Epi chl or ohydri n, manufacturing process and use The
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States Provisional Patent Application USP 61/007661
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presence of trichloropropane amongst other halogenated hydrocarbons in
epichlorohydrin have indeed proven troublesome in some of the applications,
such as for example, in manufacturing epoxy resins intended for the electrical
component and printed circuit industry. Some halogenated hydrocarbons, among
which trichloropropane, for instance are or are suspected to be carcinogenic, are
suspected to have development toxicity, reproductive toxicity, cardiologic
toxicity, endocrine toxicity, immunotoxicity and toxicity to the the liver, the
kidneys, the nerves, the respiratory tract and to the skin. They can remain in the
final products and possibly degrade with a concomitant deterioration of the

properties of the final products. They can exhibit or degrade in compounds



final products and possibly degrade with a concom tant
deterioration of the properties of the final products.
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dichloropropene, dichloropropane, dichloropropanol, monochloropropanediol,
chloroethers, monochlorobenzene, and any mixture of at least two of them.
The content of that halogenated hydrocarbon in the product is usually of
30 less than 1 g/kg of product, commonly less than or equal to 0.8 g/kg of product,
usually less than or equal to 0.6 g/kg, in many cases less than or equal to
0.5 g/kg, often less than or equal to 0.4 g/kg, frequently less than or equal to
0.2 g/kg, more often less than or equal to 0.1 g/kg, more frequently less than or
equal to 0.05 g/kg, in particular less than or equal to 0.01 g/kg, and specifically
35  less than or equal to 0.001 g/kg. This content is generally greater than or equal
to 0.001 mg/kg.



usually less than or equal to 0.6 g/kg, in many cases
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dichloropropanol, oftenl,3-dichloropropan-2-ol, 2,3-dichloropropan-1-ol, and
mixtures thereof,
« monochloropropanediol, often 3-chloro-1,2-propanediol, frequently 2-chloro-
1,3-propanediol, and mixtures thereof, and
30 =« chloroethers, preferably chosen from chloroethers of crude formula:
CeH10C1,0,, CsH12C1,0, CsHoCl:0,, CsH;1C130,, and mixtures of at least
two of them,
of crude formula C4H;ClO,, CsHoClz,CsHoCl30,, CoH;7C1304, CoH5Cl50,
C3H;Cls, and mixtures of at least two of them

35 = dichloroepoxypropane.
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equal to 0.6 g/kg, in many cases less than or equal to 0.5 g/kg, often less than or
25  equal to 0.4 g/kg, commonly less than or equal to 0.2 g/kg, advantageously less
than or equal to 0.1 g/kg, particularly less than or equal to 0.05 g/kg, specifically
less than or equal to 0.01 g/kg. Values less than or equal to 0.001 g/kg give good
results. That content is usually of at least 0.001 mg/kg. The chloropropene may
be selected from 2-chloro-1-propene, 1-chloro-1-propene cis, 1-chloro-1-propene
30  trans, 3-chloro-1-propene, and any mixture of at least two of them.

The product according to the invention can contain trichloropropene, in an
amount a content usually less than or equal to 0.8 g/kg of product, generally less
than or equal to 0.6 g/kg, commonly less than or equal to 0.5 g/kg, in many cases
less than or equal to 0.4 g/kg, often less than or equal to 0.2 g/kg, frequently

35  less than or equal to 0.1 g/kg, particularly less than or equal to 0.05 g/kg,
specifically less than than or equal to 0.01 g/kg. A content of less than or equal
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30 results. That content is usually of at least 0.001 mg/kg. The dichloropropane
may be selected from 1,3-dichloropropane, 1,2-dichloropropane, 2,2-
dichloropropane, and any mixture of at least two of them.
The product according to the invention can contain dichloropropanol, in a
content usually less than or equal to 0.8 g/kg of product, generally less than or
35  equal to 0.6 g/kg, in many cases less than or equal to 0.5 g/kg, often less than or
equal to 0.4 g/kg, commonly less than or equal to 0.2 g/kg, advantageously less
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The product according to the invention may also contain in addition,
compounds which are not halogenated hydrocarbons such as defined above, such
as for example :

35 « aldehydes, like acetaldehyde, acrolein,isobutanal, isopentanal

alkyl glycidyl ether, like methyl glycidyl ether,
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0.5 g/kg, often less than or equal to 0.4 g/kg, commonly less than or equal to
0.2 g/kg, advantageously less than or equal to 0.1 g/kg, particularly less than or
equal to 0.05 g/kg, specifically less than or equal to 0.01 g/kg. Values less than
or equal to 0.001 g/kg give good results. That content is usually of at least
30 0.001 mg/kg. The alkyl glycidyl ether may be selected from methyl-, ethyl-,
propyl-, butyl glycidyl ethers, and any mixtures of at least two of them.

The product according to the invention can contain methyl glycidyl ether in
an amount usually of at most 0.5 g/kg of product, generally at most 0.1 g/kg and
commonly at most 0.05 g/kg. This content is usually of at least 0.001 g/kg.

35 The product according to the invention can contain ketones, in a content

usually less than or equal to 0.8 g/kg of product, generally less than or equal to
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b) at least one part of the liquid reaction medium from step a) is subjected to a
settling operation in which a first fraction containing most of the
epichlorohydrin which was contained in the part of the reaction medium from
step a) before the settling operation is separated from a second fraction
containing most of the salt which was contained in the part of the reaction

medium from step a) before the settling operation; and



to 0.001 g/kg give good results. That content is

usual ly of at least 0.001 ng/kg. The hydroxyketone is

W@baosnsdoyzlr oxy acetone. The product accordi ng PCI/EP2908/057247

5

10

20

25

30

35

i nvention can contain epoxides different from

epi chl orohydrin, in a content usually |ess than or
equal to 0.8 g/ kg of product:!@enerally less than or
equal to 0.6 g/kg, in many cases | ess than or equal to

0.5 g/kg, often less than or equal to 0.4 g/kg,
concﬁofhe ptelEactiph sppagateduddn R)gs bzecgf;d«@ at least one

adv anﬁtﬂﬁ%?ﬁ’éﬂté&y |t1%§§netnhé‘ﬁbs@ﬁ freftdlution, &)n@erﬂfalﬁ@n evaporation,
parti rly less.t ual to Ong

P pect bt peaaingnaavid oG aimstonging pAgREpn ansrasious.

| ess tloaconin @qﬁﬂﬂlatﬁoﬁ 0. 001 g/ kg give good results.

That ¢ Ot ﬁ@}egt of thl% H(?(J[ lr%/en? Ihe%thllegsagri ”(P clggrlolpg%/ahgl” 1ﬁ Be used

epoxi de ma
1, zoeipwtyh@@delor@rqmn@ﬂdmxuand any mxtures of at

| east IR 4 tgréspi%m mgﬂ%fp{sqglﬂ&tstcﬁﬁqg LeALA thlPaﬁdhﬁore than lflalf

i nvention can contain | 1 dol in an anount usual y 0]

at Qosite- 80 Bo By vgight %mem}é@n 5%%@3{%@ of at most 0.2

g/ kg, fTI%lmgehMe@ﬁy@bcﬂBﬁs Iﬁaylé)sp@élk Bé prdaeidcduring the
uct, often of at

oot gub Sy SnEahiorntatiel fadi B AR bicsS00e g kg

The pr dbuwddicldo@prapiang fram ktee a) oo prasessusaalding to the

Cor BB HUER o PN AESL TR B AN LRl lorpy
g/ Kiypethlprieatientof alpnghderide, Hic a#wlthlm@ibega&@seéfrmoduced by

gen&'ﬂ@ﬁﬂa}ﬁoﬁlbf }rlege 09k @yk&ol B Be 60RIRA oS SHACh of
Ieast Telnventlon al so relatestoa

sorfaaam Filaddil PIYCIRE pHBE AL SrORDHE 4PTiXAgple corn,
epl @bﬂmew olxy dit] palmWhgie, Fubbbescadiienbf, 0dlendula, cotton, hemp,

trich ' t h 0. 01
1 1 OB BH BB ARG g bRl iy e sogonti mustaa.
f ol dapwiling, sssampes crambei saffower biffalo gavtdi tee, e eihireq

' h
m ﬁlﬁf(}?\g&f c%éo% &fhﬁp 5ﬁ18ﬁ519(%3p37i ﬁh?égr@% 1\% ’tr%e aplaﬁsava, ﬁopher
vvhl Ripnt; gpstor bgary batiirp pécang}oflﬁt@pbﬁmswﬂmelﬁtmp@ 812 jakapha

