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A process for the removal of (cyclo)aliphatic hexene and hexadwne isomers from allyl chloride, characterized by a chlorination step
which is performed in the liquid phase. .




di chl orohydrin, and they are carried on to the effluent of the

epi chl orohydrin plant. Since these chlorinated organic by-products are
toxic, their concentration in the waste water shoul d be reduced as nuch as
possi bl e before the waste water is passed to receiving 25 bodi es such
as rivers and | akes. Since the renoval of the chlorinated organic

by- products fromthe epichl orohydrin plant effluent by conventional

met hods, such as fractional distillation, is very expensive, there exists a
need for an alternative nethod for reducing their |evel. -2- The present
applicant's EP-A-0 359 331 is directed to a nmethod of reducing the | evel of"
chl orinated organic by-products in the above-described reaction effluent by
extracting the adqueous product of the reaction of allyl chloride with water
and chlorine, with a 5 wat er -i nmi sci bl e sol vent. having an -
atnDspherlc boiling point of from40 [err]Cto 105 [err]C The present
applicant's EP-A-0 537 846 discloses a simlar nethod wherein the _
extracting water-inmscible solvent is 1,2,3-trichloropropane. In the
present- applicant's WO- 94/ 13611 a different approach to '
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10 reducing the level of chlorinated organic by-products in the
-above- described reaction effluent is presented. Therein it i-s disclosed,

that the akpyoepgagesi rable chlorinated organi c by-products arcrEmsoto
chl oroal i phatic ethers having 9 and 12 carbon atons (C[err] and Cl2), the

|l evel of the (Jerr] chloroaliphatic ethers being much |ower, 15 - and
that their source in the allyl chloride feed is mainly hexadi enes (i.e
Clerr]H err] isoners, in particular 1, 5~ Hexadi ene, 1,4- hexadi ene and

2-met hyl - 1, 4- pent adi ene), which are by-products of the high tenperature
chlorlnatlon of propene to allyl chloride. Wen present in.the allyl
chloride feed to the above-described reaction 20 ' wth water and
chlorine to.form dichl or ohydrFVRIFXREEN RERIHYENGEHEORIRE react with chlorine,
wat er and di chlorohydrin to formthe chloroallphatlc ethers found in the
reaction effluenéhaThe comrerci al all chl oride used for the production of

di chl or ohydrin tprleéﬁgtt igyentigp %er}ﬁf"és FRdROREES TSRS af He YAs 25
an inpurity (cbléximie' sy enyed10pa atbiraanf uhﬂfhﬁbﬂltﬁy-p%&st ry, ibid.). In

order to reach t f | crude gl i de as roduced
by the chlori nat F%fyl %g%%gdgnleyanﬁ'g%% gle e BRTRT g %%55? r]‘f‘gi’ "8?5"?‘56? Uty
chl ori de Fﬂl1§hl¢{ﬂ¢99¥°ﬂan§ proasher IFpadintisesis iin chom\pentuaniahlof purified.

The pgrifi Caﬁh@lﬁdéhﬁ?ﬂ%r avjzrliﬁhpt?errt‘noféMS by %Qe isomers q' §téick’li1$£ QQ. in-at
| east two ste erein ﬂ%g&t and eavg_en S respectively are renove ed.

hbrrnally, gggqyyafnggp d?é*ﬂgh}gfo- hydroxypropane, generally by

reacting an allyl chloride feed with water and chlorine in a dilute
aqueous phase. The main use of dichloréhydrin‘is for preparing
epichlorohydrin (1,2-epoxy-3-chloropropane), generally by -

10- dehydrochlorination in the presence of a base. These reactions may
be carried out batchwise, semi-continuously or continuously. Other
uses of allyl chloride are for the production of esters, allyl
ethers and allyl amines (Ullman's Encyclopaedia of Industrial
Chemistry, S5th Edition, vol. A 1985 page 431).

15 It is known, that the voluminous aqueous effluent emerging from
the epichlorchydrin production plant can contain appreciable amounts
of other chlorinated organic compounds (Extréctable Organic
Chlorine, EOCl, up to about 160 mg Cl/l). These chlorinated organic
by-products are mainly chléroaliphatic ethers and chloroaliphatic

20 alkanes. They are already present in the conventionally-prepared
dichlorohydrin, and they are carried on to the effluent of the
épichlorohydrih plant. Since these chlorinated organic by-products
.are toxic, their concentration in the waste water should be reduced
as much as possible before the waste water is passed to receiving

25 bodies such as rivers and lakes. Since the removal of the
chlorinated organic by-products from the epichlorohydrin plant
effluent by conventional metheds, such as fractional distillation,
is very ekpensive, there exists a need fbr an alternative method for

reducing their level.



still present in the purified aIIyI chloride used for the production of

di chl orohydrin. In WO 94/1 i s_disclosed that mheg an allyl chloride
feed cont &, £5S than 0 hexa6+'ne is used 35

wat er and Jﬁ?orlne for th o] ds cljl or ohydrin, tFFCTmmm#QMﬂoroduct
contains much | ess of thel ated organi c by-products,

whi ch substantially reduces the costs of p fying the aqueous effl uent

| eavi ng the plant. ‘WO 94/ 1316 proceeds %O'dlsclose several nethods for

renmoving 5 The S@e%&%ﬁiﬁﬁ?ﬁ o réimxlé‘%s@' :JJ if hclz.(}recgeed fteed nreg{x c} he:
dlchlorohydrlncfroductlon with a viewto reducing t oducton’of said

