- PROCESS FOR RECOVERI NG PROPYLENE OXI DE FI ELD OF THE | NVENTI ON The present
ivention relates to a proeess for recovering propyl ene oxi de. BACKGROUND
OF. THE | NVENTION 5 Propyl ene oxide is one of useful industria
chem cal.s used as a material for producing poly- urethanes and for other
uses. It is extensively produced by a preckss conprising the steps of
oxi di zing ethyl benzene in a liquid phase with nol ecul ar oxygen to 10 obtain

‘a reaction liquid containing ethyl benzene hydro- peroxide, then distilling
the reattion liquid to obtaj n d | et hyl benzene

hydr oper oxi de, and furt heé'?d#ﬁrfgﬁaw&ém R@ME“@@H@@% rated sol ution
wi th propyl ene. 15 Propyl ene oxi de can be recovered by
distilling the m xed solution containing propylene oxide. However, -this
met hod of reco “ﬁﬁfiﬁﬁﬂﬁﬂﬁﬁd of problenms. Since the m xed solution
contain- ing pﬁ%% I%EéPOXIde 0 alnéﬁ by reacting ethyl benzene 20

hydr operoxi de with propyl (ﬁ%%'} dﬁ%gﬁm Mt@s%%%@é‘eg‘@' ght of

wat er, when the solution Is recover propyl ene si de
reaction of pﬂyaﬂ€¥Etd»@fkhdmﬂfbﬂy§éﬁeté&g&ep|ace to form pro-

BACKGROUND OF THE INVENTION

5 Propylene oxide is one of useful industrial
chemicals used as a material for producing poly-
urethanes and for other uses. It ie extensively
produced by a process comprising the steps of oxidizing
ethylbenzene in a liguid phase with molecular oxygen to

10 obtain a reaction liquid containing ethylbenzene hydro-
peroxide, then distilling the reaction liquid to obtain
a concentrated solutioﬁ of ethylbenzene hydroperoxide,
and further mixing and reacting'the concentrated
solution with propylene. |

15 Propylene oxide can be recovered by
distilling the mixed solution.containing propylene
oxide. However, this method of recovery involves a
number of problems. Since.the mixed solution contain-
ing propylene oxide obtained by reacting ethylbenzene

20 hydroperoxlde with propylene usually contains about
0. 01 0 5% by welght of water, when the solution is
dlstllled to recover propylene oxide a side reaction of
propylene oxide with water takes place to form pro-

pylene glycol, resulting in increased loss of propylene



pyl ene glycol, resulting in increased | oss of propyl ene -2- oxide
(hereinafter sonetines abbreviated as PO . Further, the m xed sol ution
contains a snmall anobunt of phenol and ethyl phenols. These phenol s al so
react with PO during distillation to increase the |oss of PO. 5 Wen the
solution further contains organic acids'brznblybdic acid, the loss of PO

remar kably i ncreasges., . Therefore, the devel opment of a process for
recovering PO %é&%@ﬁ?ﬁ% SRMBBER; a@é‘f?‘ﬁeas‘?‘? 8 ) recoveri ng

%
propyl ene oxi de, fr.qm hxed 10 saol ution containin [ | ene_oxi de, the
foll ow ng proc?s ézg"?éve@}%ﬁ ?‘Eﬁ%ﬁfifeo g%ehodbmfor&ﬁlﬁ %ds.omag"%%f‘"b#s% oses a
process in whi | | Z4 I i Y, xygen
and recoveri ng_(aglreél[%/]]_ ?r?gi %&é%&%ﬁ% %%e‘%&é%%q%%dé%%}gt i on
liquid is distigd Qﬁn‘irhd R SV EBRNGRP it AR sE thd X8 Pfp@cet one and

nmet hanol added thereto.” However, this process needs to use acetone or the
m xture of sacetydizth ale BIIRAIUN | furtheiblitHing did@Sidradids &y wei ght

of the anmount of ,
molybdic acid, the loss of PO remarkably increases.
Therefore, the development of a proéess for recovering
PO with decreased loss of PO haé been desired.
For recovering propylene oxide from a mixed
10 solution containing propylene oxide, the following
processes have already been known.

U.S.P. No. 3715284 discloses a process in
which, in synthesizing propylene oxide from propylene
and oxygen and recovering propylene oxide from the

15 reaction liquid, the reaction liquid is distilled in
the presence of acetone or a mixture of acetone and
methanol added thereto. Howevef, this process needs to
use acetone or the mixture of acetone and methanol in
an amount of 4 times or more by weight of the-amount of

20 propylene oxide, and requires a great deal of energy
for separation of propylene oxide from the additive
because their boiling points are close to each other.
In this process, moreover, the column bottom tempera-
ture of the distillation column must be 123°C or below

25 becaﬁse.ﬁﬁé?high'bo;tom.tgméérature increases the loss
of PO; however, in producing propylene oxide from
_ethjlbenzene hydroperoxide and propylene, the boiling

point of ethylbenzene commonly used as the solvent is



20 . propylene oxide, and requires a great deal of energy for separation of
propyl ene oxide fromthe additive because their boiling points are close to
each other. In this process, noreover, the columnm bottomtenpera- ture of

the distillation columm nust be [err] or bel ow 25 because too hi gh bottom
tenperature increases the loss of PO howmever, in produci ng propyl ene oxide

from et hyl benzene hydroperoxi de agnd. propylene, the boilin | nt of
et hyl benzene cotmBnfyatisdqat@ Fﬂg §BFVPE¥1F§9 poigt PérﬁfgaggbeﬁFﬂﬂand t he

‘boi | f h h i
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cool i ng energy vapor. "Frenc I'sc oses a process in

whi ch, in Synthaabiéagaereeuheaa giégﬁu9¥ ﬁﬂﬁéh rdahhes ¢h QEQBEh&@SlUS'ng
peracetic acid and recovering propylene oxide fromthe resulting reaction

mxture, 105 tQesa@eeEhtaGeNbubHN Qa!r:§edt:§bﬂ.|:|.h§deh6rbﬁ}efbke?anﬁ‘rapﬁfr esters,
such as an acetic ester, added thereto. In
French Pat. No. 2018290 discloses a process
in which, in synthesizing propylene oxide by epoxi-
dation of propylene using peracetic acid and recovering.
propylene oxide from the resulting reaction mixture,

10 the reaction mixture is distilled in the presence of
estefs, such as an acetic ester, added thereto. In
general, however, esters tend to be readily hydrolyzed
and the resulting organic acids cause side reactions
which will promote the loss of propylene oxide.

15 Further, the esters must be added in about the same
amount by mole as that of propylene oxide to.be
separated by distillation. Thué, the process is not
‘sufficiently efficient.

JP-A-54-4923 discloses é method that dis-

20 tillation is conducted in the presence of a tri(lower
alkyl) phosphate. 1In this method, however, since the
tri(lower alkyl) phosphate is present in the reboiler
during distillation, the operating temperature of the
reboiler must be not higher than the decomposition

25 temperature of the -tri(lower alkyl) phosphate.
Moréévér, since the ﬁri(ioﬁér alkyl) phosphate is
‘recycled in the form of reboiler mixed liquid, it

cannot be separdted and recovered by distillation or



general, however, esters tend to be readily hydrolyzed and the resulting
organi ¢ acids cause side reactions which will pronote the | oss of propyl ene
oxide. 15 Further, the esters nust be added in about the same anount by
nol e as that of propylene oxi de to be separated by distillation. Thus, the
process-is not sufficiently efficient. JP-A-54-4923 discloses a nethod t hat
dis- 20 tillation is conducted in the presence of _a tri (L ower alkyl)

phosphate. In tﬂF%eﬁePﬁﬁﬁsvhﬁﬂgv§%n°§|EE@ FﬁE°FF?FI6%5P1§I§§If95H5§ﬁﬁate is
h b d || f
present |1 he CEARLLEE SREhrEnd: S4Bk SRERE b BORBGELLLS.
the t | | Kyl
phosphat eo.“ﬁrr2%§%+é’ﬁpﬁgs?%95?or FBYERenPLO°E, bigopbl MAUERIA DY ) 1

separ at ed and r§€9¥éﬁ§dmgﬂoﬂF§ti§|§§h Dt&heousl pQBBEEeHE defifdrakace

the reboiler liquidis recycled together wth the colum bottomfiquid,

this methods canjing tRef 8¥2uR! YoBBEh! Qﬂqﬁ@daaﬁraciaﬁeﬂhﬁtép') as in the
production of propylene oxide from ethylbenzene

hydroperoxide and propylene.

SUMMARY OF THE INVENTION
Thus, the additives hitherto used in recover-
10 ing propylene oxide by distillation have various
drawbacks and are not suitable for attaining the object
of the present invention. Therefore, the present
inventors have made extensive study to develop a
process for efficiently recovering propylene oxide by
15 suppressing side reactions to lower the loss of pro-
pylene oxide. As the result it has been found that, in
distilling the propylene oxide obtained from propylene
and ethylbenzene hydroperoxide produced from ethyl-
benzene and molecular oxygen, the addition of a
20 specific additive can suppress the side reaction to
lower the loss of propylene oxide and enables efficient
recovery of propylene oxide. Thus, the present inven-
tion has been accomplished. |
. Accordlng to the’ present invention, there is
25 prov1ded, in a process compr1s1ng the steps of oxidiz-
ing ethylbenzene in a liquid phase with molecular

oxygen to obtain a reaction liquid containing ethyl-



styrene nononer is sinultaneously produced by dehydrat- 5 ing the colum
bottomliquid at a |later step, as in the production of propylene oxide from
et hyl benzene hydr oper oxi de and propyl ene. SUMVARY OF THE | NVENTI ON Thus,
the additives hitherto used in recover- 10 ing propyl ene oxide by
distillation have various drawbacks and are fiot suitable for attaining the
obj ect of the PL esent ﬁggntlon ere esent.inventors _have nmade

extensive study ?82889e r8P5F8§g &t BeEfPF8§%ﬂ5F99r§88v§FFﬁ BPOperne
oxide by 15 SYPQP?&?FBgoﬁh EnrSaﬁbhgaﬁﬁkgtéﬁmﬁglhEEPbo8% gknpao- pylene

oxi de. As the res has been foun i'stilling thefpropyl ene
oxi de obt ai ned Bégﬂbﬂéoﬂ¥h§8§eﬁaﬁlabhykﬁ%@ﬁéﬁemﬁxﬁhgpghgék@ﬁcﬂ&ﬂ&u%ﬁ@ from

et hyl - benzene and nol ecul ar“oxygen, 'the addition o specrlf

addi tive can suggheefitiited 61uea6hi @1thopkd Pyuehbe;boaata&np50ﬁ1héae
oxi de and enables efficient recovery of propylene oxide. Thus, the present

i nven- tionshassbtatienceontaineéfg peopyleng baitee andsdibtidldényg the
there is 25 provi ded, in a process conprising the steps of oxidiz- ing
et hyl benzene i nmaxedqabluphaesetoi sepavateubad wmeggeert propydeneaoxddet,i on
l'iquid containing ethyl-

the improvement in recovering propylene oxide wherein

at least one compound selected from the group consist-

ing of aliphatic saturated alcohols having 2-4 carbon

10 atoms, allyl alcohol, saturated aliphatic hydrocarbons

having 6 or 7 carbon atoms, benzene and compounds

represented by the following chemical formulas (1)-(9)

is added to the mixed solution in an amount of 0.01-100

parts by weight per 100 parts by weight of propylene

15 oxide in the mixed solution.

R'—0—R? o (1)
X
(CHZ)n (CHZ)n : (2)
20 0
? _
- R—C—R' S (3)

R>—CN | (4)



benzene hydroperoxide, then distilling the reaction liquid to obtain a
concentrated solution of ethyl- benzene hydroperoxide, further m xing and
reacting the concentrated solution with propylene to obtain a mxed 5

sol ution containing propylene oxide, and dlstllllng the m xed solution to
separate and recover propyl ene oxide, th& |inovenent in recovering

propyl ene oxi de wherein at |east one conpound sel ected fromthe group

cansi st- ing of aliphatic satugated al cohols having 2-4 carbon 10 atons,

al lyl afcohol, saturated aliphatic hydrocarbons having 6 or 7 carbon atons,
benzene and conpounds represented.py the follow ng chem cal for as
(1)-(9) is added to the m Xed solUtion in an anount of 0.01-10 rts by
wei ght per . 100 parts by wei ght of propylene 15 oxide in the m xed sol ution.
[err] 20 - 6-

5 H

R*—N—R!? _ (6)

Rll /\[l R12 ( 7 )

10 ‘N

R13 R15
CH; 7 8)
N—CH; N (
Rlll/ \RIG
R17
15 \N—f_CHz_)TOH — (9)
R18

wherein the compounds represented by the formulas (1)
and (2) have a boiling point at 1 atm of 60~120°C; the
compounds represented by the formula (3) have a boiling
20 point at 1 atm of 70-120°C; and R! to R¥, X, m, n, p
and r in the formulas have the following meaning:
_ .An the formula (1), R! and R? are each
independently an alkyl group having 1-4 carbon atoms,
in the formula (2), X is a methylene group or

25 an oxygen atom, and m and n are each independently an



6 [err] 5 10 wherein the conpounds represented by the formulas (1) and (2)
have a boiling point at 1 atmof [err]; the conpounds represented by the
formula (3) have a boiling 20 point at 1 atmof [err]; and [err] to
[err], X, m n, pand r in the fornulas have the foll ow ng neaning: in the
formula (1), [err] and [err] are each indegerident!ly an al kyl group having
1-4 carbon atong, .in the fornmula (2), X is a nethylene group or 25 an
oxygen atom and™iPIRY Rfa eoﬁagh i ndependently an -7- integer of 1 or

2, in the f I 3), A | | Kyl hayi 1; t ,
[erL? iseanogrﬁy? éréup[ﬁab%ﬁb%2§g5%8§¥béﬁsgg %E?gb$%v75éﬁf3%ggg?gr??Sand
be i ' h each TN 4) .
ferr] Te an al KHE¥ERd.A-HabRRERE 2 0HE, K7 €40 kPP ghbup Wb £hg 22 (4
4 carbon atoms, provided that R® and R‘ may be linked

5 with each other to form a ring,
in the formula (4), R’ is an alkyl group
having 1-2 carbon atoms,
in the formula (5), R%, R” and R® are each
independently an alkyl group having 1-10 carbon atoms,
10 provided that any two of R®, R’ and R® may be linked
with each other to form a ring structure,
in the formula (6), R’ and R! are each
independently an isopropyl group or a t-~butyl group,
in the formula (7), R! and R!? are each
15 independently hydrogen.or a methyl group,
in the formula (8), R!*, R!, R! and R!® are
each independently an alkyl group having 1-3 carbon
atoms, and p is an integer of 2 or 3, and
in the formula (9), RV and R are each
20 independently an alkyl gr&up having 1-3 carbon atoms,

and r is an integer of 2 or 3.

