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1 DESCRI PTI ON METHOD OF PURI FYI NG PROPYLENE OXIDE 5
TECHNI CAL ‘FI ELD The present invention relates to a
nmet hod of purifying propyl ene oxide. Mre
particularly, the present invention relates to a

nmet hod of purifying propyl ene oxi de, which contains
elimnating nethyl formate from propyl ene oxide
cont ai ni ng 10 net hyl fornate as an inmpurity, wherein
methyl formate as the dﬁ efficiently
separated and renoved an r ene oxide in which a
concentration of nethyl fornate is reduced, can be
obt ai ned. 15 BACKGROUND ART There is known a process

for obtai niMErHUIOF FURIPY TG (BROPELENE NQXEDE Or gani ¢
per oxi de, for exanple, cunene hydroperoxide wth
propyl ene in the presence of a epoxidation catalyst.
In this case, oxygen-containing conmpound such as
mater 20 net hanol , ﬂﬁﬁﬁNﬂQﬁﬂnﬂﬁﬁL%cetone and

8§U§”a|dehyde hydrocarbons and the |j E _
RFesey -Aerpeten i re %B*a?tmnatlaewagyp npurifying

Prg)gglg %,r%f OS: f g ehﬂ%r ody C %VI ifyg L gtgéa prp usrelnftjt %.%t\}e(m: ion

re%gQ@spE@ DR élfd‘g%}égfr gpﬁ %E)?‘Io?):y% RSk de P Wheé]&nt ains

oxl de becone nec at1on processes of

el@.ﬁﬁﬂﬂt&'ﬂ M8 HAmHES | asas gy featéfide containing
, 139, 62 European Pat ent 1498414 A or the like. In

me&d@ﬂtﬁonmamb as pnblimpuyikgowwheovednbmethyfloformate as the
extractive 2

impurity is efficiently separated and removed and propylene

oxide in which a concentration of methyl formate is reduced,

can be obtained.

BACKGROURD ART

There is known a process for obtaining propylene oxide by
reacting an organic peroxide, for example, cumene hydroperoxide
with propylene in the presence of a epoxidation catalyst.

In this case, oxygen-containing compound such as water,
methanol, acetaldehyde, acetone and propionaldehyde,
hydrocarbons and the like are produced as by-products in
addition to propylene oxide as a target product. Therefore,
a purification step for separating and removing these
impurities from propylene oxide to obtain high purity propylene
oxide become necessary. Purification processes of propylene
oxide are disclosed in U.S.Patent 5,139,622, European Patent
1498414 A or the like.

In addition, it is publicly known to subject to extractive



10

15

20

25

distillation using a hydrocarbon as an extractant in
purification of propylene oxide. For exanple,

U. S. Patent 3,843,488 discloses that an al kane such as
octane is effective for renpving hydrocarbons having
6 carbon atons as inpurities. 5 Further, U. S. Patent
3,607,669 discloses that an al kane such as octane is
effective for renoval of water. Furthernore,

aa}étil aa{ﬁ%tn 5&5%39 di AIOé@érﬁJ}?t éﬁhygﬁocwegceaﬁ in

ane 1s tlve or renoval I mpurities suc

plﬁ%ﬂ%afﬁrbq{ v of pbsz»e;p%@n@efw:ﬂfd@nd 268! gamph® Howexepatent

I n the conventional "t echni ques, any concrete met hod

3.fears repwuiBg16BEBYLhAErdM iz kahehsgbhl &y @lctianaal effective
di scl osed. There was a problemthat this nethyl

fdrorsmbeing hydopyhdEben o np b ket Houl et toom» est bupurities.
qual ity of propylene oxide used as a raw naterial for

FurdhiesusUc ReRatahtp obl0Zt €69 diF oSG OSURIE €F5Q1¥?ne such as
I NVENTI ON An obgect of the present invention is

%a&ﬂ déSa EfecRIVer HRF | f%ﬁm?g’aplr &)ﬂ eHatsx deFU%Peﬁmre

Ui eé’&w ¥ %ﬁg%t ﬁ;’/F gk, <X &X%@ﬁ%fj?ﬁ@ n""uch as

oLl A 1O ETRL fexﬂévéf%f’ p@ﬂﬁmlgg seéﬁ Iae ﬁQHﬁinol

separate and renoved and propyl ene oxide in

Qﬁ{&]{@l@é Ghnaeidedodeor mate i s reduced, can be
me

obtalned ly, the present invention relates to a
pr #oeevelror imputhéyicunveropidrerie becdeiquesch any concrete

conprises the following steps 25 of: (1) subjecting
medih@sy | foe ey insht B Fhyig rf@trmatef opkmtteiglpslafel 1s not

urity to extractive distill S|n
dqﬁﬂﬁ.b&pere was a pro%& %i'x gineathyl formate in
propylene oxide markedly deteriorated a quality of propylene

oxide used as a raw material for various chemical products.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a method
of purifying propylene oxide, which comprises eliminating
methyl formate from propylene oxide containing methyl formate
as an impurity, wherein methyl formate as the impurity is
efficiently separated and removed and propylene oxide in which
a concentration of methyl formate is reduced, can be obtained.

Namely, the present invention relates to a process for
purifying propylene oxide, which comprises the following steps
of:

{1) subjecting propylene oxide containing methyl formate
as an impurity to extractive distillation using a hydrocarbon

having 7 to 10 carbon atoms as an extractant,
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having 7 to 10 carbon atons as an extractant, 3 (2)
adding water to a liquid distillated fromthe overhead
of an extractive distillation colum, then separating
the resultant into an oil ase and water phase, (3)
recycling the oil phase to the extractive distillation
5 colum, (4) renoving the water phase outside the
system and (5) obtaining propyl ene oxide in which

me I tmat e has, been.r C t Laui head
he @RS R el Rt L AT SEf e A5 Pa G gt kA SvBinea
R T JRA 1l Jootuhg, 2 tHEAM Kb SHOMAY the
°Sone e§g£%%§%%§éfF§V5 ovyt_éf_pﬁ?%?yﬁhg nethéﬂg%f théﬂg
reRATeNt IMNAP b1 Rsedd MA@ wote B Ypse, 15 1.
Propyl ene oxi de (containing nethyl formate as an
i MpBni f¥dyclonfetisalbjiachrastotPuitid exatrhonive. dhstillation
extractive distillation colum, 3.A line for
coduml,yi ng an extractant, 4.Water, 5. An oil-water
separation apparatus, 6.A water phase after oil-water

sepdnariesovingaihs Waless Phase OHisidmtidie serEkeRi oand

8.A 20 mixed liquid of | . oxi.de i i.ch et h

f of At BOFAINARENPTPRUNERY GFIEP PhATILARIRYY ERTRE has

Ext t.ant.. BES I . X .
vegl' ERGRGPEa o bt TED BeTeil el P EiEAELE opetration
coh%ﬁ&? 25 can be exenplified crude propyl ene oxide

obt a

i'ned by distilling a reaction mxture containing
propyl ene oxi de obtai ned by

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a drawing showing one example of flows of the
purifying method of the present invention.}]