undesi red &l BYUTARE RS HEHSE cObyPhpPDdaEES . °r@h@°opym@§ecmtxnow i nvol ves
the hydr oclbevé-aasésibeaf réa!&elhemdlmesbpre&semuha érhaea é&i@ @Md}él:b chloride
feed, with :_f'c%]he regé@.oggoed aC e.l. %L orllaewgfth?-ﬁégﬁfggg? I‘Fdxlﬁfﬂ’q’ﬁ' wiﬂ)( IXD Lerrl,

to nmonochl Or ohex&nes an oronexan

at mdspher i ¥aperdomigcibdé etdieemmmeciﬂqaaormenmemndbdmhb Cp’oﬁ.h&kﬂ?}ﬁﬁozbel ng i R
the ranges sgfecld0-bd0ed.chtd GopRchel Z06220nl &Y LG 12302 Lhey are muc
easier to separate fromth Qr 5!4:1-' % E § oﬂntgizl%dl 2770 than
are the |1egéfﬁ%a§e§e§h@6|thﬁgzn the extractlng water-lmmlsczble solvent is

1,2,3-trichloropropane.

In the present applicantfs W0-94/1316 a different approach to
10 reducing the level of chlorinated organic by-products in the above-
described reaction effluent is presented. Therein it is disclosed,
that the above-uﬁdesirable chlorinated organic by~products are '
mainly chloroaliphétic ethers having 9 and 12 carbon atoms (Cg and
C12), the level of the Cjg5 chlorocaliphatic ethers being much lower,
15 and that their source in the allyl chloride feed is mainly
hexadienes (i e. CgHyg isomers, in particular 1, 5-hexadiene, 1,4-
hexadzene and 2-methyl-1,4-pentadiene), which are by-products of the
high temperature chlorination of propene to allyl chloride. When
preseﬁt in the allyl chloride feed to the above-described reaction
20 with water and chlorine to form dichlorohydrin, these hexadienes
also react with chlorine, water and dichlorohydrin to form the
chloroallphatzc ethers found in the reactlon effluent.
The commercial allyl chloride used for the production of
dichlorohydrin is at least 97.5 wt% pure and contains hexadiene as
25 an impurity (Ullman's EncYclopaédia of Industrial Chemistry, ibid.).
In order to reﬁch this degree of purity, the crude allyl chloride as
produced by the chlorination of propene and which contains about 75-
80% of éllyl-chlorideiflus liéhter and heavier impurities, is’
qonventionally purified. The purification is generally §erformed by -
30 distillation, in at least two éteps, wherein light and heavy ends
respectively are removed. Normally, 0.3-1.0 wt% of hexadiene is
still present in the purified allyl chloride used for the production
of dichlorohydrin. In WO-94/1316 it is disclosed that when an allyl
chloride feed containing less than 0.30 wt% of hexadiene is used

35 with water and chlorine for the production of dichlorohydrin, the
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35 point 55-65 [err]C). Al though WO 94/13611 shows the
hydrochl ori nation treatnment to be very effective i n sel ectively converting
f o nonochl fpéesssres and di ch exanes JLas 98% of PCE/EPRMERYI0ENES

present in the allyl chloridellf 82§, O"l“-rF "i"act*rc'ﬁ hi's method has the
drawbacks that 20 the ¢at al VEFP eilis e ensive and that it has to
be separated fromthe reaction product. Al so, conversion of the hexadi enes
in the allyl chloride to products which Are even heavier than are the
nmonochl or oheeeraest a:adtahxﬁhi“wmhlee@alaesm&ouhdesbeam eﬂmmﬁeeﬂe%&ﬁc this
conver si on [ tiVv the hexadi ene,. w

undul y affer(ﬁwl EQd.{a;%E’Hy{i, F’E %ﬁoir:alm datty gFgue efhghecrcﬁ%le a|tf|‘§/‘fnéﬁ’r’&% B2 al so
cont ai ns as wﬂﬁ\l%(ﬁié%%entl he%mtqh@npl@tt he hexadi enes, smaller anmounts of
other aliphatic wndasfiileOgidcabasd ics 5@&@9& %@demxage&&@ O PBhSyingUCh as

normgl hexenes, nethyl pentenes, nethyl cycl opentenes and
net H?ﬂ cycl opRift a‘arfa&%egesaﬁams&he allYlt?fés?é’-%ﬁ deed Forchhe piehlonokysirine

convent i Ona|1$:36dﬁd:l&’iloi1l, el tal JaWieﬁh&d)ﬁ:ledﬁnnIh&enBHBdceY&d QBEsHiANEnddERYEd L i €S,
when present, . were e converted n the gp or O’a{‘[\;’d“ n pr oducti on

process to epoxyhetn I%f@f‘g NTRFPSRht ORe 9% thss Eﬁ{}‘ﬁdﬁ SHEYS &Bfe
anounts, commir_atl:l'ilem-namnfqﬁ ttherheprdicaesi pxpseht tinetigpicetdeomabydri n. -

chloride feed, with HCl in the presence of a lLewis acid such as

10 MoClg, to monochlorohexenes and dichlorohexanes. The boiling points,
at atmospheric pressure, of the monochlorohexenes and .
dichlorchexanes being in the ranges of 110-140 °C and 170-220 °C
respectively, they are much easier to separate from the allyl
chloride (boiling point 45 °C) than are the hexadienes (beoiling

15 point 55-65 °C). ' _

Although WO-94/1316 shows the hydrochlorination treatment to be
very effective in selectively converting to monochlorohexenes and
dichlorohexanes as much as 98% of the hexadienes present in the
allyl'chloride feed, in practice this method has the drawbacks that

20 the catalyst used is expensive and that it has to be separated from
the reaction product. Also, conversion of the hexadienes in the |

.allyl chloride to products which are even heavier than are the |
monochlorohexenes and dichlorchexanes would be welcome. Of course,
this conversion has to remain selective to the hexadiene, without

25 unduly affecting the allyl chloride itself.