DETAILED DESCRIPTION OF THE INVENTION
In the present invention, the reaction liquid
subjecte@ﬁto-distillatiop_%s a mixed solution contain-
25 inéqpropfiehe oxide_thqh is obtained by a process
domprising the steps of oxidizing ethylbenzene in a

liguid phase with molecular oxygen to obtain a reaction



in the formula (5), [err] and [err] are each independently an al kyl group
havi ng 1-10 carbon atons, 10 provided that any two of [err] and [err]
may be |linked with each other to forma ring structure, in the fornula (6),
[err] and [err] are each independently an |sopropyl group or a t-butyl
group, ‘in the formula (7), [err] and [erT] are each 15 | ndependent |y

hydr ogen or a

v t he f 8 d h
i ndependent | y %ﬁ%@?ééhééﬁpﬂ%§|%5h§£ E%? %Lhﬁéerrérgﬁggﬁfggﬂé% ?L?eggf
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f 2 3. DETAL P t
?he rg;ctlon I|qU|d su fé%t%AE?iﬂ%hgéﬁ% ﬁy}oﬁbégbgﬂﬁé %Rggﬁf?in n%ﬁﬁté?ﬂ-
25 ing propylﬁé&b@mhgetmélé$h¢én€%&@é@e@obutﬁoﬂrﬁ@eﬁspf@ﬁpléﬁénaothe

steps of oxidizing ethyl benzene in a liquid phase with nolecul ar oxygen to
obtain a reactifdrm prdpylene oxide. The above-mentioned process for
obtaining the mixed solution is known to the art and is
disclosed, for example, in U.S.P. No. 3350422 or U.S.P.
No. 3351635. |
The concentration of propylene oxide in the
10 mixed solution is usually 3-30% by weight.

Components contained in the mixed solution
other than propylene oxide are, for example, ethyl-
benzene, a-methylbenzyl alcohol, acetophenone, phenol,
water, etc. The content of water is usually about

15 0.01-0.5% by weight, and the content of phenol is
usually about 0.05-0.5% by weight; The mixed solution
also contains trace amounts of barboxylic acids, such
as formic acid, acetic acid and propionic acid. The

. contents of these acids are usually about 0.005-0.1% by

20 weight.

In the present invention, an aliphatic satu-
rated alcohol having 2-4 carbon atoms, allyl alcohol, a
saturated aliphatic hydrocarbon having 6 or 7 carbon
atoms, benzene, and a compound represented by the

25 above-mentioned formulas (1)-(9) are used as an
additive. |

| ﬁ The aiiphéticigaturated alcohol having 2-4

carbon atoms may be, for example, ethyl alcohol, n-



l'i quid containing ethyl benzene hydroperoxide, then distilling the reaction
liquid to obtain a concentrated sol ution of ethyl benzene hydroperoxi de, and
m xi-ng and reacting the concentrated solution with propylene to 5 form
propyl ene oxi de. The above-nenti oned process for obtaining the m xed
solution“is known to the art and is disclds€d,” for exanple, in U S P. No.

3350422 or U S P 3 a T tratl of e ide in the
10 nixed'solutP5§8?% gg%gﬁ?%’SE§8§?§§§%eFg%PS%&6n8%%§%¥g %gﬁgéfﬁéd in the
m xed sol ution OEPBEPEQEQFREBB%&?“%e%&hQ%yir%icﬁﬂbl@xﬁﬁa'%er%L%%kylbenze”e1

[ err]-met hyl benzy acet ophenone, “phenol, water, etc. The“content

of water is usuahlivofbayt Methyd 81cBhel,bwhiehlhhs @ned cBebeANatdn,0fis
phenol is usually about 0.05-0.5% by weight. The m xed sol ution al so

contains trace annpiefeghbler bexsuise dti has aubbiddinbopdintaniedr aeetic

acid and propionic acid. The contents of these acids are usually about

0. 005-0. 1% b§ 20thatepbdhpropylene pxddenandnhentcieocanabealdififdcnd tdyt u-

rated al cohol having 2-4 carbon atons, allyl alcohol, a saturated aliphatic

hydr ocar bon havi fgperated £xomoprapyienehoxidee, addphatdepsatyradedesent ed

by the alcohols having 5 or more carbon atoms are unpreferable
because they sometimes increase the loss of propylene
oxide.

10 ' The saturated aliphatic hydrocarbon having 6
or 7 carbon atoms may be,.for example, n-hexane and n-~
heptane.

The compound represented by the formula (1)
has a boiling point at 1 atm of 60-120°C, and may be,

15 for.example, n~butyl methyl ether, n-propyl ether, n-
propyl isopropyl ether and isopropyl ether.

The compound represented by the formula (2)
has a boiling point at 1 atm of 60-120°C and may be,
for example, tetrahydrofuran and 1,4-~dioxane.

20 The compound represented by the formula (3)
has a boiling point at 1 atm of 70-120°C and may be,
for example, methyl ethyl ketone, methyl propyl ketone,
3-pentanone and methyl isobutyl ketone.

The compound representéd by fhe formula (4)

25 may be, fqr example, acetonitrile and propionitrile.

:.ufgbhe éompbuﬁd,?epﬁesented by the formula (5)
may be, for éxampié, triefhylamine, tripropylamine,

tributylamine, diethylmethylamine, dimethylethylamine,



25 above-nentioned formulas (1)-(9) are used as an additive. The

al i phatic saturated al cohol having 2-4 carbon atons may be, for exanple,
ethyl al cohol, n- -9- propyl alcohol, isopropyl alcohol, n-butyl

al cohol , isobutyl alcohol, sec-butyl alcohol and tert- butyI al cohol .

Met hyl -al cohol , which has one carbon athﬂ°|§ unpreferabl e because it has a

ditiicutry p%age” o Uy L R OER Y o, GLESPFPRALE TRV L MRS ed al cohol
ifficultly se ed al cohol s
having 5 or etﬁ:ﬁ&pé] c?rﬁeagﬁddggﬁf%fpﬁprgl §ERyse t hey soneti nmes

increase the | o ene oxi The sat ur at ed

al i phati c hydrocarbon ha ﬁ{@@
n- hexane and n- hept ane. e cgﬁ%3éﬁgq£ resente W%g Eﬁ #ornu?énFﬁf has a
boi l'ing point 3layl B M Lér [&Eéﬂpl@”%i@é’oﬁf‘o pyPamin®afxagpl e, n-butyl

met hyl ether, n- propy1 et her, n- propyl |sopropyl et her and i sopropyl
et her. 5 butylisopropylamine.

‘The compound represented by the formula (7)
may be, for example, pyridine, lutidine, a-picoline, f-
picoline and y-picoline.

The compound represented by the formula (8)

10 may be, for example, tetramethylethylenediamine,
tetramethyltrimethylenediamine and tetraethyl-
ethylenedianmine.

The compound repreeented by the formula (9)
nay be, for example, 2-dimethylaminoethanol, 3-

15 dimethylaminopropanol and 2-diethylaminoethanol.

In the present invention, at least one
compound selected from the group consisting of
aliphatic saturated alcohols having 2-4 carbon atoms,
allyl alcohol, saturated aliphatic hydrocarbons having

20 6 or 7 carbon atoms, benzene, and the compounds
represented by the above formulas (1)-(9) is added to
the solution to be distilled, and distillation is
conducted in the presence of the added compound. The
amount of the compound to be added relative to 100

25 parts by welght of propylene oxlde is 0.01-100 parts by
welght, preferably 0. 05 100 parts by weight, more
preferably 0.1-50 parts by weight, most preferably 0.1-
10 parts by weight.



The conpound represented by the formula (2) has a boiling point at 1 atm of
[err] and may be, for exanple, tetrahydrofuran and 1, 4-di oxane. 20

The conpound represented by the formula (3) has a boiling point at 1 atm of
[err] and may be, for exanple, nethyl ethyl ketone, methyl propyl ketone,
3-pent anone and met hyl isobutyl ketone. Thélcompound represented by the
formula (4) 25 may be, for exanple, acetonitrile and propjonitrile. The
conmpound represented by tﬁ@%r&\ﬂ Aisp yen ks, conduched Withialy| ani ne,

i yl am ne, tri.utyl an di et hyl net hyl am_ne, di met hyl et hyl.ani ne, .
10 o ret hmyP?s@&d&Bw” h %:?e,r'l" dilieféﬁrl 5 y&d&ﬂméi‘%iﬂa"g“g’ﬁédﬁl r{?’;ﬁt %i%e‘?t ¥ 1% and
met hy| i di ted v be, f

yrpyrrolid &%ﬁﬁg%o%gﬂa%%'i& ro?o ra‘?ﬁ‘az{ly:]‘iﬂlﬂ’lé fl;%f&&fa[wda RoH@y be, for

exanpl e, diisop I'sopropyl am ne.  The conpound
represented by g ity MR dabbdiPaths [ U118%2 @ hd/ il dfoutditddli e,
[err]-picoline, [err] picoline and y-picoline.

5 aliphatic hydrocarbon having 6 or 7 carbon atoms,
benzene and compounds represented by one of the
formulas (1)-(4), propylene oxide is distributed in the
upper layer part in the distillation column and is
recovered from the column top. Ethylbenzene, aceto-

10 phenone, a-methylbenzyl alcohol and the like are
distributed in the lower layer part in the distillation
column and are recovered from the column bottom.
Aliphatic saturated alcohols having 2-4 carbon atoms,
allyl alcohol, saturated aliphatic hydrocarbons having

15 6 or 7 carbon atoms, benzene and compounds represented
by the above formulas (1)-(4), which all have a boiliné
point in between the boiling point of propylene oxide
and those of ethylbenzene, acetophenone and a-
methylbenzyl alcohel, can be made to be so distributed

20 as to have the concentration maximum in the middle
layer part in the distillation column. In this
instance, propylene oxide can be recovered from the
column top and the organic acids and the like can be -
recovered from the column bottom; thus, the loss of

25 propylene oxide can be suppressed. Also, water
contained in the distiliation feed material has a
boiling point in betweeﬁ the boiling point of propylene'

oxide and those of ethylbenzene, acetophenone, a-



The conpound represented by the fornula (8) 10 may be, for exanple,

t et ranmet hyl et hyl enedi am ne, tetranethyltrinmethyl enedi am ne and tetraethyl -
et hyl enedi am ne. The conpound represented by the fornula (9) nmay be, for
exanpl e, 2-di net hyl am noet hanol, 3- 15 di net hyl am nopropanol and

2-di et hyl ani noet hanol . In the present invedd on, at. |east one compound

sel ected fromthe group consisting of aliphatic saturated al cohgls having

2-4 carbon at ongteEryibenzxlplcohal #E¢ ed2Bdi GPELS ctAyRR AP BERRURESI ng 20
Ol o 20" S B e ScoRnd D FOIPRIDMRhePh PR St Iy Bbore,
3oLt o0, " B LSR8 e PO SR oy [0EoIR Bk Eh0t g
o 0% or s o SRS e ot ecal ofs MnLippisgti R
wei ght . Wien ydeedli ¢dn | bétnsde | fo CORELLASItNeIBidBribution of the
aliphatic saturated alcohol having 2-4 carbon atoms,
allyl alcohol, saturated aliphatic hydrocarbon having 6
or 7 carbon atoms, benzene, or éompound represented by
the above formulas (1) ~ (4) added as the additive.
10 Consequently, the distillation can be conducted without
a sep&ration of a water layer in the distillation
column, and the loss of propylene oxide can be
suppressed. In thé high water concéntration region of
the distillation column, also, the loss of propylene
15 oxide can be suppressed through the dilution effect of
the additive and the like.

Such effects of the additive can be attained
by making the additive stationarily maintain the
concentration maximum in the middle layer part of the

20 distillation column. Accordingly, the distillation may
be conducted either by feeding the additive at a
constant rate or it may be conductéd, after the amount
of the additive staying in the column has become
éonstant, by keeping the amount of the additive

25 distilled out of the column at a very low level and
feeding the additive in an amount matching therewith.
Theamount of the gdditiire to be distilled out of the

distillation column is preferably determined such that



addition of at |east one conpound selected fromthe group consisting of an
al i phatic saturated al cohol having 2-4 carbon atons, allyl alcohol, a
saturated 5 al i phatic hydrocarbon having 6 or 7 carbon atons, benzene and
conpounds represented by one of the forrmulas (1)-(4), propylene oxide is
distributed in the upper |ayer part in thelﬁ:ﬂﬂ Il ation colunn and is

{Z??]Veﬁifﬂfy{§2"n2s3%§$’%%%taﬁm%¥lf€” Fcaifefi fanten of mﬁv | ayer
fif{;h;t”.% Eﬁt LE“ £ Echarediy aﬂgv%ifréicﬁv ione Ly Cﬂ%ﬁzﬁ%b"“"m
and Compounds. 1 PETerTEn By (e *%é‘fé‘%w o 5 ‘?@%99‘3% i g
boi I'i ng poi nt i ngdbedresh the &1dmmg poi nt of propylene oxi de and those of

et hyl benzene, acetophenone and a- nethyl benzyl al cohol, can be nmade to be

so distributied 20 as to Ty eaddEt DedGeaY 6é 1 DEd "By i the disthElatiche
| ayer part in the distillation colum. In this instance, propylene oxide

can be recover eccdlumn tdictlvent Uy adgimendit heo otli@anfeedomalsernialtie | i Ke can
be recovered fromthe colum bottom thus, the |loss of 25 propyl ene oxi de
can be suppressetivanteor vy efeeding it directly from an appropriate
place of the column. When the additive needs to be
recovered, it may be recovered either from the column
10 top, or from the column bottom, or other appropriate
place of the column. The recovered additive can be
reused either as it is or after being purified.
When the compounds represented by the
formulas (5)-(9) are used as the additive in the
15 distillation, organic acids, molybdic acid, etc. in the
distillation feed material are neutralized by the
compounds represented by the formulas (5)-(9).
Consequently, the side reactions of propylene oxide
which might take place under acidic conditions can be
20 suppressed and the loss of propylene oxide can be
minimized. |
" When the compounds represented by the
formulas (5)-(9) are fed as the.additive, they may be
added into the distillation feed material in advance,
25 or they may be added to an appropriate place of the
distillation column. When the recovery of the additive
ié necessary, it may be recovered either from the

column top or from the column bottom or other



contained in the distillation feed material has a boiling point in between
the boiling point of propylene oxide and those of ethyl benzene,
acetophenone, a- - 12 - met hyl benzyl al cohol etc. and cones to be

di stributed to have the concentration maximumin the mddle |ayer part in
the distillation colum. By proper controf ¥ the distillation conditions,
the distribution_of the.5tmat§r can_b hnagg &0 gv%nlap t he distrjbution of
the aliphatic saPBHPEPEE &I EoR Pcﬁa9Fn§ 5 F1ekMSATAPENSOLEmNY  dhohol
saturated ali phat] C .havi 0 r ons, .benze or
conpound represe%kgabégg?hgaggg%gafggﬁuggs F%fg? %g?h% dg% as 9%e%§aditive.