10 Wis 1S ChBR6ed @doWiok Tridtcal RBFEraqn %@@%ﬁlacrﬁﬁp&h&lﬂndtn
order t orm epi.chl gr oh drin and at uEl)east on(gwfal t:

andVB§adg, cpqoRut Oyce Burt D prawy maeAuge pale PR REE (Al
fr qu&mcemg apad @e s?mquamq)tedN tezhbrselddabmnglaanScatddepmin

whi f LI frac N o nt |2 t .

ot Moy el RS DR FB R P PR rehsiy e

r ea@rtcrn, Prydingsiuforomyen.ehetayelvef drs Tovesdwist duceiga, Isochrysis
OPELAAnA N hithos BBRIRE & Hlidd, RTh Ao dE&SE ANHorhfi@8E&RL, Nannochloris

maculata Butcher, Nannochloropsis gaditana Lubian, and Nannochloropsis
oculata, Algal strains such as Botryococcus braunii, Botryococcus, Dunaliclla
tertiolecta, Nannochloris sp., Spirulina species, Chlorophyceae (green algae) and
Bacilliarophy (diatom algae). Methyl glycidyl ether may come from glycerol
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of fats or oils of animal or vegetable origin, as described in Patent Applications
FR 06/05325 and FR 07/53863 filed in the name of Solvay SA, the contents of
which are incorporated herein by reference. The haloketones such as, for

example, chloroacetone may be generated in the dichloropropanol manufacturing
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30 The chloro alkoxy propanol is often a chloro methoxy propanol. The
chloro methoxy propanol can be selected from 2-chloro-3-methoxy-1-propanol,
1-chloro-3-methoxy-2-propanol, 3-chloro-2-methoxy-1-propanol, and any
mixture of at least two of them.

Steps a) to ¢) of the process for obtaining the product according to the

35  invention may independently be carried out in continuous or batch mode. It is

preferred to carry out steps a) to ¢) in continuous mode.
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compounds needed for the reaction from step a) are found, namely

dichloropropanol, the basic compound and an optional reaction solvent.
In the process for manufacturing the epichlorohydrin-based product
30  according to the invention, the dichloropropanol may be dichoropropanol
extrinsic to the process according to the invention, recycled dichloropropanol or
a mixture of the two, such as has been defined before in Applications
FR 07/53375 and FR 07/55448 filed in the name of Solvay SA. The expression
"recycled dichloropropanol” is understood to mean dichloropropanol which has
35  been separated in a step subsequent to step b) in the process according to the

invention and which has then been recycled to step a) of said process. The term
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Step a) may be followed by an operation for neutralizing the excess basic

compound.
30 It is possible to combine step a) or part of step a) with step b) in a common
device compartmentalized into various reaction and settling zones.

The first fraction separated in step b) may have a composition such as that
described for the first fraction separated in step b) of the epichlorohydrin
manufacturing process which is the subject of Patent Applications FR 07/53375

35  and 075/55448 in the name of Solvay SA, of which the content is incorporated
here by reference.
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The first fraction separated in step b) generally contains at most 20 g of
chloroethers/kg of first fraction, usually at most 5 g/kg, commonly at most 2
g/kg, and particularly preferably at most 1 g/kg. The content of chloroethers is

30  generally at least 0.5 g/kg.

Chloroethers are compounds of which the molecule comprises at least one
chlorine atom and at least one oxygen atom, this oxygen atom being bonded to
two carbon atoms. Epichlorohydrin is not considered here as a chloroether.
These chloroethers preferably contain six carbon atoms. These chloroethers

35  preferably contain two, sometimes three, chlorine atoms. These chloroethers

preferably contain two oxygen atoms. These chloroethers are preferably chosen
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P The first fraction separated in step b) generally contains other organic

compounds in addition to the epichlorohydrin, chloroacetone, acrolein,
chloroethers and dichloropropanols.

30 The latter may come from the dichloropropanol manufacturing process
and/or be formed during the reaction between dichloropropanol and the basic
compound during step a) of the process according to the invention. Examples of
these compounds are glycerol, 3-chloro-1,2-propanediol, 2-chloro-1,3-
propanediol, and mixtures thereof, hydroxyacetone, glycidol, methyl glycidyl

35 ether, 1,2,3-trichloropropane, cis- and trans-1,3-dichloropropenes, 1,3-

dichloropropane and 2-chloro-2-propen-1-ol.
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The salt content is generally at most 10 g/kg of first fraction, commonly at

most 5 g/kg, usually at most 2 g/kg, often at most 0.1 g/kg and frequently at most
30  0.015 g/kg. This salt content is generally at least 0.01 g/kg.

The proportion of salt present in the part of the liquid reaction medium
from step a) before the settling step b) which is found in the first fraction
separated in step b) is generally at most 25%, preferably at most 10% and more
preferably at most 5%.

35 The salts are preferably chosen from alkali or alkaline-earth metal

chlorides, sulphates, hydrogensulphates, hydroxides, carbonates,
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The extractlon operation may be carried out cocurrently or
countercurrently.
The cocurrent operation is generally carried out in at least one stirred
30  reactor, followed by a settling tank. The countercurrent operation is generally
carried out in at least one extraction column. Various type of reactors, settling
tanks and extraction columns may be used, such as those described in "Perry’s
Chemical Engineers’ Handbook", Sixth Edition, section 21, pp. 21, 55 and
following".
35 The extraction solvent may be an organic composition or an aqueous

composition.
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The content of organic extraction solvent from the first part separated in

step ¢) is generally less than or equal to 100 g per kg of first part, usually less
than or equal to 50 g/kg and particularly less than or equal to 1 g/kg.
The first part obtained at the end of the liquid/liquid extraction treatment
30  from step c) may constitute the product according to the invention, in particular
when the extraction solvent is water. This first part preferably constitutes the
product according to the invention.
The first part separated in step ¢) may be subjected to subsequent
treatments such as, for example, distillation, evaporation or stripping operations.
35 The second part separated in step c¢) generally contains the basic compound

used in step a) of the process and/or the acid compound added before the settling
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foly b) 18 &%ected to a treatment which comprises at least one distillation operation,
25  preferably at least two distillation operations and more preferably at least two
distillation operations of which at least one is an operation for drying by
azeotropic distillation. This treatment preferably comprises at least two
distillation operations and more preferably at least four distillation operations
and most particularly preferably at least six distillation operations in addition to
30  the azeotropic distillation drying operation.

The expression "distillation operation" is understood to mean the
separation of a mixture into two fractions of different compositions by a series of
evaporation and condensation operations interconnected countercurrently and
carried out in a specific device or in one part of a specific device. In the case

35  where the separation of a mixture into N fractions of different compositions is



The extraction solvent nmay be an organi c conposition

or an aqueous conposition. The extraction solvent is
W@RE08N525 aqueous conposition. Besides water, PCEEP2008/057247

aqueous conposition may contain other conpounds such
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In a third embodiment of step ¢) of the process for manufacturing the
product according to the invention, in step c¢) the first fraction separated in step
b) is subjected to a treatment which comprises at least one adsorption operation
30  and at least one distillation operation, and preferably at least three distillation
operations and more preferably at least five distillation operations.
The expression "distillation operation" is understood to mean the
separation of a mixture into two fractions having different compositions by a
series of evaporation and condensation operations interconnected
35  countercurrently and carried out in a specific device or in one part of a specific

device. In the case where the separation of a mixture into N fractions of different



when the extraction solvent is water. This first part
preferably constitutes the product according to the
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OPELAHIABh B {¥ARAIPYss than or equal to 0.3 g of these compounds per
kg of epichlorohydrin, usually less than or equal to 0.2 g/kg and commonly less

than or equal to 0.1 g/kg. These compounds are, for example, acrolein, methyl
glycidyl ether and chlororacetone. In this epichlorohydrin, the content of organic

30  compounds having a boiling point under a pressure of 1 bar absolute greater than
or equal to the boiling point of epichlorohydrin is generally less than or equal to
0.7 g of these compounds per kg of epichlorohydrin, usually less than or equal to
0.5 g/kg and commonly less than or equal to 0.3 g/kg. These compounds are, for
example, 2-chloro-2-propen-1-ol, dichloropropene, dichloropropane,