The crude allyl chloride also contains as by-products, in
addition to the hexadienes, smaller amounts of other aliphatic and
cycloaliphatic hexene and hexadiene isomers, such as normal hexenes,
methylpentenes, methylcyclopentenes and methylcyclopentadienes and

30 these are also carried on to the conventionally purified ailyl

| chloride. The methylcyclppentene impurities, when present, were
found to be converted in the epichlorohydrin production process to
epoxymethflcyclopentanes which, if present in appreciable amounts,

could affect the further processing of the epichlorohydrin.

e
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-4- In US-A 3,914, 167 there is disclosed a process_fok maki ng
cis-1,3-dichl oropropene fromthe still-bottons fromthe production of aIIyI

chlorlde ess conprising a step of selectively hal og
5 %n 3 T TomE t%ﬁ&ﬁ?errent al

corrponents of —= y reaction w
.chlori ne or brom ne.  Since ch nore reactive to chlorine

than is dichl oropropene, a I nati ng hexadi enes in the-

presence of an excess of allyl chi orl.dé "cOuId not be predicted 10 from
this docunent. kt K@%Q@‘M&ﬁe{bu&eu&@é @ﬁé hLQleQ%Qd'a%”ﬁ&% as the
met hyl cycl o ent enes. and the ot her | phatic and cycl oa atic exene and
hexadi ene i gﬁﬂﬁfﬂ'gy ﬁ‘°é’§§?ﬁnelsna’tdnéhﬁ r‘if&é‘aﬁll"ﬂ‘a‘b‘rﬁ B'P‘i‘ d'@cb?ﬁi-lphatlhfe

convent i Onahé:v;Ené5and hexiﬂﬂehélﬁﬂm&ki YresddtOhhOehe Gaiued 1B %ﬁié:\i@EYar@nd
efficiently,r

hase. I 1 i oa petefobadly M RO RN R, R B el
di chl or ohexanre effigiently xehbvrh hexehiesinatios hwizhemdieaul & cabékinbysireven 20
easier to S@i@ﬁi‘&@;é 595@4.“%@'4& &Jllogf.ﬂﬂﬁog‘aéﬂﬁs ' hexadienes are _
conver;edfto dichlorahexenes and tetrachlorohexanes, which are
heavier and thus even easier to separate from the allyl chloride
mainstream than are the hydrochlorination products mentioned in
10 WO-94/1316. The methylcyclopentenes in turn are converted in this
chlorination step to dichloro methylcyclopentanes, which can also be
easily separated from the allyl chloride mainstream. Surprisingly, ‘
it was found that the chlorination, when performed correctly, is
very selective - in that the allyl chloride itself is not
15 chlorinated to a substantial amount, although it is present in great '
excess to the unsaturated Cg impurities. _
The present invention therefore is directed to a process for
the removal qf-(cyclo)aliphatic hexene and hexadiene isomers from
allYl'chloride, characterized by a chlofination step which is
20 performed'in'the liquid phaSe.
In the chlorination step molecular chlorine, which optionally
can be mixed with an inert gas or Qith an.inert liquid solvent such
"as 1,2,3 trichloropropane or carbon tetrachloride, is contacted in a
reactor with the crude allyl chloride which is kept liquid in the
25 combination of temperature and pressure employed. It is important
that the allyl chloride be kept liquid, since ohly then the
chlorination reaction is sufficiently selective. Gaseous allyl
chloride_reactS';oo'readily-with the chlorine to trichloroprépane,
which is not useful. ' _
30 _ The temperature ﬁherein the chlorination'step acdording to the
invention is performed can be varied within the ranges of from -20
to 120 °C,.preferab1y from 20 to 80 °C, and the pressure is chosen
such aé.to ensure that the allyl chloride is liquid at the

temperature employed.
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Ehan are the hydrochlorination products nentioned in WO 94/13611. The
nmet hyl cycl opentenes in turn are converted in this chlorination step to

gi chl or o newbweey3sk opent anes, which can al so be easily separmﬂpﬁﬁmooh
fromthe all'yl chloride mainstream Surprisingly; it was f_oynd t hat th e
chlorination, when perforned correctly, is very sel ective - in that the ]
allyl chloride itself is not chlorinat ed.to a substantial anount, alt 'Ou'?'h
it is present in great excess to the 30 unsat urated C6 |rrpur|t|es].c e
present inventi ofiht ltotel ameunts ofi cleoreme Ged MRIFOEIRS Thi&FinkhbBEed enoval of

I l'i ph e e romallyl chloride,
gﬁgfag% Zr: gegéétﬁdgﬂéﬁlgotﬁﬁg?ﬁﬁgé :i% %ef%ﬁarl’% égFYWnéoa% ?h MSPecul ar 35
chlorine in PHFSFRRAN Bepregael 5 and 3§, -molnpehmot hoicbmiitiean step nol ecul ar

chl ori ne, \AhK@}tlel)éh@HQhCYhE:?é?xeb%hdlE x@%&g@g%e%glﬁﬁ% y $Ra8le Mot an 1nert
ro
H qUISd sol veg Udseu ﬁlﬁsckillorz.g’e t r}\csubgtantlagly higher concentration of

chlorine than is needed for the optimal chlorination of the hexenes

and hexadienes will tend, after chlorinating all of the impurities,

to proceed and chlorinate the allyl chloride itself.