Description of symbol:
1. Propylene oxide (containing methyl formate as an impurity)
to be subjected to purification, 2.An extractive distillation
column, 3.A line for supplying an extractant, 4.Water, 5.An
oll-water separation apparatus, 6.Awater phase after oil-water
separation, 7.An oil phase after oil-water separation, 8.A
mixed liquid of propylene oxide in which methyl formate has been

reduced after purification with the Extractant.

BEST MODE FOR CARRYING OUT THE INVENTION
As propylene oxide to be subjected to purification, there
can be exemplified crude propylene oxide obtained by distilling
a reaction mixture containing propylene oxide obtained by
reacting an organic hydroperoxide such as cumene hydroperoxide

with propylene in the presence of an epoxidation catalyst.
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reacting an organi c hydroperoxi de such as cunene

hydr operoxide wth propylene in the presence of an
epoxi dation catalyst. 4 The epoxidation is preferably
conducted in the presence of,an epoxi dation catal yst
containing a titaniun}contaf%ing silicon oxide from
the viewpoint that the desired product should be
obtained under high yield and high selectivity The

¢ P, ek da £ 15 Bortiefebli eHRrugReg iRt presence of
SO N 'éﬂﬁlﬁts'édn‘:@afrﬂ Y5t ERky NI Eatning

ucts carr tani um co oun on a

sﬂ'i%%féxn.@é 9.*%*69{ £né it Eh&@@ﬂ%&@i@@& Mrddct should
conpounded with a silicon oxide by a co-precipitation

beOsbBoingelunkdk iRl gady i é1d dnd BigHBe Xadt By it N0 THeOtht&lyst
conmpounds can be |isted. For exanple, when cunene

ishydeHerabiy de cas alllys tocgaha tnihy driopeariomn dbemically bonded
exenplified, a reaction of this with propylene can be

t°c§ﬁé&@@@dQH¢Qﬁ4|SﬂnQP%ﬂﬁﬁnﬂLK4tﬁp¥P%tﬁ# a gyealyst.
solvent 15 should be liquid under the reaction

t Siffe et YR @nPHPLISHS ecarﬁrﬁang uBstiheprdpmy cppeppnd,on a
reactants and r.odugt The solve
Sl& oSed 8fr d ?lfoos‘iucﬁccsg exﬁé‘}[ % I n atas%Jr |2%R{P°'$n?hls
co }Sghﬂﬁ%ﬁoﬁifﬁ auéfﬁiccx*‘ 1 deOby @E6PhLec fp £HAELSN or sol-gel

sol ution cumnene operOX|de i's used as a raw

mefhb@al,i anhd ititah idns0 o?éﬁxmsnslzm Zzddl LI5€ EoiPNen@S @an be
sol vent without adding a solvent in particular. O her

ligg¢eflul sol vents include aromatic nonocyclic conpounds
(for exanple, benzene, toluene, chlorobenzene and

o FR% If%AEEe oflagn Gimene hy@ropenapide agcthgeorganic

hy32688%031%e P8 B NG d S LS 1 8L S th % ropylene

can be conducted in a liquid phase using a soclvent. The solvent
should be liquid under the reaction temperature and pressure,
and substantially inert to the reactants and the product. The
solvent may be composed of a substance existing in a solution
of the hydroperoxide used. When, for example, a cumene solution
of cumene hydroperoxide is used as a raw material, it is also
possible to use cumene as a solvent without adding a solvent
in particular. Other useful solvents include aromatic
monocyclic compounds (for example, benzene, toluene,
chloxrobenzene and o-dichlorobenzene), alkane (for example,
octane, decane and dodecane) and the like. The epoxidation
temperature is usually 0 to 200°C and preferably 25 to 200°C.
The pressure may be a pressure enough to keep the reaction
mixture a liquid state. Usually, the pressure is

advantageously 100 to 10000 kPa. The reaction can be
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25 tenperature is usually O to 200C and preferably 25
to 200C. The pressure nay be a pressure enough to
keep the reaction mxture a liquid state. Usually,
the pressure is advantageogily 100 to 10000 kPa. The
reaction can be 5 advantageously carried out using a
catalyst in the formof a slurry or a fixed-bed. The
fixed-bed is preferred in the case of a |arge-scale
i ndustrial operati,o In addition, th reaction can
R R R s
rLocess, cong i.nuUous pPro 0 he_I
s8R ges ke T OO AP S A EER R oo fs tdrontLARM EHE case

ofgéd&%&%re%c%% U RAGk et Prapil £hon an 1 GiltiaNd the

vent- are contalned In areaction m xture obtained

relRytilka fc.%f’ilptbléﬂbarrfil&d h:ﬁ{t; VIstf | DUSa 56K L srode H¥; psoduct s
are contained as 10 inpurities. Wen cunene
semidicoparimdods a8 e sy Jani con ey rpxockes sinor ctinenkbike .
as a solvent are used, a reaction m xture obtai ned
ar Bropwakhy oxpjdeansd a g getoproshetoxiungreacted organic

(herein-after, referred to as "crude;ro | ene oxi deza
hygropgao¥d de.oBPreas teSnBr enyrng) c3h Legpt handopyeglivent

by nmeans 15 of distillation. Besid unreact

arg GRGFBRR SRS nr & AAGTETS P FRya A B g pppotion.
ol i Lt . y oo

fu?gﬁ%%r zlgta:rg“r??'h%ny rd{:;%ac%fl]o ) i‘ang reeééyg?léd,g‘%lg{é%isﬁéd s
imperdaed .| WHdE i IS fird 0l 4O Yerdn | dEgakiBENE

ydr oper oxi de. Though the above exanpl e was descri bed,
hydrepe2@xides ainid icunerte s sShatverot dee resed| céedeaction

t hereto. Though thus obtai ned crude propyl ene oxide

migiyrige obddijinedt are gAY eparated t Hetoresepylene oxide

i nvention, the present " .
{({herein-after, referred to as "crude propylene oxide),

unreacted propylene, and cumyl alcohol and the solvent by means
of distillation. Besides, unreacted propylene is, for example,
recycled, further, cumyl alcohol is converted into cumene via
hydrolysis or dehydration-hydrogenation, and recycled, then
oxidized in the oxidation step to convert into cumene
hydroperoxide. Though the above example was described, the
present invention should not be restricted thereto.