35  hydroxyacetone, trichloropropane, glycidol, dichloropropanol,

monochloropropanediol, glycerol and chloroethers such as mentioned above.
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woreos/1fe0éf er abl y at | east four distillation opPCHEPNG057247

and nost particularly preferably at |east six
distillation operations in addition to the azeotropic
dlstlllatlon dryi ng operation22The expression

"distillation operation” is understood to nean the
separation of a mxture into two fractions of

di f f er ditthis dhiprbanbedimentpiheirstaut abiaiged at/thp spéof e tigadnent

CONGQASRD! 9 M ?Q@ﬁﬁfﬂlt@ Migc f)tﬂﬁ@d’t%@m&@lgfﬁ&the invention. This first
countercurr.e ri ed, out é}gi peci fic. device

or RYUYHRrefL? 1y s?nsgt%se%ﬁ PradugAseRiding (8 HuVENS whor e
t he separaabien cabodinftnkéflstep ¢)rif thdprbeas foranmubdcturing the
d' f rSEh‘?f{“ tacco(t)(‘fgg ?(J) ﬁ]te (%Il?ven'tlgl‘i: avxrllgéelr?% d)(%%ttﬁrrf:@, tﬁel: gﬂrs? 9111({3 second

cons
c 0 rm@@@n@ys 2 cNmblnedh agtliih peg prsfrsred Magampeitiallyothe st

dr yfr%o%el%@@& [noﬁéfb) iP 51?5] @crté’cpioyat 'Ik%%te&f%"’}ﬁﬁﬂ/ﬁcﬂﬁ& Extractlon

distillati'on wth renoval an a ueousép ase and
an W&éﬁpwlﬁhﬁs@ueww&p&&ﬂynw@ H! WBitB rstdﬂfartaqqntammg most

3‘31 U(tﬁ’QFié e;fiblﬁﬁﬁ)hyﬂiﬁﬁ’ Fv*hﬁthﬁﬁdsrdoﬁfiu&dtm eef ﬁi’éﬁridﬁt@n %%ﬂ);?é the
istillation gperation is
105 Jivig GHLTREER i aBaec AP HEGTahLPEp Subeght o T ane
of trdatmerithvaricldcatpriidea bt loast opeopd:ratunsfor Hryinghbwsazetomd
c?gﬁﬂﬁ?% ’ran&‘%l%ﬁst Bﬁg di ﬁﬁ{oﬁ%%teraftloﬁm step ¢), two

I ons ond enbodi nent, the
pr opor tlinghis é@ur&mrnbﬂd@mgmiy@ﬁtqrﬁh@frr@aﬁ,@mt fim step ob.itweteuts are
fragdidiney separated at the end of the settllng step b)
of the rocgss according to the |nve ti, be re the .

15¢ 1 eat oIS ROAHLTBPECtafi rigitocton o o rimgesent in the
f i r st fastion @BpBepanethednd of it 8gttitg, stelﬁb)gﬁmleer@bbe(ss aécordlng

st. 80% f t 900/ f
B U b RO R Bl Rk BB R VR Bt i
pr op s¢pacaicdin stipod)| e goperaliaatdbasp B@%eprtefarably laelehdt 98%o and
fr alﬁﬁlle%ef%l%% @[tlgg ggd/t he end of the settling step b)
in

to the invention before the

négroce accor
20t r eat melftthis rf@}rﬁlsqrélrpdet}lentam prgtogtion af dighlpgprapapelepresent in

secpdird @fa%h&ﬂse%@ﬁ@erdait &t dnd oF R chling btSp PHEMBIIotet
| east 80% (%efera |y at | east 90%and nor ref er abl

at Josqgingggdpe inyentinnbelore thedreatmeni ey ptep P}aégﬁl whagh 18 fdund
porlhlthmmbﬁcacmedpaaﬁted hestegnd), Q;fgehétallyl bskoidt I86Y4d, preferably at

coner A Bmd Peetb PSRN RE £o The i vent i on.
25Thi s filnghis ﬁ@rrth anbgslimfety mpagﬂtqdcm shd andtad she fnentpemidomn step
accg riéj.éﬂ]&llBR)yHHﬁ‘, JFWMROH fh@%yater content is generally less than 0.5 g of
water per kg of epichlorohydrin, usually less than or equal to 0.1 g/kg and
commonly less than or equal to 0.05 g/kg. In this epichlorohydrin, the content of
organic compounds having a boiling point under a pressure of 1 bar absolute less
30 than or equal to the boiling point of epichlorohydrin is generally less than or
equal to 0.3 g of these compounds per kg of epichlorohydrin, usually less than or
equal to 0.2 g/kg and commonly less than or equal to 0.1 g/kg. In this
epichlorohydrin, the content of organic compounds having a boiling point under
a pressure of 1 bar absolute greater than or equal to the boiling point of

35  epichlorohydrin is generally less than or equal to 0.7 g of these compounds per
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partially or conpletely recycled to step a) of the
WEe@sas®43 o obtain the product according to theCT/EP2008/057247
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mor e prigfaefdblafiaff of tﬁ@sﬂrst%@%me, a first reactor (1) is supplied with a
first stream of dichloropropanol via the line (2) and a first stream of basic
compound via the line (3). Drawn off from the reactor (1) via the line (4) is a
stream comprising epichlorohydrin, salt, dichloropropanol and basic compound

30  which have not reacted, and a second reactor (5) is supplied with this stream.
The reactor (5) is supplied with a second stream of dichloropropanol via the
line (6) and with a second stream of basic compound via the line (7). Drawn off
from the second reactor (5) via the line (8) is a stream comprising
epichlorohydrin and salt, and a first settling tank (9) is supplied with this stream.
35  Inthe first settling tank (9), a first fraction containing most of the

epichlorohydrin contained in the stream (8) and a second fraction containing
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In third and fourth variants of this first scheme, the procedure from the first

30  wvariant or from the second variant respectively is followed, and in addition, a
third reactor (30) is supplied with a third stream of dichloropropanol via the
line (31) and a third stream of basic compound via the line (32). Drawn off from
the reactor (30) via the line (33) is a stream comprising epichlorohydrin, salt,
dichloropropanol and basic compound which have not reacted, and a fourth

35  reactor (34) is supplied with this stream. The fourth reactor (34) is supplied with

a fourth stream of dichloropropanol via the line (35) and with a fourth stream of



first fraction separated at the end of the settling

step b) of the process according to the invention
whedoens2oshe treatment fromstep c), and whi ch PGI/EP29N8I057247
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25  the boiling pomt under a pressure of 1 bar absolute is below the boiling point of

epichlorohydrin, such as acetaldehyde and acrolein, water, heavy products, that
is to say of which the boiling point under a pressure of 1 bar absolute is above
the boiling point of epichlorohydrin and below the boiling point of
dichloropropanol, such as glycidol, 2-chloro-2-propen-1-ol, hydroxyacetone,

30 chloroacetone, 1,3-dichloropropane, 1,3-dichloropropene, 1,2,3-
trichloropropane, 2-methyl-2-cyclopenten-1-one, cyclopentanone, 2-
chloroethanol and chloropropanol, and super-heavy products, that is to say of
which the boiling point under a pressure of 1 bar absolute is above the boiling
point of dichloropropanol, such as monochloropropanediol and partially

35  chlorinated and/or esterified glycerol oligomers.
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25t hi qoatafiming ppighlogmyﬂan,rhghg prepigets and heavy products. This stream
supplies a fourth distillation column (66) drawn off from which, via the line (67),
is a stream that essentially contains light products. One part of this stream may
be returned to the first distillation column (50) via the line (68). Drawn off from
the fourth distillation column (66) via the line (69) is a stream depleted of light
30  compounds, and a fifth distillation column (70) is supplied with this stream.
Drawn off from the fifth distillation column (70) via the line (71) is purified
epichlorohydrin and via the line (72) a stream comprising heavy products of
which one part may be conveyed to the third distillation column (64) via the
line (73).
35 Drawn off from the third column (64) via the line (74) is a stream
comprising epichlorohydrin, heavy products, dichloropropanol and super-heavy



of the epichlorohydrin contained in the stream (15)
and a fourth fraction containing water and the salts
wae@stse43 i ne (18). In various aspects of thisPEI/EB1008/057247
variant of this first schene, a portion of the fourth
fraction containing water and_the salts, drawn off via
the line (18), is respectivety’recycled to the first
reactor (1) via the line (19) and/or between the first
reactor (1) and the second reactor (5) via the line
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of Rrﬁiiléct%@ﬁsidaph{@mropanol and a mnth distillation column (85) is supplied

with this stream.
Drawn off from the ninth distillation column (85) via the line (86) is a
30  stream of dichloropropanol, and via the line (87) a stream containing
epichlorohydrin and heavy products, and the twelfth distillation column 100 is
supplied with this stream. The stream of dichloropropanol collected via the
line (86) may be conveyed to one or more of the reactors (1), (5), (30) and (34)
of the installation described in Figure 1.
35 In a third variant of this second scheme, the procedure from the first

variant is followed except that the lines and columns (65) to (73) are absent.



the third reactor (30) is supplied with steamvia the
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rawn off from the third column (66) via the line (103) is a stream

containing epichlorohydrin, via line (104) a stream containing heavy products a
part of which can be recycled to the third distillation column (64) via line (105).