Crude allyl chloride often also contalns residual propene from

10 which the allyl chloride was made. Since the propene will also

react with chlorine (to dichloropropane) under the reaction

condltlons, and since the direct removal of propene by conventional

separation means such as distillation does not present the same

difficulties as the removal ef hexadienes and methyl cyclopentenes,
15 "~ it is convenient to separate the propene from the crude allyl ' '

chloride before effecting the chlorination step according to the

invention. Therefore, in a preferred embodiment of the present

invention, the chlorination step is performed after the light ends

removal from the crude allyl chloride.
20 : The purification step according to the invention can be

performed batchwise as well as continuously.

' - After the chlorination step according to the invention is

performed, the allyl chloride purification ean be completed by

conventional means, such as dlstxllatlon Therefore, in a preferred
25 embodiment, the present 1nventlon comprises the steps of:

a. distillation of the crude allyl chloride to remove light ends;

b. chlorination in the liquid phase of the (cycIO)aliphatic hexene

and hexadiene isomers present in the crude allyl chloride; and

€. distillation of the crude allyl chloride to remove heavy ends.
30 ) The following Examples will lllustrate the invention.

EXAMPLE 1 .

16.7 g of feed A, laboratory grade allyl chloride containing

'0.36 mol% of 1,5-hexadiene and a total of 0.46 mol% of

(cyclo)aliphatic hexenes and hexadienes in >98 wt% of allyl chloride
35 (Merck, ‘Art. 800257) was placed in a 30 ml glass bottle at 21 °C and



carbon tetrachloride, is contacted in a reactor with the 5 crude allyl
chloride which is kept liquid in the conbination of tenperature and
pressure wigdsyRd: |t is inportant that the allyl chloridepo/ERe§02960 qui d,
since only then the chlorination reaction is sufficiently selective.
Gaseous allyl chloride reacts too readily 10 with the chlorine to
trichloropropane, which is not useful. gThe tenperature wherein the
chlorination step according to the |nvent|on is perforned can be varied

wi t hi n t heaveosghsericf pfesmwre 20 The Ui2Rif oras] &itpred arsaby o fragmetis 20 to

80 [err]G, he r a C t the allyl
chloride i Z@%}ahl d dgg'gfﬁg ag@e%%r%g ?ﬁp?o@%e an?é}sull;@ }Bg}%‘%

PCT/ EP95/ 09%Kf3<e 5-atTRe a6t 8f SRB(FRC of Theh PEPIUSE ‘ﬁPsseén?hrseEih%Y @RBori nation
accordi ng &&&he@ﬁmpma@l sfecREGHEVrab! YrnBeswRan lnabeidtisRIg preferably

betgvaen hexgélene (tongicheoroheané”;n cgg%racﬁaorohexane) and allyl
chloride (to 1,2,3- t;ichlpropropane), after dosing 1 and 2 mole'.
equivalen;s qf.¢h1§rine_bn thé total of (cyclo)aliphatic hexenes and
hexadienes, are presenﬁed in Table 1.
EXAMPLES 2 AﬁD 3 |

10 Feed A was fed c§ntinuously at 400 g/h and 20 °C to the bottom

of a vertically positioned glass pipe reactor (4 mm diameter, 1 m

length). . _ ‘

Chlorine gas was bubbled through the allyl chloride by feeding
‘it continuously, at a rate of 0.92 - 4.70 g/h, amountinq to molar
15 . ratios of_betweeh_Q,G - 2.7 on the total of (cyclo)aliphatic hexenes
and hexadienés, to_thé bottom of the reactor, through a fine nozzle
positioned just.below a glass sinter positioned 3 cm from the bottom
and reaching across the entire cross-section of the reactor.
Réactor pressure below the sinﬁer and at the reactor top was 160 -
20 180 kPa and atmospheric, respectively. Liquid samples were removed
~ from the reactor top and analysed by'gas chroﬁatography for their |
content qf chlorinated products of hexadienes. (dichlorohexenes and
tétrachlqrohexanes,'combined) and allyl chloride (trichloropropane).
_ The overall chlorination results are also presented in Table 1.
25 ' EXAMPLE 4 _ _ L
Similar tb Examples 2 and 3, éxcept that crude '‘allyl chloride
was used, containing 78 wt% of ally1 ch1oride, 0.33 mol% of 1,5-
hexadiene on allyl chloride and a total of 0.45 mol% of
(cyclo)aliphatic hexenes and hexadienes, which feed was first
30 distilled Eo remove ptqpene (Feed B). The overal; chlorination
resu;ts are also presented in Table 1.
EXAMPLE 5 :
Similar to Example 4, except that the allyl chloride content of
the crude product used, also after removing propene, was 80 wt%, the

35 hexadiene content 0.31 mol% and the total (cyclo)aliphatic hexenes

-



(cyclo)aliphatic hexenes and hexadi enes originally present in the 5

crude allyl chloride. A substantially higher concentration of chlorine
-tthan is neecw@d6i03362t he optimal chlorination of the hexenes apdriredsudbsnes
will tend, after chlorinating all of the inpurities, to proceed and
chlorinate the allyl chloride itself. Crude allyl chloride often al so
contains residual propene from 10 _shich'the allyl chloride was nade.
Since the propene will also react with chlorine (to dichloropropane) under
t he reacti on 2R8mMA%EALIRes eenFest od4tmad 8dil Fexct CF entual ovekalll RRESE nBYion
conventi onal reewRisabhi®A1LE sSMGR- Leliq | aL1,Qn_does pnot present the _
same diffi culbt%‘es as_the r?rr%\/al_ ofﬁﬁgggg% éﬁegsgcglﬁmn%ﬁehy&ecyﬁf‘g'ﬁéﬁtene_s, 15
it is conveni@ht*To°8 s Bexaditne SPoYRstedf (tondidhdocehedenaldndl chl ori de