10 Consequent | endl St : | can be conducted w thout a separation
of a water IayerxfﬁéghgggﬁétFF?%F?%%'COIunn, and the | oss of propyl ene

oxi de can be suppressed. |Rnt hRehtugBtWataticanatebiraing tbe¢he pebskht
distillation colum, also, the | oss of propylene 15 Ooxi de can be

suppr essed t&roughveheidhl, uthentempeehtaket b€ &He Hiveidndtiba lcokemnSuch
effects of the additive can be attai ned
is preferably not lower than 135°C. When the differ-
ence of the column temperature from the column bottom
temperature is small, the separation and recovery of
propylene oxide is difficult.
i0 - The column top pressure in the distillation
is preferably 0.5-5 atm, more preferably 1.0-3 atm,
though it may vary depending on the kind of additives.
According to the present invention, propylene
oxide can be efficiently separated and recovered, with
15 suppressed side reactions and reduced loss of propylene
oxide, from a reaction liquid containing propylene
oxide which is obtained by a pfbcess comprising the
steps of oxidizing ethylbenzene in a liquid phase with
moiecular oxygen to obtain a reaction liquid containing
20 ethylbenzene hydroperoxide, then distilling the reac-
tion liquid to obtain a concentrated solution of ethyl-
benzene hydroperoxide and further reacting the concen~
trated solution with propylene to form propylene oxide.
| The present invention is described below in
25 detail with reference to Examples. It is needless to
say théé the invention i§ in no way limited by the

Examples.



by meking the additive stationarily maintain the concentration maxi mumin
the mddle | ayer part of the 20 distillation colum. Accordingly, the
distillation may be conducted either by feeding the additive at a constant
rate or it may be conducted, after the anou of the additive staying in
the col um has becone constant, by keeping tfe ambunt of the additive 25
distilled out of éi$¥?£*§nn at a very low level and feeding the additive in
an anount mat chi ng erewith. The anount of the additive to be distilled
out of the distilggdd9lecpl um is preferably determ ned such that - 13 -
the amount of water i'h the distillation colum may be kept at a proper

| evel and no aqueous | ayer HﬁyiﬁﬁtﬁﬁpaéﬁﬁfﬁbCh&qﬁidtéﬁmg_ £hd 059 083 by
excessi ve anmount of water in the colum he addltlve may be

fed to the distilveight bl etiiytbémpendy 300290y twéigliticof aed material in
advance or by feeding it directly froman appropriate place of the colum.
When the addigi venel@u&bempbal@@lmb; €%l, 6% tbyrewe hght eoh \acetophéemene f r om
the colum 0.2% by weight of benzaldehyde and 0.2% by weight of
phenol was charged into the bottom of a distillation
column (number of stage: 34 as determined by a number
of stage test using chlorobenzene and ethylbenzene;

10 packing material: Helipack No. 2; column internal
diameter: 30 mm) and heated in a nitrogen. atmosphere at
atmospheric pressure to initiate distillation.

The solution which was obtained from the
epoxidation reaction of ethylbenzene hydroperoxide with

_15 propylene in the presence of a molybdenum based
catalyst, had a composition of 10.37% by weight of
propylene oxide, 50.73% by weight of ethylbenzene,
20.08% by weight of a~-methylbenzyl alcohol and, as
other trace components; 0.12% by weight of phenol,

20 0.063% by weight of water, 0.011% by weight of formic
acid, 0.006% by weight of acetic acid, and 4.90% by
weight (47.3% by weight relative to propylene oxide) of
isopropyl alcohol which was added. The solution was
fed at a rate of 200 g/hr from the stege at aboﬁt the

25 middle of the distillation column and distillation was
continued.. Thereafter, every two hours, distillates
were'wiéhdrawn from the-bottom, from the top and f:om

the chimney part for separating and withdrawing water



10 . top, or fromthe colum bottom or other appropriate place of the
colum. The recovered additive can be reused either as it is or after being
purified. Wien the conpounds represented by the fornulas (5)-(9) are used
as the additive in the 15 distillation, organic acids, nolybdic acid,

etc. in-the distillation feed materi al areldgutralized by the conpounds

L?ﬁ[)ifiﬂtezgxf’éet%ﬁ%f&ﬁi%ﬁtaﬁ%@fp%aweuﬁﬁéﬁéi%. thecalrEELieian e 20

t :

Conpounds. r opr csentuifin, CbRl PEYAAPE Bk Epeila8d Fhfl EheFH cHREBpbYEs- o,
may be added intg,}ig dtﬁé'kkﬁé'OEh&eﬁgmgﬁkﬁghstl g %ﬂ&aESQPmﬁ5to &ahhey

may be added to an appropriate place o Iatlon co en t he
recovery of the ggdgpbye tﬁe”ii&ﬁiér¥empér5€¥réea£eﬁﬁée&ﬁ@mﬁé&hﬁarir0”‘the

colum top or fromthe Col'urm bott om or - ot her - appropriate place
of the distiglateRecphpinforh@ithdrawing water p081tloned at the 17th
stage from the column bottom) was 69-77°C, and the
temperature of the column bottom was 147-148°C. The
distillation Qas carried out fof 11 hours after the
initiation of feeding the feed solution, during which a
10 total of 2176.4 g of the solution was fed, and 303.1 g
of a distillate from the column top and 1871.8 g of
withdrawn liquid from the column bottom were obtained.
Table 1 shows the operation conditions during 7 hours
of the latter half of the distillation. No formation
15 of a separated aqueous layer at the chimney part was
observed.

The results of component analysis of the
respective sampled liguids revealed that no propylene
glycol had been formed which might be formed by the

20 reaction of propylene oxide during distillation.
Further, based on the results of analysis, material
balance was calculated with the propylene glycol, the
adduct of propylene glycol with propylene oxide, the
adduct of phenol with propylene oxide, the adduct of a-

25 methylbenzyl alcohol with propylene oxide, the adduct
of formlc .acid and propylene oxide, the adduct of
acetlc eC1d ‘with propylene oxlde and the adduct of

propionic acid with propylene oxide which had been



recovered additive can be reused either as it is or after being purified.
In the distillation according to the present 5 invention, the tenperature
of - the distillation colum is preferably not lower than [err]. Wen the

differ- ence of the columm tenperature fron1the col um bottom tenperature
is smalF, the separation and recovery of p pylene .oxide is dlffICU|t 10

3R LT st Sl S
efficient I y sepaﬁaoﬁ eac’f;n]ttjo ecr:)ov P(%:nyel?% Afgl ‘g’%‘é g'gat%gga%t I ons
and reduced |05 fad¥ DU SIRLELE féégfiénéeaﬁa@%é %ag%&méam ng

propyl ene oxi de ocess conpri sing e steps of

oxi di zi ng et hyl bﬂfgexr@sa& %ot i Eht CPIAFPati o FANELLEAR LAY 488 £€qobtain a
reaction liquid containing 20  ethylbenzene hydroperoxide, then distilling

the reac- tison Ipsppylldre cttie Kad dset IGs€dinothé i dis©i L PAtion &edzene
hydr oper oxi de and further reacting the concen- trated solution with

propyl ene to fortherimy|mrepytens. oxide tiad dneen nverdvered senesrelped bel ow
in 25 detail with reference to Exanples. It is needless to
Example 2
Distillation was carried out in the same
manner as-in Example 1 except that ethyl alcohol was
10 used as the additive. The loss of PO determined in the
same manner as in Example 1 from the results of
analysis of samples collected in the latter half 9
hours of the distillation was 0.11%. Table 1 shows the

operating conditions, etc. in the latter half 9 hours

15 -~ of the distillation.

Example 3

Distillation was carried out in the same
manner as in Example 1 except that n-~butyl alcohol was
used as the additive. The loss of PO determined in the

20 same manner as in Example 1 from the results of

analysis of samples collected in the latter half 7
hours of the distillation was 0.32%. Table 1 shows the
operating conditions, etc. in the latter half 7 hours

of the distillation.



say that the invention is in no way |limted by the Exanples. EXAMPLES
Exanple 1 An initial charge liquid conprising 59.9% by wei ght of

et hyl benzene, 30.2% by weight of a- 5 met hyl benzyl al cohol , 5.6% by wei ght
of acetophenone, 0.2% by wei ght of benzal de fgde and 0. 2% by wei ght of
phenol was charged into the bottomof a distrITation col um (nunber of
stage: 34 as detErn1n§d y a nunber of stage test using chl orobenzene and
et hyl benzene; g material: Helipack No. 2; columm interna

di anmet er: 30_nn)_and heateﬁﬂggli19k#hﬂgﬁaﬁﬁkggﬁﬁmﬁr3“%tlﬁt g I.C

pressure to initiate disti tion e SO I ch 'was obtained fromthe

epoxi dati on reaChhﬂHleaﬁtﬁﬁ|§§a g&% ﬁygkﬁﬁﬁﬁoihﬂ% Wprobyl aEE%HH egasl n
t he presence of a nol ybdenum based catal yst,;, had a coirpoSition of 10.37% by

wei ght of propyl ggedoxsdene5S8dd3 ik .weirnet 10k scoify Poeaeteenided0d¥ khe
wei ght of [err]-nethyl benzyl al cohol and, as other trace conponents, 0.12%
by wei ght ofs5phepame manner as in Example 1 from the results of

analysis of samples collectéd in the latter half 7

hours of the distillation was 0.17%. Table 1 shows the

operating conditions, etc. in the latter half 7 hours

of the distillation.

10 Example 5
Distillation was carried out in the same

manner as in Example 1 except that isobutyl alcohol was
used as the additive and the feeding time of the
distillation material was altered to 10 hours. The

15 loss of PO determined in the same manner as in Example
1 from the results of analysis of samples collected in
the latter half 6 hours of the distillation was 0.12%.
Table 1 shows the operating conditions, etc. in the

latter half 6 hours of the distillation.

20 Examﬁle 6
Distillation was carried out in the same
manner as in Example 1 except that sec-butyl alcohol
was used as the additive and the feeding time of the
Qistillqt%on material was altered to 10 hours. The
25 IgséwoﬁéPO.determinéd in the same manner as in Example

1 from the results of analysis of samples collected in



20 0. 063% by -wei ght of water, 0.011% by weight of formc acid, 0.006% by
wei ght of acetic acid, and 4.90% by wei ght (47.3% by weight relative to
propyl ene oxi de) of isopropyl al cohol which was added. The sol ution was fed
at .a rate of 200 g/hr fromthe stage at about the 25 m ddl e of the
di still-ation colunn and distillation was—cbtinued., Thereafter, every two
hours, distillat were withdrawn fromthe bottaom fromthe top and from
the chi mey par & mlaé"é"ﬁ&‘r ailfy eah@ugs: od Menél’\ﬁé:t‘eltlatlon Wes Orfsd% 4 oned
at about the m of, t IIat|o .col umm, ..t hen wei ghed .anq.,anal yzed
for their corrpo%?#?ﬁ? 2[1??'103’5’ s"k’@ P cé’r%ié‘rtd'toﬁ'lse SGhd e dMfm top
was [err], the | € (the part for
1a@ed ?Sone h% erofg,?% A FUUL romlttqh

mnthdramnng mater posi stage € colum bottom) was

[err], and the tenperature of the colum bottomwas [err]. The distillation

was carried out for 11 hours after the initiation of feeding the feed

sol ution, dgringxempie 10 total of 2176.4 g of the solution was fed,

and 303.1 g of a distillate fromthe colum top and 1871.8 g of
‘Distillation was carried out in the same

manner as in Example 1 except that tert-butyl alcohol
was used as the additive and thé feeding time of the
distillation material was altered to 10 hours. The
"10 lose of PO determined in the same manner as in Example
1 from the results of analysis of samples collected in
the latter half 6 hours of the distillation was nil.
Table 2 shows the operating conditions, etc. in the

latter half 6 hours of the distillation.

15 Example 8
Distillation was carried out in the same

manner as in Example 1 except that allyl alcohol was
used as the additive and the feeding time of the
distillation material was altered to 10 hours. The

20 loss of PO determined in the same manner as in Example
1 from the results of analysis of samples collected in
the letter half 6 hours of the distillation was 0.18%.
Table 2 shows the eperating conditions, etc. in the

latter half 6 hours of the distillation.

25  Example g

Distillation was carried out in the same



wi thdrawn liquid fromthe col utmm bottom were obtained. Table 1 shows the
operation conditions during 7 hours of the latter half of the distillation.
No formation 15 of a separated aqueous |layer at the chimey part was
observed. The-results of conponent analysis_of the respective sanpled

l'i qui ds reveal ed that no propyl ene glycol'h% Deen fornmed which m ght be

Furt her . based oR2PEE BELTPS BAATRRS| JPECoRE, 4Phk Sha) ARESIGS ol Bat e

S|

ith th I :; d , | 1 I
W € propy GEEegh%§%h1}5§g?§ %H%Er?%poQQYEE?%f%hy% 1WstPBF§QY ene

oxi de, the adduct of eno ropyl ene oxi e adduct o rr]- 25

met hyl benzyl al cafial 18k oR @BY HeRerMihdd ihhenaddume RhnheirThe 2 d and
propyl ene oxi de, the adduct of acetic acid with propyl ene oxide and the

adduct of propi opxempted 1WErbmPLaRY reg@les &F whallyshadofeeamples 17 -
formed by reaction during the distillation, and the rate of |o0ss of
propyl ene oxfde dolilegtedstiuriay cher eimki Feomo thiee 70eh hoamy tenthexi de was

cal cul at ed.
102nd hour of distillation was 0.05%. The analysis of
the samples also revealed that the isopropyl alcohol
added in the distillation of this Examplé had been
wholly recovered from the column top. Table 2 shows

10 the operating conditions, etc. from the 70th hour to

the 102nd hour of the distillation.

