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;e3ecM_T .arb6bTckr= P. F. 53764/ Kg As originally

file preparati on of *propyl ene glycols 5

The mﬁ@ @w mma tion relates to a process for the

conti eparatlon of propyl ene glycols by PI?5376MKg
reactlon Vit %ropylene wi th hydrogen peroxide to giv

pro Mﬁth si mul t aneous or subsequent glyco
for “ int wor kup. Theg gl ycol s are separated
fro nixture by distillation, with 10

propyleﬁémgPycol and di propyl ene gl ycol beiBg/0267PC IB/AT
separated off in a dividing wall colum having two

sﬁd%ioﬁfﬁag$s1and tripropyl ene glycol being separated

dividing wall colum. The invention also relates to an

f I
apparatus 1 O coRfinubR Qb ' F6ETRne AR cHaOPY! ene

internedi ates, for exanple, for produ0|nq pol yest er

and epoxy resins and al so pol yurethane forns. Their

i ndustrial preparation has hitherto nostly been

cahe i pesealitinyesting rglatesstoagePioeess efos . the ocomfinggyisspreparation of

P%?l%%c Q?&ﬂé’ |lﬁ“‘?ee@ﬁbﬁjeof' ﬁro’b?féﬁ& e\dltHV' ﬂy'ﬂr%en peroxlde to glve

oichio [ C exce wa r at rom
apmpé@ge p&1dgwith amuitanoas QSS@a?qqeﬁt glygely e&matoaga@d J%}byork-
r @ACThE SgleevIn@ed 8epdrited Effdre Sthar Erodedt emblthy lblﬁ&iﬂstﬂl@t’lon with

TQBI%O}%’ r?eglcgtﬁfcgoﬂ é'm%irhda H;;D rgglpgll %Ipy%{)p!;) 1%%25%%9568'0@? ‘r’lr((ia’lvuf”I ding wall
glcgl@mn haylingotwanside offtakes an tiaod Were gllyy@deemg separated off in a
1 coruRinORNicR n?tlﬁhﬁ&lw colpl R QRN |tﬁ€‘§1v&§n§kv3éﬂ%hﬁﬂg The invention

tripraopylene glycol” in"a weight ratio of about
10150 1¢jates Loy @pﬁiakltslfpéce}rgm AHIRLPIOEEFS- i n a second
stage, to a dewatering apparatus in which the excess

Bl oitnend e A d boimianleh, Bhtchlss b S BRL iRl SCa RS, for

stageplef foe prodptgepayeitorcmldsepaxe relisd ard aldo tpolygratieane forms.
: T hie i

045 DAAGHEA o AR AR Mol o Sl el e

3Prasess. es and each have a side offtake. In the first

col um, the propylene glycol is obtained fromthe side
offtake and the bottons are gssﬁd t o, Fhe second
V\tl

thProcETh DIeBKIEnS PXEe & FepgiRe Wit HPISRIOBPIUnex gy loyater at
I $ro<ﬁbt18(l) ne @207 entti X preseuré robrirdnn e Sbiot 29 bu0in tHfirst stage. Tube

S PR BRI 8 D105 LOtlR LAy R R OTH ARG tene
glglyeols avainéd awl thyn Ipeesoistiaithe dor(rUbf aamintuge Eowpubiop adopylene
SN RURL GHAT fed  £15 MEAAES, oSy v

i Blycel ard Gpronyrne el dha weray gatio of abaut 131Gy This pnixture is
t BRAnfEREESS a%&&ﬁdlslihg‘éhto&-hdémertﬂ’g{z&@aﬁﬁﬁﬂwm&\ Gle)esodss water

{ di. st t
oA O SRR hep st P b 7 ohfieg 3 PSS Spimany,
pum e tkpr(bspggeeﬂm poop ydenegdy il saart idisgjlladh teegivapurelprodigtsaAccording
0% U g% X ig.ﬁ’sf Fss&%ed BM{SE&{]% M@ chu%’dsd\@hi%ﬁ dré‘%%%%d in

oces
paemqsmdatrachthaée @r%@fegﬁftaéﬁ tnhéle réts@cﬂtlminnv@nmrpgyiene glycol is

; %refa%&da%ﬁs Sttgér siﬂ@ﬁﬁfrtrgltega}rfdothk!zﬁ)ttﬁﬁﬁ%‘é ﬁﬁsﬁg@“ qgr %E:?lléd)%lumn
ofroph hascotge & @k@ﬁ*gﬁc%upgo g?ﬁf@h tjaed: JHHe B g drom the
wibbhoma éfechilc 8etoadtdoymn fis tpasses tof thappiad aolsnm@itbm whose side
energy. 15 W have found that this object is achieved

by a process in which the preparation of propyl ene

oxi de in which sonme propylene glycols are forned as
by-products is coupled with the reaction of the

propyl ene oxide with water. The propyl ene oxide is
preferably prepared by reaction of propylene with

per oxi des, for exanple, hydrogen peroxi de. The

propyl ene glycols are separated off by distillation in
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(ii) reacting the propyl ene oxide obtained in step (i)
wWth water to give propylene glycols, 30 (iii)

separating off the propylene glycols obtained in steps
(i) and (ii). In a preferred enbodi nent, the P.F. 53764/Kg
separation in step (iii) is_sarried out by

distillation in a dividing wall colum having two side

of ft akes and a_col um whi ch i.s .t hernal oupl e
P B TS B ponl n R dte urage S fideReS Gncapiopadic
t i@ teyhBRELISCHdnsie, 4h fHdaton, Yblunhe19]ipugedi42§-482). col umm,
di propyl ene gl ycol being obtained from P. F.
53764/ Kg -3 the | ower side offtake and tripropyl ene
gThe ptochssi deycolbidareqettes a dught betlayoinutenmetof Gippargtus and energy,
t . . C i .
QAR R R 88 B high A QTBRYEL. BYARS REntibhed are
oscparatqdrbysdistidationasingeotirag QobRs asp usshiFurthermosel it geqpiges the
PR&ESIfPuE: frBpHERe §:18e & UBBnRAGRL., Whi ch al ready _
contai ns anounts of the propylene glycols, obtained in
the synthesis of propyl ene oxide from propyl ene and
hitdisoge robjret @fi itie. préseat Useenoibn t toeprbvidedamgmpadvedcpdoaens for
in_combi nation,wt he Y, l.ed R
| Rrefiting (8 pOHicts elvdals b R g BHREEGraR} YiiReriSfvention
amu&/mke it possibie @fusappm)dcnﬁsg)gm of hwy gyrltyoas starting material
C r 3 0 . h
HIRY Hférbegzggﬁ’% @ﬁ%gé(; r R R0l B nticHe8 96 bOBhrYicl 68t wit

colums 1 nste e necessary for separating
of feduged eutiaydn fermyiob aprssdthhatslaeEYocess thus offers
advant ages conpared to the process of the prior art.

T repar at i on, of . propyl ene i de_by r.eact.i.on of .
oMY E R R GBIy e Eed B f qiotFsy 8 gjich by Breparation of
k pmpgleas dxadteninbehichrsoiredpropyleiny ghycolsnaragbinoaiks as Bptphoducts is
S . .
OIS ShERE: RACIAR b 8 bRAGIRE BERSERD B Pt Bidflytenc oxide
pisopesserably aprepaye@ flor resglior®f RIRBYIpRGE Withh perpgides.s faggexample,
PhOGBES BEd%IdeD e ipRopARR0810ISE ArddkpatA&s offoby WRE1EGon in a
react.ion of propygene W th, &ﬁro en ngrom e tol for nh B
popging el gplyEim BaRgVPs sideagiflakei a8 @oeolpmy wgich 1s
( Yhermbidy caupdlthergwithopyl ene wi t h hydrogen peroxide to
give a m xture conprising propyl ene oxide and
unreact ed hydrogen peroxide, 25 ((3) separating the
uiTheapteseht hydenigen seerdidiglie Prowides he priogesar éorr dha| qonpiguous
f i . { 9eR: PR'RPL @8 to (iii):
R ERER {rlopsidhe A%, VAN DIEL RUBRLIEARER 5 o id
propyl ene. 30 Accordingly, in this reaction sequence,
thg reqsicling pepylynePyite hgdivigth pbistidegRnfopar shspylend akigs and
pl ace in annI e?stltvvo steps (a) and (y), with the
hydr og 8BS &PE R 3§85 epar at ed of f in step ((3) being
ugied i meactieg ribagiropylemgaxive dbtainkd sinsstqpei)c &viths aatkr to give
reacti ' I ably carried out over a

ggbrgg%ng g@fg‘ék

hetero ous catal yst, optionally using a solvent
stidih asepmsatingredf the prapylene glycols obtained in steps (i) and (ii).

In a preferred embodiment, the separation in step (iii) is carried out by distillation
in a dividing wall column having two side offtakes and a column which is
thermally coupled therewith, with propylene glycol being obtained from the upper
side offtake of the dividing wall column, dipropylene glycol being obtained from
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P. F. 53764/ Kg The reactions in steps (a) and ('y)
preferably take place in two separate reactors.
Fi xed- bed reactors are usually enployed for this
purpose, with the reaction of step (a) being c jﬂggy@ng
out in an isothermal reactorsand the reaction of step
(y) being carried out in an adiabatic reactor. 5 The
hydr ogen pergxi de conyersion in ste (a% s .generall
{the BB S80REC b RIPRY T FRl 2*5%0 {pynedy figig G splumn
I hichastermilysdoapled tirewiv.er al |, a hydrogen per oxi de
conversi on of about 99% over both stages can be
achi eved at a propyl ene oxide selectivity of about o
Ol- 188 ovel (pradess, if dstthwmsene lmgemetessaryt loause gatt propylene oxide in
OB GE ki) vﬁﬁpgﬁfeﬂg)lft ritﬁs'?%aﬂtlf%t pdisibf 0% Ye WRIdE gﬁocﬁfct, which
propyl ene oxi de. 'Further conponents present are, for
eXeaspy eoniginsrameiintael &yl piopylenguglyscels, ghtaigdiiadthe synthesis of
PHORYILRNBxiAS fRINY PR 1&1@%@%@@%@6 PRYSKi @0 eTheARE O itRE dividing
and al so acetaldehﬁﬁﬁ and HE#BX forniﬁg.115 The wat er .
pPaE ERtumm T sambipaiite v thiths Hicgngy grupiieeol g fifinit addition,
r etablel oonsiferdtie shyidgo ge e pathievied envietrhs [oif cipphmns and energy
al S rglﬁﬁgt{@()orﬁfg}ré& b t?llé phr&ﬁatjtjysgl{c%%%%}' R &)gllnggs 1ns%ead of three are
FUrthefnore, &n aqueots hydrogen peroxide solutrton i's
preskssanblfgr sepadating offephs glaypolandhe' gontinupuse pracpss thus offers
PiRMAabebnHRRA b RO Sroc¥B e End PHorkRACT W th 20
propyﬁgne g&%de to f@?ﬁlpropfﬁgnéaglycol. The gl yco
formed in this way as by-product can in turn react
gmné f;ﬁépla‘v‘&ttdﬂ aﬂqi)iréﬂqu? oo [yl eclﬂﬁtioxicfiepﬁolpyl@h%awith hydrogen
i propyl.ene gl.ycol and triprqpyl ene ol,. Thus
BRBERY ST RS ke anf, B FRLHEAS JuLP kng'R Remoas. Both
t singlecmge earsl gluiissdgeapmcpsses ent ben usatdi @wing too theie economic
p ' . an readily be
sé%§¥gg%§nggk%§gpgﬁﬁgg?%%%?g%ﬁfihe product 25 mi xture
cont ai ni ng the propyl ene oxide since they have