30 Figure 3 shows a third scheme of an installation used for obtaining the
product according to the invention.

In a first variant of this third scheme, a first distillation column (200) is
supplied with a stream containing epichlorohydrin via the line (201). This
stream comes from one or more lines of the installation described in Figure 1,

35 1. the lines (17) and (25), and the organic fraction of lines (39) and (41). This

stream contains, besides epichlorohydrin, light products, that is to say of which
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Drawn off from the first distillation column (200) via the line (217) is a
stream containing dichloropropanol, heavy compounds and super-heavy
compounds, and a fifth distillation column (218) is supplied with this stream.
Drawn off from the column (218) via the line (219) is a stream containing super-
heavy products, and via the line (220) a stream containing dichloropropanol and
heavy products, and a sixth distillation column (221) is supplied with this stream.

Drawn off from the column (221) via the line (222) is a stream mostly containing



whi ch one part nmay be conveyed to the third
distillation colum (64) via the line (73). Drawn off
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distillation column (232) via the line (234) is a stream containing
epichlorohydrin and light products, and a tenth distillation column (235) is
supplied with this stream. Drawn off from the tenth distillation column (235) via
the line (236) is a stream of purified epichlorohydrin, and via the line (237) a
30  stream containing light compounds.
In a fourth variant of the third scheme, the procedure from the second
variant is followed except that the lines and columns (210) to (216) are absent.
Drawn off from the drying column (203) via the line (231) is a stream
containing epichlorohydrin, light products and heavy products. This stream
35  supplies an eighth distillation column (232) drawn off from which, via the line

(233), is a stream that contains heavy products. Drawn off from the eighth
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recycled in the pulp and paper industry. In the latter case, their higher
concentration can increase contamination of the paper made using the recycled
30 water.

A further goal of the invention is to solve those problems by providing a
product containing epichlorohydrin and a reduced level of impurities which can
be used in the manufacture of epoxy derivatives, of products which will be used
in food and drink applications, of cationization agents, of flame retardants, of

35  products which will be used as detergent ingredients, and of epichlorohydrin

clastomers.
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30 By glycidyl ester, one intends to denote an ester, the chemical formula of

which contains at least one glycidyl (2,3-epoxypropyl) group and which is not a
polymer. Examples of glycidyl ester are diglycidyl ester of hexahydrophthalic
acid, glycidyl ester of neodecanoic acid, glycidyl acrylate and glycidyl
methacrylate.

35 By glycidyl amides and imides, one intends to denote an amide or an

imide, the chemical formula of which contains at least one glycidyl (2,3-
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preferably selected frorn 1,2-, 1,3 , 1,4- dlhydroxy benzenes and rnlxture thereof.

Trihydroxy benzene is preferably 1,3,5-trihydroxy benzene.
Polyphenolic compounds are generally compounds the molecule of which
30  contains at least one aromatic hydroxyl group.

Suitable compounds having at least one aromatic hydroxyl group which
can be employed herein are such as described in US 4,499,255, the content of
which is incorporated herein by reference and include, for example, phenols,
bisphenols, novolac resins, polyvinyl phenols, the corresponding amine

35  compounds and the like, such as those represented by the formulas I to V of
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et
halogen substituted hydrocarbyl group having from 1 to about 9, preferably from

1 to about 2 carbon atoms; ecach R® is independently selected from the group
represented by formula XIV or the same groups as R' except that R® cannot be a
30  hydrogen; each R’ is independently a divalent hydrocarbyl group having from 2
to about 4, preferably 2 carbon atoms; each Z is independently -OH or -NH2 ;
cach X is independently hydrogen, chlorine, bromine or a hydrocarbyl or a
hydrocarbyloxy group having from 1 to about 9, preferably 1 to about 6 carbon
atoms; each m independently has a value of zero or 1; n has an average value of
35  from about 0.01 to about 6, preferably 0.1 to about 4; p has an average value of

from 1 to about 10, preferably from 1 to about 3; q has an average value of at
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25 Ex aepplerssanén prloguétay lBlspgl;le@qlgA with fgﬂnyedqiqjyﬂe (Bisphenol A novolac),
a condensation product of phenol with formaldehyde, preferably Bisphenol F

(mixture of 0,0, 0,p” and p,p’ isomers of dihydroxy diphenylmethane), a
condensation product of cresol with formaldehyde (mixtures of 0,0’, 0,p’ and
p,p’ isomers of methyl hydroxy diphenylmethane), an alkylation product of

30 phenol and dicyclopentadiene (2,5-bis[(hydroxy phenyl]octahydro-4,7-methano-
5H-indene), a condensation product of phenol and glyoxal (tetrakis(4-hydroxy-
phenyl)ethane), a condensation product of phenol and a hydroxybenzaldehyde
(e.g., tris(4-hydroxyphenyl)methane), 1,1,3-tris-(p-hydroxyphenyl)-propane, and
mixtures thereof.

35 The polyamines can be aliphatic or aromatic. Aromatic diamines are

preferred, like for instance 4,4’-diamino diphenyl methane.



acryl ate and glycidyl nethacrylate. By epoxy resin,
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opening (coupling reaction) of the epoxide group on the primary carbon atom of
epichlorohydrin by the phenolic hydroxyl group and as a dehydrochlorinating
agent for conversion of the chlorohydrin to the epoxide group. Caustic (NaOH)
can however be substituted by any basic compound.

The epichlorohydrin and the compound with active hydrogen atom,
preferably an aromatic hydroxyl or aromatic amine compound, are employed in a
molar ratio of from about 2:1 to about 10:1, preferably from about 2:1 to
about 6:1, respectively.

The basic compound may be an organic or inorganic basic compound.
Organic basic compounds are for example amines, phosphines and ammonium,
phosphonium or arsonium hydroxides. Inorganic basic compounds are preferred.

The expression "inorganic compounds” is understood to mean compounds which



used in the manufacture of epoxy derivatives, the
product containing epichlorohydrin is usually
weasdetl to a reaction with at | east one conpOURBR008/057247
contai ning at | east one active hydrogen atom
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30 The basic agent, epichlorohydrin and the compound containing active
hydrogen atom can be mixed in any order. It is preferred to add the basic
compound to a mixture of the two other reactants. The basic agent, preferably,
alkali metal hydroxide can be added either continuously or incrementally, but
never is all of the alkali metal hydroxide added in one increment.

35 The reaction can be carried out in a solvent. Suitable solvents which can

be employed include any solvent which does not react with any component in the
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C argj@fﬁer than or equal to 3.0 h. The time of reaction is usually lower than or equal

to 20 h, often lower than or equal to 10 h, frequently lower than or equal to 5 h,
and most particularly lower than or equal to 4 h.

30 Upon completion of the reaction, the resultant epoxy resin is finished in
any of the methods normally employed. The excess epichlorohydrin is usually
removed by distillation and the salt removed by filtration, centrifugation and/or
water washing.