Example 1d
Distillation was carried out in the same
manner as in Example 1 except that_the feeding time of
15 the distillation materials was altered to 74 hours.
The loss of PO determined in the same manner as in
Example 1 from the results of analysis of samples
collected during the time from the 52nd hour to the
74th hour of distillation was 0.66%. The analysis of
20 the samples also revealed that the isopropyl alcohol
added in the distillation of this Example had been
nearly wholly recovered from the column bottom. Table
2 shows the operating conditions, etc. from the 52nd

hour to the 74th hour of the distillation.

25 Eiampleﬂll

Distillation was carried out in the same



The result of the calculation revealed that no fed 5 propyl ene oxi de had
been lost in the distillation and the fed propyl ene oxi de had been
recovered entirely. Exanple 2 Distillation was carried out in the sane
manner as in Exanple 1 except that ethyl alcgg was 10 used as the
additive.” The loss of PO deternined in thé sane nanner as in Example 1

hours of .o ot AR P Ry ROk Sl a0 e
conditions, etc. ifhdditad & ad@ifive % ﬂé fe&ilﬁ%etﬁﬁétdf | @fd ;E%‘.r.'pﬁ-é L

Exanple 3 Distillation was carried out In t e sane ner as iIn

except that n-butw;i B0l RGeSl wiss [dPralil 4/ 677 HutHSS THe Fldss

determned in the 20 same nmanner as in Exanple 1 fromthe results of
anal ysi s of sanpl asf G | Reteeminied hin |#id esan@|fanhdwws i Edhemple 1

distillation was 0.32% Table 1 shows the operating conditions, etc. in the
latter half 75hourfrad thee rbetlts aif eamalysis of samples collected
during the time from the 52nd hour to the 77th hour of
distillation was 0.04%. The analysis of the samples
also revealed that the n-propyl alcohol added in the
distillation of this Example had been wholly recovered
10 from the column bottom. Table 3 shows the operating

conditions, etc. from the 52nd hour to the 77th hour of

the distillation.

Example 12
Distillation was carried out in the same

15 manner.aé'in Example 1 except that n-propyl alcohol was
used as the additive, the feedihg time of the distil-
lation material was altered to 96 hours, and the amount
of'n-propyl alcohol added was 2% by weight until the
24th hour of distillation, 0.2% by weight from the 24th

20 hour to the 32nd hour of distillation, and 0.03% by
weight from the 32nd hour to the 96th‘hour of distil-
lation. The loss of PO determined in the same manner
as in Example 1 from the results of aﬁalysis of samples
collected during the time from the 58th hour to the

25 96th hour of dlstlllatlon was 0.06%. The recovery of
PO was 99 8%. Table 3 shows the operating conditions,

etc. from the 58th hour to the 96th hour of the



- 18 - Exanple 4 Distillation was carried out in the same manner as in
Exanpl e 1 except that n-propyl al cohol was used as the additive. The | oss
of PO-determined in the 5 = sane manner as in Exanple 1 fromthe results of
anal ysis of sanples collected in the latter f 7 hours of the
distillation was 0.17% Table 1 shows the opétéating conditions, etc. in the
latter half 7 hour&igéiifgtggﬁgilIation. 10 Exanple 5 Distillation was
carried out in the sane nmanner as in Exanple 1 except that isobutyl alcohol
was used as the additive and the feeding time of the distillation materi al
was altered to 10 hours. The 15 | oss of PO determ ned in the sanme manner

as in Exanple 1 fr@@m?agaﬁgeglEﬁaﬁﬁlagakyaha of sanples collected in the
|latter half 6 hours of the distillation was 0.12% Table 1 shows the

operating conditions, etc. ibishillatien wasfclrbhbadsoat Lhethessaiméati on.
20 Exanple 6 Distillation was carried out in the sane manner as in
Exanpl e 1 except thamngrcabuin| Exawphel lwescepbdthstthe additive wad t he
feeding tine of the
S added and the distillation time was altered to 8 hours
per day for 2 days. The loss of Pb'determined in the
same manner as in Example 1 from the results of
analysis of samples was 1.17% (Comparative Example 1)
or 1.06% (Comparative Example 2). Table 3 shows the

10 operating conditions, etc.

Comparative Example 3
Distillation was carried out in the same
manner as in Example 1 except that methanol was added
as the additive. The loss of PO determined in the same
15 manner as in Example 1 from the results of analysis of
samples was 1.02%, Table 3 shows the operating

conditions, etc.

wew Lo



distillation material was altered to 10 hours. The 25 | oss of PO
determ ned in the sane manner. as in Exanple 1 fromthe results of analysis
of sanples collected in - 19 - the latter half 6 hours of the
distillation was 0.23% Table 2 shows the ggecrating conditions, etc. in the
latter half 6 hours of the distillation. 5 Exanple 7 D|st|IIation was
carried out in the sane manner as in Exanple 1 except that tert-butyl

al cohol was used as the additive and the feeding tinme of the distillation
material was al tje to 10 hours. The 10 | oss of PO determined in the
same manner as ijn{Bxanple 1 fromthe results of analysis of sangleg
collected in thg terZhal f 6 hour® ok Bhe diStillatioh was nitt. Fable 2
shows the oper atfi 1g con w0 i ons, edHet i§ he\l am er habeG hewr soof < hp
distillation. 1§ le 8 DistTlbat tfoh was earri &t @t in the sanme
manner as in EXEWD' 1 except that Al 14 ™al cohd! was usdd as the addi{ive
and t he feeding{t of the
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distillation material was altered to 10 hours. The 20 | oss of PO
determ ned in the sane manner. as in Exanple 1 fromthe results of analysis
of sanples collected in the latter half 6 hours of the distillation was
0.18% Table 2 shows the operating conditiggs- etc. in the latter half 6
hours of-the distillation. 25 Exanple 9 Distillation was carried out in
t he sane - 20 - manner as in Exanple 1 except that the feeding tine of

the distillation paterial was altered to 102 hours. The loss of PO
determned in the}jspme manner as in Exanple 1 fromthe results of anakysis
of sanples 5 colll ¢cfed during the t4me fromthe 70th hour to thg 1@gnd hour
of distillationwas}0.08% The angl®ysis Bf ghedsanpFes ‘@l so reve€al &l {hat
the isopropyl alljc¢Rpl abded in the di sBitil aN om of hesnExanpl echad bgen
— = I~ ), o .
whol Iy recovered frjpm t-Re col um édew. 5 le 2 ows L0 2 the operating
conditions, etc. {rpmthe 70th hour'to<tfe 1023 hodt d the distillalion.
Exanpl e 10
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Distillation was carried out in the same manner as in Exanple 1 except that
the feeding tine of 15 the distillation materials was altered to 74
hours. The | oss of PO determned in the sane manner as in Exanple 1 from
the results of analysis of sanples collectgd during the time fromthe 52nd
hour to-the 74th hour of distillation was 0.66% The analysis of 20 the
sanpl es also reveal ed that the isopropyl alcohol added in the distillation

of this Exanp had been nearly wholly recovered fromthe col um bottom
Tabl e 2 shows}tlhg operating conditions, etc. fromthe 52nd hour to jthe 74th
hour of the d|gtifllation. 25 Exanple 11 Distillation was cggrigd jout in
t he sane -121}- n‘@mer as ||*N§>< % 1, ex@ept «tat) n- propy? avcghol was
used as the afidrli ve vnd the fee 4 mew Of it he dlcsmtllbat i-on watleri al
was altered tpy71 hofts. The | &F ofEQO J2t eBnined i B the same nmanrfer as in
Exanple 1 5 rcmthe results of armal"y5|s ot sanpl es" col | ected durjing the
time fromthel®2nd hour to the 77th hour of
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distiflation was 0.04% The analysis of the sanples also revealed that the
n- propyl al cohol added in the distillation of this Exanple had been mholly
recovered 10 fromthe colum bottom ayée 3 shows the operating
conditions, etc. fromthe 52nd hour to the“77th hour of the distillation.
Exanpl e 12 Di st#l% tion was carried out in the sang 15 manner as in
Exanpl e 1 excep at n- propyl al cohol was used as the additive, the
feeding tine of*ab ﬂF 1 lation material was altered to 96 hours, and

t he amount of n-propyl a cohol added was 2% by weight until the 24th hour
of distillationgjfq2% by weight fromthe 24th 20 hour to the 32nd hour of
distillation, and 0.03% by weight fromthe 32nd hour to the 96th hour of
distil- lation. ThephroHs o&sBQ&@?ygrau&@aoun t he sane manner as in Exanple
1 fromthe results.of analysis of sanples collected during the time from
the 58th hoBir to tBeORS eGhliylhadcohbldi stillation was 0.06% The
recovery of PO was 99.8% Table 3 shows the operating conditions, etc. from
the 58th hour to thBudBzh hebutyl aieochol

nPrOH: n-propyl alcohol
iBuOH: isobutyl alcohol
secBuOH: sec-butyl.alcohol
10 tBuOH: tert-butyl alcohol
AlOH: allyl alcohol
Added amount: parts by weight per 100 parts by weight
of mixture subjected to distillation
*2) Reflux ratio = amount refluxed from top/
15 total amount distilled out
*3) Result |
Residual PO: % by weight of propylene oxide
remaining in bottom liquid
PO loss = (K;-K;) x 100/number of mole of
20 propylene oxide in feed solution,
wherein
K;: total number of mole of propylene glycol,
adduct of propylene glycol with propylene oxide, adduct
of phenol with propylene oxide, adduct of a-
25 methylbenzyl alcohol with propylene oxide, adduct of
formlc ac1d ‘with propylene oxide, adduct of acetic acid

W1th propylene ox1de and ‘adduct of proplonlc acid with

propylene oxide in feed solution.



- 22 - distillation. Conparative Exanples 1 and 2 Distillation was carried
out in the sane nmanner as in Exanple 1 except that no additive was 5
added and the distillation time was altered_to 8 hours per day for 2 days.
The 1 0oss of PO deternined in the same nanfief’as in Example 1 fromthe

(Gomparative Exampi e Bpi THACRL: FOMBEE (e PRIS. p PR AR RRHI s, et c.
Compar (1o Bt e ol S0 B A R g SR My "
ot e 11 BB T IBRGEA da G ¢ it osul s o
- 23 - [err] methylbenzyl alcohol with propylene oxide, adduct of
5 formic acid with propylene oxide, adduct of aceﬁic acid
with propylene oxide and adduct of propionic acid with
propylene oxide in distillates (distillate from top,
water distilled out from chimney part and distillate
from bottom)
10 PG formed = (PG,~-PG,) x 100/number of mole of
propylene okide in feed solution, wherein
PG,: number of mole of propylene glycol in feed
solution
PG, 3 number of mole of propylene glycol in
15 distillates (distillate from top, water distilled out
from chimney part and distillate from bottom)
*4) 2% by weight till the 24th hour of distillation,
l0.2% by weight from the 24th till the 32nd hour of
distillation, 0.03% by weight on and after the 32nd

20 hour of distillation



- 24 - [err] [err] -.25 - [err] - 26 - Note *1) Alcohol Kind iPrOH

| sopropyl al cohol 5 Et OH: et hyl al cohol nBuOH. n-butyl al cohol
nPrOH: n-propyl alcohol iBuOH isobutyl q[qﬁyql secBuOH. sec-butyl
al cohol 10 tBuOH tert-butyl al cohol

) Example 13

. An initial charge liquid comprising 11.2 g of
propylene oxide, 152.1'g of ethylbenzene, 67.7 g of a-
methylbenzyl alcohol, 11.1 g of acetophenone, 0.4 g of

5 benzaldehyde, 0.4 g of phenol and 0.1 g of propylene
glycol was charged into the bottom of a distillation
column (number of stage: 34 as determined by a number
of stage test using chlorobenzene and ethylbenzene;
packing material: Helipack No. 2; column internal

10 diameter: 30 mm) and heated in a nitrogen atmosphere at
atmospheric pressure to initiate distillation.

The solution which was obtained from the
epoxidation reaction of ethylbenzene hydroperoxide with
propylene in the.presence of a molybdenum based

15 catalyst, had a composition of 10.85% by weight of
propylene oxide, 52.45% by weight of ethylbenzene,
26.19% by weight of a-methylbenzyl alcohol and, as
other trace components, 0.16% by weight of phenol,
0.091% by weight of water, 0.011% by weight of formic

20 acid, 0.005% by Weight of acetic acid and 1.03% by
weight (9.5% by weight relative to propylene oxide) of
tetrahydrofﬁran which was added. The solution was fed
at a rate of 200 g/hr from the stage at about the
middle of the distillation column, and distillation was