rebtianiily, e MuIBRhdd PRI dRb&ibe¥g wWNEV/87dS prodide®for the
is carried out in a colum, they are obtained i.n the .
bEBRERROMHPPECH €|h¥§fegakp%re’ﬂé%g%f%@rpfmlﬁ"ef Qi sy comprise
v al laist te seprpae s is distilled off via the top of

the columm. This propyl ene oxide has a purity of from
about 95 to 99% and is referred to as crude propylene .
ofdXe. reaoting,propyleapavith hdragxy peropida dp Livib e anilie £gmprising

furthe reRE BLHE bad BXresMES RALS &&chéon of
propylgﬁgwg&ide Wi th n%thanoﬁﬁﬁ%%gé t he reaction

chidi t FORBLAR g WiseastRda hHEaEsth PERESidsoiroBingle miFipifeFesulting

by- pr ogldit Gepfpfogsent in the bottons are

2- hydro e.oxlézgpro anol and 1-hydr gper oxy- 2- propanql
Shih GRgt o RR T eerifg maicpRar souapE il hgee ®
on to piithpyromencoxi de. P.F. 53764/ Kg -5 These

hydr operoxy al cohols are preferably reduced, |ikew se
form ng propyl ene gl ycol. For exanple, the nethods
déseordigdy.iin ths reactiopseggence, haeadionsyprepyleqmpith hydrogen
I gerdkideQlikesHlieah QF 18 fwrrisHs @) anB AN ithSthe Ayadogén Peroxide

hydr oge .. on. In, one embodi ment of .the process o

¢ KaBREDEI o ETEUIE SR JF GBS PEREEH Ry col | obt ai ned
as by-product in step (i) is accordingly formed by
reduction of 2-hydroperoxy-1-pr nol .a )

1 T oirdics: SR MR BaREiliety Pticd 2 aver 4 fetsropencous
poataiyst, eptienallpfusipg applveniesugh ps oiethaedlng f or med as by10
product in addition to the reaction of propyl ene oxide
wth water. For the purposes of further reaction, it
is extrenmely advantageous for the crude propyl ene
oxide to be able to be used in the process of the
present invention without further purification. 15 The
crude propylene oxide is then reacted with water to
give a m xture of propylene glycols. The reaction can
advant ageously be carried out using the process
described in the prior art and the reaction conditions

ey s o, o A oA o
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25 instance in a tube reactdr or tube reactors

connected in series. The propyl ene glycols forned are
then present in the formof a m xture consisting
essentially of propylene glycol, dipropylene glggpg37@VKg
tripropyl ene glycol and pol ypropyl ene glycols. I'n

one enbodi ment of the process of the present

i nventign, propylene oxide is therefore reacted w

whhe Feagtions nstapsolcp and Aplpiehidably fakesRlare o v Fecnarrai% f?ﬂ&tors

Zﬁlxﬁa-fbed ReatdRParel uspall Tétﬂplb?éd fte nkie phrpasea with thbeeactlon of step
ctqor or r ors SS e

5625 bsThe Purlsfott 4,3y TSR SRS A abe el o RBigf §F beine
pcaﬁedamhyaheﬂmbmmama&ohours nore preferably Iess
than 1 hour and particularly preferably about half an
hour . -6 P.F. 53764/ Kg The m xture obtained in step
(Thy hydrogerepesexide gonveasien by siemi(a)ds geneaalb gompgout 85% to 90%

?ﬁﬂgﬂ%& F}tssltéﬂ‘(y‘}\’ﬂ' i§ Bbd i ®5 %(&f%@ oﬁ\@kﬁ r([.’)) OwaliRh ﬁhtygﬂ)g@rﬁ peroxide

 Goheiuen pbabdlE PUABTH o hsiagcy Fab B agyP e dipragyleng oxide
apgladtpiityEabdnosdssat ering, it is possible to use
conventional distillation columms in which the 5 water

is distilled off via the top as a | ow boiling

f The tniature Dhinglyiodhe ndaction geweaallybeoritaios froadatxut hie 10% by

b | p
2Ll Bk 5y il e pepeg e phn
i BY etolvesh, walke \nateeeted spraeﬂéw.aﬁgpsgaméwmao Heydrogen
mp&tosuo% aﬂ@ta&br&@&ald@hﬁfe%d(rhétﬁyltfﬁlfrﬂft@ the pr opyl ene 10
glfycols are separated off in step (iii). The m xture

obtained in the dewatering step preferably has a
r HSl'b Cwiater pedsesit morieeptodott hestare baginds Hyomehgreaction of the

t
538y R S SRR R B B0 g
glpymi@ Hbtthdrmode, iam ague(pps(h»dr@gm ;@r@rpde( $q191t1q;r§ Hrﬁf@rably used
%Ee%% QI)OHd '@bsﬂhﬁﬁr (thé :ﬁrevalﬂﬁfge cotdiforl Wedér Fayt Hara@t with

been tal ned a separated off as secondary
y.pefmy qne tidp to ifprm ayopdens glysal abisy 8lycols i inedis way as

Sltbrbclﬂﬁzt QJaM cial tuth theh’d’teflﬁtkhbﬁlvﬂﬂﬂ afldigvhd] hgroppend @kidegio give
er to s

t | ed .t

5 e&??}ﬂe%gﬁ %ﬂlwaﬂéje r'pd?]%%rfee gl OO?or utshemﬁ?gpe%‘fy?ene glycol,
mdmrumdsnef glgeolsind prigiopylanelglyrelpré piepentrie additibn trethe propylene
”%&i&xﬁmé&ogﬁ@bﬁ @b %le\é £llate ngsngisﬁllaﬁ@{ %lethe product

present In m xture roms re pre er ab
sélﬂiahla‘t sanigining e propyleas wglc{eoslﬂ%t Vetsaérﬁtrelaﬁv@mm% boiling

pofftdl Whéea® @i@tﬁ'lMtioﬁl i9@adried @k Ve al co!lﬂnXﬁ Uth@y afe 6ligRed in the

conti ous into dIVI Il co
Ageewaﬁ PR Hepvicst Qxfie oo Bt Rl i) ¥MRiigopagpents is
dIdw'Stﬂilleﬂl g)fﬂ/\ahlthe: ajpusfinthl awlumgx {This piofplend dxidk das wipucity of from

by whi ch
BN SRR s B RRIE R SRETT S S cam

fromthe | ower region of the dividing wall colum is

feghe Thgnd E%&%*%r&&ﬂ@ise&tﬁﬁé&% flifhed B&D{S‘N)ﬁﬁété ®yadubsequent

reCtlflcatlon col umm | C S erat
\ SESHPD G PrAmSTReR kBl T e g e FAsHOB Copdligns are also
CQbtiided Sni fHer GAuGHAEl \Bu&héme)yvlﬁpdﬂc@tpre&m ia5 tha botiong  are

ums . ar e _known rhor arf. y
F bR Bdhatpt A0 o BFtRTor 2 Arosfpy whitiare formed by
c aldditios ofthyddogtrapeaoxidt pn 4o piogglend bxidke but no di vi di ng
P.F. 53764/Kg _7_ wall. The use of the I|ast-naned
conventional type of columm is, however, restricted
because the products taken off at the side offtakes
are never conpletely pure. In the case of products
taken off at side offtakes in the enrichnment section
of the colum, which are usually taken off in liquid
form the side product still contains
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5 proportions of |ow boiling conponents which should

be separated off via the top. In the case of products
taken of f at side offtakes in the stripping section of
the colum, which are usually taken off in gasegys 764/Kg
form the side product still g£ontains proportlons o?

hi gh boilers. The use of conventional side offtake
colums is therefore restricted to cases i,n which

c ShessnhyseRsaosi dleo atrcpsfeantly peduredslibvase igmpspropylenc

dighiceli. tFGr mlrrlplé $hd Mmsihats @&chl&bcﬁmm a0t o% BPN7 chiBe used for the
rati on a
o ke A pRired do Do Rl KR BR By R o

form A dividing mall is installed in the mddle

, . ¢
gf@?gﬁ 8]31%8¥%16§p gfa ! r‘é’FésQ tﬁee greﬁ&t%%&ﬂgn Q]E r{ﬁ‘b@ﬁene %lycol
bebmaledl ys pyspredud5in ratep ;ﬂ)aaﬁe aC¢ctrd1$1eb1 doruyferd tbeereductlon of
ohf Rt di revents

c?&¥ n1X|n 1Pﬁ$?33| 1Q§MQ§%§%@§% g%ﬁg'over t he

entire colum cross section in this part of the

c mhefmS thdhéfBrd £ 64608 pbmalé a3l of pusyeneqilyehl Seink fatréanas by-
r.act I