bef ore ef f ecttiettpchheratekand)nas i ditasip iacr@ndi g to the invention. -
Therekore, inpgameEerred embodi ment of - the present invention, the
chlorinationTstep ts perforned after the |ight ends renoval fromthe crude
allyl chloride. Feed C (as in Exarphe Puwaf ifedt cantifibdlfz12C0udb Ngynt 0o ke

i nvention caBob€md8EfDHERE LSE | |,as. continuously. After the
chlorination step accor g?%géa?y?%%%ﬁ?\?%ﬁrggﬁlipslpﬁef?ac?fﬁ‘éd‘,‘i‘f‘rfg“ al lyl
chloride pur PFiREfEFont BateisébtoFblerise v3s wemVAmtt Fontdnuomdlysto aheh as

di stillationbofivar 6f aine, rddttdr RHEbESH QULAR nozzle, STROHLIENL.fhe,Hy gseNt
! nveq{,I on Coggréh%eéoéaqeo§t(et.gglg)fa:.'l.iphatic hexenes and hexadienes. R
: . Reactor
temperature was controlied with an oil jacket. Reactor pressure was
controlled with a back-pressure regulator in the reactor exit.
Liquid samples were removed and analysed by gas chromatograpﬁy. The
overall chlorination results at different temperatures are presented
15 in Table 3. | : ' ]
From Examples 1-5 it appears, that the chlorination réaction is
selective up to the point that almost.all of the hexadiene is

chlorinated.

_ Example 6 shows the effectivity of the'chlorination ét higher
20 ' temperatures. '



a. distillation of the crude allyl chloride to renove |ight ends; b.
chlorination in the liquid phase of the (cyclo)aliphatic hexene and

hexadi ene we 93382 present in the crude allyl chloride; and RCI/EP95/02900
distillation of the crude allyl chloride to renove heavy ends. 30 -

The follow ng Exanples will illustrate the invention. EXAMPLE 1 16.7 g of
feed A, |aboratory grade allyl chloridegcontaining 0.36 nol % of

-1, 5-hexadi ene and a total of 0.46 nol % of (cyclo)aliphatic hexenes and
hexadi enes in >98 w % of allyl chl oriTA8LBSL (Merck, Art. 800257) was
placed in a 30 m glass hottlf dhiddnCeAidin eAMDRE 93562 |

PCT/ EP95/ 02900 -6- atnospheric pressure. The liquid was agitated using a

magneti c stitrer Chlorine . gas was-—dosed. via a pipe under the liguid

surface, afeanpéd WedS [MapisEmme dbsedhr oduct Wam1enaiyEathtey gas
chr omat ogrfaphy/ masgs spedqtr try. The overal | "chlTorination of 5
hexadi ene (1% di cHl orohe%‘@gzg?fn%ei‘%’ﬁsaﬁr P61 BHELARRY  and °d PYAYIchl oride (to
1,2, 3-trichl oroprdpane),| mkbtéiendesi ng 1}land 2 nol e equi whlleaide of chl ori ne
on the totgl of1 (dycl 9,) al i phat i cl.g_ex_enes_ and 66.0 0.09
2.0 97.0 0.27
2 A 0.6 6.2 0.16
0.9 35.0 0.21
1.6 78.0 0.25
. 2.7 196.4 0.49 _
3 A 1.0 47.3 0.16
1.4 75.1 © 0.20 .
1.6 84.0 0.24
1.7 94.7 0.26
1.9 94.9 0.31
2.7 98.9 0.61
4 B 1.2 36.9 0.10
1.5 . 58.5 0.11
1.7 71.3 0.12
2.1 79.4 0.13
2.2 86.9 0.14
2.7 96.0° 0.17
3.4 99..0 0.26
5 c 1.4 50.1 0.09
1.5 50.2 0.13
1.7 70.3 0.11
2.2 87.5 0.13
2.7 96.3 ©0.17
3.3 99.9 ' 0.28

v



hexadi enes, are presented in Table 1. EXAMPLES 2 AND 3 10 Feed
A was fed continuously at 400 g/h and 20 [err]Cto the bottomof a
vertically \td.0ned gl ass pipe reactor (4 nmdianeter, 1 '

Chl ori ne gaﬁ%ids Ubbl ed through the allyl chloride by feedr]r'?lgc%#t%m”"“
continuously, at a rate of 0.92 - 4.70 g/h, -amounting to nolar 15

rati os of between 0.6 - 2.7 on the total of (cyclo)aliphatic hexenes and
hexadi enes, to the bottomof the reactof,’> fhrough a fine nozzl e positioned
just below a glass sinter positioned 3pgafef $om t he bottom and reaching
across the entire cross-sgcti on of the reactor. Reactor pressure bel ow the
sinter and at the reactor P8 G PIRYct bylance of Exgwlepa and at mospheric,
respectivel Ligquid sanples were renoved fromthe reactor top and
anal ysed by - graphy tor.their content of CRHToOrinated pr cts of
hexadi enes - gﬁﬁoﬁlqgég{\%%gnes and;t% Pac JInca)"fio eéS?g 8% 1B RfASEHEY) 28nd

iC al [yl
chloride (t 'Pﬂﬂ“ﬁidﬁﬂ”@ﬁaﬁe). Jhe overall chlorination results are al $0
- present ed i paddbeRadiendd hexad@WWPLE 4 ghyd, Lar Eég les 2 and B,
except that|crude allyl chlgride was used,1 cont ai ntlte(r?ié rg%E%.of‘“éﬂ y

chloride, O}33—+e+9%-o6f—1-5.lhRghanaed) oy hexang chlhexame and a total pf 0.45

-mol % of (cyglo)aliphafi E hexenes gng helxadi 2655, [Whi chyfged S 9f9i_5s
1.5 49.8 4.1 3.3 97.2
1.7 _29.7 62.0 6.6 98.3
2.2 12.5 70.4 13.6 96.5
2.7 3.7 69.4 24.1 97.2 -
3.3 0.1 47.7 46.0. 93.8
TABLE 3