25 contihued.. Thereafter, every two hours, distillates
ﬁéfqmwiﬁhdfaﬁn frohiﬁhéfﬁottom, from the top and from
fﬁg chéﬁnéﬁ part fsr'§;§érating and withdrawing water

positioned at about the middle of the distillation



Al OH: allyl al cohol Added anount: parts by weight per 100 parts by wei ght
of m xture subjected to distillation *2) Reflux ratio = anmount refl uxed
fromtop/ 15 total angunt distilled out *3) Result
Resi dual PO % by wei ght of propyl ene oxi de“’emaining in bottomliquid PO

loss = [err] x 10 er wmle ropyl | de
in feed soluti on,(% er ef nu?%? Wél?}g%%lz{g)rrl\% n%%arl%¥e?m¥%r o‘fh%’r?%pg‘%!"éﬁ‘g‘%ﬂ%%m ,
adduct of propyl ene gl ycol r; I oxiwle, | L\ t

propyl ené oxi de, adduct of ?%#r ézéyy §§F%9|%@§£§?g§?%%ﬂg oﬁﬁf p?%%y ene

oxide, adduct of § adl¢mn 2€ds témperdORyd e I*ES, a alltipeid OfedSStaturéi d
w th propyl ene oxidé and adduct of propionic acid with propylene oxide in

feed solution. of €fe-cikinéptpdrtiuobe?so080 0! £ndfa ptODyheNBottymol |
adduct of propylene glycol with propyl ene oxide, adduct
5 temperature of 148-150°C. The distillation was
conducted for 8 hours from the initiation of feeding
the feed solution. During the distillation, 1626.0 g
of the solution was fed, and 172.2 g of distillate from
the column top, 1.5 g of agueous solution from the
10 chimney part and 1353.9 g of distillate from the column
bottom were obtained. Thus, the distillation of the
first day was finished.
On the second day, the bottom liquid held in
the bottom when the distillation of the prdéeeding day
15 was discontinued was boiled up and, from about 1 hour
thereafter, distillation was carried out by feeding
1593.3 g of the same solution as used in the proceeding
day in the course of 8 hours, to keep about the same
rate of 200 g/hr as in the proceeding day. Every two
20  hours, distillates were withdrawn from the bottom, top
and chimney part, then weighed and analyzed for their
components. The distillation was operated at a column
top temperature of 30-33°C, chimney part liquid
temperature of 76-80°C and a column bottom temperature
25 of 148°C, and finished after 8 hours from the initi-
atioqyof.feeding-the sQlution. In this distillation
150;%1éubffdistilléte:was'obtained from the top, 1.6 g

of aqueous solution from the chimney part, and 1360.4 g



of phenol w th propyl ene oxide, adduct of [err]- nethyl benzyl alcohol with
propyl ene oxi de,
acetic acid with propyl ene oxide and adduct f3®repioni.c acid with

propyl ene oxide in distillates (distillate fromtop, water distilled out
from chimey part aof distillate from fbet bottom. " PG forrred = [err] X
100/ nunber of nole of propylene oxide in feed solution, erein

nunber of nole of propylene gPfder EAndsbdngothe gfopgsai ﬁ&éFl P8 rof
propyl ene gl ycol

out from chi mey pa

ad

in

duct of 5 formc acid with propyl ene oxide, adduct of

5 distillate distillate f t op, t disti.ll ed
A R R m*%ugh? Mg

24th.hoyr of dl?tl!latlonhﬁgﬁé%@p§ﬁ°§h t@ﬁ%@ﬁ§'§§ﬁ§h?& 35Q§f32%& hour

of distillation

distillation
of

10

15

20

25

5" 28rgsiT¥ haticr wad to'bac'ai%%f $ronl P! oI Botolt 2 9

From the results of component analysis of the
same liquids collected during distillation, increase or
decrease in the amount of was calculated with propylene

glycol, the adduct of propylene glycol with propylene )

‘oxide, the adduct of phgnql with propylene oxide, the

adduct of apmethylbenéYiialcohol with propylene oxide,
the adduct of formic acid éifhﬁpropylene oxide, the
adduct of'adg?iq3acid with pfoﬁ&iéne oxide and the
adduct of pfobiéﬁibfgcid with propylene oxide which had
been formed by the r§action of . propylene oxide during
distillation. The distillation loss of propylene oxide
expressed in-terﬁs of % by mole relative to fed
propylene oxide ﬁas found to be 0.44% by mole per héur.
Table 4 shows the conditions and the results of the

distillation.

Examplé 14

Distillation was carried out in the same
manner as in Example-lB_except that a feed solution
contéining'l%_byfﬁeight gf:diiSOPropyl ether added as

the.addltlve was

zﬂh% distillation loss of

3

propyléne:Oxlde'relaﬁiveﬁt@ fed propylene oxide

determined from the analy518 of samples collected



propyl ene oxide, 152.1 g of ethyl benzene, 67.7 g of [err] nethyl benzyl

al cohol, 11.1 g of acetophenone, 0.4 g of 5 benzal dehyde, 0.4 g of phenol
and 0.1 g of propylene glycol was charged insg the bottomof a distillation
col um (nunber of stage: 34 as deternined by nunber of stage test using

chl or obenzene and d?fﬁlﬂé’%feﬁ%%tﬁ@ﬂ% ?ath%drﬂ of BHL AN ﬁ%]% % um

I nternal 10 di aneter: heated in a nitrogen atnosp

at mospheri c pressigigiq it iidrAwadliztird 19ty holEle IRiBild AN sMuwe MRS
obt ai ned fromthe epoxidation reaction of éthylbenzene hydroperoxide with

propylene in the pfieanc@tdfor? dBdiRAOHY) RAsed iID thet Al hdiad &
conposition of 10.85% by wei ght of propyl ene oxide, 52.45% by wei ght of

et hyl benzene, 26. Hfodsy ofeitgid stfodrd dayeifhdilsiaiatalerohol and, as ot her
trace conponents, 0.16% by wei ght of phenol, 0.091% by wei ght of water,

0.011% by weight of formc 20 acid, 0.005% by weight of acetic acid and
1.03% by wei ght (9.5% by weight relative to propyl ene oxi de) of

t et rahydr of ur 8n wiFzampd®s IJ&dded. The solution was fed at a rate of 200 g/ hr
fromthe stage at about the middle of the distillatjon colum, and
distillation was 25 conti Ri&riliatdammas cagrdsd i Hauthe fang | | at es

were w thdrawn f rm%rpu;[er}:e a%Otj:[nO rExafn{p ne1 tlr}ie etx0 epatnc,{:liartong feed solution

containing 1% by weight of n-propyl ether added as the

additive was used and further 50 g of n-propyl ether of
10 the additive'was additionally charged into the column

bottom in advance. Table 4 shows the distillation

conditions, etc.

Example 16
" Distillation was carried out in the same
15 manner as in Example 13 except that a feed solution
containing 5% by weight of methyl ethyl ketone added as
‘the additive was used. Table 4 shows the distillation

conditions, etc.

Exampie 17

20 Distillation was carried out in the same
manner as in Example 13 except that a feed solution
containing 5% by weight of methyl isobutyl ketone added
as{iﬁéfadﬁitivé was uséd.éhd that distillation was
condﬁcted for only one day. The distillation loss of

25 propylene oxide determined in the same manner as



the chimey part for separating and wi thdraw ng water positioned at about

the mddle of the distillation =~ - 29 - colum, then wei ghed and anal yzed
for their conponents. During the tinme, the distillation was run at a colum
top tenperature of [err], a quuid t enper atdre~of the chimey part of [err]

d t b f h | |
conducted Tor 8 FRRSEYRShAHY g SH5h Al e f%#@\alé‘eés'd"c;‘o&r“fﬁqfﬁﬁ |
' he di I ,
c?luglt |nlgl gfg flrgﬁr: t m th]e6216&1:Q:%§I f%ﬁozgluéé{#ué;% olu | on romﬁ%ﬁd&g

chi mey part and 01%51% By nehéﬂ' str%ﬂf& & g %&%Mﬂ%ﬁa CiLEHE

obt ai ned. Thus, the dlstlllatlon the first day was fini

second day, _the hatdry) ldepl dhalint iTadde hpitomonsuddeMigid | | ation of
the proceeding day 15 was discontinued was boiled up and, from about 1

hour thereaf Ber, ddisttiilllettiiom was carried out by feeding 1593.3 g of the
sane solution as used in the proceeding day in the course of 8 hours, to
keep about the sane
- Example 18
Distillation was carried out in the same
manner as in Example 13 except that a feed solution
containing 5% by weight of methyl n-propyl ketone added
10 as the additive was used and that distillation was
conduéted for only one day with the liquid feeding time
altered to 11 hours. The distillates were withdrawn
for analysis every two hours till the 10th hour from
lthe initiation of feeding the solution, but the final
15 samples were withdrawn at the end of the last one hour.
The distillation loss of propylene oxide determined in
the same manner as above from the analysis of samples
collected during the latter half 7 hours of the
distillation was 0.18% by mole. Table 5 shows the

20 distillation conditions, etc. in the latter half 7

hours of the distillation.

Example 19
Distlllatlon was ‘carried out in the same
manner as in Example 18 except that a feed solution
25 containing 5% by weight of 3-methyl-2-butanone added as

the additive was used. The distillation loss of



rate of 200 g/hr as in the proceeding day. Every two 20 hour s,
distillates were withdrawn fromthe bottom top and chimmey part, ‘then

wei ghed and anal yzed for their conponents. Theggistillation was operated at
a colum top tenperature of [err], chimey part liquid tenperature of [err]

and a col unmm bot t onpepPEERE UbRidES deBérhbhed . iANthéi samdetamhéerad hours
fromthe initi- ation of feedi.ng the solution. In this distillation 150.2 g

of distillate was odéstcnibedrabotdewaspd.i2% hyahohgueohablel bit sbowsr thet he
chimey part, and 1360.4 g - 30 - of distillate fromthe bottom After
finishing the aforedbstitilationaconditiaeng, gebe.organic matter and 0.2 g of
aqueous solution were obtained fromthe chimey part and 285.4 g of 5
organic matter was obtained fromthe colum bottom Fromthe results of
conponent analysis of the same liquids collected during distillation,

i ncrease or decrea§%PWPP¥%E4%ﬁDEﬁgmB emgs cal cul ated with propyl ene glycol,

t he adduct of opyl ene gl ycol.w t | ene 10 oxi de he adduct _of

phenol with praobyl ene oxi de, #h§%1f1££98X was carrleg bu£ in e same
manner as in Example 18 except that a feed solution
containing 5% by weight of acetone added as the
additive was used. The recovery of propylene oxide was

96.5% and the loss of propylene oxide was 3.5%. Table

10 5 shows the distillation conditions, etc.

Example 20.

Distillation was cairied out in the same
manner as in Example 18 except that a feed solution
containing 5% by weight of benzene added as the

15 additive was used. The distillation loss of propylene
oxide determined in the same mannér as described above
from the'analysis of samples collected in the latter
half 9 hou:s of the distillation was zero % by moie.
Table 5 shows the distillation conditions, tc. in the

20 latter half 9 hours of the distillation.

Example 21

£, DistiLlatign W@% carried out in the same
maﬂné; 5; in Example 2b é;cept that a feed solution
containing 5% by weight of n-hexane added as the

25 additive was used. The distillation loss of propylene



adduet of [err]-methyl benzyl al cohol wi th propyl ene oxide, the adduct of.

formc acid with propyl ene oxide, the adduct of acetic acid with propyl ene

oxi de and the adduct of propionic acid mﬁth:%%opylene oxi de which had 15

been fornmed by the reaction of propyl ene oxi

during distillation. The

distillarion 10ssoplafr SOVLENENSY | I KO SRS nlinb e/ KB 8ol PolOLEove

relative to fed propyl ene oxi

was found per hoar

Tabl e 4 shows theggongli{bensyansidhe $5516t5 Sholberrl dlgltﬁié{%hon

Exanpl e 14 Di stillation was carried out in the sane nanner as In Exanp

except that a feegos@itibdbe®, cep&ai ning 1% by wei ght of diisopropyl ether
the additive was wused. The distillation |loss of proyl ene

oxide relative to fed propylene oxide determ ned fromthe anal ysis of
sanples collected = - 31 - during the latter half 6 hours of the second
day of distill atiExampbez220 % by nole. Table 4 shows the distillation

added as 25

condi ti ons,

etc.
5

10

15

20

25

in the latter half 6
Distillation was carried out in the same

manner as in Example 20 except that a feed solution
containing 5% by weight of n-heptane added as the
additive was used. The distillation loss of propylene
oxide determined in the same manner as above was zero
by mole. Table 5 shows the distillation conditions,

etc.

Example 23

Distillation was carried out in the same
manner as in Example 20 except that a feed solution
containing 5% by weight of acetpnitrile added as the
additive was used. The distillation loss of propylene
oxide determined in the same manner as above was 0.04%
by mole. Table 6 shows the distillation conditions,

etc.

Example 24

' Distillation was carried out in the same
manner as: ln Example 20. except that a feed solution
contalnlng 5% by welght of dioxane added as the

additive was used. The distillation loss of propylene

" oxide determined in the same manner as above was 0.32%

le 13



hours of the second day of distillation. 5 Exanple 15 Distillation was
carried out in the sane manner as in Exanple 13 except that a feed solution
contai ning 1% by wei ght of n-propyl ether adggd_as the additive was used
and further 50 g of n-propyl ether of 10 -the additive was additionally

charged inhto the &W@Ott ?W tH& 0 £s¢i STV Fort Mot SEidhd] | On

conditions, etc. nple 16 Di stll ation was carried out in the same 15
manner as_in Exandiz 13 except that a feed solution containing 5% by wei ght
of methyl ethyl ketone added .as the additive was used. Table 4 shows the
distillation conditions, etc. Exanple 17 20 Distillation was
carried out in the sane manner as in Exanple 13 except that a feed solution
contai ni ng 5% by \istapplef2%et hyl isobutyl ketone added as the additive was
used and that distillation was conducted for only one day., The distillation
| oss of 25  ropyl ene oxi dPbrtiklatieniwas easaied ewhein skhe same

manner as in Example 13 except that a feed solution .

: cbntaining 1% by weight of tetrahydrofuran added as the
additive was used and the feeding time of the distil-
lation material was altered to 24 hours. The distil-

10 lation loss of propylene oxide determined from the
analysis 6f éamples collected at the 22nd and 24th hour
of the distillation was 0.29% by mole. Table 6 shows
the results of distillation from the initiation of
feeding tﬁe-distillation liquid till the sampling at

15 the 24th hour.