© SR immsafiion 56 meleacion of SR BRR SKRE MR walst oi 1 ar

b0| ling points. 20 This type of column has been used,
a f ti an j

ﬁ% gﬁ)ﬂ S%eﬁeéé{ t%ﬁtﬁgrt ﬁe%@t%na { % excffen%?}a 62}%1&%06%%%5@ crude
( lpsmzzlfmlom@m)o becable e e eysad dnithe pstcess af thaupeesest invention
b%ﬂ%ﬂ?ﬁurﬁl@ﬂf,{ﬁ-ﬁﬁ:aa&g xyl ene (US 4, 230,533), for the
separati on a m xture of n-hexane, n-heptane and
n-octane (EP 0 122 367), 25 for the separation of
azeet Erapd qﬂb;bweda:obkideglsnﬂhxﬁ uegsed BRIO whid fol@jveamdnixaure of

e, B Sy T s, Aty il BeeSaNEE G wsine the

dipreatsndpswabdd iodhaiprigr asashbomeastiore aernditicrls|apd irgactdgindicated
fi ! §QMor thet Cutdiric Tifon of water on t
tgéf»}ée@agllw%ﬁ af Sﬁﬂl% p';‘gcé‘s éf%eor the. &atd 9t1? d®liion of water on to
danecidenean HieebR FBRIOYed pECRITIS RS Bgihod desciibed in WO
p@@k”ggharly advant ageously using such a design. The
upper conbined region 1 of the inflow and of ftake part
of the colum preferably has from5 to 50% nore
pr'[&feecrra:ﬂﬂ propylee bideois 3eferabhye reantet chinte atst@ddhismetricoexcdss of
he .i par ef er t 9
ol U PSP PR IR0 ke Lo i, o
t hestmm iova pelret roaetor e)rratbbiy repgtors coptadoins geries. The propylene

%Y)Qﬂﬂ Krmbd affhen ?F&Eﬁrlﬂ%é/ fdrhOBt é%ﬂ(ﬂr@%lsh %essentlally of
strlpplng ecti t he of takeﬁfart g é iy |

£ remenco ebeal, hprapyfsnes bsel yriprpKiers glycolosy propylene
enlycolyrent section 5 of the offtake part prefer abI y

has from5 to 50% nore preferably from15 to 30% the

| ower conbined region 6 of the inflow and offtake part
ofIntdne erobadimen @l tkepragdsy ofidbe fprqsqmtsmwmtgm%prcrm'ﬂ@e oxide is
pr o 180% & EBPFHﬁillSt 25
cgﬁ%?f%*f%mfe?%@%%ﬁaﬁ? 3P ST ERLP BBy DFER 15 1o

f regfriestem(iB0% nore preferably from 15 to 30% |n each
case of the total nunber of theoretical plates in the
oS BecHEe 2 MY AR PhEAAF JoPparEsryaty o e sired
preehedraibhy. Theyrar8@eharally 0 thar & hpues, erefdlaplyf lesst®@ 3 dours,
10rg Ioﬁ é)%feltaggl l%&ghe?r];l M}% a?lld'mﬁ clglpafrlgfpp‘fefata%i }} %?)ltut R%lf’uér? Rour.
|IkeWI se advant ageous for the feed point Z and the

side offtakes fromwhich 15 the glycols PG and DPG are
taken to be arranged at different heights in the

columm relative to the position of the theoretical

plates. The feed point Zis preferably |ocated at a
position which is from1l to 8 nore preferably from3

to 5, theoretlcal plates above or bel ow the side

Y T ~Ns Ol
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thermally insulated in these regions. The product
streamis advantageously netered by neans of a punp or
via a static 35 inflow head of at least 1 minto the
inflow part. This inflowis preferably regul at eF_Fygy@{/Kg
cascade regulation in conbinglion with the regulation

of the liquid level in P.F. 53764/ Kg -9 the inflow

part. The regqulation js set_ so.that the anmount of
| T heimix e qbsanekid st @) irelerablt RAYETeddo @ dsiyatezipg gpparatus
dirowhieR | tBeaR%6 @hiet Mesepararaal off al beénullidtageasy ape@tiof.OThis water

that , such a procedure.is . rtant 1o even out

¢ PR dEBmaeef o0 R Rt Wil e Bilinslsfle 0. 4% apparatuses for
cdewsatingtii @ podsitild¢o fuse dondentipnal sdibtilkatinn stolimmgroint which the
f ) M SLen.: t i qui d. £+.0ming: do

s%af_e%';‘;ﬁ%*ﬂi%%{)ﬁ Gl ab sl RonRRARAIcHO e By ke can
bbe isetated: 41 sheshat@mper via ke sigrdotftake efntick RARARIUSSCt i on of
the offtake part to be set by neans of a regul ation
device so that the ampupt of |iquid going.to the .
eHt AdHRisHed cabodbpent g}oﬁ ﬁg? PERSS}S BEF*&AF%SW? {ycghionige water is
na¢dsedinyla! rdmovatl ke tieemixdurt lubstingal B @ep (i) iefsrehths prapylene
bel ensur ed b%t magﬁs ?f n@ﬁfropri ate regul ati on net hods.
18RRI G PR SRS o1t he operation of dividing
wal | col ums have been described, for exanple, in
%E}QIF{I}S&? qbggiﬁ% ﬁ‘l th% qlig\él%ggg gtﬁg ?%re?é’}atilg_hgss ’a rec%%ual ».vater <.:0ntent
sepdasatthan>%nby migight ibskare dnisgransteorss tegba paparppy i gehich the
ERIpYRSE ighgoR drd ROBY) segdrad.ofir ans | ChenkE 72 (1994)

Part "A 639644, Chem cal Engineering 7 (1997) 72-76).

The regul ati on nechani sns described 20 in this prior
arMhe GAycodd sloratned énplepy@daddstepr(iipprel then semratbd ofir imceters (iii).

of, th resent .jnvepdt. ' L Ncl ol
e
ugyeddiin $tep ().es deseritied aboed. ys eqrebiaedwithdbe ghycelrmiture [gbtained
gl | ' i [t BaC, ' ff th
FINEPLS diabiod SR it W8 oA BB, o e of e
pridieidyy)|8)yeolicen of f under tenperature control. A
tenperature regul ati on device which utilizes the

d flow quantjty, the reflux ratio.or. preferabl h

q%ﬁ?rﬁ weoﬁg'lpﬁinﬂl\é‘é‘ﬁngss fFOéléuL{%Q i@g apd 4R t@f’ allrg cym.gmgd’ the

pmosthakygrapandl ant ¢heumpemt,sagotel p methayol tfresepbinuhe miThyee from
Lt R0 ke dQhted G tENPErature regulation is

g?ge?)gpgbq‘?e roca?e%ga?rt%m 3 to 8, nore preferably from4

to 6, theoretical plates below the upper end of the

C A déBRind RPthe Pidsahten&itioh NPfeell sirbsn cempasial ieegly& Mixture is
results in the liquid flow.n d?lvvmfrom35 t@ne (gqgr ¢
s BAT Gif! £ORinUOHRY gl AndiiinG vl Pell on ARt Seriie gesen
ofimtdmﬁo?,i wedks mgade oP.aFcliiviﬂii@GWAIKgomm hmz:irig Bvaesside offtakehevhich
ratip of t i qyj i Ny .

L R LIl BT QAR i e
1.204 imtorvehiph efsgeab|fiont therfo@esregtonofghe Hiyiding svateqohiyan is fed.
t hﬂled@l\éﬂn%{}ﬁgﬂﬁlﬂ%d bR isSa RbAYRLiBR YrebPHidaibh @@lunin @vhich is

recei ver s, locgted in or qutside the col.um .
PTG MR SBROTIZEE . st fptees dar BRIt Ghahiy Colum is
i MhRodueed ¢fal thiemapof Rircani.ecei ver can thus take on the

task of a punp reservoir or provide a sufficiently

hi gh static head of |iquid which nakes it possible for

t HRividimgiiwailit colbmnp ass &oovem ffam tthe prion ad. Thgyirepresent a further
vy Sopip AU Rlod B WAICRYL BR o 18 pRERTRUp diyidine
firstly collected in collectors and fromthere

conveyed to an internal or externa
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recei ver. The vapor streamat the |lower end of the
dividing wall 8 is set by selection and/or

di mensi oni ng of the separation internals and/or
installation of pressure-reducing 15 devices, fPﬁ?537&HKg
exanple, orifice plates, so that the ratio of the

vapor streamin the ianOM/part to that in the offtake

part is preferably fromO0.8 ferab from .
by bRevte Of i Brasisa roRisaioBHa P ofFAED B bl Restricted
pbecmﬁsdodhe pr(ﬂiutzls nEehafiiatehe €deibiftakedard @evareomipletdly pre. In the

s SRR S s
swhmho |are6 usfallyh&keol mﬁfmn Tilgeidb ferre nihpr sideicprodent stﬂhs;ontams
o&;uhﬁﬁs U flow! %Gﬂfn]gt&ﬂﬂ)%ﬁéﬁty Wi GPEHou R be Jﬁ{gﬁrated off via the top.

enent pol nt erature regul atjon
dérvﬂceecass o m@%ra}«em @Efa@teﬂdff pHinkes ﬂfb“G stfppigg section of the

Peshfmafhichf O RIAIY @akén o‘fﬂﬁcgra@édu@ #drnf) leiee ﬁ&e @Bﬁu@ still&ontains

| ower end of the colu addi t i on

r SFRCHNS 0 St WenaSifst B Gre Che QLUPTHARAL Sie %tjftﬁlff‘o&PHlé‘H‘S is

asherefgrel rasitiogd pacaseinewhith cortheimatedwideeprodwnteade permissible.

regul ation of the quantity taken off at the | ower side

of ftake and a tenperature regulation in the divided

chhfmna dividiog wedinisiestpltesvindweh factolumie, Gasaparation agtien can be
@Qe& b H%@&{mcss' &%s@feﬁ%@!ﬁ@e Px%gua_@@o gé {dken 8ittih Jlre form. A

pre sure over colum can a be used as

r didiagivig isdrsiateddp theomiddiragion 3heye gadlplowthe feed point and

ditigd slhé afﬂaqtes I]&uaelavfam aged usEMc@as gveﬁﬂn%g) ot cat b& merel pushed
ar

r.ess m refera
P i Bk oft b8 bl WeaclkE: At oTroT b Bifonh gt oa%f pgvents
t leeoswapaing pEiliqaitl dndevapot soeansy ovdighe ohlummqhsns @rcsstsedlon in
t t 3 S e