The epichlorohydrin distillation is generally carried out in two steps. The

35  first step is carried out generally at atmospheric pressure (1 bar absolute), at a

temperature usually greater than or equal to 100 °C, preferably greater than or
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30  atoms, and a stoichiometric amount of NaOH. This process is very similar to the

caustic coupling process used to prepare liquid epoxy resins. Lower
epichlorohydrin to compound containing active hydrogen atoms ratios are used
to promote formation of high molecular weight resins. Upon completion of the
polymerization, the mixture consists of an alkaline brine solution and a water—
35  resin emulsion. The product is recovered by separating the phases, washing the

resin with water, and removing the water under vacuum.



phenol and di cycl opent adi ene (2, 5-bi s[ (hydr oxy
phenyl ] oct ahydr o- 4, 7- net hano- 5H i ndene), a

W@ ovdaesedas i on product of phenol and gl yoxal PCT/EP2008/057247
(tetraki s(4-hydroxyphenyl) ethane), a condensation
product of phenol and a hydroxgbenzaldehyde (e.qg.,
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hamessayal tgr re)(;lu dop ?Wﬁy ower than or

equal to 5 h, and most partlcularly lower than or equal to 4 h.
The basic agent, epichlorohydrin and the compound containing active
25  hydrogen atom can be mixed in any order. It is preferred to add epichlorohydrin
to a mixture of the two other reactants.
The reaction is usually carried out under vigorous agitation.
At the end of the reaction, the mixture separates into two layers. The
heavier aqueous layer is drawn off and the molten, taffy-like product is washed
30  with hot water until the wash water is neutral. The taffy-like product is dried at a
temperature generally higher than or equal to 100 °C, preferably higher than or
equal to 120 °C.
Alternatively, epichlorohydrin and water can be removed by distillation at
temperatures up to 180 °C under vacuum. The crude resin/salt mixture can then

35  bedissolved in a secondary solvent to facilitate water washing and salt removal.



epi chl orohydrin by the phenolic hydroxyl group and as

a dehydrochl orinati ng agent for conversion of the
w@hkdosnsdoyzirin to the epoxi de group. Caustic ( NOHEP29A8$1057247
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25equal tHleBGICDZbabphml aghne;s ande ﬁdscteqb frefraisepiiioyoricalaemine, bis(4-
t haﬂniﬂﬁ-c?glklﬁéxﬁﬁléﬁgano? Ri-d{\ﬁhigg-tcyclohexane, trihexylmethylene
diamines, metaxylylenediamine, and mixtures thereof.
The aromatic amines can be selected from meta-phenylenediamine,
methylene dianiline, alkyl (tetracthyl-)-substituted methylene dianiline, 4,4°-
30  diaminodiphenylmethane, 4,4’-diamino diphenyl sulfone,
diethylenetoluenediamine
The arylyl amines can be selected from meta xylylenediamine, 1,3-
bis(aminomethyl cyclohexane).
The amine can be more specifically selected from diethylenetriamine,
35  triethylenetetramine, Poly(oxypropylene diamine), poly(oxypropylene triamine),

poly(glycol amine), N-aminoethylpiperazine, isophorone diamine, 1,2-



The al kali nmetal hydroxide is preferably enpl oyed as
an aqueous solution, usually at a concentration of
wo c@sisdoetit 20 t o about 50, preferably from abPCK/EBD08/a57247

about 50 percent by weight. The amount of basic

compound, preferably alkali netal hydroxide, which is

enpl oyed in the process of th&2present invention is

from about 0.80 nole to about 1.2 nole of basic agent,

preferably fromabout 0.90 nole to 1.0 nple per each,
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The Lewis bases are for Instance tertiary armne like 2-diethylamino-

methylphenol, 2,4,6-tris(dimethylaminomethyl)phenol and imidazoles such as 2-
methylimidazole and 2-phenylimidazole, cyclic amidines like 2-
30  phenylimidazoline, substituted ureas like 3-phenyl-1,1-dimethylurea and
quaternary ammonium salt like tetralkyl- and alkyl-triphenyl phosphonium salts.
The Lewis acid can be slected from boron trilhalides, preferably boron
trifluoride.
The Photoinitiated Cationic Cure can be carried out with photoinitiators

35  like aryldiazonium salts, diaryldiazonium salts, diaryldiionium salts and onium



to 90 0C, and nost preferably greater than or equal to
95 0C. The tenperature of the reaction is usually
WO owensdolin or equal to 200 0C, preferably | oweCT/EP2NS/057247
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acrospace, automotive, foundry, boat building, and various industrial molded
items).
30 1.5 Uses of Glycidyl Ethers and Esters

These products are used for applications such as coatings, adhesives and

reactive diluents.

1.6 Uses of Glycidyl amides and imides

These products are used for applications such as outdoor powder coatings
35  with polyesters, or in applications in which a non-yellowing epoxy resin is
desirable.



The salt which is forned can be separated fromthe
crude product through addition of a solvent, e.g.
wo 20085945 f ol | owed by filtration and distill at PGIEP2908/057247

renmove the solvent. Phase-Transfer Catal ytic Process

Al'ternatively, in the Phase-Transfer Catalyst Process,
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25  The amine has preferably at least one, more preferably at least two primary
amino hydrogens.
The amine can be represented by the general formula:
H-(NH-R*")-NR**-(R**-NH),-R** (XIV)
wherein R* and R** can be equal, except when equal to H, or different and can
30  independently be selected from H, alkyl or alkenyl radical, linear, branched or
carbocyclic, having from 1 to 30 carbon atoms, R*! and R* can be equal or
different, preferably equal, divalent aliphatic radical aromatic radicals having
from 2 to 12 carbon atoms, each of r and s is an integer of from 0 to 6, r plus s
equals 0 to 6.
35 Amines include lower alkyl and lower alkenyl primary monoamines, such

as methylamine, ethylamine, isopropylamine, tertbutylamine, mixed
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hydrogen. The tenperature of the reaction is usually
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25 I-amino-3-cyclohexylaminopropane, N,N,N’,N’-tetramethyl-1,3-
propanediamine, 1,3-diaminobutane, 1,5-diaminopentane, 1,8-diaminooctane,
1,10-diaminodecane, 1,12-diaminododecane, 2-(diethylamino)ethylamine, 1-
diethylamino-4-aminopentane, 3-aminomethyl-3,5,5-trimethylcyclohexylamine
and N,N,N’,N’ -tetramethyl-1,6-hexanediamine.

30 Polyaminoamides are generally obtained from polyamide, preferably
polyacrylamide, formaldehyde and an amine, preferably a secondary amine.
Poly[N-(dialkylaminoalkyl)acrylamide] is particularly preferred.

Polyimines are usually obtained by ring opening polymerization of

alkylene imine, preferably ethylene imine.



The curing of Epoxy Resins can be carried out using
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25  higher than or equal to 50 °C and most preferably higher than or equal to 60 °C.
That temperature is usually lower than or equal to 120 °C, preferably lower than
or equal to 110 °C, more preferably lower than or equal to 100 °C, and most
preferably lower than or equal to 90 °C.
The pressure at which the reaction is carried out is generally higher than or
30  equal to 0.1 bar absolute, preferably higher than or equal to 0.2 bar, more
preferably higher than or equal to 0.5 bar and most preferably higher than or
equal to 1 bar. That pressure is usually lower than or equal to 20 bar, preferably
lower than or equal to 10 bar, more preferably lower than or equal to 5 bar, and
most preferably lower than or equal to 2 bar.
35 The duration of the reaction is generally higher than or equal to 10 min

absolute, preferably higher than or equal to 20 min, more preferably higher than
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higher molecular weight polymers also used for water treatment.

2.4. Products characteristics

The obtained polymers usually exhibit a molecular weight that is higher
than or equal to 5 000, often higher than or equal to 10 000, and frequently
higher than or equal to 50 000. That molecular weight is usually lower than or
equal to 500 000, often lower than or equal to 400 000, and frequently lower than
or equal to 300 000. They can be obtained as aqueous solution containing from
40 to 50 % by weight of polymers and exhibiting viscosities from 40 to
11 000 centipoise.

2.5. Uses

These polymers can be used for treatment of raw water for conversion to
drinking water, for recycling paper of water in Pulp & Paper Industry, for paint
detackification, for breaking oil emulsions, for oil and grease removal, and for

sludge dewatering. They can also be used for sugar refining.



The Photoinitiated Cationic Cure can be carried out
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Esters )l a3 9
(R )r-NR (R*-NH),-COR*CO- (XV)

where R*! , R* , R* , rand s are as described above, and R* is the divalent

hydrocarbon radical of the dibasic carboxylic acid, preferably selected from
30  phenylene, naphthalene, methylene, ethylene, propylene, butylenes, pentylene,
hexylene, octylene and nonylene.
Preferably, the polyamide may be represented by the general formula
-NH(CH,HN),-COR**CO- (XVI)
wherein t and x are each 2 or more and wherein
35  the -NH(CHHN)y- group is derived from the polyamines described above,

preferably containing from 2 to 8 alkylene groups, more preferably from
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with epichlorohydrin in an aqueous solution of 52-57 wt % in water that is, a
solution of 43-48 wt % total solids (the weight percentage of the solution that is
solubilized solid material), more preferably about 45 wt % total solids. Reaction

25  time varies depending on the temperature, with lower temperatures taking longer
times. The typical composition of these resins is 12.5% (10-40% solids).
However, due to the cost of transporting water, companies have tried to produce
resin solutions of higher concentration. It appears that at least one of the main
issues making such concentrated solutions difficult to prepare is their high

30  content of dichloropropanol so the level of this impurity is exceeded in the final
application.