2N

- 32 - descri bed above fron1the anal ysis of sanples collected during the
| atter half 10 hours of the Wistillation was 0.51% by nole. Table 4 shows
the distillation condi- tions, etc. in the latter half 10 hours of the 5
distillation. Exanple 18 Di stillation wagecarriegd;out in the sane manner as
in Exanpl e 13 except that a feed solution contalnlng 5% by wei ght of et hyl
n-propyl ketone added 10 .gythe additive was used and that distillation

was conducted for only one™&& W th the liquid feedlng time altered to 11
hours.” The dj qti|l | ates were withdrawn for analysis every two hours till the
10t h hour frp he initiation of feeding the sokiitjen, but_the fjnal 15
sanpl es wer el Wighdr #wn at the edd of the Rast o WoUr The distjllation
| oss of propylielhe o) ee determnedﬂn*hedsanewﬁan-mer as above ffomthe
anal ysis of fdmpl es®tol | ect ed“&ri iy tRe Battel h&f 7 hours of }he
distillation|vag 0.18% by nole.Table 5 sflows the™20 distillat]on
conditions, ptic} in the latter half 7 hours of the distillation.]Exanple 19
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Distillation was carried out in the same manner as in Exanple 18 except
that a feed solution 25 cont ai ni ng ‘5% by wei ght of 3-nethyl-2-butanone
added as the additive was used. The distillation |oss of - 33 -

propyl ene oxi de determned in the same megmer as descri bed above was 0.32%
by nole. Table 5 shows the distillation conditions, etc. Conparative
Exanple 4 5 Distillation was carried out in the sanme manner as
in Exanpl e 18 except that a feed solution containing 5% by weight of
acet one addeima he aglditive was used. The recovery of prppyl enisoxi de was

96. 5% and t hgXl gs§ of Hropyl ene oxi de was 3™5% THHIM 10 Y5 shoys the

distillationf& q,itio g EL1C. E@gpIGgZQDigtillgt#'@ vads Carried out in
the sane mangparglag i n 4=xanpl e 18 except vhab a fezedgol ution confai ning 5%
by wei ght of z¢ne allded as the 15 addi % ve was Used. The difstillation
‘1 oss of propy e oxXi ¢ determ ned in the sane manner as descri bé¢d above
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fromthe anal ysis of sanples collected in the latter half 9 hours of the
distillation was zero % by nole. Table 5 shows the distillation conditions,
etec. in the 20 | atter half 9 hours of the distillation. Exanple 21
Distillation was carried out in the same 3grner as in Exanple 20 except
that a feed solution containing 5% by weight of n-hexane added as the 25

additive was used. The distillation |oss of propylene - 34 - oxide
determ ned in the sane manner as described above was 0.12% by nole. Table 5
shows the distillation conditions, etc. Exanple 22 5
Distillation was carried out in the same manner as in Exanple 20 except
that a feed solution containing 5% by wei ght of n-heptane added as the
additive was used. The distillation | oss of propyl ene oxide detferm ned in
t he sane nannel hy above was zero 10 by nole. Table 5 shows [t he
distillation cénfilti ons, etc.
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Exanple 23 Distillation was carried out in the sane manner as in Exanple 20
except that a feed solution 15 contai ning 5% by wei ght of acetonitrile
added as the additive was used. The distillation | oss of propyl ene oxide
determ ned in the same manner as above was 0.04% by nole. Table 6 shows the
distill-ation conditions, etc. 20 - Exanpte324-Distillation was carried out
In the sane manner as in Exanple 20 except that a feed sol ution contai ning
5% by wei ght of N@t8%ane added. as the additive was used. The distillation .

| oss of propyl ege 25 i de _detersmined in the sanme manner as above was
0.32% - 35 - EQ nBngéT§§P8° dshoms the distillation conditions, etc.

Exanple 25 5 - ind Distillation was carried out in the sanme manner as
in Exanple 13 exceptK%Hat a- feed solution containing 1% by wei ght of

t et rahydr of uran added a%lﬁhﬁz diisopropyl ether
5 (1)-2: n-propyl ether
MEK: methyl ethyl ketohe
MIBK: methyl isobutyl ketone
(3)-1: methyl n-propyl'ketone
(3)-2: 3-methyl-2-butanone
10 | AN: acetonitrile
Amount: parts by weighf per 100 parts by
weight of mixture subjected to
distillation
*2) Top pressure
15 ata: atmosphere absolute (atmqspheric pressure)
*3) Reflux ratio = amount refluxed from top/
total amounf.distilled out
*4) Result
Residual PO: % by weight of propylene oxide
20 remaining in bottom liquid
PO losé = (K;-K,) x 100/number of moles of
- propylene oxide in feed solution,
- wherein
K;: total number of mole of propylene glycol,
25 addgct"¢f ﬁropylene'g;yqol.with propylene oxide, adduct
Sf pheﬁél”with propylehe'oxide,.adduct of a-
.methylbenzyl alcohol wiﬁh propylene oxide, adduct of

formic acid with propylene oxide, adduct of acetic acid



additive was used and the feeding tine of the distil- lation material was
altered to 24 hours. The distil- 10 | ation | oss of propyl ene oxide
determ ned fromthe anal ysis of sanples cqllected at the 22nd and 24th hour
of the distillation was 0.29% by nol e. Tagpe‘B shows the results of

o atilbstion (ol nE L iLaL a0 8 LEschgtoLle ) BLLD LA LL A k||
- lerr] propylene oxide in feed solution, .' '
K,: total number of mole of propylene glycol,

adduct of propylene glycol with propylene oxide, adduct

5 of phenol with propylene oxide, adduct of o~
methylbenzyl alcohol with propylene oxide, adduct of
formic acid with propylene oxide, adduct of acetic acid
with propylene oxide and adduct of propionic acid with
propylene oxide in distillates (distillate from top,

10 water distilled.ouf from chimney part and distillate
from bottom)

*5) wvalue obtained by subtracting the recovery (in %)

of propylene oxide from 100%.



- 39 - Note: *1) Added conpound Kind (1)-1: diisopropyl ether 5

(1)-2: n-propyl ether MEK: net hyl et hyl ketone M BK: nmet hyl 1 sobutyl
ketone (3)-1: methyl n-propyl ketone (3)-2: -3-methyl-2-butanone 10

AN: acetonitrile Anpunt: parts by weight per 100 parts by wei ght of
m xture subjected to distillation *2) Tép éssure 15 at a

at nosphere absq%g %at$gspheric pressure) *3) Reflux ratio = anpunt
refluxed fromt amount distilled out *4) Result Residual PO: % by

ht * of | d 0 bot
r?agid gO Fgggy:ngrg?lx nlt al c?aﬁ%$ell%?1d céﬁﬁ?i@iﬂ& bM g &EM

propylene oxlde, 136.9 g of ethylbenzene, 48.8 g of a-
methylbenzyl aicohol, 6.9 g of acetopﬁenone, 0.3 g of

5 benzaldehyde, 0.3 g of phenol and 0.4 g of propylene
glycol was charged into the bottom of a distillation
column (number of stage: 34 as determined by a number
of stage test using chlorobenzene and ethylbenzene;
packing material: Helipack No. 2; column internal

10 diameter: 30 mm) and heated in a nitrogen atmosphere at
atmospheric pressﬁre to initiate distillation.

The solution which was obtained from the
epoxidation reaction of ethylbenzene hydroperoxide with
propyleﬁe in the presencé of a molybdenum based

15 catalyst, had a composition of 10.9% by weight of
propylene oxide, 55.3% by weight of ethylbenzene, 25.4%
of a-methylbenzyl alcohol and, as other trace compo-
nents, 0.15% by weight of phenol, 0.095% by weight of
water, 0.010% by weight of formic acid, 0.005% by

20 weight of acetic acid and 0.027% by weight (0.25% by
weight relative to propylene oxide) of triethylamine
which was added. The sélution was fed at a rate of 200
g/hr from the stage at about the middle of the distil-
latiop_colu@n,_anq distillatipn.was continued. There-

25 afterlleﬁéfjitwo hours, distiilates were withdrawn from
the bottom, from the top, and from the chimney part for
separating and withdrawihg water positioned at about

‘the middle of the distillation column, then weighed and



propyl ene oxide in feed solution, wherein [err]: total nunber of nole of
propyl ene glycol, 25 adduct of propylene glycol with propyl ene oxide,
adduct of phenol with propyl ene oxide, adduct of a- nethyl benzyl al cohol

wi th propyl ene oxide, adduct of formc acig wi t h. propyl ene oxi de, adduct of
acetic-acid - 40 - with propyl ene oxide 4nd adduct  of propionic acid

w th propyl ene qxi de_in feed l.ut i - Jgotal nunber of nole of
ISR R e SR

propyl ene glycoﬁp ‘Wi th propyl ene oxide, adduct 5

of phenol with propyl ene Mﬁ% ?%%gfttd‘“g' [tq{)er ]di tlt]_)th_ ewaﬁl qo vv| th

propyl ene oxi de, adduct o W't h propyl ene oxi uct

acetic acid Wt RARMMERDP HetpeFat ddd i -3 A6 Abid ténigdera-
propyl ene oxide in distillates (distillate fromtop, 10. “water distilled

out from chi meguper bfarhedictiinedt PairtoBHIAE-BY°C,5)anddldieclinai ned by
subtracting the recovery (in 9% of propyl ene oxide from 100%
5 bottom temperature of 146-148°C. The distillation was
conducted for 8 hours from the initiation of feeding
the feed solution. During the distillation, 1624.0 g
of the solution was fed, and 165.0 g of distillate from
the column top, 3.2 g of aqueous solution from the
10 chimnéy part'and 1576.0 g of distillate from the column
bottom were obtained. Thus, the distillation of the
first day was finished.
On the second day, the bottom liquid held in
the bottom when distillation was discontinued on the
15 preceding day was boiled up and, from about 1 hour.
thereafter, distillation was carried out_by feeding
1603.6 g of the same solution as used in the preceding
day in the course of 8 hours to keep about the same
. rate of 200 g/hr as in the preceding day. Every two
20  hours, distillates were withdrawn from the bottom, top
and chimney part, then weighed and analyzed for their
components. The distillation was operated at a column
top temperature of 30-30.5°C, chimney part liquid
temperature of 79~-82°C and column bottom temperature of
25 146°C,_and was finished after 8 hours from the initia-
£ion”6f.fé;dingithé sélﬁtion. In this distillation
170.41 g of distillate was obtained from the top, 5.4 g

of aqueous solution from the chimney part, and 1539.7 g



- 41 - Exanple 26 An initial charge liquid conprising 9.1 g of propylene
oxi de, 136.9 g of ethyl benzene, 48.8 g of [err]- nethyl benzyl al cohol, 6.9
g of acetophenone, 0.3 g of 5 benzal dehyde, 0.3 g of phenol and 0.4 g of
propyl ene glycol was charged into the bottomof a distillation colum
(nunber.of stage: 34 as deternined by a nuider of stage test using

chl or oBenzene an t.hyl Qenzene; packing material: Helipack No. 2; colum
i nternal 10 dPgn§F§¥FH§Gtﬁn%r§ﬁHtﬁ@hg@&tpﬁha ni trogen atnosphere at

at nosphieric pressure to initiate.di.sti.llation. .The saluti.on which was

obt ai ned fromthe epoxi da?‘\if%‘ 5 gg}@ﬁs&}n& tk‘ﬁﬁfﬁgﬁf&*g ﬁ{"&:} i°Fe with
propyl ene in thg prese . e {, .
conposition of ?&TZ%?59 wg?éﬁ?lg$h%&%%@rgh?a?iﬁdé?ofS%%&%b&%m§%¥g$%§n

et hyl benzene, 2ged¥ gbthhtl Felhy thenenlimil lrt2Rda 32800N¢ Jef ace

-conpo- nents, 0.15% by wei ght of phenol, 0.095% by wei ght of water, 0.010%
by wei ght o fobigandei that@eR0%¥sbvbea inedeifgitn @helcolvtma®ottamt 0. 027%

by wei ght (0.25% by
‘From the results of component analysis of the

Samplé liquids collected during distillation, increase
.or decrease in the amount was éalculated with propylene
glycol, the adduct of propylene glycol with propylene

10 oxide, the adduct of phenol with propylene oxide, the
adduct of a-methylbenzyl alcohol with propylene oxide,
the adduct of formic acid with propylene oxide, the
adduct of aceﬁic acid with propylene oxide and the
adduct of propionic acid with propylene oxide which had

15 been formed by'the reaction of propylene oxide during-
distillation. The diétillation loss of propylene oxide

expressed in terms of % by mole relative to fed

propylene oxide was found to be 0.34% by mole per hour.

Example 27

20 An initial charge liquid comprising 11.3 g of
_propylene oxide, 155.5 g of ethylbenzene, 68.4 g of a-
methylbenzyl alcohol, 9.9 g of acetophenone, 0.36 g of
benzaldehyde, 0.40 g of phenol and 0.66 g of propylene
glycol was charged inté-tﬁé bottom of a distillation

25 cSiumn‘(ﬁﬁmber of.stags§£§4 as -determined by a number
of stage test using chlérobenzene and ethylbenzene;

packing material: Helipack No. 2; column internal



mefght relative to propyl ene oxide) of triethylamne which was added. The
solution was fed at a rate of 200 g/hr fromthe stage at about the m ddle
of .the distil- lation colum, and distillation was continued. There- 25
after, every two hours, distillates were withdrawn fromthe bottom from
the top,- and fromthe chimey part for sepdfating and withdraw ng water
positioned at ahout the m.ddle of the distillation colum, then weighed and
- 42 - anal yzeddfgmetREsr 30oMPIneRts hephedndnt oL LFLICRETHPSPRELS: Adn was
run at ‘a colum_top t erature of [errl,.a.liquid tegpera- ture of the

chi mey part ofaPﬂgf?ﬁggﬁﬁ RTEEPURT §° LB&?&Sﬁgtgﬁﬁ%FgﬁﬁFé°8f [err]. The
distillation was conducte 0 stk LRk Lk atl,0 di ng the
feed sol ution. During thega%sFP?F??P@n?L%gghggsgb%?EFﬂ%hsgf&%i%ﬁghas fed,
and 165.0 g of dhekihheien' szegbtfﬂencekuaﬂh&%en%eﬁeghgara%%ﬂdéoI ution

fromthe 10 chrmey part and 1576.0 g of "distillate ™ fromthe colum
bot t om wer es obt #i 8RIprépysentheéndthbi prabeateObft Bembilyblefiash Basel ni shed.
catalyst, had a composition of 10.9% by weight of
propylene oxide, 52.6% by ﬁeight of ethylbenzene; 27.7%
by weight of a;methylbenzyl alcbhol and, as other trace
components, 0.16% by weight of phenol, 0.073% by wéight
10 of wafer, 0.012% by weight of formic acid and 0.006% by
weight of acetic acid. Distillation was carried out by
feeding the aforesaid solution at a rate of 200 g/hr
from the stage at about the middle of the distillation
éolumn and simultaneously feeding a 5% by weight
15 ethylbenzene solution of triethylamine at a rate of
about 18.9 g/hr from the upper part of the distillation
material feeding stage. Thereéfter, every two hours,
distillates were withdrawn from the bottom, from the
top and from the chimney part for separating and
20 withdrawing water positioned at about the middle of the
distillation column, then weighed and analyzed for
their components.
During the time, the distillation was run at
a column top temperature of 30-31°C, a liquid temper-
25 ature'of_phé chimney part- of 78-80°C, and a column
boﬁtdm ﬁémﬁer&ture of 146-148°C. The distillation was
conducted for 8 hours ffom the initiation of feeding

the feed solution, and 1624.0 g of the solution was



On the second day, the bottomliquid held in the bottomwhen distillation
was di scontinued on the 15 precedi ng day was boiled up and, from about 1
hour thereafter, distillation was carried out by feeding 1603.6 g of the
sanme solution as used in the preceding day in the course of 8 hours to keep
about the sanme rate of 200 g/hr as in the $?eteding day. Every two 20

hours, ‘distillates were withdrawn fromthe_bottom top and chimey part,
t hen wei ghed an%eanalg @ds%ogin@FH 0 dhenzepg, sglution, ofon was

ted at I t t f hi li gui d .
Comperature of  FELPEPAREmEORLRACoaPEoRT: Bmberaty, PCBRE,BE 1538 5 4R vas
finished aft t habdl Grenkd s  fs ' t | Wtian. |
hi's disti |1 ati Sho1980 o0 s Cqneief) rghl RRCintFIge1Be OF Bt 7

of aqueous sol ution from pe+pli Fa8YIRALYE thid 433%ifldtion, 4%s5. 00
distillate fromthe bottom After finishing the aforesaid distillation

21.7 g of osganbe Haktellake @rémythb @GUAMAS t&P,UBi.ON gwere aghleduaed from
the chi mey part and 228.2 g of
solution from the chimney part and 1571.0 g of distil-
late from the column bottom were obtained. Thus, the
distillation of the first day was finished.
On the second day, the bottom liquid held in

10 the bottom when distillation was discontinued on the
preceding day was boiled.up and, from about one hour
thereafter, distillation was carried out by feeding
1603.6 g of the same distillation material solution as
used in the preceding day in £he course of 8 hours to

15 keep about the same rate of 200 g/hr as in the
preceding day, and concurrently feeding 154.7 g of 5%
by weight ethylbenzene solution of triethylamine at a
rate of about 18.9 g/hr. Every two hours, distillates
were withdrawﬁ from the bottom, top énd chimney part,

20 then weighed and analyzed for their components. The
distillation was operated at a column top temperature
of 30-30.5°C, a chimney part liquid temperature of 77-
80°C and a column bottom temperature'of 146-147°C, and
was finished after 8 hours from the initiation of

25  feeding ﬁﬁe,Solutibn} In the distillation, 170.5 g of
diéfillaté was obtéinedgffém the top, 5.4 g of agueous
solution from the chimnéy part, and 1539.7 g of

distillate from the bottom.