DTSt Bl TRLCRAUEE ENGR nupfbek or FHTHLEP sotumns
t éeqyeqedtlm tke fractionation of mpkicPmAGRENt MHRULT Whese Gomponents have
pPrsghfrdBline oy 80 to 180C, neasured at the side

of f t akes. %b be able to operate the dividing wall
colum in a trouble-free nanner, the 5 abovenenti oned
e (v bQﬂ ddiﬁﬁﬁlﬁhhsSBEenaﬁﬁd UEdﬂaithpR:mﬁanﬂleCtepzﬁatlon of an initial
gﬁlénl?(gln Fﬂ{‘ ong)noln mn?tl;%l{ngngg%tgllzuben%réopane an? %L%Bé E@b 2,471,134),
sdat the lse]zﬂaratmnt dfer iniftime\of hanzeng stopreaé endabylynﬁf (%88601563) for

1thPe/% L?E]Saftﬁn R{f%fﬁb&@eyoffx{ ﬁ’é}aa%}Q f-BeptH:%And0f-ob ke %E'M)szz 367),

heoretical plates in thed%% Snrlc
sé@’f Fltﬁn segaagqﬁ@ns(@fr P%fﬁfrﬁalcélélétqoﬂﬁlgS“ﬁ"H“feﬁ f Pt e H i‘nd for
anrgdrriing s@geidmiefl tebalonsl with uhultghedunidistilatiai o€ the products

of k e division of the liquid fl ow ng down from

KEEE¥§%ﬁ%%Eg section 3 of the offtake part of the
colunn bet ween the side offtake and the enrichnent
S%%tcp Wigtdfle AP cigml hd @J@@mps%émm%caﬁgan B F%ﬁgzprgfereﬂaly has
f Ifmm Ag ¢ A9.onem @refpiabyHinen20de 291 theoretagnh olatesr Spe procesy of the
3QR0édtioh 08n POETRL] Y@ paRiculRly £XaARERuslyRBing sAekIE Hesign.
streamin which the propyl ene glycols are present can

be di vided by neans of the regulation principle
deEher uped cmbinal rdgdien owf bivd lieftewv LABd20ffaemraris bhghe column

e EERIEhE (P o 304, 30y PhresebRN R 12I° B! Indftichmen

NG wa e conden
| rsecthm 2 ofhidie rimfirw Kart Prederably dasrboma? ¢o Yol mpre preterabhy ram 15
of¢fy 3Y)k7§‘ thd'Sir @@Hl%rseéﬁ(%ﬁclﬁfthé‘lﬁﬁldv@ phPrd@faBlyOfias from 5 to 50%,
propyl éne g via the | ower side offtake in
the form of dipropyl ene glycol DPG The high boilers
HS conprising the tripropyl ene glycol TPG can be
obtai ned at the bottom 25 of the columm. In the
separation of nulticonponent m xtures into
| ow boi l i ng, internediateboiling and hi gh-boiling
fractions, there are usually specifications in respect
of the nBX|nun1pern1SS|bIe proportlon of Iom1boi|ers

o ~rN - - 4"
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are/is specified. Adherence to the specification for

the high boilers in the internedi ate-boiling 35

fraction is preferably regul ated via the division

ratio of the liquid at the upper end of the divpgi §9764/Ke
wall 8. The division ratio |§ set so that the
concentration of key P.F. 53764/ Kg -12 corrponents

for the high-boiling fraction in the liq t th

uppgEr P@ﬁﬁagb’ e 49 VPaite s Ptﬂaﬁ’d&nt@u% 3f Pgrﬂ‘fi@?@ﬂ‘e part

Sﬁr%'ebﬁbl y\@tlag Iifom 51613898 bhyref ;Ereférzﬁﬂ)y fronb 036t BOws it tariciment

e L e R AR 1
st 30944 theherertdoenbimdcregion #t ofahe ofﬂdveymtoﬁﬁabn pmt of gfe @lumn
t E‘l% %lgg'hg? hjotngg t 56‘% H?)Pe V\;)I%ft!}!itgp &t %R@ 36‘Kq9ndjtﬂesreglon of

ctmueait qoapling 7 off theW@ @rﬂ@mt%ﬁk@s prgfer%x}oe has fresis5 t¢ §(1fag more
e'fé}%ﬁlg FHomeds 'td"ﬁﬁ%t fA€aki Eis@"&f PR fotal 'ﬁﬁﬁl@éldéﬂ’tﬁéd&ettéalﬂ Blates in
ation for the low boilers LS in the
SPHER- at e- boi | | ng 10 fraction is regul ated by neans
of the heating power. Here the heating power in the

\éi' o%h}éﬁqrf t}{? 8?1m§ﬁr olis L g gl. prfaetcconﬁl?:nrtc%l%}ls n8f h’xe%c dnﬂow
apart freprefenahly énoch 80 ta hIaO%I,l Mot mgfewétly frgmaﬁ’ﬂ)mwl@% (Pf the sum
f w2l Mt SO pORLs in BISEERADS )5 MMmfe btk ahy

va e achieved in th
product taken off at the si de. Thus, the heating pomer

| $ i8 kae@%%etahaﬁntﬂg%o\ﬁ@%} thé l‘?ce@loﬁl?l@t@ traﬂ& |t1§1=J151@é oRfekes from which
conpqnents_o owboiling fracti r.

AR BT BARR G B ekeSan D° S SHFsCrs iR b oo
Ofrelktﬁbe ﬁ)OﬂqumSﬁtoﬂ off tht hdedrenteald ildtésn or h‘erhedl ipointiZ is preferably

of st A oREh B8 B 150 REMREEBrrchA FRRES T 7l Sbica

f phatdsiabave amrbedow it &ﬂ@;ﬁt@fftﬁk%ed by cust omary anal yt| caI

met hods. For exanple, infrared spectroscopy can be

used for, detection, with the conp? pr esent e bl
r de dividingiwall folumr g in dhepmoesss @ gvﬂt%%‘iﬁsmd?mt‘}’i‘éﬁ preterably

chanfagired hsh lp@cl@b&samﬁm QMalnﬂgaﬁﬁddm&cmengﬂbﬁiempdmmg or
carried oyt i rect

o et T Al G0 apsb. St S el S packine
mibviag . specifichsugfacagreg of fop iLOQ) t® 500 it p@ﬁeralvle frdmeabout
PLL,ANI be, U e [

%gp tgﬁﬁgaﬁl Bloras g@g{gs gktln V\g‘gChcg&kH{% %%@g@%\é Hg%ﬁ‘g?;%aratlon
c sffidiensy wompingd vuth 3 twep%ﬁuse drop pet theorslral Pirtaind
anal yzed to determine their conpositions. The

appr ate regul ati on nechani sns can t e
0k 0B b ciaen e coRBATHHO, P DEoOBR: ABnIobiRp af the column
Ohﬂt\ﬁdéd by tlef divikéngowalt s svhidh edmsispyr efStha tenrichmsent isoetians2 of the

@r ovér(é,gtpé Bgltlpgntéesr Oqll foﬁﬁg%ﬁtaq{eﬁ)aﬁr 9{33@ ﬁ%ﬂtﬁ%i&ﬁ@njl 4 of the
ofmliimefpettatbdy egcrera:thment pretion 500f the pgftqd;p@taétr(amayts thereof is/are
rp‘?@&t@éd W?@lno%%@d ﬁdﬂl@t Bf SarfRAP Hheking The d1v1d1n% wall can be

|proy ene glyco I's then taken " fromthe bottom

BShQﬁna Wénsy aﬁddnrt@ewgwltsm um and passed to a
d|st|IIat|on coI urm \Nhl chis therrrally coupI ed Wi th

di vidi n% t 50 ans%f a um or via a static

rRIPHS £ eft“hés Velg@ﬁ?ouist%’\fgﬁtﬂeg Y RBREPQY 3P
[ nhﬂniwl heabtlofatdeashé ndingo dtengﬂmldartc'ﬁhlla nmfldyy isprafesabdy regulated
¢ M
ool ARl eutaol AR Rorifeich WEEERANAM U RTidyid tevel in
and thus of the columm which is thermally coupl ed
therewith. 5 In the thermally coupled colum, the
tripropyl ene glycol TPG can be distilled off via the
top of the colum at a pressure of preferably fromb5
to 500 nmbar, nore preferably from 10 to 200 nbar, and
a tenperature of preferably from 100 to 200C, nore
preferably from 120 to 180C It 'S then condensed |n

o o o o ' . Y
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Products having a boiling point higher than that of
tripropylene glycol TPG which condense out are

recircul ated together with the bottons fromthe

thermally coupled 15 colum as liquid streamf pg S@'RS4/Kg
dividing wall colum. There,gtthey can finally be taken
off as high boilers HSin the bottons fromthe coI urm

and ssed, r ex le, to incineratio
erRGSH Do TRG axpubion i sticho, Bt BE liouRpt TR Gt into
t hl%feﬂiﬁk:hMemOSd:ﬁﬂuﬂd c@totl drop beloki 309 toffiehd nogorabpyluen& has been
g epar at ed_of f. ' .
LSy S Bl b Rad 3 SupFrofAR R Al Bfons in
pﬁ)@lanmnmr ca)gcglttatlay Of:tiﬂelfmﬁi For exanpl e, it is
possi bl e to use sheet netal or nmesh packing having a
Etemflc surface area of from 1Q0 t
p

100
e elileniise frporans ot thes o b th tiqkid BoWgpeidpug from the
PaEipping.- seétmfbma@lsffmge pad ot tescoturin Bbtwabn sepidedtttake and the