Reaction is preferably carried out until all, or substantially all of the
available amine groups on the polyaminoamide are reacted with epichlorohydrin.
Generally, reaction times vary between about 1 and 19 hours, preferably between

35 3 and 6 hours. Because the reaction is exothermic, the epichlorohydrin is added

slowly over time to the polyaminoamide to allow for more effective heat transfer
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H (NH R2 1)r-NR22- (R23-NH) S-R24 (XI'V) wherein R22 and
w@R0sas049He equal , except when equal to H, or BOCT/ER20081057247
and can independently be selected fromH, alkyl or
al kenyl radical, linear, branched or carbocyclic,
having from1 to 30 carbon até¥s, R2 1 and R23 can be
equal or different, preferably equal di val ent
al'i phatic radical aromatic radicals haV|ng from2 to
12 feemblenreagtimemedivmnHest trangfer framj the ggaction mgdiumegantbeom
0t &c@mpﬁsﬁ%ﬂ ld@co?dlﬁg lt@kﬁov@n bR cOlurdThidSas el iy ih@\f@a[ctlon
al k quer al nE)Hmary non nes, suc%?
%ﬁ@im ?156 1%?rﬁge;fi §RY ﬁ(g qng,c?pg D%W%E‘il or passing re 1gerated
termbwhmmmmmaeanmmaﬂaﬂylan1nes n- octylan1ne
S e oAb O M AT R SEE RN ABGT (OB e

di met hyl am’ne am ne
pr oqucttmt Hnke o erdeusttppmpy uwﬂy Ingrasessagi tpn @plyt &m piédecreases

di b&ﬂrﬁ%@ﬂé RGctidd, ‘HQMA d/ésﬁ'%l@?n sPh s BUty écﬁf'ﬁlﬁzﬁl to, combine

am né ({ am ne, pentylethylam ne,
andwﬁ%ﬁﬁ@@%ﬁ@ﬁ?Pgﬁﬁﬁém¢P€F? ary amines, as well as

al kyl engdh@rsaoes, itti pl@ﬁérfé@&o aws@ﬂwﬁr@pm&mwdﬂ t@lconvert
mnt out .an al substituent bo

Oni ¢ PHGRTC Seqk e‘é’ganél?% %Woélﬁ i%l FeAATH é‘m“ber geyPe % Iﬁﬂ%ré“m
but bdtweeedipachilorey dpremtdythe sedndarly peinhgnoypeis ediialyi mgher than or
g;g q(lgge)%(‘)gjl g?ré(}grg%eﬁggﬁ% tﬁa{ﬁhoql g{ﬂlqg 0.5 and more preferably higher

di pherpgt esmet oi lard e modirpetin wugwékyrlpwm frhen opeqUa toekfe

t et fafd My 1dwdr %hwr%a@ﬂ% 5 aandr}ﬁ@retp%fsﬁw 1@%% @b BFEQARIL to 2.
tetraet hyl enepe tetraprop m ne,

am ne, en e e
15 pent ahelif féﬁ“é%‘?é‘g’ﬁﬁ’(ﬁ‘r?ét ep%t/%&ds&# ERiE i CathglpAPF -
, crigddniyil teneidbart bLa qﬁhtériﬂtz@tﬁ@&%ﬁy |t1)e dondltlons of reaction and the

kf&%%ﬁ%%ﬂ%%%mfﬁe Pt s RGT bG pssemiady he
h exanedis aasanibed Abdet yth kipratingd proecdurarthaepichlorhydrin is first
Nnon JtiEJt é}tﬁ{fﬁl@&?%ﬁ)@h@%{% ﬁéﬁ&lyan&ide at a temperature from 45 to 55

20N- ( &y elho mh@mémﬁwr@ etherphegigdie a tRmperipre fremabout 60 to 100

d' a"U AP H Fbg@ﬂ@ly fRIA Bt t@()l@o B‘@X@%pet\ﬁﬁﬁg 6n EH&QafeQﬁL il
vﬁg&aﬂggg %ﬁ Al P aeuibIc fie raaﬁ@tiémpeﬁélny tededyiv,100

h exmde ayime dfepivditdoiit epaxgnaogcyt the eplcblsydhydhe heveciesytbd with

g?gﬁg#a 0 a{rlg%glz%eo%ragﬁsdoft s h& %%%Yde the qél?.t 1;%ﬁ mage%t I1ss’added

25d|Wwﬁhb¢anvm@mnmm@e@ﬁaﬁwnﬁekg%hnw@igmpmehm©ﬁym@ﬁrﬁbméw
fr ofpcly i ofiRTENEBE RARGre i tien reduced to 4, preferably between 2 and 3
with any suitable acid such as sulphuric, hydrochloric formic and the like. The
amount of quaternizing agent should be sufficient to convert from 25 % to 75 %,
preferably 50 % of the tertiary amine group to quaternary group.

30 The quaternizing agent may be any compound capable of quaternizing a
tertiary nitrogen atom in an aqueous medium. In general these compounds are
characterized by having as a principal part of their structure an alkyl group or
substituted alkyl group which is readily available for alkylation under the
conditions herein described. These include the lower alkyl esters of mineral

35  acids such the halides, sulfates and phosphates, and substituted alkyl halides.

Ilustrative of these compounds which may be used are dimethyl, diethyl and



di am nopropane, 1, 3-di am nopropane, a N-substituted
di am nopropane, nore preferably,
WA 2@a115p0438- di met hyl am nopr opane, PCT/EP2008/057247
1- am no- 3-di et hyl anmi nopr opane,
1- am no- 3- cycl ohexyl am nopropane, N, N, N
,N -tetranethyl - 1,3- propanediani ne,
1, 3-di am nobut ane, 1, 5-di am nopent ane,
1, 8-di ami nooct ane, 1, 10-di am nodecane,

1, 19ipepsknhgegaebsrlorpe; methhindide Reited Ryange.séhyl bromide,
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et h%/f1 ¥Si m ne. 2. 3. Processes The reaction between the
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soI4uﬂﬁTIQN TN AGENIS bl e wit h water, or m xtures
t hes @qf;eneygﬁt er is preferred. Mnoal cohol s, like
met'hanqg],, et hanol, n-propanol SO ropanol and but anol
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th@samnh@nﬁﬁufaamfwomablaﬂzmdnmgbﬂe sol vent anmoni a or

g;ﬂ C\:i %P{ yre. floﬁJSUSIF é%g t%u(ﬁrtahg?o f%;ﬁlﬁg glinalgq%g]ing{ﬁ?m salt,
10 the cl%mlnmlrferrpulefoé maldhycohiaghvert [dablame@rowgmseddctaddT@n 2y

% I
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hi q ?Ven%han or equal to 0. 5, nore preferably higher

t han or equal to 0.75 and nost preferably higher than
250r equafxanmplgs of Thaeniraionagents axuathlgro-bhedroxympyr

€q ut?ilrnetﬂ%lle;rgmoﬂlfuﬁf sy aﬂd%id}l rﬁ%@lethyl ammonium chloride.

4.2. Co-reactants

In the application according to the invention, the product containing
epichlorohydrin is usually subjected to a reaction with an amine, an amine salt,
30  or a mixture thereof.
The amine is preferably a tertiary amine and the amine salt is preferably a
tertiary amine salt.
The tertiary amine salt is for instance a salt obtained by treating an amine
with an acid, preferably an inorganic acid, like for instance hydrochloric or
35  sulphuric acid.