Though thus obtained crude propylene oxide can be
subjected to purification in the present invention, the present
invention should not be restricted thereto.

Crude propylene oxide to be subjected to purification
contains methyl formate as an impurity. The content of methyl
formate is usually about 30 to about 300 ppm by weight, but should
not be limited thereto.

Crude propylene oxide generally contains water,
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i nvention should not be restricted thereto. Crude
propyl ene oxide to be subjected to purification 25
contains nmethyl formate as an inpurity. The content of
nmethyl formate is usually q?out 30 to about 300 ppm
by wei ght, but should not be limted thereto. Crude
propyl ene oxi de generally contains water, 6
hydr ocar bons, oxygen-contai ni ng conpounds in addition
such pr | ene. oxj de

hyl f , b
hy SR g oRERER S o SRR B ST et L i rofn to
nelfH58) B a5 0RHS) AUCLOGAEORES. BRYEUG3ckEa <o

orfs and as b5 en-contal nin

purQFIUAHSn GIMRUN G-ty s vEi i)  Hed QLRI d6hyHe,
acet al dehyde, propyl ene al dehyde, acetone and the

hyldriéR adddrke Byatdldariemhs Waeimy sdeopropyrboa atome aad as
subjected to extractive distillation, an extractant
thehexggenatbataimingbeompbandsd tompdQnds Sexhr astmethanol,
A") for the extractive distillation preferably
fornmelldedy de .nagre tedidehatdal BRI REIRVEe, acetone and
n- hept ane, _n-octane, n-nonane and n-decane, branched
t &ﬂgﬁhﬁﬁﬁhQQMﬁﬂ?WB}lﬁ%%gdinethylpentane
2, 3-di et hyl pent ene, .2, 2-di_nef hyl hexane .
2, 3- %ﬁé‘t I ngﬁgpa’%t? it reatiesd ﬁwyd]r%%igér] 01?1% extractive
4189 %1 ok BASLAESact BREC(ELEACL APt f AdF UiSeEferred to
alone or as a mxture thereof. Fromthe vi‘ewpoi nt of
as PEHsthbERNBPRT PlEON theheRepheheveadikyiavatliahl preferably
industrially is preferable. The extractive
indilsidielsl dtlin@an $atarmatedl digdwecdriaom sxth sas i veheptane,
distillation colum, as the extractive distillation
n-pgtageuni nepangRhi -Gpsansf. branchedhydcocaehens guch as

Z,Eh%a%éfify%entane, 2,3-dimethylpentene, 2,2-dimethylhexane
and 2,3-dimethylhexane and unsaturated hydrocarbons thereof.
Besides, these extractant can be used alone or as a mixture
thereof. From the viewpoint of industrial operation,
n-heptane easily available industrially is preferable.

The extractive distillation is carried out with an
extractive distillation column, as the extractive distillation
column, though any type of the column is used and there is no
limitation in its structure, packing column, trays column,
perforated plate extraction column or the like is generally used.
Crude propylene oxide subjected to the extractive distillation
is separated into an overhead fraction and bottom fraction.

Water is added to the distillate or gas discharged from
the overhead of the extractive distillation column, then, a
separation operation is carried out to separate into an oil

layer and water layer. The oil layer separated is recycled to
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[imtation in its structure, packing colum, trays
columm, perforated plate extraction colum or the
like is generally used. Crude propyl ene oxide
subjected to the extractive glstlllatlon is separated
into an overhead fraction and bottom fraction. 25
Water is added to the distillate or gas discharged
from the overhead of the extractive distillation
I.on peratlon S

e iiadiiey s SO RedRR o enp b Rolld. water
lagﬂér s% ast%%aﬁ.?tfgmb§e{i cﬁ%{:%? era’h gtéjceerrﬁxh'éQ V@ormate

St Ion CO on t wat er yer

t oS 2 leatigl Ha% e TRV e nPditede ihhehsy #aelr MatBY and removed
formate to be elimnated is contained in the water

tHenari AN Ui me khd heyewéh h out si de the system 5
Though an used anmpunt of an extractant A, anount of

wat eThaughbenatsied arench tt bé 4n lextome ten tapprapount aifywater
determ ned depending on predeterm ned conditions and
toabersidad. aénﬁ ithel Tise £30 daRicRPPTOPEAaRe 1Yt fgtermined

d%@%ﬁ@&h&%ﬁ#%@t candilipheabfo o S5 Lot e asire
d t a6,

o § BEGBIBEC LR AT LGSy P At s 1 e

raiﬂbeé' %tfofr-'c;)ﬁpﬁszﬁngo Weﬁ'ﬂﬁéé)rbx%ﬂﬂédé)riﬁu‘ﬁe tR@d the water

extractive distillation colum can be al so

anduitoplcd Beehgddet B nirmathd frahlge SENErsMNNEyoRsto 1 time the
descri bed above. For exanple, the extractive

exdirstatidrddt i Batcothese shouls a6tdpeidmddedntizereto. Types and
conditions of the nunber of theoretical plates of 5

opeFatden gandpsiansont fhesentEagtiyeohlsplElaphop folumn can

S 08 oot L5 BEFAEHL R h Pab SR bt 888 Bcsnec
above. For example, the extractive distillation column can be
operated under conditions of the number of theoretical plates
of 5 to 200, an operation pressure of 0.05 to 5 MPa in terms
of absolute pressure and a temperature between 0 to 300°C, but
should not be limited thereto.