L oA T DR kL N LGOS R hfon v s

ptlﬁp deadmamt of liguidpdieyne thx iedechmdrtt sedtmnpraepairdiop belowf 30%

hfe rngm{él%ﬁmgl ycols, which is |likew se carried out
%lnuously, hel ps nake t he continuous process of the

pr esent invention extraordinarily advantageous for 30

| AdHSthédlo YBRe piefeqiRRePUAPISaRe Chsukdi bPT MEARL of appropriate

i nvention, continuous nmeans that the steps (i), (i |S’

aFF‘cﬁ“h“PP)meélFOqshe process of the present invention are

carried out si mJI taneousl y. A backward-int egr at ed

pﬁgg %ﬁ%rg%%rc 6?rr% gﬁé%t ]of %1&15%? \951? Rl%ﬂ] ff?z[ve been
didpscaipgd, efoe eghlylpbl, imrchet. |limgo;i§ttlcmné @0 y(é%$7) @y%echm -Ing.-
pki*a&t[dr??aél' g@'eg?)/ E]§724 Jf<lz§t ey g%aratﬁlﬁlaﬁ}{&wﬂlmﬁow d990) 109-

tron_in

c Al inPrecess Finginsering B (tl %3)p$3r 8> hiaps APkergE S8l Tart A\ 639-
a 649 " OIBAEL ﬁ@\éhﬁ@ﬁ(mg’sﬁ)a&%)cﬂ&t& mﬁu@bmt:haﬁih%scmcnbed

be achi eved to et h h educe n ter

b AR P an i als B cBigloYsgl fop g" ap@gegﬁ?‘%b‘%%%ﬁs i Tip Bresen
bénveutibn.ned once nore with the aid of the figure. In

zone A, hydrogen peroxide is reacted with propylene P

to form propyl ene oxide. This gives, after work-u

c lihd gegasiopl reinsipd idessribey bylognkastbeen pﬁ@lamoémpagu%@bs useful
é Qoﬁh@%otﬁﬁﬁ@ﬂéj?B}Serﬁieﬁllg)latm%f%@gl c415.0PH! r@ﬂﬁly@b’leﬂl@ cope with

pass S
woug oy JeRdiie, & i AP Te G PEdren Akeninth Sndef ftperature
wabgtioll S renmoved fromthese and can recirculated to
the reaction with propyl ene oxide PQ(1) to form
propyl ene 15 glycols. The stream obtained fromzone D
i A mmmmated regtlatioth devsex whithryilizes thg dowrdlospguantigy, the reflux

gl i
PSP, o AL B R A St
glﬂsws appwtacrre 15‘Efptz§Pé1° b Fhe mepsysement Ripglop %ﬁmperature
C%gtm@nﬂs bfdf&%@bjf' ﬁfﬂ:ﬁtcﬂ' 6@l 3TBGs; Sn&e pprefiraly offdmi 4 to 6,
b rmal |l y .coupled therewith. It is
tg‘??r?‘}lf@mﬁ fe& P@W&?‘%HBW &hd © }(;t 'sam from t he

product stream PQ(1l) and process it in zone B to give

p%vojnggri)aﬁmegﬁf%&ﬁhg ?enﬁ’ﬁa%&reg’g&g{ésmsgﬁéﬁrﬁ%@& BBk d#h from
prtbmpmn@e@m bef theeeplton being ¢ivided g5 tf@funpﬁéergﬂ ek thetdividing
i nvention. Such propyl ene contains propane and has a

volume ratio of propylene to propane of from about 97
3to 9 : 5. 30
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The hydrogen peroxide used for the reaction is
preferably in the formof an aqueous hydrogen peroxide
solution. It can be prepared, for exanple, by means of
the ant hraqui none process as described in "U | rppnsseqk
Encycl opedi a of Industrial Ggem stry", 5th Edition, /Ke
Vol unme 13, pages 447 to 456. 35 P.F. 53764/ Kg -15 It

is |i kew se concejvable to obtain r oxide b
ol Thag e ari et e Do o Bs feihe WG o 4 et Sevipey the
TRl Cp Rk ??éfér@ﬂly\fﬁdrﬂ 03li toul.0, anee prefa@uslly i 0.3ab 0.6.

hydr ogen at the cat hode. FVdronS|s of the

per oxodi sul furic acid then | eads via

piarthis enohas tid dovic flawing ligridisdrrelgeablpeollecicddn ameceiver which
Srléll lfogate 13‘0& but Cﬁ‘ne' éol&rlﬁHSaxﬁi rﬁ)ﬁp\(ﬁ{ﬁg the by ulc‘d % then fed

course al so pos prepare hydrogen pero from
t doatinha@ishning th&sCOémHVeﬁhlg recgiver [§an phuspakaen dhe E?ﬁk of a pump

prrefﬁi’%l N }[5}6\/&'1@ a shfﬂc?er@l’}refli%haﬁbﬂi/c iﬁ@&ﬁ'ob'lﬁlu‘icp vHﬁ@n Hoakes it
ven telféﬂor at par t

RossBler Hiriga e Pﬁgawa PGB agepaterdniset by gneans of
Sﬁégﬁlbﬁﬁg aev@sama legsmple, ﬁﬂi/esewmnwaclmh cohmiisearel s, drediquid

p‘rsérr%t}ya%(?@ Q‘?ﬁé‘é ﬁSﬁ%C??{ﬁefl?é%Pleglgret cara%lolﬁ}%g b9, extornal

feceiesranpl e, net hanol, et hanol, propanols butanols
pent anol s, diols or ponoIs preferably t hose having

| ess than 6 carbon atons; ethers such as 15 diet
eTheeyapor streaanpitheflewerrendpfdheadwiding Wﬂﬂr%eﬁe&%%%f%len and/or

2('11%551@?{ ?g({]fg'ﬂ@[asrer?eﬁ‘gtg&f ftérHED aﬂﬂ/oﬂﬁﬁﬂia/]lau@ﬁ Qif%r@ssﬁfe reducing

ut yr ol
dﬂweﬁy?%cfér@med orifice rrirtﬁiyrswlﬂrto‘r d%‘%‘é of i K zsrPé)g SygR in the
athfleeepa@n®; thai ih thd efftakelpirt ssprafeedbdy fromi 0.8 1o 312, preféreldy from
Sﬁgq rli\zl di met hyl sul foxide; aliphatic, cycloaliphatic
and "Aromati c hydr ocar bons, or mi xtures of two or nore
of the abovenentioned 20 conpounds. Preference is

gl Ve aBQvéﬁ?én‘i‘iGn&i ﬁ: ﬁ‘l‘ﬂ iSn ﬁﬁ‘(ﬁpl‘ésﬁt&ﬁpeﬁﬁﬂé%@hatﬁﬁl devrce which

vent artlcu ar@g re erred catal

t htéhqg:ls élﬂﬁaﬂ‘ﬁ’tnﬂahtalﬁ?n eet?%togkgsd@gukgpgg BRIAFECET | J%provu{ed in
gth‘éQGWEIOcdﬁﬂilﬁin %Bﬂ&i% Whthéftoﬁﬁﬁm e ®otomqrodist 0 thius be taken

eri a zeol The catal ysts .u
TRk Sy B SR Rl e mperatur
t edgulation meylcvampwferably lodfatamfrum?; tonbpmiormprearably from 4 to 6,
Zh{eSf%gi'cMg[%lﬁgé“{b%'vE"tﬁbgro%%%d&&th§90|§BﬁC' fic mention may
be nade um-,”“germani um, tellurium,
vanadi um, chrom um, niobium and

Ziyf ﬁ@cﬁhb‘rmtﬁ@ vl ﬂégﬂﬂméﬁ qh ith&® Botiéii i0Tghé c@finacinl be provided as

eol {te structure, art
emlattg Rttt wr JobiirieafPadlreklfio BEhe iy off a
Ao, loAkt sidébifftaldEMd AEhpeditGe rdgiiation N, tharyided-slumBSegion

AET. . AEX TG, ATS
e A S A g T A

CAS, CFl, CG-, CGS5, CHA, CHI, CLOC(]\ICZPDACDDR

Dgﬁe d%?ent%es%ov%ﬁﬁe c@%gn c%MElso(g\e/élsEd a??eéﬁfhfnﬁg Iparjaﬁleter

| @u the h@tmg Wep(ﬁl“ he d@&UaU@E\y ad@x@ge@gﬁy cgr@gd otrq—gg a mesLsure at

LT tolyRE.froMEL., to 960, mbdrPpre Mekbly ¥olm 10/5200/kbar. MiRordiRgly, the

E&Eﬁtirﬁ}we&ﬂrﬂéhegﬂ‘%ri% t T,ttoglrEEf thlﬁ\alg\?&,un‘g: Q&ﬁg&? '%B’intain
SHiis peBsre BBge. SFF, SGI, SOD, STF, STI, STT, TER, THO,
TON, TSC, VET, VFI, VN, VSV, WE, VEN, YUG ZON
structure or to m xed structures conprising two or
nore of the abovementioned structures. Furthernore,
titanium contai ning zeolites having the | TQ 4, SSZ-24,
TTM1, UD-1, CT-1 or CT-5 structure are al so

concei vabl e for use in the process of the present
invention. 10 Further titaniumcontaining zeolites

whi ch may be nmentioned are those of the ZSM 48 or
ZSM 12 structure Partl cuI ar preference |s g| ven to

S - . R
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15 titaniumcontai ning zeolite catal ysts which are
generally referred to as "TS- 1", "TS-2", "TS-3" and

also Ti zeolites having a franework structure

I sonor phous with (3-zeolite. The use of a P.F. 53764/Kg
het er ogeneous catal yst conprifing the

titani um cont ai ni ng silicalite 20 TS-1 is very

advant ous. era eacti on tenperature for
tHe %r@%ﬁ?r%‘??s&ﬁ gen ‘t?p‘s)]FtélhéloBi?IBBerf’Wn‘gtse gn i the range
aftom(30) toi200? @, ;trtsferabgn@emfsoamleo‘t@ 206 ed pt e sidelwifakies.
the range from 10 to 100C and nore preferably in the
range from 20 to 90C. The pressures which 25 prevai
rEnge ablortp lopesatd Olte iWimiding redle calmn i gnirqublesfige mapner, the
”%&e eﬁﬁ@r[eﬂ%% lﬁtfcﬁlrﬁléchtaﬁls%g aRBsually 8hBIoEE B dotdhatROM.