5 organic matter was obtained fromthe colum bottom Fromthe results of
conponent analysis of the sanple liquids collected during distillation,

i ncrease or decrease in the.ambunt was cal cul ated with propyl ene gl ycol

t he adduct. of propyl ene glycol with propyl ene 10 oxi de, the adduct of
phenol ‘with propyl ene oxide, the adduct of4§err]-nethyl benzyl al cohol with
propylene oxi de, the adduct of fqormc.acid wth propylene oxide, .the adduct

of acetic acid with propyPéﬁ@ro;FHésgﬁHgtﬁ@eaééefﬁséﬂdpF&ﬁF&ﬁ#@t&EVU Wi th

propyl ene oxi de .been forne e feaction of qQpyl ene
xi o during di 28071 8 PanoE3RRIg: BREERR, RBR Pods o8 SBRESRe RO

expressed in teg eogb%%F?%engEQheltﬂre' gﬁl&&e&egagrtoghheaznm&l g[ ojes f ound

to be 0.34% by 1o our I'al charge
l'iquid conprisi r I e 5 f h ne, 68.4
ngéﬁlé fatltel gaé ﬁﬂﬁfﬁﬁbﬁ £rom tﬁegc%lggh ¥kﬁﬁﬂﬁﬁ

g of a- nethyl ben al cohol, acet ophenone,

benzal dehyds, 0.40 g of ppesgl taadr@sﬁﬁtg off RoRPYNeNe ah&qglsﬂa%fcwed
into the bottomof a distillation 25 colum (nunber of stage: 34 as

determ ned by asampber lafuitisgecldected durdhigodibeizdation] dnitwidaserzene;
packi ng material: Helipack No. 2; colum interna
or decrease in the amount was calculated with propylene
glycol, the adduct of propylene glycol with propylene
oxide, the adduct of phenol with propylene oxide, the
10 adduct of a-methylbenzyl alcohol with propylene oxide,
the adduct of formic acid with propylene oxide, the
adduct of acetic acid with propylene oxide and the
adduct of propionic acid with propylene oxide which had
been formed by the reaction of propylene oxide during
15 'distillation. The distillation loss of propylene oxide
expressed in terms of % by mole relative to fed
propylene oxide was found to be 0.27% by mole per hour.
The loss of propylene oxide caused in the
distillation and separatioh of propylene oxide can
20 mostly be attributed to the hydration of propylene
oxide to form propylene glycol and the further reaction
of propylene.glycol with propylene oxide to form
oligomers or polymers.
The hydration of propylene oxide is further
25 accelerated under acidic condltlons.
The effect of addltlon of organic amines in
preventing the loss of propylene oxide which might

occur by conversion of propylene oxide into propylene



- 44 - dianeter: 30 mm) and heated in a nitrogen atnosphere at atnospheric

pressure to initiate distillation. The solution which was obtained fromthe
epoxi dation reaction of ethylbenzene hydroperoxide 5 with propylene in the

presence of a nol ybdenum based catal yst, had a conposition of 10.9% by

wei ght of propyl ene oxide, 52.6% by wei ght4df-et hy| benzene, 27.7% by wei ght

~of [err]-nethyl benz al cohol and, as other trace cogponents, 0.16% by

wei ght of phenoHiY6¥é7§99b?th€FggW'f5°%“8F Png.g§§%95¢qﬂei f%f
formc acid and 0u896@6§§_m§L§ht of ,acetic acid. D stillation was carried
out by feeding BREEFFLRIAEIODE : MORTEL A OFFPR LS 25665g/ KFSr 8%8% he st age

at about the m t digt.lels 13013 ..C ' sly feeding a
5% by wei ght 158gE§Fﬁ§VbgﬁgethgékﬁkhbEnb?h%f?gﬁg%ﬁghgﬁggggggqrate of about
18.9 g/ hr fromthe upper part of the distillation nmaterial feeding stage.
Thereafter, every two hours, distillates were withdrawn fromthe bottom
fromthe top angxhmplet 2@ chi mey part for separating and 20 W t hdr awi ng
wat er positioned at about the mddle of the distillation columm, then

wei ghed andsanal yzed for A mixture of 136.6 g of water, 0.63 g of

acetic acid, 12.0 g of propylene oxide and 1.36 g of
diisopropylethylamine as an organic amine additive was
stirred at 43°C for 7 hours.

Analysis after the reaction showed that 7.38%

10 by mole of propylene glycol and 0.04% by ﬁole of

dipropylene glycol had been formed relative to charged
propylene oxide. No formation of tripropylene glycol
was observed. The total loss of propylene oxide was

7.42% by mole relative to charged propylene oxide.

15 Examples 29-43 and Comparative'Example 5
The same procedures as in Example 28 were
repeated to examine the loss of propylene oxide except
for changing the added organic amines. The results

obtained are shown in Tables 7-10.



their conponents. During the tine, the distillation was run at a columm top
tenperature of [err], a liquid tenper- 25 ature of the chimey part of
[err], and a colum bottomtenperature of [err]. The distillation was
conducted for 8 hours fromthe initiation of feeding the feed sol ution, and
1624.0 g of the solution was - 45 - fed48The 5% by wei ght et hyl benzene
solution of triethylamine was fed in a total anount -of 153.8 g in the
course of 8 hours fromthe initiation of feeding. As the result of this
distillation, 165.0 g 5 of distillate,f.romihe colum top, 3.2 g of
aqueous solution fromthe chi mey part €571.0 g of distil- late from

t he col.um bottom were obtained. Thus, the distillation of the first day
was fini shed—Orthesecondday, thebottonrguro—erd—T 0 tte—bottom
when distillation was disconti AHiNE Pragadigite dayg RO | eghedipo pad,
from about one hour thereafter ,mlndid Imti on waspgarri ed by feedyng
1603.6 g .of the sane distillation material solution as

Added compound .
Kind *1) (Acidic *4) (5)~1 (5)-2 (5)-3

Amount *2) - 1.0 1.0 . 1.0
Result

PO loss (%) *3)

PG 95.40 ©10.10 10.46 9.13
POPG 1.82 0.05 0.09 0.08
TPG 0.02 - - -

PO ACD 0.11 0.11 0.04 0.26

Total 97.35 10.26 10.59 9.47

ai®



used in the preceding day in the course of 8 hours to 15 keep about the
sane rate of 200 g/hr as in the precedi ng day, and concurrently feeding
154.7 g of 5% by wei ght ethyl benzene solution of triethylamne at a rate of
about 18.9 g/hr. Every two hours, distillates were withdrawn fromthe
bottonlﬂtop and chi mey part, 20 t herr ﬁ@ighed and anal yzed for their
conponents. The distillation was operfteﬂ a% a colum top tenperature of
[err], a chimey part liquid tenperatu abLe &7, [err] and a col um bottom
tenperature of [err], and was finished after 8 hours fromthe initiation of
25 feeding the solution. 1In the distillation, 170.5 g of distillate was
obt ai ned fromTihe Top, 52 g of agueous SorutTom from e chirmmey part;—and
1539.7 g of distillate from t@e,moid OMkxample 4Cezafpis’ EkavhSié NOpkifple
aforesaid distillation, 21.7 g oj2organic3yatter agg 0.7 of3zgqueous 3¢
‘solution were obtained fromthe chimey part and 228.2 g of organic natter
was obtai ned fromthe colum bottom 5 Fromthe results of
conponent added i compourd

Kind *1) (5)-4  (5)-5  (5)-6  (5)-7  (6)-1
Amount *2) 1.0 1.0 1.0 1.0 1.0
Result

PO loss (%) *3)

PG 9.68 10.95 9.73 7.38 7.40
POPG 0.08 0.09 0.13 0.04 0.04
TPG - - - - -

PO ACD 0.19 0.09 0.09 0.56 0.56
Total 9.95 11.13 9.95 7.98 8.00




sanple liquids collected during distillation, increase or decrease in the
anount was cal cul ated with propyl ene glycol, the adduct of propylene glycol
wi-t h propyl ene oxi de, the adduct of phenol w th propyl ene oxide, the 10
adduct of [err]-nethyl benzyl alcohol with propyl ene oxide, the adduct of
formc acid with propyl ene oxide,. the ad@lcr of acetic acid with propyl ene
oxi de -and t he adduct of propionic acid with propyl ene oxi de which had been
formed by the reaction of propyl ene oxide during 15 distillation. The
distillation | oss of propyl ene oxide gﬁﬂgﬁ;gﬁd internms of % by nole
relative to fed propyl ene oxi de was foun 0 be 0.27% by nol e per hour. The
| oss of propyl ene oxide caused in the distillation and separation of

propyl ene OXide Tam 20 NDSITY De attripured to tne nydaratton or propyl ene
oxide to form propyl ene glycol Baghdie furt BakPRCt | Okdiip 1 OPYEfdifp T Ycol
W th propylene oxide to formoliggwers or polymgs. The Iggirati on ofQ
propyl ene oxide is further 25 accel erated under acidic conditions. The
effect. of addition of organic amnes in preventing the |oss of propylene
oxi de whi claddeghtcompiundy conversion of propyl ene oxide.into propyl ene

Kind *1) (6)-2 (7)-1 (7)-2 (7)-3
Amount *2) 1.0 1.0 1.0 1.0
Result

PO loss (%) *3)

PG 8.04 10.12 - 7.00 9.35
POPG ' 0.06 0.08 0.05 0.09
TPG - - - -

PO ACD 0.53 0.04 0.93 0.91

Total 8.63 10.24 7.98 10.35




- 47 - glycol and other by-products through hydration under acidic
conditions, wherein organic acids, etc. are present, was confirnmed in the
foll owi ng manner. Exanple 28 5 A mxture of 136.6 g of water
0.63 g of acetic acid, 12.0 g of propylene oxide and 1.36 g of
dllsopropylethylanlne as an organic anmméladditive was stirred at [err] for
7 hours. Anal ysis after the reaction showed that 7.38% 10 by nol e of
propyl ene glycol and 0.04% by nol e of di propyl ene glycol had been formed
relative to charged propyl ene oxide. %%P ;ggion of tripropylene glycol
was observed. The total |oss of propyl Sxide was 7.42% by nole relative
to charged propyl ene oxide. 15 Exanpl es 29-43 and Conparative Exanple 5
The sanme procedures—as T Exanpte28—were repeated—toexamme—the—toss—of

propyl ene oxi de except for changing tﬁgaﬁgggd orgaﬁkgmﬁfgnes. Tgﬁaﬁﬁiglts
41 42 . 43

obt ai ned are shown in Tables 7-10.

Added compound

'Kind *1) (5)-8 (8)-1 (9)-1
Amount *2) | 1.0 1.0 1.0
Result

PO loss (%) *3)
PG 10.21 23.55 10.15

POPG 0.06 1.06 0.07
TPG - - -
PO ACD 0.12 0.04 0.11
Total 10.39 . 24.65 10.33
Note:

*1) Kind of added compound

(5)-1: triethylamine
(5)-2: ethylpiperidine

5 (5)-3: methylpyrrolidine
(5)-4: diethylmethylamine
(5)-5: dimethylethylamine
(5)=6:s. dimethy;igoprbpylamine
:(5)=7§_ diisoP&oPylethylamine

10 (6)-1: diisopropyiamine
(6)-2: t-butylisopropylamine



- 48 - Table 7 Conparative Exanpl e Exanpl e Exanpl e Exanple 5

29 30 31 Added conpound Kind *1) (Acidic *4)
(5-1 (5)-2 (5)-3 Anount *2) 1.0
1.0 1.0 Result POloss (% *3) PG : 95. 40 10. 10
10. 46 | 9.13 POPG - 1.82=- 52 - 0.05 0. 09 0. 08
PG * 0, 92 - - - PO ACD
0.11 0.11 (7)-1p geyridineg g Tot al 97.35
10. 26 10. 59 9,47 . .49 - Table 8 Exanple Exanple Exanple
Exanpl e Exanpl e 32 (7) 2‘331utld”?e34 35 36 Added conpound
Kind *1) (57-3: @lphoorid®) -6  (5)-7  (6)-1
(5)-8: tri-n-butylamine
5 (8)-1: tetramethylethylenediamine

(9)-1: 2-dimethylaminoethanol
*2) Amount of added compound: molar ratio of the
compound to acid
*3) Po loss: propylene oxide loss
10 PG: propylene glycol
POPG: dipropylene glycol
TPG: tripropylene glycol
PO ACD: adduct of propylene oxide with acetic
| acid
15 *4) (acidic): Reaction was carried out under the
same conditions as in Example 28 except

that no organic amine was added.