Overall chlorination in Example 6

Temperature Outlet mols chlorinéted
(*c) Pressure | of hexadiene. of allyi chloride
_(kPa) |
40 100 96 : 0;20
50 150 94 0.19
60 200 92 0.20
70 250 : 92 0.22
80 1 300 _ 89 0.24



30

except th@igdef8sed! | y! chioride content ..of t..
after renovi ng propene, was € - ¥

nol % and t

PCT/ EP95/ 02900 -7- and hexad]

chlorinati

distilled to renove propene (Feed B). The overall chlorination
results are also presented in Table 1. EXAMPLE 5 Simlar to Exanple 4,

he total (cyclo)all WD 96/ 03362

on results are al pr esent ed

products bal ance of the hexadi ene converted (to di chMm
ohexane) is detailed in Table 2. 5 E,"E

tetrachl or
Exanpl e 5)

posi tioned steel pipe reactor (4.4

was fed continuously at 4ﬁ0 q{h to the bott 6m bf ta Wersic

=crude producPCTEPYS/02900 0
hexadi ene content 0.31

=NE. 32
LE -: 22= ol % Q. The overaH
in Table 1. Furthernore,

*j in

1T mlength). Chlorine gas

was fed continuously to the bottom of the reactor through a fine nozzle, at

a ol ar rat I 0 Rf ?goésg’ofor :the L‘QHO\;ﬂeOE O{C?Cf-?) a&g%ﬁ/%éﬁ.%) RL* Qagncp hexenes and

hexadlenes

"React or tenperature was con

pressure waexadiene isomers from allyl chloride, characterized by a

10

chlorination step which ié performed in thé'liquid phase.

2. A process according to c;aim 1, characterized in that the
chlorination is performed by feeding gaseous chlorine, optionally
mixed with an inert gaé, or chloriﬁe dissolved in an inert liquid..
3. A process according to claim 1 or 2, characterized in that the
chlorination is perforﬁed at a temperature of Between ~20 and 120 °c
and at a pressure which is sufficiént to ensure tﬁat the allyl-

chloride is liquid at the temperature employed.

4. A process according to claim 3, characterized in that the

15

20

25

chlorination is performed at a temperaturé of between 20 and 80 °C.
5. A process according to any one of claims 1l to 4, characterized
in that the amount of chlorine used in the chlorlnation is between 1
and 5 mol per mol of combined (cyclo)allphatic hexenes and
hexadienes originaily present in the crude éllgl chloride.

6. A procéss according to claim 5, characterized in that the
amount of chlorine used is between 1.5 and 3.5 mol per mol of
combined (cyclo)aliphatic hexenes and hexadienes 6riginally present
in the crude allyl chloride.

7.. A process aqcording to any one of claims 1-6, comprising the
steps of: '.

a. distillation of the crude allyl chloride to remove light ends;
b. _ chlorination in the liquid phase of the (cyclo)aliphatic hexene
and hexadiene isomers present in the crude allyl chioride;

c. distillation of the crude allyl chloride.to remove heavy ends..

| acket. Reactor

This Spee i

Wi
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oht 1 led with a back-pressure regulator in the reactor exit. Liquid
ggﬁ;{g; 3ere renoved ang anal ysed by gas chromat ography. The overall
chlorination results at different tenperatures are presented 15 . n
Table 3. From Exanples 1-5 it appears, that the chlorination reaction |sd
sel ective up to the point that alnost all of the hexadiene is chlorinated.
Exanpl e 6 shows the effectivity of the chloriznati on at hi gher 20

tenperatures. - ,

' PCT EPO5/ 02900 - 8- TABL% §§%}‘ PRRYLCaRS '§r FRAP 0359 A3 b Eacted staramshed
‘Feed Chl ori ne 865"@&“‘:1“9 the level ofp¢Rkog hatrednat gachi Blby-products in the

‘mol / ol hexenes %ox@id&'@&&ﬂé@&%a%uon e££1QEn2k E,YL%%aS I FUES aqueous BroRcs o

chloride 1
|97. 0 _ ofa‘d:.h§7re2ctlon ofpallyl chloride yigh water and chloriné, ith a
0. 16 5 - water-immiscible solvent having an atmospheric boiling point of from

40 °C to 105 °C. The present applicant's EP-AQb_SB? 846 discloses a
similar method wherein the extracting water-immiscible solvent is
1,2;3-trichloropropane.
3¢t ..
In the present applicant's WO-94/13%% a different approach to

10 reducing the level of chlorinated organic by-products in the above-

described reaction effluent is presented. Therein it is disclosed,
that the above undesirable chlorinated organic by-products are
mainly chloroaliphatic ethers having 9 and 12 carbon atoms (Cg and -~
Ci2), the level of the Ci15 chloroaliphatic ethers being much lower,
15 and that their source in the allyl chloride feed is mainly “ ’
heXadienes (i.e. cG“lO isomers, in particﬁlar 1l,5-hexadiene, 1,4-

. hexadiene and 2—methyl;1,4—pentadiene), which are by-products of the
high temperature chlorination of propene to allyl chloride. When
present in the.allyl chioride feed to the above-described reaction

20 with water and chlorine to form dichlorohydrin, these hexadienes
also react with chlorine, water and dichlorohydfin to form the
chloroaliphatic ethers found in the reaction effluent.