I ng at pressures under which no gas phase is
present The concentration of propyl ene and hydrogen

PFROXUAE of Thd REmbeedf Shdopaival Spla&Q meter atrichmet gedtivd 2 and

so that the no ar at.i efer
T FipBEChoRch TP Tpey cpRby el ey B0f R fgre more
t pre5er9b1y|cfﬁrrﬁ i90b dn0%, pf dfeesuabbfythe muntver phtigereticdpl@te®in the
to

ﬁnrl(hhme%? geééfg)gfjagrtd &HL%B% SQ?t}otﬂ(;% g@ﬂ%%fftﬁgb%rég?% glﬁgfggmn of
t theemal cmuph@héﬁmrdemfftaleact ors 35 depend essentially
on the desired conversions. In general, they are |ess

-17 P.F. .53764/ hour s, referabl s, t ha
5 158 ghasion af e Hasidiaing Bedorim i ihEhE Salipn T3t hl Btake
%ﬁltt iof Uhaeblymar fiweabihy sideoofftakalahd alre brrichmeno seatidndeof the

dr gper o al cohal. s t t u
OB RPS o e ShaT Bb 3 SRR, b BB L gy of s
i Slommsgmtd the teorienmé o pedtioe camstdh dm?p tdese B eaf than@mal galue.
CS 527.7. For exanple, phosphorus(lll) corrpounds such
as phosphorus trichloride, phosphines (
t Fop reamylpiibe preiduet stiepmpn RigHhbie e nydgne %v&s&w& (PEgsgnt can be

agiAaQf by h&aﬁ@oﬁ&'eh@g&ﬁtm’i@ﬂﬁﬂt‘iﬁl@)ﬂ@i&i@h@S@ Ikt ehecww beilers LS
used. Reduction using sul f.ur

hfﬂ?‘@&é‘ﬁgs IfeX3@P rtaéldtslﬁ) \f,eg fcanS d Eeﬂ oﬁu via tﬁ‘e top of the
pQﬂl\MSilngf\ivdES:oludimEﬁdt)ble @ubérsdé,in ttb¢ rcahgohsat Ki dileengermediate
bIS hydr o
SEAESETPER PRt B EBEGOL oK, AT R BRI plyeot

araldd iviss thealowst side mftnahebunsthp ffprne ob diprepydenceglyenl JRPde The high
Al RIES b&hﬁnsnﬁg ke EiprdpS e | ghLoR TPE SandeCobithihéd h€fhe bottom
for exanple, sodifumnitrite or isoanmyl nitrite.
a-ofher BB bonyl compounds such as hydr oxyacet one,
dihydroyactone 2- hydroxycylopentanone (glutaroin),

hy rox I oh xang adi 0 .

B Pfap O7 PURLB SRR e HEC e PR BC e
aslmdntg ?mdatngh}bouhng drapoensd thevthare hlsuaj}yt@pﬁﬁgatlons in respect of the
b 8imd &91‘1’&1 9 Q?Pffrl?('}n %f(%wllﬁﬂel%oﬁidumgﬁq{&l@bédfn' @€ middle

or so |u cyanobo , can |1 kew se be used

Hoastien- H@rhenéwm@btorﬁwwaﬁé%hl%ﬁﬁﬁrqrgt%lgmé hyRRBHER pigplem,

a'r@féh@ﬂ So @§ ‘ke? e8MPoRNY o 2lscaleced dfya pRedisy of key components

cata; ytig (Y drogenati on usi ng hydrogen, which can be
Ars/Issgedfiedi n a homogeneous or het er ogeneous phase.

The hydrogenation catalyst conprises at |east one

ac eﬁlﬁngttglet}lle og”&ihﬁzﬁ&?\' Eorqgf; e 1@&%%11%5' i thy! 1|nLe’rmlt:é'ﬁaé%1hng

. rfdicvipal isaprieferaly aegudated xiavhe dwﬂleWt'QrOfﬁt*ﬁ bqwﬁ@t ghwfupper end
F%:]f tﬁé(%mhlﬁ Wl Baghd ivifie ratl) AtdeRYothdrtthe chi@dirktiBn of key
(Rh), 30 Fhenlunt (Ru), iridium(lr), osmum (Os),

iron (Fe), cobalt (Co), nickel (N) and copper (Cu),
preferably Pd, Pt, Rh, Ru and Ir, particularly

preferably Pd, can be used. These catal ysts can be

used either in powder formor as bodi es nade of active
netal. Preference is given to using foils, wres,

nmeshes, granules and crystallized powders produced

fromat |east one actlve netal or a ntxture of tmo or

P T a1 s o

o oy o gy
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-18 P.F. 53764/ Kg The present invention further

provi des an apparatus for carrying out a continuous
process for preparing propylene glycols conprising at

| east one reactor for preparing propyl ene OXIdePéﬁB37@MKg
| east one reactor for reactifpg_the propylene oxi

wth water to form propyl ene glycols at | east one
dewat eri ng_apparatus for 5 dewateri

weqrepaneatit fr rf %@%}k@(ﬁ)}lg,{@cgpg,éwtge é]ﬁaldaf.t the upep sad of the
dﬂNicﬂh@@aM@Houﬁ@'té‘ Mrrhﬁ)/td&)%%; wsdlg}ﬂ d}ﬁ%fehﬂﬁﬁﬁroﬁﬁs’O to 50% by

LB W R o e P9 e B AR CARER G Frep e The
S Hepaid alivHsign odd theh e setisprinpwhen ehtgd:qncexitratlﬂ)ﬁ of keyacomponents of

pﬁ)r tﬂlgﬁj Ibf’i‘irl tné f&%ﬁtﬁq ﬁ%h?r'%q% Wﬁntd 19 nttr&ﬁlc@cp Bi% %é‘lﬁlﬂ%(’v part,

esen I nven east one react
cm})@@@ thsf cangenteation & ke compepenseis lowsn tless lqud is introduced

C&fib WeNAf@Wpafthe step (a), an adiabatic fixed-bed
reactor for ‘carrying out the step ('y) and a

separation apparatus for carrying out the step ((3).
15xct&'dt511ﬁ1rfgﬁa(th¢ @ptﬁ:lﬁxfaupﬂ apy th%rl@WV\bdlh:rﬁ]LSrlﬁgﬁdﬂ imemgedigleboiling
e S are carrie
Bt ity Fon A nEb G R R RL HlfbEplfie power in e
r ea;mmzbr Veib yet sorthaiahe edndeydatingect kpgraxipseerits fon the &pv-boiling
( ?I)’dcljlo%t 1?1%9@[1@518% ﬁ'fe lo{wv@r S t(xg 3 v1éhﬂ§:vﬁﬁ SHRGN ooﬂom 10 to

us and 1s reacted once again ropyl ene 1n

a
gg‘ﬁv gy yeight, preferaplst frem 30etpY08n B Weighty off the vakue phdch is to be

f 'a&Hé\%an 'fhe &%a@&/tMn]ofMé =C Tlﬁ&l EH% Héﬁtlﬁ@ﬁowmlls 8% so that
HS’F éﬁé art of ed|V|d|nng§ %Li hich
iR Aence *e%tfoalnofo‘reyt FRMRQRENST AT dovs beyling fraqtign is higher,
satethsaﬁngbowhelsaﬁéremeé far wheh fﬁbraoppamtngtlsleof kencafipdrzats of
Qw Nneri.c t take part 6
oA P (R, bRl bt eliar 7
Regi on of thermal coupling 8 Dividing wall

PhH %h%g%ﬂ@f 1&)2«1 %F{JHrHo gil %ﬁ@%llﬁnﬁe ﬁ’%rﬁ%dla& boﬂmg fraction can

prepare ene oxid k-up zone

B pylFiEHBines | APCESPRAFY f‘"l"@éb’t&abpw@ﬁés okioa e GRBg eigared

lsyEcBloScop§ caf 6O NSk ﬁér me@btdﬁzm thdSl coip&tndp rpﬁa@yﬂteﬂ €he reaction
wat er ZOn.

d t.h
o PRI RS eBl Ck B BT Lol B RSP ShGep ORTaRE These
glnwasxlraﬁ@ls peamppk ecarigd yaud | iHAGE |dpleaw gnethgl yalomaSHilgpever,

OISR A B AR gHARAE hothbdh iy o sampling
t rﬁ@:ﬂeteﬂsmﬁlegmdf;dz@ the BRREKi2AY lqmeendp)f e dixidimgrvall. Liquid
Pag a%u@'s@nﬂﬁféﬁ Scziffl’rthéﬂ' 9@&%#&? %bﬁ%d&]bl?rbr”zﬁymké@vals from the

resen 20 W cl.a 53764/ Ki
EGQIIS{‘@E’B"F&??W zgé etermmc the1r compos1t10nsmrhe appropr?fate regulation
mechanisms can then be activated as a function of the composition.

An objective of the process of the present invention is to provide the intermediate
boilers propylene glycol PG and dipropylene glycol DPG in a purity in each case
of preferably greater than 95%, more preferably greater than 99%.

A mixture comprising the tripropylene glycol TPG is then taken from the bottom
of the dividing wall column and passed to a distillation column which is thermally

coupled with the dividing wall column.
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1. A process for the continuous preparation of

propyl ene glycols, which conprises the steps (i) to
(iii): 5 (i) reacting propylene with hydrogen peroxide
to form propyl ene oxi de and give propyl ene gl ycpkss®4/Kg
by-products, (ii) reacting {g. propyl ene oxide

obtained in step (i) with water to give propylene

Ol s massen FREAGR (Fey’ i Bl I HviERe wa

Cdotun® by inteanh af the yaputizer &4.rVdpoe andhguid cenclm‘ngp doepyfeceurs in
t d 0 ) '
taf YL o P Bl wﬁ g o @r@gc AR ?gpy % Bluhfadhich is
htyldmﬁgb'rcoppledxhemevuh) give a mixture conprising
propyl ene oxi de and unreacted hydr ogen per oxi de, ((3)
separating the unreacted hydrogen peroxide fro

rinthe termally coypled F?lﬁmnsfh@p)tn("&)l’yle{lﬁ)gl)f(‘@bg?ﬁnﬁlnt ! Mitted oft
hyid rtﬁkg@cg) 6ﬁﬂfé>@(ﬂiﬂnﬂ\ﬁﬁt a rmﬁreb@terﬁreﬁe@ﬂﬂy dtodtl 5abf500nmbar, more