=

unt ThQiheetHasBeenR’t plgred 1.0 1.0 1.0 1. (7 /7

IRl

0.09 -« 0.56
8.00 - - 50 - Table | e Exanpl e Exanpl e Exanpl e 37
38 ] hARh® 12 4?%&3‘@8 dSipound Kind *1) (6)-2

esul t I(DZ')) IIg's n?)%g 3?? Igamprj'smg Jth% Stepg. (5’5 o]:‘:'i%iz- 10. 12

(7)-1

1.0

7.00

TPG PO ACD

(7)
1.0

9.68  10.95 = 9.73 /”/”I
0. 09 0.13 0.04 0.04 TPG
- -_PO ACD

0.56 Tot al - B3gs 11.13 9.95

9-351RSP§thy%PE§zene in Q-gggxid phasg?g@%h molﬁéﬁgﬁi

oxygen to obtain a reaction liquid containing ethyl-
benzene hydroperoxide, then distilling the reaction
liquid to obtain a concentrated solution of ethyl-
benzene hydroperoxide, further mixing and reacting the
concentrated solution with proﬁylene to obtain a mixed
solution containing propylene oxide, and distilling the
mixed solution to separate and recover propylene oxide,
the improvement in recovering propylene oxide wherein
at least one compound selected from the group consist-
ing of aliphatic saturated alcohols having 2-4 carbon
atoms, allyl aléohol, saturated aliphatic hydrocarbons
having 6 or 7 carbon atoms, benzene and compounds
represented by the following chemical formulas (1)-(9)
is added to the.mixed solution in an amount of 0.01-100
parts by weight per 100 parts by weight of propylene

oxide in the mixed solution.

Rl—0—R? (1)
X

(CHZ)m (CHz)n (2)
0

?W

0. 19 0. 69

7.98

0. 09

THIS SHEET HAS BEEN
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coapound Kind *1) (5)-8 (8)-1
*2) 1.0 1.0 1.0 Result PO loss (%9 *3)
PG - 10. 21 237584 - .10. 15 POPG
0.06 - 1.06 0. 06 TPG PO ACD 0.12
0.04 ¢ 0. 11 Tot al 10. 39 24. 65 10. 33
Note: *1) Kind of added coqp__gd §5) 1. triethylam ne (5)-2: (3)
et hyl pi peridine 5 . (95)- net hyl pyrrolidine (5)-4:
di et hyl net hyl am ne
R>—CN (4)
R6
l
R'—N—RS® (5)
? _
R—N—R!® (6)
=
R! R!2 (7)
™
N
R13 Rls
A
N——CH;~7 N (8)
. th \RIG
R17
" N— CH;—)+ OH (9)
R18

wherein the compounds represented by the formulas (1)
and (2) have a bo:.l:.ng point at 1 atm of 60-120°C; the
cdmpounds represented by the formula (3) have a boiling

p01nt at 1 atm of 70~ 120°C, and R! to R¥, X, m, n, p

and r in the formulas have the following meaning:



(5)-5: dinethylethylanmne (5)-6 :. dinmethylisopropylam ne

di i sopropyl et hyl am ne 10 (6)-1: diisopropylam ne (GEM ‘M.L“!!”“““w

t-butylisopropyl am ne -52- (7)-1: pyridine (7)-2: lut

[err]-picoline (5)-8: tri-n-butylamne 5 (8)-1:

tetramet hyl et hyl enedi am ne (9)-1: 2- dlnet%§lan1noethanol *2) Amount of

added conpound: nolar rati,o o ;e co Bq to aC| *§) Po Ss: propyl ene
I%ﬁéb

oxi de foss 10 pG in % dV gl ycol TPG
PO S0 9 g SR et e %ﬁ%%g' et 4

in the formula (2), X is a methylene group or
an oxygen atom, and m and n are each independently an
integer of 1 or 2,

~in the formula (3), R® is an alkyl group
having 1-4 carbon atoms, R* is an alkyl group having 2~
-4 carbon atoms, provided that R® and R® may be linked
with each other to form a ring, |

in the formula (4), R® is an alkyl group
having 1-2 carbon atoms,

in the formula (5), R®, R’ and R® are each
independently an alkyl group having 1-10 carbon atoms,
provided that any two of Ré, R’ and R® may be linked
with each other_to fo;m a ring stﬁucture,

in the formula (6), R* and R! are each
independently ah'isopropjl group or a t~butyl group,

in the formula (7), R" and R'? are each
independently hydrogen or a methyl group,

in the formula (8), R!?®, R!Y, R! and R! are
each independently an alkyl group having 1-3 carbon
atoms, and p is an integer of 2 or 3, and

in the formula (9), RY and R!® are each
independently an alkyl group having 1-3 carbon atoms,
and .x is an lnteger of 2 or 3.
2, = The process accordlng to claim 1 whereln the
aliphatic saturated alcohol is selected from the group

consisting of: ethyl alcohol, n-propyl alcohol,



m—

_\\

saﬁe conditions as in Exanple 28 except that no organic aﬁdgyﬁﬁﬁ dded.
L
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In-a process conprising the steps of oxidiz- ing ethyl benzeneiTt

phase with nol ecul ar oxygen to obtain a reaction liquid containing ethyl= *
benzene hydroperoxide, then distilling the®®eaction liquid to obtain a

concentrated solution of ethyl-_benzene hydroperoxide, further m xi_ng and
reactifg the coﬁﬁ@HF?HYEdaisgh?ionn‘ PﬁYErB&ﬁPBHé-tésBBP§WA glrrhed -

hyl be , h ' - b | ,al I l utic
contai i g pr opSPERBUEREae1BRfat GRet FRFRSPRRELIPABORERS oxide from
et hyl benzene acgt ophenoneppgdol LLLa "ELAYERTAEYLoALGAER! 1MhEdaIR! Whkon 1O
separate and recover propylene oXI de, e I nprovenent 1 nrecovering

propyl ene oxi de | engo u C : .O oup
consi st- ing ofcgﬁﬁgﬁg§igégg§§§gfgg g?cgﬁglggﬁgéFﬁgk394E%ag%g%%§%§ns, al |yl

al cohol , satur afgemath8hgiblph¥ehsssthagSofiavinB@h§10ethytakaesnat, ons,

benzene and conpounds
methyl propyl ketone, 3-pentanone and methyl isobutyl
ketone.
4. - The process according to claim 1 wherein the
distilling of the mixed solution is carried out in a
distillation column and the column bottom temperature
of the distillation column is not lower than 135°C.
5. The process according to claim 1 wherein the
step of distilling the mixed solution is carried out in
the presence of 0.05f100 parts by weight, per 100 parts
by weight of propylene oxide in the mixed'solution, of
at least one compound selected from the group consist-
ing of aliphatic saturated alcohols having 2-4 carbon
atoms, allyl alcohol, saturated aliphatic hydrocarbons
having 6 or 7 carbon atoms, benzene and compounds
represented'by the above formulas (1)-(9){
6. The process according to claim 1 wherein the
step of distilling the mixed solution is carried out in
the presence of 0.1-50 parts by weight, per 100 parts
by weight.of propylene oxide in the mixed solution, of
at least one compound selected from the group consist-
ing of al#phatic saturated alcohols having 2-4 carbon
atohs,'éfiyl alcohol; sétﬁréted aliphatic hydrodarbons

having 6 or 7 carbon atoms, benzene and compounds



represented by the follow ng chemcal formulas (1)-(9) is aﬁl!w m
m xed solution in an anmount of 0.01-100 parts by wei ght per
wei ght -of propyl ene oxide in the m xed solution. [err] [err] arfd @2)s *

have a boiling point at 1 atmof [err]; the conpounds represented by the
formul-a (3) have a boiling point at 1 atmdk Terr]; and [err] to [err], X

Formui R (1), [ cPPP=SRORFEY BY oF RS cabive npBIAeR: [3 akI8Tkyl aroup havi ng.
1-4 carbon atong, in the gﬁygkécég afcb2anoLhYE£0PnO] OURgBls A" ALY 0O

atom and n1and n are eac ndepende e er o

formula (3), égpa&f ahkyti 91 PG EH&'ﬂﬂxéa‘lsG%EQBnaiQ”Ear{:?é&] oht 2H
al kyl group havin
the presence of 0.1-10 parts by weight, per 100 parts
by weight of propylene oxide, of at least one compound
selected from the group consisting of aliphatic
saturated hydrocarbons having 2-4 carbon atoms, allyl
alcohol, saturated aliphatic hjdrocarbons having 6 or 7

carbon atoms, benzene and compounds represented by the

above formulas (1)-(9).



4 carbon atons, provided that [err] and [err] may be li nked with each ot her
to forma ring, in the formula (4), [err] is an alkyl OnhR$pee@BaG Rbpidced

carbon atons, in the fornula (5), [err] and [err] are. ea ly an
al kyl group having 1-10 carbon atons, provided that any glﬂﬁmlﬂﬂwnd
[err] may be |inked with each other to forma ring structu

formula (6), [err] and [err] are each independently an isopropyl group or a
t-butyl group, in the formula (7), [err] and [err] are each independently
hydrogen or a nmethyl group, in the formula (8), [err] and [err] are each

I ndependently an al kyl_.or ing 1-3 car p is an integer

of 2 or 3, and in the#%&aggé)?‘g?wm_}:%m éﬁgggh I.ndependent |y
an al kyl group having 1-3 carbon atons, and r is an integer of 2 or 3. 2.

The process according to claim1 wherein the aliphatic saturated al cohol
sel ected from t hEBSTRAQT COBTER iDIgCROSURENY! al cohol, n-propyl al cohol,

S

In a process comprising the steps of oxidiz-
ing ethylbeﬁzene in a liquid phase with molecular
oxygen to obtain a reaction liquid containing ethyl-
benzene hydroperoxide, then distilling the reaction
liguid to obtain a concentrated solution of ethyl-
benzene hydroperoxide, further mixing and reacting the
concentrated solution with propylene to obtain a mixed
solution containing propylene oxide, and distilling the
mixed solution to separate and recover propylene pxidé,
the improvement in recovering propylene oxide wherein
at least one compound selected from the group
consisting of aliphatic saturated alcohols having 2-4
carbon atoms, allyl alcohol, saturated aliphatic
hydrocarbons having 6 or 7 carbon atoms, benzene,
ethers, ketones, nitriles, amines, pyridines, diamines
and aminoalcohols is added to the mixed solution in an
amount of 0.01-100 parts by weight per 100 parts by
weight of propylene oxide in the mixed solution.

According to the present invention, propylene
oxide can be efficiently recovered with suppressed side

reactions and reduced loss of propylene oxide.

THIS SHEET HAS BEEN
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- 56 - isopropyl alcohol, .n-butyl alcohol, isobutyl alcohol, sec- butyI _
al cohol and tert-butyl alcohol. 3. The process: accordlng to claim1
wher ei n t he ‘conpound. represented by the formula (3).is selected fromthe

group consisting of: nethyl ethyl ketone, nethyl propyl ketone, 3-pentanone

and nethyl isobutyl ketone. 4. . The process according to claim1
wherein the distilling of the m xed solution is carried out in a
distillation colum and the colum bottom tenperature of the distillation
colum i.s not |ower than [err] 5. The pép@@gﬁmﬁcggggé fog) claim 1
wherein the step of dl§§I||ln the m xed solution is carried out in the
presence of 0.05-100 p SECOVERING OPROBYLEND \OXBDRIht of propyl ene

oxide in the m xed solutlon of at |east one conpound selected fromthe
group consist- ing of aliphatic saturated al cohols having 2-4 carbon atons,

al lyl al cohol, saggmmiact aF |@ﬁ§tdﬁ%§xgﬁ@&@rbons having 6 or 7 carbon atons,
a

benzene and conpounds represente bove fornulas (1)-(9). 6.
ol ution 15 carried out intrne REARHE soppiysihEteRe, fhohs aki Srteirer Too
parts ing ethylbenzene in a liquid phase with molecular
oxygen to obtain a reaction liquid containing ethyl-
benzene hydroperoxide, then distilling the reaction
liquid to obtain a concentrated solution of ethyl-
benzene hydroperoxide, further mixing and reacting the
concentrated solution with propylene to obtain a mixed
solution containing propylene oxide, and distilling the
mixed solution to separate and recover propylene oxide,
the improvemept in recoveriﬁg propylene oxide wherein
at least one compound selected from the group
consisting of aliphatic saturated alcohols having 2-4
carbon atoms, allyl alcohol, saturated aliphatic
N hydrocarbons having 6 or 7 carbon atdmé, benzene,
ethers, ketones, nitriles, amines, pyridines, diamines
and amlnoalcohols is added to the mixed solution in an

“amgung of . 01 100 parts by weight per 100 parts by

we%gh? of propylene oxide in the mixed solution.




by‘ﬁeight of propylene oxide in the m xed sol ution, of atl

conmpound sel ected fromthe group consi st- ing of aliphati mﬂﬂﬂ"ﬁ'ﬂu"ﬂ””",
al cohol s having 2-4 carbon atons, allyl alcohol, saturated‘al fphati't s *
. hydrocarbons having 6 or.7 car bon at ons, benzene and conpounds 57

represented by the above fornulas (1)- (9T 58, - Thiepiacrment rd|ng
toclaiml V\her%ﬂ%r&%m d%itl | 1ing the mixed sol &t ehrugry ried out
in thle pr ese_nge f B wei ght per 100 parts by wei ght of

propyl ene oxi de,; of at 0, -
consi sting of allphatlc sgﬁﬁrate ocar onsfﬁ S?%%O%E%§%a§%oﬁﬂé?éﬁs

al l'yl al cohol, sg{dIriieh rdd 28t | in Fwdiﬂgﬁidv £@Wrih tm®IeduLarbon at ors,
benzene and conpoéﬁdslﬁghresented by the abo&gﬁ?ornulas (1) - (%)

oxygen to obtain a reaction liquid containing ethyl-
benzene hydroperoxide, then distilling the reaction
liquid to obtain a concentrated solution of ethyl-
benzene hydroperoxide, further mixing and reacting the
concentrated solution with propylene to obtain a mixed
ethylbenzene, acetophenone o-methylbenzyl alcohol, -
solution containing propylene oxide, fand distilling the
lene oxide from ethyl etophenone and a-methylbenzyl alcoh
mixed solution to separate and recover p:opylene oxide,

the improvement in recovering propylene oxide wherein
at least one compound selected from the group consist-
ing of aliphatic saturated alcohols having 2-4 carbon
atoms, allyl alcohol, saturated aliphatic hydrocarbons
having 6 or 7 carbon atoms, benzene and compounds
represented by the foilowing chemical formulas (1)-(9)
is added to the mixed solution in an amount of 0.01-100
parts by weight per lOO'perts by weight of propylene

oxide in the mixed solution.

R!-—0—R? I (1)

X
(CHZ)u (CHZ)n (2)
0
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