The tertiary amine may be represented by the formula



or equal to 5, nore preferably |lower than or equal to
3, and nost preferably |lower than or equal to 2. The
WO 200pasAtilire at which the reaction i s carried PCK/EP208/057247
general ly higher than or equal to 10 OC, preferably
hi gher than or equal to 25 0C_ nore preferably higher
than or equal to 50 0C and no§¥ preferably higher than
or equal to 60 OC. That tenperature is usually | ower
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of tchmeﬁsdbmeyiamﬁleadmneﬂ@ldmecylhmmeaﬂtrmthylktearylamine, and

epi&ﬁ{gﬁggmg{ln addition is conplete, raising the
tenpefa ure to between 60 and 90 0C. The reaction

20pr oductThegrmipe s¢lbic pypwllyassadtrpbiansousreagiont icricenghe above

sol ddcriidd@imihel e hydrb&abHEST sul fufic deiddpRFdrat IR i@my@fochloric
the sol vents under vacuum treatnment of the sol ution

wi t#@Qn acid or a base. These reactions lead to the
f orsrBtProcessds t he nononmer. For exanpl e a reaction

bet weenrenlehloatadni. sndyd Bt N AT R0 BR8P G hbe
25honmpok pntheiamane sadt qahé)e carried out by any process known in the art such
as those described in US 2,876,217 the content of which is incorporated herein
by reference.
The reaction is generally carried out in the liquid phase, possibly in the
presence of a solvent. The solvent may be selected from water, an organic
30  solvent e.g. an alcohol, a ketone, an ester or an aliphatic hydrocarbon, preferably
miscible with water, or mixtures thereof. Water is preferred. Monoalcohols, like
methanol, ethanol, n-propanol, isopropanol and butanol are preferred organic
solvents, with methanol being particularly preferred.
The content of epichlorohydrin in the solvent is usually higher than or
35  equal to 0.1 mol/l, often higher than or equal to 0.5 mol/l, frequently higher than

or equal to 1.0 mol/l, particularly higher than or equal to 2 mol/l, specifically
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pol prERFa bR BigRErahaNbEubNtofd. Ybdr@n8 most preferably higher than or

equal to 1 bar. That pressure is usually lower than or equal to 20 bar, preferably
lower than or equal to 10 bar, more preferably lower than or equal to 5 bar, and
most preferably lower than or equal to 2 bar.

The duration of the reaction is generally higher than or equal to 10 min
absolute, preferably higher than or equal to 20 min, more preferably higher than
or equal to 30 min and most preferably higher than or equal to 60 min. That
duration is usually lower than or equal to 72 h, preferably lower than or equal to
60 h, more preferably lower than or equal to 48 h, and most preferably lower
than or equal to 10 h.

When an amine salt or a mixture of an amine and of an amine salt 1s used,
the pH of the reaction is usually at least 5, and preferably at least 6. That pH is
usually at most 9, preferably at most 8.

In a first embodiment, the manufacturing procedure usually involves the
mixing of the amine, epichlorohydrin and water, followed by heating at the

desired temperature for the desired duration. The aqueous solution is further



3.2. Co-reactants In the application according to the

i nvention, the product containing epichlorohydrin is
wWQIswaliFap4subj ected to a reaction with a pol yanPCBEEP2008$057247

pol yam de. The pol yam ne and the reactions conditions

are as described above for the manufacture of

coagul ants. The pol yanide is-d$oally obtained by
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(in this case the polyam de is generally referred as a
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deruseéds $uchror tiimghep oyglﬁmd nes tltéegymdjdetérlambdgy reaction with
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enetri am ne,

triet hﬁm@ﬁbtrépmhﬁdlﬁ@nt @étana@ﬁt lmdr@qhéqmwa gispersed in water.
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erived from di basi

t he_ - S
Scarbiik TOEIY%%P i TEB T dﬂ?tﬂ@ the By ing golption AR xR stirred
pr edt elicaddsitc$ Ringrt ke ffo ot Id&&ﬂ:yﬂd%fwl,onn apbthdkeidrin group is
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pr ehexadiv sslatiect ed from mal onic, succinic, glutaric,

adi pi ¢,y,dj lfé{rfo%% eﬁ%o%ﬁ%@%’ {:he s@fuﬁoﬁ%bgmea%gthe end of

m xtures t ereo rOCESSe he reaction betwe
20t hethp stagtion era berfarthes WFW@W Rcjem @gmrmpwmt@@twn at
outy @hlp@ratuﬁ%g [ca$ thaf 50e08h dkdeY thbsthigra JddNcAftaifBgat ch& 90
45 9 %y welg t of rp?éflélragly at least 95 % by weight. A water miscible
alcohol having 3 to 4 carbon atoms, such as isopropanol, n-propanol, and tert-
butanol, preferably isopropanol, is added to the slurry, such as to obtain an
25  alcohol content from 10 to 70 % wt, preferably from 25 to 50 % wt, based on the
total weight of the resulting alcohol-water slurry. The precipitated solids are
then recovered by filtration or by other means suitable for removing solids from
liquid. The solid may optionally be washed with additional volumes of alcohol
or another non-solvent and/or dried to remove any trace of water and alcohol.
30 The reaction product can be recovered as an aqueous solution, or a solid
after further treatments, e.g. distillation of the solvents under vacuum, treatment
of the solution with an acid or a base.
4.4. Uses
Cationization agents are mainly used in the cationization of starch to be
35  utilized by the paper industry for processing of high quality paper grades or for

cationization of textile for dye fixing.
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notwhaeiassany, utanshagRnldelyd séRete &B@Ba halogen, H, OH, OR*,
R*', OR*(OH), and R*(OH),
30  wherein the halogen is preferably selected from bromine and chlorine and is

preferably chlorine

wherein R* is an alkyl, an aryl, an alkylaryl, an arylalkyl, a cycloalkyl radical

containing from 1 to 20 carbon atoms, often from 3 to 12 carbon atoms

wherein R* is an alkylene, arylene, alkylarylene, arylalkylene, cycloalkylene
35  radical containing from 1 to 20 carbon atoms, often from 3 to 12 carbon atoms

wherein n is an integer equal to 1 or 2
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30 The molar epichlorohydrin/ phosphorus containing compound ratio is
usually higher than or equal to 1, preferably higher than or equal to 2, more
preferably higher than or equal to 5 and most preferably higher than or equal
to 10. That ratio is usually lower than or equal to 50, more preferably lower than
or equal to 30 and most preferably lower than or equal to 20.

35 The temperature at which the reaction is carried out is generally higher
than or equal to 0 °C, often higher than or equal to 5 °C, frequently higher than



dci hl oropropanol -2 and 1-chl oroglycerol. Certain
aromati ¢ conpounds nmay al so be used |like benzyl
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products resulting fromthe reaction between
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compound includes OH groups in the molecule. The molar basic compound/
phosphorus containing compound ratio is usually higher than or equal to 0.1,
preferably higher than or equal to 0.15, and most preferably higher than or equal
to 0.2. That ratio is usually lower than or equal to 5, more preferably lower than
or equal to 3 and lost preferably lower than or equal to 1.

An onium salt, preferably a quaternary ammonium or phosphonium salt,
more preferably a quaternary ammonium chloride, like for instance
benzyltrimethylammonium chloride, can be present in the reaction medium. This
is generally the case when the phosphorus containing compound is a phosphine
oxide. The onium/phosphorus containing compound ratio is usually higher than
or equal to 0.01, preferably higher than or equal to 0.05, and most preferably
higher than or equal to 0.1. That ratio is usually lower than or equal to 1, more
preferably lower than or equal to 0.5 and most preferably lower than or equal to
0.2.

The product of the reaction can be recovered by any means, e.g., filtration
and submitted to washing operations before being submitted to evaporation

under reduced pressure.
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reference. The reaction is

18 awaltf nate ga{]se(? rsgr?aryta%t, the product containing epichlorohydrin is usually
subjected to a reaction with an aliphatic alcohol containing from 10 to 40 carbon
atoms, preferably from 10 to 22 carbon atoms more preferably from 14 to
18 carbon atoms and most preferably from 16 to 18 carbon atoms. The alkyl
chain may be branched or linear or ethoxylated, wherein when present, the
branches comprise an alkyl moiety containing from 1 to 4 carbon atoms, such as
methyl or ethyl.

In the application according to the invention, when the detergent ingredient
18 a cationic amine based polymer, the product containing epichlorohydrin is
usually subjected to a reaction with an amine selected from the group consisting
of linear alkylamines, branched alkylamines, cycloalkylamines, alkoxyamines,
amino alcohols, cyclic amines containing at least one nitrogen atom in a ring
structure, alkylenediamines, polyetherdiamines, polyalkylenepolyaminesamine.