STEReAR oS DEARE S ol B Rl o0

ORAGECn ﬁnbrcapretﬁq:alpiry(fchm 120 mo $86E. (16 gs thgn candlanseidan thyf condenser
g hiird\(f%%ﬁrtﬂé%tréaqﬁ %‘?q{]ﬁjogf\gf#e %I}J%Xpb@@f{:ﬁf(?fa%s&f Qﬁe&%nt The

rocess as

\mwr@}rlﬁneugluy@r ispreferably ehtaipod eh@pwwé af lgagt 85’@1 ed Wi t h
water at a tenperature of from 180 to 220 C and a

pressur from 15 to 25 ba .The SS :
c Prodhets %?wnaﬁ;boe;lfngcroarh‘egherttéarw%amfemgmy VL TPG which
r esrideaddt dut afe redieculiédtogethsi with ithegbapoapyfiam eheghgraailly coupled

o%)géal neag ]lqu]u tgpgr( f %L}lg%rﬁﬁﬁrgz\?ﬁé &%ﬁesﬂ%@g&%g Cglfl fﬁnhpy be
cta&crlrexﬂf asn highy baifers [HS i tlle bott@ms s éhfn Ct)lhempmqow%ﬁ‘é for
{: lé‘ F 8} 8Bn ( E)(glﬁgl%? P HRLR e t¥int Probli&s RFO Bbﬂy?fb%ylene

y romstep ( ore they are separated 0
|EY§@ép (iii). 5 7. The process as clainmed in any of

clainms 1 to 6, wherein the separation in step (iii) is

b HEFmilly el sphirmg AL B o BainegafeloeelfudBir can

t likewiné by cmcfu‘g)irﬁtias  packed tchlunwi ¢dntpningyhmdoen ghokeng or ordered

bse&%r O ta%i tlﬂg' XRR fe ﬁ'lgso fhd ﬁ)klgsegheett Btal or mesh
dfvi i pro yco |ng
omcanurgel@hvritrmneﬁélq wvkege ateale frpfnt 011@09 /m”, preferably from

t LA OBy fN&s50! MERl, *ﬁ?'d?ger@@t[ﬁbﬁﬁg fSﬁ&’fn[faBlﬁn QProvides a high
which js thermally co pl ed L1eremnth

ECRaTOR &G ey caTbined N PR iop el E\e?’%ﬂc‘"ﬁrﬁ*{tﬁe

d|V|d|ng wal | colum is carrled out at a pressure of
28’8 &oupg ngfg g-ren(?)glélé@é]u% ?epla atlo%rgg%;oﬁ)tyyﬁng 09 fvhﬂ{‘réé %rép?rratlon
whé thei propylenal gb/tcolISJ 'a(hrcd_ms |lrkewh‘e qamﬂdn@utloymbmumsled helps make

c ﬁleuémltl'nﬁo&apﬂbb&g dPUhe %es@ntﬁﬁ@éﬁ%eex@rfaorfd'i@dﬂ Y aa&‘an@%@ous for
nbar and a tenperature of from 100 10

apphpiaialiaser Bpr b8 PHIRORE Qﬁﬁle areé%mlr‘m}a% CBPB‘&‘é’élé itpegps {nat he

PERPAI()] n?u)p hRPYli§NT GkYsotsss STOMPIprédend imtentie@ ke eagied out
react or

[ prepari ng propyl ene oxide, at |east one
r SHUHBRCQUSEY: r eacti ng the propyl ene oxide with water to

form propyl ene glycols, at |east one dewatering

S%ggg e%zd 11}‘%%&4%%% &%Jsp gtaf' E}%Sﬁgm\/@[ogyreﬁgng %d\%ﬂ;}'}?wded for the

csmnrmuonwrerpgrarm of i pfep et alyeel, dimrorsdensr &lrywrganéif fripropylene

\I%g%l esiacalihe Cﬁunﬁ@ﬁhdﬁ BY OBV @Rdn by ¢ padplcheCOLiEAnd the
i'ch is thermally coupled therewith for separating

off the tripropylene glycol. 30 11. The apparatus as

claimed in claim10, wherein the at | east one reactor

consi sts of an isothermal fixed-bed reactor for

carrying out the step (a), an adiabatic fixed-bed

reactor for carrying out the step ('y) and a

separation apparatus for carrying out the step ((3) as

defined in claim2.



10

15

20

25

30

35

CA@. A LA ARI9. A& A A& AL AL, AL, AuY. A AY. Al LA Al .
A A% . A Yr.A A9l Y&RTz1C
| ygz"} G#' 60Uzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caM:cggm/Kg
al c: aj caU] ca] ca' UKhk" . $@SALH K (t*}*

+2++,/, =
1'11844}xsn|d Z
CAFUR08] Ga)iee CaPEHP oAl Y ATk ia sl CRyTEH oufh 2

&ivedbdvin QQ’énng chsts 6?39(@92] ! % i:an be achieved together with a
xsni c] ca] ca] ca
i%gccffi?g)joélé %'51’8%%@%&]“&1] ca] ca] ca] ca% ca% gg% gg% gg% gg%
ca] ca] ca] ca] ca] ca] ca] ca! OPPRRYTW/( VAWIWKXXYZ[ [[\c"__ "
R R e
c agwe] ca] ca] ca! ykkl knppggsst t Auguuhvvt wwxxy" zcz{{{| | 9}
} %wn} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

Wtk Shstlaloas e oo

c@tlu@@]i\eaa ﬂ*c‘dr@airkau]bpaquaabw ! B]scoaldeaﬂcg(al) and de| m],yjaﬂ@gl]ycols
cal ca ~Y/ n 7
B eRpEa A [Txsni d_2] ] cal cal cal cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caj ca] ca] cajcalc

g;;l:%gk %W?Uxﬁesf’@ég(@ fheh)pa¥st8 48 $hd 2one 1O Whicte it 10 R ed
1

|veater) opggya ermzle(ﬂy glyeslsy Mpzage P-the yaspsdsesgnqyed fiqm these

?%}cﬁi%a@&gél}culﬁfkd iDHEIERS O Iwifhl§¥Pefo oXife POYPIED @t plopylene

5&Y€915 ] 01Cxr Psf!f 11 10%85S5! * L! 10944H& () - @ mLo%& ()
“f1 109%4H8 ()- 10S5S5 10S5S5 10S5S5!f | ! 109%65S5& () - x

| AR, AR o, BRSO i of

/ piopiies 2ycots@ any-fed Xigro 3ha dividirggyl) calumpoggghe( §ee$ point Z.

18&&8‘1 &é/%’(_)'ﬁ’@ a‘%d]d&)}:l){@b?llo f%%l—lg&?()lq[\/l = h%%)%ﬁf@%g/lawldmg

oAk, qojumn m@myleye ghyspl TBHgs separeiad fé‘%@) filh is
| fRgRli)Atupldd) theS% @& () - ! S! 10%—|H& ()-"I'N '10%\IHNH&

()- 1 @10%H& ()- GV ! "#] OA3 1 10HH 10HH

10HH! X6! 109%4H&' ()-f!a 0! 10%HaH& () -, - 10%4& () - S*ml0%
H& i )aldo ®Isnibl® Grpnéhy OECUWLSECHB fnom@mlpgnqtm&n(b’%l) and

ké%&% ln %&/B% (glve@tgrf %i?b[{y)en% dﬂ&’i’é(z())whlétp%rf?‘ £6p eﬂﬁﬁhple

have a purity of more than 99.9%.

“Chemical grade” propylene can be used for the process of the present invention.
Such propylene contains propane and has a volume ratio of propylene to propane
of from about 97 : 3t0 95 : 5.

The hydrogen peroxide used for the reaction is preferably in the form of an
aqueous hydrogen peroxide solution. It can be prepared, for example, by means of
the anthraquinone process as described in “Ullmann’s Encyclopedia of Industrial
Chemistry”, 5th Edition, Volume 13, pages 447 to 456.
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1 10HH

1 S&LI 10% "-" & () - 10% & ()-&10%‘&' ()-f210% & () - @10%
& ()-f 109% & ()- A "#+$, $-$. $@zodY7 1 1! @0% " & () -
10z 10z

102" 90! 1092& () -1 S90! 10% "- " g () -1\ &L1 10%" 6" & {j 21 & B
&LI 10% "-" & () - @SW&H K' (}A<dY7 1 111a& 10% " ;

"o 910% & 0 11 & 10% " &
Mt]}é)l}g(e\ggs{fg‘ () 10 ta(lr(x §1%' ?!ggcq%gé&glg‘\by Cngertmg sulfuric acid
lints3 ﬂ%b&sﬁ])fur‘icﬁ%&@' H-@%hodlc oxidation with simultaneous evolution of

" %’f&é@f@ é?rée& }%-Q-er- 9&0 yRIs) ¢ :)f Itlh%' 1@{07{%%% %%@éi fﬁ S)lea({s via

! fhﬁ%&h()l)osulf@%&blﬁ) o li)@ﬁ@geholi@omde and sulfuric ac1d which is thus
19%% 4&6!10922& ()-! NL&6!'10% " & ()--"...// 1laBrSl

nlov%s& () - @&10%& () -f SL0%& () -

109%& () -Snl0%& ()-y!'$ sM 109%5& () -

1§54 & d Qible']tQ reﬁ?@@%n peroxide from the elements.

10X5X5! k97! 109%X5X5&' ()-y! k™ &) ! 109X5X5& () -!f &) ! 10¥%65S5

& ()-yYWwlo9%&' () - & MLOYB& () -44; 67! 9p9r: }A?M?1
As solvents for the preparation of propylene oxide, it is preferably possible to use
all solvents which completely or at least partly dissolve the starting materials used
in the oxirane synthesis. Examples of solvents which can be used are water;
alcohols, preferably lower alcohols, more preferably alcohols having less than 6
carbon atoms, for example, methanol, ethanol, propanols, butanols, pentanols,
diols or polyols, preferably those having less than 6 carbon atoms; ethers such as
diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxyethane, 2-methoxyethanol;
esters such as methyl acetate or butyrolactone; amides such as dimethylformamide,
dimethylacetamide, N-methylpyrrolidone; ketones such as acetone; nitriles such as
acetonitrile; sulfoxides such as dimethyl sulfoxide; aliphatic, cycloaliphatic and
aromatic hydrocarbons, or mixtures of two or more of the abovementioned
compounds.

Preference is given to using alcohols. The use of methanol as solvent is particularly

preferred.

As catalysts for the preparation of propylene oxide, preference is given to using
those which comprise a porous oxidic material, e.g. a zeolite. The catalysts used
preferably comprise a titanium-, germanium-, tellurium-, vanadium-, chromium-,
niobium- or zirconium-containing zeolite.