When water is added to the distillate discharged from the
overhead, these are mixed each other. Therefore, a mixing
apparatus is not necessarily required, but the mixing apparatus
may be used for more sufficient mixing. As the mixing apparatus,
a commerclally available mixing apparatuses such as a stirrer,
a static mixer and a line mixer, are listed. Further, as an
oil-water separator used for oil-water separating operation,
a common drum or coalescer can be used, and if it can sufficiently
separate into oil and water by still standing, it is not

particularly limited. A usual drum-type oil-water separator
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When water is added to the distillate discharged from
the 20 overhead, these are m xed each ot her
Therefore, a mxing apparatus is not necessarily
required, but the m xing apparatus may be used for
nore sufficient mxing. As the m xing apparatus, a
comercially avail able m xi ng apparatuses such as a
stirrer, a static mxer and a line mxer, are |listed.

iSFu&t%gr,Egi an 25 oil-water separator used for
oY & ‘epar ati ng operation, a conmmon drum or

coal £3G§fe g?&,@,@?ggﬁ ib@ﬁ%&% itheslélfbé:%fsi Sheathya a liquid

separate 1 nto oi wat er “by st standing, it

cohtlainidd breblenel bitiiedand tisddx tddyvdipanoivhivht Rethyl
separator '8 is preferred. In the above-described way,

forfiete has beenbtadueddaasia ot taoitigudidngfptbpyérheactive
oxi de and the extractant in which nethyl formate has
dilsddd raddiwcedcdsimn pbottom | i qui d of the extractive 5
distillation colum. For exanple, purified propylene
oxi dROE fRramploht Furdf igd paePyileRS: pHhdercam b EPtgAPed DY

e FEL R i LA BT o
eI SASEERCPLIRAULL 5 18 PUGLBLED 4 AARIL 0, o

hy@RWardB Neuca 2 APMAER 1S B GPPléendfoRide.
y?beciﬁic ne?ﬁ%h thereof, U S. Publication No.

2005082 H5%: cars hEl TRioi edl. ahd tdet ifhsatiohe publiéclmnknown
A separated can be recycled. 15 By the present
meitinodist ican brurdppladedr opyl ene oxi de of a nethy
For mitse a(;lor¢13txeamntpl(2=:f olfesef’ sfg]eac?iflioc erPen%IPc}/d V\tl:elll :rpetog?nU bg
Publication No. 2005082159 can be quoted.

In that case, the extractant A separated can be recycled.

By the present invention, purified propylene oxide of a
methyl formate content of less than 10 ppm by weight can be
obtained.

When water-soluble aldehyde such as formaldehyde,
acetaldehyde and propionaldehyde, alcohols such as methanol and
propylene glycel, esters such as methyl acetate and organic
acids such as formic acid and acetic acid as impurities are
contained in propylene oxide containing methyl formate, these
impurities can be also removed outside the system by
transferring those to the agueous layer through the
above-described operation.

In the above-described operation, propylene oxide

simultaneously dissolves in the aqueous layer, therefore, is

also lost.
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obt ai ned. When wat er-sol ubl e al dehyde such as

f ormal dehyde, acetal dehyde and propi onal dehyde,

al cohol s such as nethanol and 20 propyl ene glycol,
esters such as net hyl acet atg and organi c aci ds such
as formc acid and acetic acid as inpurities are
contained in propyl ene oxide containi ng nethyl

formate, these inpurities can be also renpbved outside

h by . f ' h h
:hso R ERansang, O8R40 M 1S Bl R Ene Mieous
Fgféféﬁff?d DT Jhley o:?iﬁey!a%n@e Q%hdetively extracted

aneous ves In agueous Iayer

tot Eﬁr @f:@fﬁcthﬁt &1 80 (&5t 1a%erfOhy 88HERBHihBeahO0sBt Pictant
propyl ene oxide in the aqueous |ayer, preferably,

(aBr ORYLeB8eanki fier et daetieleprbpellgnexéx hds éont thanagueous
extractant side (oil layer) by contacting an

lagetr,abeaptin-@fteext rafennedf bo axt'estriantantopyllen@he loss
oxi de fromthe aqueous 5 | ayer, herein-after, referred

oftpropylere ramidhran e regudcedshy Jﬁcqy%%n%ﬁé@@ﬂl&ée oxide

can be reduced by recoverin oxi de
frpm shép OFay%we aretion n e dB5st 35, BhoPEAEnGyPYAde may
z%éld t Cred t%%fl. r%q.}/eclo t‘.‘I.ee. c?‘ytq{e téjxi%ﬁg ctive
|ve ditstN9 4

1 on wever, IS case,

dl%EEQQa'ﬁ.chollﬂmf or ﬁBﬁv%vle% dhﬁt fehi 4t @:@s‘éo RAtikes nfiQhy1

fhe extractant |ayer and the aqueous l'ayer, methyl
fofrﬁlhl‘E%t s gicendentted ¢d bothheidsysbenthbesxthactant layer

extractant is re-used and renmains in propylene oxide
ande tbecaguebusmialyerexmedbyanfosmdse Yhecpneephrated in the

inventors found that the | oss of proQ¥Iene_oxigg . lene
sysiedcyhepn the extractant is re-used and remains pPropy
oxide recovered from the extractant side. The present
inventors found that the loss of propylene oxide caused to
hydration or the like could be significantly reduced, further,
methyl formate was not concentrated in the extractant B because
methyl formate was decomposed and removed to the agqueous layer,
by adjusting the aqueous layer after separation operation,
namely, the aqueous layer described above to be removed outside
the system between pH 7 and 9, thereafter, contacting the
aqueous layer with the extractant B.

This method can be preferably applied when propylene
oxide dissolved in the aqueous layer removed outside the systém,
is recovered. But, without limiting to this case, the method
can be applied to an aqueous layer obtained by washing crude
propylene oxide containing at least methyl formate with water.

