactor is at 17.2 bar and 176 °C. ; The product is then sent
to the tube side of heat exchanger 7b where it is cooled td 123 °C and then further
25 cooled in exchanger 7a to 101 °C. The product stream 8h contains 131166 kg/h
water, 0.5 kg/h EO, 22093 kg/h EG, 1795 kg/h DEG and 74 kg/h TEG. The total
volume of catalyst is 83 cubic meters. The EO conversion is 99.99%, and the EG
selectivity is 91.0%.

30 Example 13
The apparatus shown in Fig. 9 was used. EO (10 °C and 17.2 bar), stream 2,

is fed to a splitter at a rate of 17237 kg/h and divided into three feed streams, 2a, 2b,
and 2¢. The streams contain 4536, 6350, and 6350 kg/h of EO, respectively. Water
(144 °C and 17.2 bar), stream 1, is fed at a rate of 13789% kg/h and combined with

35 the first EO stream 2a and fed to the noncatalytic reactor 5a, which is 2.25 meters in
diameter by 10 meters in length. The product from reactor 5a reaches 156 °C due
to exothermic reaction, but it is cooled back to 120 °C by cross exchange with the
product from reactor 5c. The product is further cooled in heat exchanger 7b to 80

BRAENTEDr SHEE]

Aty

43440 -24 -



. ‘ ' IV,
“$109% & ()-*$109 f& ()-*$10% f& ()-*$10% I& ()-*$1005 05 JUN 2082
-dDAV70 1)?)$*$10% f& ()-*$10% f& ()-*$10% f& ()-*$10%

-*$1006 & ()-*$109% f& ()-2Z: dVZBSE)*$1096 f& ()-*$10% f& ()-*$10%
_%$1006 & ()-*$109%6 f& ()-)?)$% zZ dV70 1)*$10% f& ()- *$1094
*$10% f& ()-*$10% f& ()-*$10% & ()-)?)$*+47DKPzZ: dV70 !)*$10%

- * $M0oFhe eb¢lpdgaievil isghen cofritdnéd tndth(the setosd EO stream 2b and is fed

-) T PELHbE BB ZAhAN D rtaing 0 alyst bed 3 meters in diameter by 7 meters in
length. The product stream from the second reactor reach{es 99 °C, but is cooled to
82 °C in exchanger 7c. The cooled material is combined w;ith the third EO feed
stream 2¢ and fed to the third reactor 5c, which contains a icatalyst bed 3 meters in
diameter by 9 meters in length. The product stream 6c¢ exiting the third reactor is at
17 bar and 101 °C and contains 130923 kg/h water, 5.0 kg(h EO, 23746 kg/h EG,
445 kg/h DEG, and 9.3 kg/h TEG. The total volume of catélyst is 113 cubic meters.
The EO conversion is 99.97%, and the EG selectivity is 97.@8%.

Table 2 — Summary of Data From Examples 4—13

Ex. EO  Water EG Catalyst  Catalyst EO EG
Feed Feed Produced wused Productivity Conversion Selectivity
(kg/h) (kg/h)  (kg/h) (m’) (kg EG/m™h) (%) (%)

4 17237 137892 23970 216 111 99.99 98.7

5 17237 137892 23957 344 70 89.93 98.7

6 17237 137892 23946 143 167 99.98 98.6

717237 137892 21497 n.a. n.a. 99.98 88.5

8* 17237 137892 21495 n.a. na. - 99.98 88.5

9 17237 137892 23938 133 180 89.99 08.6

10 22680 137892 31342 212 148 99.95 08.1

11 17237 137892 23292 83 281 99.92 86.0

12 17237 137892 22093 83 266 99.99 91.0

13 17237 137892 23746 113 210 99.97 97.8

n.a. — not applicable
* - comparative example

Examples 413 depict desired modes of operating the reactor system during
steady state operation (i.e., constant over time). However,!there are a number of
anticipated events that will lead to unsteady operation, such as start up, fluctuations
in feed temperature and composition, and catalyst deactivation. To maintain safe
and stable operation of the reactor system under the influence of these factors, it is
necessary to be able to manipulate the feed temperature a:nd composition and the
reaction rate. The intent of these manipulations is to limit the temperature in the
reactors t{o avoid damaging the catalyst, to extend the useﬁul lifetime of the catalyst
making the process economically viable, and to provide staible operation of the
process.