The commercial allyl chlorlde used for the production of
dlchlorohydrln is at least 97.5 wt% pure and contains hexadiene as

25 an impurity (Ullman's Encyclopaedia of Industrial Chemistry, ibid.).
In order to reach this degree of purity, the crude allyl chloride as
produced by the chlorination of propene and which contains about 75—
80% of allyl chloride plus lighter and heavier impurities, is

:conventzonally purified. The purification is generally performed By

30 distillation, in at least two steps, wherein light and heévy ends
respectively aie removed. Normally, 0.3-1.0 wt$% of hexadiene is
still present in the purified allyl chloride used for the productibn
of dichlorohydrin, In WO-94/1316 it is disclosed that when an allyl
chloride feed contalnlng less than 0.30 wt% of hexadiene is used

35 with water and chlorine for the production of dichlorohydrin, the
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35.0 0.21 1.6 78.0
. 96. 4 0.49 3 A 1.0
0.16 1.4 ' : 75.1 0.20 1.6
0.24 1.7 ' 94. 7 0.26 1.9
0.31 2.7 098.9 0.61 4 B
36.9 0.10 1-3 - 585 :

product Z;négxns much less ofg%hf4pife71rable chlor;natg?GOEFanlc

by—produggs,(yhlch substantigllyfréduces theCcosts of purifyfing the

o 0.13 1.7
aquéoud¥O eftluent leaving the 5¥gng 0.13 2.7

()W%79é?1§16 proceeds to dlgglgfe several method@lﬁgg removing
the hexadienes from the allyl chloride feed for the dichlorohydrin

production, with a view to reducing the produEtion of said undesired
chlorinated organic by-products. One of thgse methods involves the
hydrochlorination of the hexadienes present in the crude allyl
chloride feed, with HCl in the presence of a Lewis acid such as
yocls, to monochlorohexenes and dichlorohexanes. The boiling points,
at atmospheric pressure, of the monochlorohexenes and _
dichlorohexanes being in the ranges of 110-140 °C and 170-220 °C
'respectively, they are much easier to separate from the allyl
chloride (boiling point 45 °C) than are the hexadienes {boiling
.poinp 55-65 °c). 13gy : ]

Although WO-94/121T6 shows the hydrochlorination-t;eatment to be
very effective in selectively converting to monochlorchexenes and
dichlorohexanes as much as 98% of the hexadienes pfesent in the
allyl ch;oride feed, in practicé this method has the drawbacks that
the catalyst used is expensive and that it has to be separated from
the reaction product. Also, conversion of the hexadienes in the
allyl chloride to products which are even heavier than are the
monochlorohexenes and dichlorohexanes would be welcome. Of course,
this conversion has to remain selective to the hexadiene, without
unduly affecting the allyl chloride itself.

The crude allyl chloride also contains as by-products, in
addition to the hexadienes, smaller amounts of other aliphatic and
cycloaliphatic hexene and hexadiene isomers, such as normal hexenes,
methylpentenes, methylcyclopentenes and methylcyclopentadienes and-
fhese are also carried on to the conventionally purified_allyl
chloride. The methylcyclopentene impurities, when present, were
found to be converted in the epichlorohydrin productlon process to
epoxymethylcyclopentanes which, if present in apprecxable amounts,

could affect the further processing of the epichlorohydrin.
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0 -"CLAI MS 1. A process for the removal of (cyclo)aliphatic
hexene:and hexadi ene isoners fromallyl chloride characterized by a
chlorination step which is performed with noel cular chlorine in the.liquid
phase. 2. A process according to claiml, .characterized in that the 5
chlorination is performed by feeding gaseoué chl ori ne, optlonally m xed

wWth an inert gasg, Ucy_Aclgl (yll ng ¢4l 35l g | ﬁl% ! r%%%lte CRICLISFleﬁit for A process

according to claim21 aracterlze

performed at a F@%ﬁéﬁhﬁﬂﬁ@ @'@é@h@@ﬁopszsne fzom[éhe]@taﬂd-bbtaomsessure

which is sufficifea ttheeproactish b'fea§|l|y1| choride, thll pdgols I1auid

t the t rature e cess according to c

2hara§te??§gd .ﬁ%ﬁ%ﬁﬂ%ﬁﬁ? éhis Pn&é sfle §tﬁgﬁﬂﬁrHé&oaﬁn&tﬂégpehétGse of

bet ween 230 and &aqﬁmnjcﬁmanehtpr@@esheaﬁfeadhb@ttgm%nbyo@@a@EﬁgP?Hg?Pént?S
t ot unt__of _chl.or use

ﬁétﬁggﬁaitiglzegfé&éﬂﬁ§ CQﬁogng 5Pm&8ﬁb|%é&c€c§&ﬁ§§aFP§H§ﬂﬁé Réxenes

and hexadi enes @mﬁ@lmgneyrpﬁasewe mn chéorunéethhhyhscHh@hﬂdeopﬁopénﬂrOCGSS

accordlng to cl 3l Belect®12¢! 8 2890rInbiidhg! R xadienes in the presence

of an excess of-allyl chloride could not be predicted

10 from this document.