Methyl formate can be effectively removed by washing methyl

formate with water, namely, by mixing crude propylene oxide with
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15 hydration or the like could be significantly
reduced, further, nethyl formate was not concentrated
in the extractant B because nethyl formate was
deconposed and renoved to tRg aqueous |ayer, by

adj usting the aqueous | ayer after separation
operation, nanely, the aqueous |ayer described above
to be renoved outside 20 the systen1betmeen pH 7 and

wa9c o4 ek g%g:%%mﬂiﬁﬂtt%cgh”&i hfa pre era%]\ﬁ?%o‘ﬁﬂst *iag@‘i- and

ract: can b
thvmﬁna a P 42 hesebiadnbd LiReRYUCPHEsLALE 7 to 9
rennve outS|de he system is recovered ut,
foMlh@d Yy rdritikting MSticaae etheadBaod Réréedm, bet is
applied to an aqueous | ayer obtained by washi ng crude
prefemabdee find dehamnighy mgizaing essteneviyh éondmtpropylene
with water. Methyl formate can be effectively renoved
oxylensiohi sy arehe r ciloddut @vaﬁlnbMt@iximmgaraius such as
m xi ng crude propyl ene oxide wth 10 wate

a %MF&H nd iSHaF h e ferd M%mhﬁ%ﬂéou%u¥59g a§gan
t H of _t bt aj, ned h
oty s #%59'6%3&%"6\%@%%@??%’55%&% 442043 R"ESEaL Q son,
a Bkl drlaml 3r BLELELRARKCSEAS bEhBEQthBMt”EﬁénQ pargtus 1s
w t Ccr U oXI

e propylene e to use a commerci a
nodVphrabba1dirivnginppanal £1Si € ¢&h auffaciltntl§ separate into
static mxer or a line mxer. Further, as an
anoidi-waing wasEar Ay regr ddp artatndsinuged A aﬂrr.mi-lt-mm gril-water
separation, a conmon drum or coal escer can be used,
separatiac prnanaty sommanliarused)| &3 |§yr¢f<har@?éher fit

can suff|C|entI eparate into 10 an(gl and wat by
sti | Nashing kit d t“&i’é'e‘%ﬁ |G rd QLhAUETH Ing"to a
on@E R %Ieu%rc%mql—¥t§%%d enBly gSr QBESmV\éﬁQ' 24u¥bhl 1ayer.
may be carrie accor

When the washing is carried out by a multi-stage method,
an agueous layer obtained at the latter stage may be recycled
and used fér water washing at the preceding stage. A washing
temperature is usually 5 to 100°C, preferably 5 to 50°C. An
amount of water supplied is not particularly limited, but it
is usually 0.001 to 10 times by weight propylene oxide supplied.

When the temperature is too high, a loss may be large for
thermal degradation of propylene oxide, and when it is too low,
the performance of oil-water separation may deteriorate. When
the amount of water supplied is too small, an efficiency of
impurity removal becomes low, on the other hand, when it is too
large, there is a tendency of increasing a disposal cost of
wastewater because of increasing of a water discharge amount.

Though, as water to be supplied, to supply water

containing propylene oxide is effective in recovery of
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one-stage or multi-stage nethod to obtain the aqueous
| ayer. When the washing is carried out by a

mul ti-stage nmethod, 15 an aqueous | ayer obtai ned at
the latter stage nay be recygled and used for water
washi ng at the preceding stage. A washing tenperature
is usually 5 to 100C, preferably 5 to 50C. An anount
of water supplied is not particularly limted, but it

[ |1 . 001 10 .ti b ' I
PrORYdEnE phL e oA Tt v ERE e S e BhY Tegemapie.
waltd3S oY i} | AR O AL dagiadation of

propyl ené oxi de, and It 1s too low, the

per f @umange +AbOide Wi s tIRATADH b fTRhd iy @ foribed
When the anount of water supplied is too small, an

aqeielu® argerofor iaipWdiesusmaadr ke vesrdrmwedmputwide the
ot her hand, when it is too 25 large, there is a

sylserte ntlyené damche asipdgysdia siedchald ob s inlg anastidigt eeagent
because of increasing of a water discharge anount.

orfnbkhine s eagest .t oF BE QUbERcENT Mt ghlpagrehange resin.
cont ai ning propylene oxide is effective [n recovery_ of

THE1DH o Ake REUBRP oL ZERF o hBd S ATPREYARREBRER| AfAY andthen
preterable, ..water n aj opy! 0X]

the R%It h8d25H &S ﬁgflue%ggﬁh ERTSElafEORd £08s ﬁfegﬁmﬁlene

oﬂ%éeﬂé‘éoﬂnﬁéf VarerrBePAUBRUSE |A¥EFmhPiB8 JELPRYSI1ene glycol
outside the 5 system there can be enployed a nethod

byohydSiatd oan ofC iphopyieage ixite alddld nfenicegend £ deiaicy of
contacting with an ion-exchange resin. The pH of the

medipydofiorinayer issapsef bowbl §n HEtevediner Haedd. witgonthenhpH of
pH is acidic side beyond this range, a |oss_of .

ther sgyrens laxpdelsctdPasiothy geloss 8fisBrBPY 2SR RRLAGE1SO

vedos Neronn Bebeisesnt, ofornatill 8F BESBYIEHE 814881 vy
hydration of propylene oxide. Usually, since the agqueous layer
is acidic, it is adjusted with the alkaline reagent. As the
alkali reagent, an alkali metal compound such as NaOH or KOH,
an alkaline earthmetal compound, or alkali metal carbonate such
as Na,C0; or NaHCO;, ammonia, or (NH,),CO; is used.

It is preferable to use an alkali metal carbonate of
relatively weak alkaline such as Na,CO; to avoid unduly
increasing of the pH.

The extractant B used for mixing with the aqgqueous layér
in which the pH has been adjusted to 7 to 9, subsequently for
removing methyl formate from propylene oxide, preferably
includes hydrocarbons having a saturated humidity at 20 °C of
5000 ppm by weight or less such as aliphatic hydrocarbons such
as propylene, butane, pentane, hexane, heptane and octane;

aromatic hydrocarbons such as ethylbenzene, cumene, toluene,
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methyl formate is also low. On the other hand, when
the pH of the aqueous layer is too high, a | oss of
propyl ene oxi de al so becones | arger because of a
formation of propylene glycgh by hydration of

propyl ene oxide. Usually, since the aqueous |ayer 15
is acidic, it is adjusted wth the al kaline reagent.
As the alkali reagent, an alkali metal conpound such

AR B St h RS L AT by SRR hving
3 fgRp Fr%n('é'k%g ':ﬁok‘éeﬂreférbﬁlgrSé@ﬁﬁgéeofosﬂdﬁfl in

an al ka netal car onateo 20 relatively weak

thal kathpgetsdHumsaNe? Cenithev and phadilcyhyfpseaasbig ¥aving
the pH The extractant B used for mxing with the

7 agUusncarbaycatoins are gartheyikhiias preferatilesbedatise/those
to 9, subsequently for renoving nethyl formate from

capr bpyheed axitde eprtohertaipity A28esaribddsahyve ocﬁmlbblmgrmore .
having a saturated humdity at 20 OC of 5000 ppm