Fluctuations in the feed temperature or composition can lead to undesirable
transient exotherms in the first adiabatic reactor. These can be minimized by
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increase the average reaction temperature of both reactors The hot stream used to
preheat the feed in Step 3 can be an external source of energy, such as steam, hot
water, or other hot fluid, or the effluent from the second reactor.
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cF ) SF 3. The method of Claim 1 wherein the epoxide is selected from ethylene oxide
and propylene oxide and the glycol is selected from ethylene glycol and
propylene glycol.
4. The method of Claim 1 wherein the diameter of the catalyst bed section of the
adiabatic reactor increases from the bottom to the top.
20 5. A method for making glycol in an adiabatic reactor system the method
comprising:

a) feeding water and an epoxide into a first adlgbatlc reactor under
conditions such that the epoxide and the walter react to form a glycol
product stream comprising a glycol and water;

b) removing the glycol product stream from the first adiabatic reactor and
feeding it through at least one heat exchanger; and

c) feeding the heat-exchanged glycol product é}tream through at least one
more adiabatic reactor; '.

wherein at least one of the adiabatic reactors comprises & catalyst bed comprising

30 an anion exchange resin having anions selected from the group consisting of
halogen anions, carbonate anions, bicarbonate anions, and combinations
thereof,. ,

wherein each adiabatic reactor is in series and at least tw'p of the adiabatic reactors

are separated by at least one heat exchanger, and?

35 wherein temperature in the adiabatic reactor system is moderated by cross-
exchanging the glycol product stream from at Ieast’lone of the adiabatic
reactors through a heat exchanger with at least one of the water, the epoxide

o
W
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reactors in series and both adiabatic reactors contain a catalyst bed.

9. The method of Claim 5 wherein the method is conducted in two adiabatic
reactors in series, and wherein only the second adigbatic reactor in series
contains a catalyst bed.

10.  The method of Claim 8 wherein the glycol product 4,tream from the second
adiabatic reactor is cross-exchanged with the glycol product stream from the
first adiabatic reactor in a heat exchanger.

11.  The method of Claim 5 wherein the method is conducted in three adiabatic

20 reactors in series, each adiabatic reactor having at least one heat exchanger

located between it and the other adiabatic reactors.

12.  The method of Claim 5 wherein, in addition to the ﬁi‘st adiabatic reactor, water
is also fed to at least one more adiabatic reactor. |

13.  The method of Claim 5 wherein, in addition to the first adiabatic reactor,

25 epoxide is also fed to at least one more adiabatic reactor.

14.  The method of Claim 5 wherein the glycol product stream is fed through at
least two heat exchangers prior to being fed to a subsequent adiabatic
reactor in series. |

15. A method for making glycol in an adiabatic reactor $ystem, the method

30 comprising: |

a) feeding water and an epoxide into a first adiabatic reactor under
conditions such that the epoxide and the water react to form a glycol
product stream comprising a glycol and water;

b) removing the glycol product stream from theifirst adiabatic reactor:

35 c) feeding the glycol product stream through at'least one heat exchanger;
and
d) feeding the glycol product stream through atileast one more adiabatic
reactor;
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5 wherein each adiabatic reactor is in series and with the proviso that when one of the
adiabatic reactors is a catalytic reactor and the next adiabatic reactor in series

is a noncatalytic reactor, step (c) above is optional when feeding the glycol
product stream of the catalytic reactor to the noncatalytic reactor.
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