Specific mention may be made of titanium-, germanium-, tellurium-, vanadium-,
chromium-, niobium- and zirconium-containing zeolites having a pentasil zeolite
structure, in particular the types which can be assigned X-ray-crystallographically
to the ABW, ACO, AEI, AEL, AEN, AET, AFG, AFIl, AFN, AFO, AFR, AFS,
AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT, ATV,
AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFI, CGF, CGS, CHA,
CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT,



10X5X5f 1098 & ()-9s! 10% & ()-f10% & ()-@ & 10% & ()-m

1, & 10%"& ()-m! @10%"& ()-":v:y:;j<=c=}[ 9MP1

10X'a 9/!10%
;&'()-!\9/!10%‘"&'()-!f‘&#!lOO/@@&'()-‘!a&#!log " s3R4/K
()-"&10% & ()-y! @O% & ()-cre>>>>>?0P1 10X!'a’ %%o &
© 109%4& ()--! 110%H ()- 10@ @ 10@ @

10 If 941 10% "()-@ad%4! 10% " "& () -

DE% %{l, ESV, EUéff“D FgU, I(J%,R, IS, GME, oGOO,&I-[QJ, %1@%%2%}5, JBW,
16Kﬁ’| LAUOWEY, H&(g,)I:CJS,\ LOVOWTA, HEI'L) LTN, MAPHRIK]) MRL) MEP,
! - ! -1° | 0 ! - N
i’gf%ﬁﬁgg?@gﬁﬂ&@% Ma, Mso, NHF RN, MIT MW, v Nar,
18WEENON] OFRGUSIOPARS HSAY,) PHE SRBIO] RAMa R8N )R1&E, ) RTBYRUT,

&l )y TR A& H{Q = , 9B (

300 AT S vk ST S b9l PP ST §EtRre o, Ton
TSC, VET, VFI, VNI, VSV, WIE, WEN, YUG, ZON structure or to mixed
structures comprising two or more of the abovementioned structures. Furthermore,
titanium-containing zeolites having the ITQ-4, SSZ-24, TTM-1, UTD-1, CIT-1 or
CIT-5 structure are also conceivable for use in the process of the present invention.

Further titanium-containing zeolites which may be mentioned are those of the
ZSM-48 or ZSM-12 structure.

Particular preference is given to using Ti-zeolites having an MFI or MEL structure
or an MFI/MEL mixed structure. Very particular preference is given to the specific
titanium-containing zeolite catalysts which are generally referred to as “TS-17,
“TS-2”, “TS-3” and also Ti zeolites having a framework structure isomorphous

with f-zeolite.

The use of a heterogeneous catalyst comprising the titanium-containing silicalite
TS-1 is very advantageous.

In general, the reaction temperature for the preparation of the propylene oxide in
steps (o) and (y) is in the range from 0 to 120°C, preferably in the range from 10 to
100°C and more preferably in the range from 20 to 90°C. The pressures which
prevail range from 1 to 100 bar, preferably from 1 to 40 bar, more preferably from
1 to 30 bar. Preference is given to working at pressures under which no gas phase
is present.

The concentration of propylene and hydrogen peroxide in the feed stream is
generally selected so that the molar ratio is preferably in the range from 0.7 to 20,
more preferably in the range from 0.8 to 5.0, particularly preferably in the range
from 0.9 to 2.0 and in particular in the range from 1.0 to 1.6.

In the preparation of propylene oxide, the residence times in the reactor or reactors

depend essentially on the desired conversions. In general, they are less than 5
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1OXHXH! X 9&6! 1096KHXH& () - uJJInLLy MV} [ <r S4
1" &&! 109B& ()-! X&&! 109E5E5& ()-!a | 109M5N5& ()-LIN !1
0% 5: 5& () - LSML0%& () - zy109%8& () - MVNQOOOOZ | ~ P4
1" &&! 10% 1055 1055
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-y*1096& () - OPPURRRz[ <P4 1,

- 109% 0& %) | 10% 0&' ()- | N' | 10%I0U0& () - ! ?10% 0' 0& (

298, oRreferably | Fesodhay daheysRIYFEnRIEliRRids than 1 i and

1;§rﬁ&@%9ﬁ}0§refe)'ab$y hbdRYalEEn hpuid.! @ ! ! 10%00& () -L!If!110% 0

0& ()-L!'S 110%0z0& ()-s!S!10%z0z0& () - SAWIWKXXXXXY @
1@109%& () -y!l YI0%5& ()- 10'0 10' o
11)o a?d0%s the' y)dréeZdQValoshdgly -prest@osim &he prodacf [miikiurg [f@n@the

0
Egé-?@(f\rl\ {%‘%}@%@ gudgit 51%%291% §I)1;Z>\og e{‘ﬁf%tk(c%df geg%@d in
1911003UKENS& ()-119, ! 10% 51 5& () 9y) 1096&’ () - yy&ntO
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Bits espRPlcs: ResseRes gﬁ‘k‘f PORRAURBYEHIEN 115 o BHRRPBRFUS) Irighlgride,
dpicspiR@® (e.g. triphenylphosphine, tributylphosphine), phosphorous acid or its
salts or sodium hyphophosphite can be used.

Reduction using sulfur(IlI) compounds such as hydrogen sulfide or salts thereof,
sodium polysulfides, dimethyl sulfide, tetrahydrothiophene, bis(hydroxyethyl)
sulfide or sodium thiosulfate or using sulfur(IV) compounds such as sulfurous acid
and its salts, sodium bisulfite or thiourea-S-oxide is also possible.

Further reducing agents are nitrites, for example, sodium nitrite or isoamy! nitrite.
a-Hydroxycarbonyl compounds such as hydroxyacetone, dihydroyactone,
2-hydroxycylopentanone (glutaroin), 2-hydroxycyclohexanone (adipoin), glucose
and other reducing sugars are also suitable. Ene diols such as ascorbic acid or
compounds which contain a boron-hydrogen bond, for example, sodium

borohydride or sodium cyanoborohydride, can likewise be used.

However, the product mixtures comprising a-hydroperoxy alcohols are preferably
reduced by means of catalytic hydrogenation using hydrogen, which can be carried
out in a homogeneous or heterogeneous phase. The hydrogenation catalyst
comprises at least one active metal from transition groups VIIb, VIII, Ia and Ib of
the Periodic Table of the Elements, either individually or as a mixture of two or
more thereof. For example, palladium (Pd), platinum (Pt), rhodium (Rh),
ruthenium (Ru), iridium (Ir), osmium (Os), iron (Fe), cobalt (Co), nickel (Ni) and
copper (Cu), preferably Pd, Pt, Rh, Ru and Ir, particularly preferably Pd, can be
used. These catalysts can be used either in powder form or as bodies made of
active metal. Preference is given to using foils, wires, meshes, granules and
crystallized powders produced from at least one active metal or a mixture of two or
more thereof. It is also possible to use active metal oxides, for example, as

suspensions of at least one active metal or a mixture of two or more thereof.
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In a particularly preferred embodiment of the apparatus of the present invention,
the at least one reactor consists of an isothermal fixed-bed reactor for carrying out
the step (o), an adiabatic fixed-bed reactor for carrying out the step (y) and a
separation apparatus for carrying out the step (f).

The reactions of propylene with hydrogen peroxide in the steps (ct) and (y) are
carried out in the isothermal reactor and the adiabatic reactor, respectively.
Unreacted hydrogen peroxide from step (o) is separated off in step (B) in the

separation apparatus and is reacted once again with propylene in step (y).
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P Propylene
A Zone in which propylene oxide is prepared
PO(1) Crude propylene oxide
B Work-up zone for propylene oxide
PO(2) Purified propylene oxide

G Propylene glycols as secondary yield
C Zone in which propylene oxide is reacted with water
D Dewatering zone for the propylene glycols
Z Feed point
LS Low boilers
PG Propylene glycol
DPG Dipropylene glycol
TPG Triproylene glycol
HS High boilers
K Condenser
V Vaporizer
Vapor
f Liquid

Horizontal and diagonal or indicated diagonal lines in the columns symbolize
packing made up of random packing elements or ordered packing which may be
present in the column.
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B T —

t 1o<yg$ga&1d(gw¢ ptbpilehd @bted&a&b prdducts, / Bl obU4
@ 100/&%)' f%'aétlﬂglgle)i%o&}(;leé&o}l%e obtained in step (i) with water to give
propylene glycols,
(iii) separating off the propylene glycols obtained in steps (i) and (ii).

2. The process as claimed in claim 1, wherein the reaction of propylene with
hydrogen peroxide in step (i) comprises at least the steps (a) to (y):

(o) reacting propylene with hydrogen peroxide to give a mixture
comprising propylene oxide and unreacted hydrogen peroxide,

(B) separating the unreacted hydrogen peroxide from the mixture resulting
from step (o),

(y) reacting the hydrogen peroxide which has been separated off in stage
(B) with propylene.

3. The process as claimed in claim 1 or 2, wherein propylene glycol is
obtained as by-product in step (i) by reduction of 2-hydroperoxy-1-
propanol and 1-hydroperoxy-2-propanol.

4. The process as claimed in any of claims 1 to 3, wherein, in step (ii),
propylene oxide is reacted with water at a temperature of from 180 to 220
°C and a pressure of from 15 to 25 bar.

5. The process as claimed in any of claims 1 to 4, wherein water is removed
from the water-containing propylene glycols obtained in step (ii) before
they are separated off in step (iii).
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r st uvwgyge <|»ﬂ'takes and a column which is thermally coupled therewith, with
propylene glycol being obtained from the upper side offtake of the dividing
wall column, dipropylene glycol being obtained from the lower side offtake
and tripropylene glycol being obtained from the column which is thermally
coupled therewith.

8. The process as claimed in claim 7, wherein the distillation in the dividing
wall column is carried out at a pressure of from 5 to 500 mbar and a
temperature of from 50 to 200 °C.

9. The process as claimed in claim 7 or 8, wherein the distillation in the
thermally coupled column is carried out at a pressure of from 5 to 500
mbar and a temperature of from 100 to 200 °C.

10.  An apparatus for carrying out a continuous process for preparing propylene
glycols, comprising at least one reactor for preparing propylene oxide, at
least one reactor for reacting the propylene oxide with water to form
propylene glycols, at least one dewatering apparatus for dewatering the
water-containing propylene glycols and at least one dividing wall column
having two side offtakes for separating off propylene glycol and
dipropylene glycol and a column which is thermally coupled therewith for
separating off the tripropylene glycol.

11.  The apparatus as claimed in claim 10, wherein the at least one reactor
consists of an isothermal fixed-bed reactor for carrying out the step (o), an
adiabatic fixed-bed reactor for carrying out the step (y) and a separation
apparatus for carrying out the step (8) as defined in claim 2.