1tvv'e‘:Fg'ﬁ]Pe drogeprefippbile dn gffidicd emear dbatobhe %Eﬁacaent A

ne, butane hexane, tane and
usBor T ERS ATy e A S e TR RS e BB 2ns B usea
|
fof ¥ act Aid SHBmefind VTR0 A8 BE5Fay EP ek ckFanove
ardl ehe0Lema ekenakiteclrecause of small in the saturated
hum dity. Further aliphatic hydrocarbons having 7 to
10 cBebadeat, as samethadiof tegblerinef propytebecausde in the
those 5 can be used as the extractant A descri bed
aquisoue. lEyerhediiy dhe jextiraatantndst Yhrefagudnes i kayer
eff|C|enCé that the extractant. A used in the

copfaiRifg, BTAPILErta R e AP HIRIG @S M g% With the
exERALAGH:NS ATV BN AR AOS99 b BEFatus

used for the oil-water separation and conditions of the
oll-water separation are substantially the same as those in the
oil-water separation of crude propylene oxide and water.

Namely, as mixing apparatus, a commercially available
common mixing apparatus such as a stirrer, static mixer or line
mixer can be used. Further, as an oil-water separating apparatus
used for oil-water separation, a common drum or coalescer can
be used, but the apparatus is not particularly limited if it
can sufficiently separate into an oil and watexr by still
standing.

An oil-water separating operation (herein-after,
sometimes referred to as "washing”) may be carried out according
to a one-stage or multi-stage method. When the washing is
carried out by a multi-stage method, an aqueous layer obtained

at the latter stage may be recycled and used for water washing
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are the same each other. 10 Besides, as a nethod of
recovering propylene oxide in the aqueous |layer with
the extractant B, the aqueous |ayer containing
propyl ene oxi de and |npur|ti§s is mxed with the
extractant B followed by oil-water separation. An
apparatus used for the oil-water separation and
conditions of the 15 oil-water separation are

atoERE e efte RE T Syrehtnet fabafatise 4 WWually 5 to
o o e R RS r bt SEBRLE, i, SBITBE ALY LA o not

pa‘.qﬂt)i%rul%r 1Y M8 mifede! beA 1Re14S8dualyft 88601380200 times by
i [-water “separating apparatus 20 uSed for oil-water

wes.gmr piropRleneComiade euphlaedcodhenCceheCcB8mperdsade is too
but the apparatus is not particularly limted if it
higan sulds<imayt by (epgeafer ithiermal delgraded tianeofhyropylene
still standing. An oil-water separating operation
Oxé-ﬁ@r-elaﬂdam X5 igorked oy . b rmﬁqrwc@va@fn pgtjywater
be carried out according tQ a one-sta

ﬁt%ﬂéyn@?%ﬂlo’m@ﬁ - tWReR NG AUt @ r?’FEGro%‘PPplled

hod |
lst%%g‘ﬁ Mear crdoBeREy BBovols CURTRR B (X EhoTEs pEREped' 1ov,
on"@§li BEnl3 nahat h@h@he?_%diggtésaﬂgrgé ﬁgi'gga.s a tendency
tenperature Is Usually 5 to C, “prefera

of508 cBe B ngmau it sifo seat Qfosﬂzuﬁﬁ* lvﬁb’dﬁvaﬂﬁﬁr because of
particularly limted, but it is usually 0.001 to 10

intreesipg ofeiagma e @isamnga dansuppl | Beereffwere 1 hiche
tenperature is too 5 high, a |oss naK be | arge for
copgétiensdBgyabat PEAPEE 1Er §E§«Péﬁéd bakdng %ﬁ@c’uﬂ*énoftthese-

'S tgg éggvcrzt.ggd pa%rc’fv(%ar rr% S5 é)he (%*Iela_c\{gaion mixture containing

propylene oxide obtained by reacting a peroxide with propylene
contains hydrocarbons having 3 to 7 carbon atoms such as
propylene, butane pentane and hexane; water: alcohols such as
methanol and propylene glycol, aldehydes such as formaldehyde,
acetaldehyde, propionaldehyde; organic acids: ketones such as
acetone; and esters such as methyl acetate, it is more
preferable to be applied to crude propylene oxide in which the
above-described impurities are reduced through rough
separation with a distillation column prior to a separation
operation according to the extractive distillation or washing
with water because an efficiency of olil-water separation
increases and a loss of an effective component such as propylene
oxide can be reduced.

Particularly, as described above, the aqueocus layer

obtained by adding water to the overhead distillate of the
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separation may deteriorate. Wen the anmount of water

supplied is too small, an efficiency of inpurity

renoval becones |ow, on the other hand, when it is

too large, there is a tendengy 10 of increasing a

di sposal cost of wastewater "because of increasing of a

wat er di scharge anount. Therefore, the conditions may

be properly sel ected taking account of these. As

escr.i.bed aboy en the reaction_m.xtur ont.ai ni.ng
i et 8 441 B RS B SP SR tA N TR Pt AL Laver
arlf QOLENE 1490600 S idl BERERAAS AR P | Bk the loss

carbon atons” suth as  propylene, butane pentahe an
ofNPEIT1 MR il CPIe StER RS FEINGE@! bRNUpreferably,

propylene glycol, al dehydes such as formaldehyde,
adjeettandelay g ofr @pienahdebudelagegatioc 7aebds, kean8ELErring

such as acetone; and esters such as nethyl acetate,
priopylensmoxide pneftheablgaebasbgagppl tedthe extidectant side,

propyl ene oxide in which the above-described
anﬁq’@ﬁentw%ycawém dddcetiot the et nesifdive dasiiddiadaon eplumn.

a distillation colum prior to a separation operation

according to the extractive distillation or washing

wi th water because an ef&%ghﬁﬂﬁy of oil-water
a

separation 25 increases 0oss of an effective

COoRRREeNEN ‘b&léé%@&B%_\élrﬁg.%gbﬁﬂﬂecﬁ%é?:‘iirb%(ﬁlﬁ?dﬂxamples.