It has now been found that the hexadienes, as well
as the methylcyclopentenes and the other aliphatic and
cycloaliphatic hexene and hexadiene isomers present in
the crude allyl chloride and in the conventionally'

15 purified allyl chloride, can be effectively and
efficiently removed by chlorination with molecular
chlorine, in the liquid phase. In this chlorination
step, the hexadienes are converted to dichlorohexenes
and tetrachlorohexanes, which are heavier and thus even

20 easier to separate from the allyl chloride mainstream

- than are the hydrochlorination products mentioned in
WO-94/13611. The methylcyclopentenes in turn are
converted in this chlorination step to dichloro
methylcyclopentanes, which can also be easily separated.

25 - from the allyl chloride mainstream. Surprisingly, it

- was found that the chlorination, when performed
cdrrectly,'is very selective - in that the allyl
chloride itself is not chlorinated to a substantial
amoﬁnt, although it is present in great excess to the

30 unsaturated Cg impurities.

The present invention therefore is directed to a
process for the removal of (cyclo)aliphatic hexene and
hexadiene isomers from allyl chloride, characterized by

~a chlorination step which is performed with molecular

35 chlorine in the liquid phase.
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55rmunt of chlorine used is between 1.5 and 3.5 nol per nol of conbined

(cyclo)aliphatic hexenes and hexadi enes originally present 20 in the
crude allyl chloride. 7. A process according to any one of clainms 1-6,
conprising the steps of: a. distillation of the crude allyl chloride to
renove |light ends; b. chlorination in the ti4aid phase of the
(cyclo)aliphatic hex%ﬂ§13§ -and hexadi ene i soners present in the

crude al Iyl chloride; "t.""° AYATRAIGR Stephacdequdan cplostine:i vhith
renove heavy end®pPtionall9y6/G33M2 mixed with an inert gas or with an

PCT/ EP95/ 02900 C jlneA- : recess.for the renoval _of
(cyclo)aliphaticlhexengmgﬁﬁkhgka ighesP§8n5P33ﬂ§031§FF§P185PBFPE6P3 or

characterized by SRTOWbtetFEichiostide , whisckonsapeetioimed reather wddhdthe

phase. 2. 5 A processieaedaidi k11091l a eri;zedjin that the 5
chlorination is per oggﬁfaﬁy feedﬁng gggéguggckggri%é?ﬁﬁstFBngSFy ni xed
with an inert gaSo e PEEN RF 4eEPErasyrenand pressueqemplogedA pracgss

according to claiimpbriran?, thagr &blecal Eﬂlbﬁiheth ﬁFé ri §gn |
performed at a tgoper e (3f B &%Br‘iaagggna%’aé%?one&; sEfiEg{itgtliince

selective. Gaseous allyl-chlorideireacts too readily

10 with the chlorine to trichloropropane, which is not
useful. |
The temperature wherein the chldrination step

according to the invention is performed can be varied
within the ranges of from -20 to 120 °C, preferably from
20 to 80 °C, and the pressure is chosen such as to
ensure that the allyl chloride is liquid at the
temperature employed.

15

*
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;and at a prassos” whhch is sufficient to ensure that the allyl 10
ichloride is Tiqurd-at the tenperature enployed. 4. A process according to
iclaim 3, characterized in that the chlorination is perforned at a .
‘tenperature of between 20 and 80 [err]C. 5. A process according to any one
of clains 1 to 4, characterized in that the anount of  chlorine used in the
chlorination is between 1 15 and 5 mokOper nmol of conbined
(cyclo)aliphatic hexenes and hexadi enes qriginally present in the crude
allyl chloride. 6. A process according to claim5, characterized in that
t he amount of chlorine used is between 1.5 and 3.5 nol per nol of conbi ned

(cyclo)aliphatic hexenes and hexadi enescotixgmald y present 20 in the
crude allyl chloride. 7. A process according to any one of clains 1-6,

conprising the gtepg of : a. distillation of the crude allyl chloride to
renove |ight ends; B.PERPYTifREt Honremevehecd i(queld) phiatoé HeRene and

(cycl o) al i p.hat i be#ﬂgﬁ.em i.35mers. fronﬁﬁ@l{lle)éﬁgéﬁﬁg i?& g%,&;gg%@t 'n the crude
al Iyl chl oride; egrorsfhsich! LAk O QF ;1he %I detd remove
heavy ends. ' performed fin id phase.
2. A process according to claim 1, characterized in that the
5 ~ chlorination is performed by feeding gaseous chlorine, optionally
mixed with an inert gas, or chlorine dissolved in an inert liquid.
3. A process according to claim 1 or 2, characterized in fhat the
chlorination is performed at a temperature of between -20 and 120 °C
| and at a pressure which is sufficient to ensure that the allyl -
10 ch;oride is liquid at the temperature employed.
4. A process according to claim 3, characterized in that the v
chlorination is performed at a temperature of between 20 and 80 °cC.
5. A process according to any one of claims 1 to 4, characteriied
in that the_amount of chlorine used in the chlorination is between 1
15 and 5 mol per mol of combined (cyclo)aliphatic hexenes and |
hexadienes originally present in the crude allyl chloride.
6. A process according to claim 5, characterized in that the
amount of chlorine used is between 1.5 and 3.5 ﬁol per mol of
combined (cyclo)aliphatic hexenes and hexadienes originally present

- 20 in the crude allyl chloride.

7. A process according to any one of claims 1-6, comprising the

steps of:

a. distillation of the crude allyl chloride to remove light ends;

b. chlorination in the liquid phase of the {cyclo)aliphatic hexene
25 ‘and hexadiene isomers Present in the crude allyl chloride;

c. dis;illation of the crude allyl chloride to remove heavy ends.
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