Particularly, as describe ove, e aqueous | ayer
Ex@fpaenad by adding water to the overhead distillate of

the 14 extractive distillation and then separating

i nPoophdenel oxiferobtarithed)yousakchiag, cusenenopyddoperoxide

outside the system but the |oss of propylene oxide _.
vithprrpYleredn therrasace pfa ELEppyum-gepksaindggaspicon

ox?.tiet Qé%afﬁ‘é?o#a?s luaglee&. %‘%fz:yt 891%’b1tr rwaeniséhe{ of" %ethyl formate

was contained in propylene oxide. Propylene oxide was subjected
to extractive distillation using n-heptane as an extractant.
3.4 parts by weight of n-heptane per 1 part of propylene oxide
were used. As an extractive distillation column, a trays type
column was used, and the operation was carried out under

conditions of a bottom temperature of 103 °C, a overhead

temperature of 85°C and a overhead pressure of 220 kPa. Water
was added to a distillate discharged from the overhead of the
extractive distillation column to carry out an oil-water

separation operation, an oil layer separated was recycled to
the extractive distillation column, on the other hand, an

aqueous layer separated was removed outside the system. The
amount of water added was 0.06 parts by weight. A concentration
of methyl formate in the agueous layer separated was 750 ppm

by weight. As a bottom liquid of the extractive distillation
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5 propyl ene oxide in the agueous |layer to the
extractant side, and then recycling this to the
extractive distillation colum. EXAMPLE Next, the
present invention will be dagcribed by Exanples. 10
Exanpl e 1 Propyl ene oxi de obtai ned by reacting cunene
hydr operoxide wth propylene in the presence of a
titaniun}containing silicon oxide catal yst was used.

cqiyi o By RSa o deta Bif, BE B LS S f L, By BRERA brohaving
e B S50 T PB4 s
TI@BBtQE.nQ&Q:MeQ{‘Qi&ﬁ'lﬁewaﬁh%t%‘%dsulg?eéﬂegw @EH:Y@lat ion

distillation colum, a trays type colum was used,

tAEgd1R Pl -ald Pranes &id pEshPLénsd NeRide CRAVLAG0A Sméf:hyl
a bottomtenperature of 103 C, a overhead 20

f cremtey atanrcemfra8Siomnaf a5 qwen Hepdvetglsture of 220 kPa.
Water was added to a distillate discharged fromthe

Exgmplleedd of the extractive distillation col urm to

carry out an oil-water 2 separati on operatian, il
| 28R19 HpAhERYERES SNIAR CONHAHBING Pack .%vBY weight of

prpaent paihedd (HEY: 28R vk Bt 4R Erkr My tiERHTe ana
a 3HRYAL ROuHELGE AR, BG p@:EESaEXu%éahf:o ApH of 8.2
of nmethy

concentration formate In the aqueous | ayer

byS RR3CAL £ BONGS o F58n ﬂpﬂheﬁb&aﬂ\@' SHhut Hsn adiidamdd @@odppm by
of the extractive distillation 15 colum, a m xed

weliigihti df afie {iph i camea tox iagkd 4n6l %wblyeweaghtmﬁ/ipur@pyalene oxide
nmet hyl formate concentration of 1 f pm by ME|8 was
a

(P&t WA gl xed hhegiemditiedn A 168 M1k Skt P} PHesT 3 minutes
fosllicJ &%9 éé)l](.ji Ssttlal.rl fo{é)ri]:o subject to oil-water separation.

Amounts of propylene glycol and methyl formate in the oil layer
and the aqueous layer were shown in Table 1. Besides, propylene
glycol increased by hydration of propylene oxide is calculated

as a loss of propylene oxide.



to separate n-heptane, and propyl ene oxi de having a

methyl 5 formate concentration of 5 ppm by wei ght.

Exanple 2 20 g of an aqueous solution containing 5.3 %

by wei ght of propyl ene egg@I (PG , 420 ppm by

wei ght of nethyl formate an a smal|l anmount of an

organic acid, was adjusted to a pH of 8.2 10 by

Na2CO3, 30 g of an n-heptane sol ution containing 480
Td% m by weight of nethyl formate and 4.6 % by wei ght

V| ene r\V| rh: /Df'\\ Was m vad. t he A& 150

it h
LA L I ] LI | LT
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fl
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H T \ / VAT LRLLEFANMYA". | T
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J
n1 k at 27 C for 3 mnutes f0||3ﬁ§QmB!esbi|Example 3

—standi-hg—to—stbject—to—ottwater—separat-on—AroUhtS
p}pfoﬂordzﬁgm ngyét,pl and methyl fornate irgthe oi 8.8

Fayer 15 —and the—aqueous tayer were showr T Tatpte—1:
RaResiatea;igdx opyl ene gl ycol increasedf by hydration of

propyl ene oxide is calculated as a |oss of propyl ene
PGoXimi®1)16 Table 1 Exanple 2 Exanplel3 pBl.8f aqueods.?

| ayer 8.2 8.8 Raw material PG (mmol) 13.9 13.9
Meabiy |£ oraat e(nplrﬁﬂd) 0.38 0.38 After sPiBB standi fg38

oi | layer) PG (| 8 0.00 0.00 Methyl formate|(mmol)
Affeds shigel ‘standting i (9ikika¥enY (aqueous | ayer) |PG
PG(Tm%Qh)14'5 15.4 WMethyl formate (mmpl) 8- 88 0. 00 0.00

Methyl formate {mmol) 0.03 0.01

After still standing (aqueous layer)
PG (mmol) 14.5 15.4

Methyl formate (mmol) 0.00 0.00

After still standing (total)

PG (mmol) 14.5 15.4
Methyl formate (mmol) 0.03 0.01
PO loss (%) 2.5 6.3
Residual Ratio of methyl formate in oil 7.9 2.6
layer (%) ‘

Example 3

Example 2 was carried out except that the pH of the aqueous

solution was changed to 8.8. Results are shown in Table 1.

Comparative Example 1
Example 2 was carried out except that the pH of the aqueous

solution was changed to 6.2. Results are shown in Table 2.
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After still standing (total) PG (mml) 14.5 15.4
Met hyl formate (mml) 0.03 0.01 POloss (%9 2.5 6.3
Resi dual Ratio of rrethyl formate in oil 7.9 2.6 |ayer
(%9 Exanple 3 Exanple 2 wasjgarried out except that
the pH of the aqueous 5 sol ution was changed to 8. 8.
Results are shown in Table 1. Conparative Exanple 1
Exanple 2 was carried out except that the pH of the
Ta%qlée%us sol ution was changed to 6.2. Results are

howwny i n Tahla 2 10 17 Tahl ’) Conmnar ai-u\u:
s - \J = = § TUN

\JTIUVVII T rctioT— O O SoUrTpaTrattTyv

Conparative Exanple 1 Exanple 2 m%f scgjlﬁygfative
6.2 3.3 Raw material PG (mmol) 13.9 13.9 I\/Et yl

formate (mmol) 0.38 0.38 After stiBdanfilandi ng ](:;%xhple 2

trayer)y— PG (tmot)—0-00 0. 00 Methyl formate (mmpt)—0-09
pHO o7 agifeictrs sltaydr st andi ng (aqueous | ayer) PG |(mol 3.3

149 2277 "Nethyl tormate (nmol) 0.2Z24 0. 19
Raw material

PG (mmol) 13.9 13.9

Methyl formate (mmol) 0.38 0.38

After still standing (o0il layer)
PG (mmol) 0.00 0.00

Methyl formate {(mmol) 0.09 0.07

After still standing (aquecus layer)
PG {mmol) 14.9 22.7

Methyl formate (mmol) 0.24 0.19

After still standing (total)

PG (mmol) 14.9 22.7
Methyl formate (mmol) 0.33 0.26
PO loss (%) 4.2 37
Residual Ratio of methyl formate in 24 18

oil layer (%)

Comparative Example 2
Example 2 was carried out except that the pH was 3.3 without

pH adjustment. Results are shown in Table 2.

INDUSTRIAL APPLICABILITY
According to the present invention, there can be provided,
in a method feor purifying propylene oxide containing methyl

formate as an impurity, a method for purifying propylene oxide




After still standing (total) PG (mmol) 14.9 22.7

Met hyl formate (mmol) 0.33 0.26 PO loss ($) 4.2 37
Resi dual Ratio of nethyl formate in 24 18 oil |ayer
(%9 Conparative Exanple 2 nple 2 was carried out
except that the pHwas 3.3 wthout 5 pH adjustnent.
Results are shown in Table 2. | NDUSTRI AL APPLI CABI LI TY
According to the present invention, there can be

AR et B S P e

| r
o} ARl o MeihofY Ml prf?,%fﬁ%ae%&ga@”r@%@%eﬂ?
e RN 1§ R IGANGRN AR | 1 EIhdPn & bﬂormate as an
efficiently separating and renovi ng formate as

inmpuwriturity. 5 19 CLAIMS 1. A nethod of puri fying
propyl ene oxi de, which conprises the follow ng steps:
5 (1) subjecting propyl ene oxide containing mnethyl
formate as an inpurity to extractive distillation
using a hydrocarbon of 7 to 10 carbon atons as an
extractant with an extractive distillation colum,
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(2) adding water to the distillate fromthe overhead
of the 10 extractive distillation colum followed by
separating into an oil layer and an aqueous | ayer,
(3) recycling the oil layer 0 the extractive
distillation colum, (4) reioving the aqueous | ayer
outside the system and 15 (5) obtaining propyl ene
oxide in which a nmethyl fornate concentration is
reduced, as a botton1|iquidcﬁé ﬁ%e extractive
distillation colum. 2. The®hetHdd according to claim
1, wherein the propyl ene oxide subjected to the
purification is propyl ene oxide obtained 20 by

Feact A Ngs AR HE P rn@“p%p?‘ltelﬂepbﬁﬁﬁleenﬁhiehtE@mprises
presence of an époxi dation cafalyst. 3. fhe method

thaC Foldiowd.nlgo stledisn 1, wherein the extractant is an
al i phatic hydrocarbon having 7 to 10 carbon atons. 4.
Théldesubjeatingdpngpybenkaoride obeteiningemethyl formate
extractant 25 is n-heptane. 5. The nethod according

ast gnalpel oY 9 g¥grer tiye disfdldat Lagoginged hydrocarbon
separat.i n | ene oxide by distilli t he bottom

o n
of] g dod 10t CARDOBXALRTS S AR (ST IEAG I T, aBeXEractive

di}@ig Eg%% %%&%%g'ng_to anyone of clainms 1 to 5,
urther -conprises ‘adjusting a pH of the aqueous | ayer

Copg i ddithg WaRRY £85I IS tiaMMEd £PUhSENE dVirai 8F the
to 7 to 9 followed by contacting the aqueous | ayer

extichid tavecdi 5821 Batioh SoDSRAURSIL] MWwsSE A dkbipadating ARto an
oil layer and an aqueous |ayer, and supplying the oi
ollagjeretro aad ent ageieions diaytad. ation

(3) recycling the 0il layer to the extractive distillation
column,

(4) removing the aqueous layer outside the system, and

(5) obtaining propylene oxide in which a methyl formate
concentration is reduced, as a bottom liquid of the extractive
distillation column.

2. The method according to claim 1, wherein the propylene
oxide subjected to the purification is propylene oxide obtained
by reacting cumene hydroperoxide with propylene in the presence
of an epoxidation catalyst.

3. The method according to claim 1, wherein the extractant
is an aliphatic hydrocarbon having 7 to 10 carbon atoms.

4. The method according to claim 3, wherein the extractant
is n-heptane.

5. The method according to anyone of claims 1 to 4, further

comprises separating propylene oxide by distilling the bottom

liquid of the extractive distillation column.
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colum. 7. The nethod according to claim®6, wherein
the extractant to be contacted with the aqueous | ayer
is a hydrocarbon having 10 3 to 10 carbon atons. 8.
The method according to clapm 7, wherein the
extractant to be contacted with the aqueous |ayer is
a hydrocarbon having 7 to 10 carbon atons. 9. The

nmet hod according to claim?7, mherein t he extractant

ex?rgﬁ? gri% usedasfé%rraghl Yg%%nﬁid t@# ?E%@%f&ﬂ%ﬂ aflléjf‘ther
cotp®ikRE SATFuIVHGCA AN of the aqueous layer containing
propylene oxide removed outside the system to 7 to 9 followed
by contacting the agqueous layer with an extractant,
subsequently separating into an oil layer and an aqueous layer,
and supplying the oil layer to an extractive distillation
column.

7. The method according to claim 6, wherein the extractant
to be contacted with the agueous layer is a hydrocarbon having
3 to 10 carbon atoms.

8. The method according to claim 7, wherein the extractant
to be contacted with the aqueous layer is a hydrocarbon having
7 to 10 carbon atoms.

9. The method according to claim 7, wherein the extractant

used for the extractive distillation and the extractant used

for contacting with the aqueous layer are the same hydrocarbon.