Specific examples of the said amines are given above.
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rrér% 50y ﬁr@wé)plp@r?&weo} 4dustathydxyol -ptl)piperazine, 1,4-bis(2-
hydroxy-1-pentyl)piperazine, and 1,4-bis(2-hydroxy-2-phenyl-1-

ethyl)piperazine. Other cyclic amines with at least two reactive nitrogen atoms
30  are melamine and benzimidazoles such as 2-hydroxybenzimidazole and 2-
aminobenzimidazole.
6.3. Processes
The reaction between the product containing epichlorohydrin and the
alcohol is carried out by any process known in the art such as those described in
35 US 5,567,359 and US 2006/0079433, the contents of which are incorporated

herein by reference.
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duration is usually |lower than or equal to 72 h,
preferably |l ower than or equal to 60 h, nore
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Typical molar ratios of amine:epichlorohydrin range from 1:1to 1:1.4.

The duration of the reaction is usually between 0.25 and 1 h.

The condensation product between the amine and epichlorohydrin is
usually further quaternarized using alkyl halides, epoxides, chloroacetic acid, 2-
chloroethanesulfonic acid, chloropropionic acid, epoxysuccinic acid, propane
sulfone, 3-chloro-2-hydroxypropanesulfonic acid, dimethyl sulfate and/or diethyl
sulfate, or oxidized by oxidation of the tertiary nitrogen atoms of the

condensation products to N-oxides.
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wei ght. A water m scible al cohol having 3 to 4 carbon
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tertbutanol, preferably isopropanol, is added to the
slurry, such as to obtain an al cohol content from 10
to 70 % wt, preferably from26lto 50 % w, based on
the total weight of the resulting al cohol-water
slurry. The precipitated solids are then recovered by
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W'ht h ?nTﬂenglflcﬁéﬂ' EhRlca®bd Mé&e(ﬁ@&ﬁ%ﬂ@m aﬁ@ﬁil@élﬁyl@ymdyl cthers,
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7.2. Co-reactants

In the application according to the invention, the product containing
epichlorohydrin is usually subjected to a reaction with an alkylene or phenylene
oxide or with an alkylene or phenylene oxide and a glycidyl ether or the
epichlorohydrin is homopolymerized.

7.3. Processes

The reaction is carried out by any process known in the art such as those
described in US 3,135,705, US 3,158,580, US 3,158,581, US 3,026,270 and
US 3,341,491, the contents of which are incorporated herein by reference.

The reaction is usually carried out in solution in aliphatic or aromatic
hydrocarbons, chlorinated hydrocarbons, or ether.

The weight ratio between epichlorhydrin and the alkylene oxide is usually
between 20:80 and 90:10.



phosphoric acid (ortho, pyro and pol yphosphoric acid),

a phosphoric acid salt and a phosphorus oxychl ori de.
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are for instance phosphoric acid esters (of ortho,

pyro and pol yphosphoric acid), phosphonic acids, their

esters or their salts, phosphﬁ%rc acids, their esters

or their salts and phosphlne oxi des. The compounds
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7.4. Uses
The epichlorohydrin elastomers are generally used in specialty
25  applications, like for instance automotive components ( fuel pump diaphragms,
emission control hoses, motor mounts, gaskets, seals and portable fuel tanks), in
the aircraft industry, for specialty roofing membranes, coated fabrics, solvent
storage containers, paper mill and printing roll and in a variety of oil specialties.—
80 °C and 250 °C, preferably between — 80 and 150 °C, more preferably between
30 —30and 100 °C. A temperature between 25 and 50 °C is particularly convenient
The homopolymer of epichlorohydrin and the copolymers can be further
cross-linked, e.g, by further reacting with a polyamine, or an amine in the
presence of at least one agent from the group of sulfur, dithiocarbamates, thiuram
sulfides.
35 A further goal of the invention is to provide epichlorohydrin which can be

used in various applications, obtained from a starting material different from



phosphorus contai ning conpound is carried out by any
process known in the art such as those described in
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The tests have been carried out according to the following procedure with

epichlorohydrin sample ECH1 (examples 1 to 3), ECH 2 (examples 4 to 6) and

ECH 3 (examples 7 to 10). The quantities of chemicals are indicated in Table 2.

The polymerization of epichlorohydrin (ECH) has been carried out in the

presence of the system tetraoctylammonium bromide(NoctsBr)/triisobutyl

aluminium (TiBA).

The epichlorohydrin has been dried over calcium hydride under vacuum
for 24 h at 25 °C and further distilled.

The polymerization reactions have been carried out in pyrex vessels fitted

with polytetrafluorethylene valves. The vessels have been evacuated under

flame heating to remove residual moisture. After cooling to room temperature,

the vessels have been cooled to — 30 °C (ethanol/liquid nitrogen cooling bath)

and toluene and epichlorohydrin, have been added under vacuum. After those
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8 4 10.2 2.15 0.71

9 3.6 11.4 0.97 0.43

10 4 11.6 1.08 0.35
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Table 4

Example n° | ECH (ml) Toluene (ml) | H>0 (ul) TEA (ml)
13 4 10 23 0.67
14 4 10 23 0.67
15 4 10 23 0.67
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herein by reference. The reaction is usually carried
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nmol ar ratios of al cohol eplcﬁVOrohydrln range from
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was heated at reflux under stirring to a temperature of 111°C. A 40 % aqueous

fl on
oh

solution of caustic soda (60.8 g, 0.6 mol) was introduced at a rate of 12 ml/h
during 3.5 hour. The temperature of the mixture in the flask was maintained in
the range 100 °C - 115 °C in order to assure a constant reflux. The
epichlorohydrin rich organic phase decanted during the reaction as a lower phase
in the separator was recycled regularly in the reaction flask and the aqueous rich
phase collected as an upper phase in the separator was regularly drawn off. The
heating was maintained for 15 min after the total introduction of the caustic soda
solution to achieve the collect of the water phase in the decantor. 29.7 g of
aqueous phase was collected with a composition given in Table 6.

The epichlorohydrin in excess was removed from the reaction mixture by
distillation under a vacuum of 30 mbar and by a progressive heating of the
mixture to 109°C. 156.1 g (1.7 mol) of epichlorohydrin was recovered in this
step. The composition of the distillate is given in Table 6.
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al kiydsRRRd e A8 rRMGHHAX @flcaRd agadliyfel PiAsceh MR sePdrator was
heregularly drawn off. The heating was maintained for 15 min after the total
introduction of the caustic soda solution to achieve the collect of the water phase
in the decantor. 54.5 g of aqueous phase was collected with a composition

25  given in Table 6.

The epichlorohydrin in excess was removed from the reaction mixture by
distillation under a vacuum of 30 mbar and by a progressive heating of the
mixture to 118°C. 148.2 g (1.5 mol) of epichlorohydrin was recovered in this
step. The composition of the distillate is given in Table 6.

30 The salt was separated from the crude product (47.8 g) after addition of
228.4 g of toluene under agitation and by filtration. The cake of filtration was
washed with 97.3 g of toluene. The toluene solutions were mixed and
evaporated at 180°C under a pressure of 1 mbar.

305.0 g of toluene was recovered as the condensate of the evaporation with a

35  composition given in Table 6. The residual product of the evaporation (99.8 g)

contained the diglycidyl ether of bis-phenol A as a major product and no trace of
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reaction is carried out by any process known in the
wW@ea0saseols as t hose described in US 3,135, 705, RII/EP2008/057247
3, 158,580, US 3,158,581, US 3,026,270 and US
3,341,491, the contents of which are incorporated
herein by reference. The reacfPon is usually carried
out in solution in aliphatic or aromatic hydrocarbons,
chl ori nated hydrocarbons, or ether. The weight ratio
betWiserveatsd bii-phangbiti(n Sanerkeh el g wyideheongsineset P3 mol epoxy
usqfkkggﬁgbw@@mngyégh@gge?gbﬁQ&The reaction is
prefer . ried out .in e presence of a catalys
P or meci By ik dtioRgers Lio BACHERA GERER Pooayat e ooptuel
RS frodwts &tAhRbinlex@mplashiéraad RS ate dmilabe sel ected from
al kyl, cycloal kyl, ,aryl or alkaryl radical. The
catal yst activity can be inproved by the addition of
acetyl acetone. Sonme conbi nati ons of organozinc and
or ganomagnesi um conpounds, as well as other additives
and chel ating agents in conbination with al kyl al um num
compounds, are also effective catal ysts. The reaction
can be carried out in a continuous process using a
back-m xed reactor. The tenperature at which the
reaction can be carried out is usually conprised
between - 80 0C and 250 0C, preferably between - 80
and 150 OC, nore preferably between - 30 and 100 0C. A
tenperature between 25 and 50 OC is particularly
conveni ent The honopol yner of epichl orohydrin and the
copol yrmers can be further cross-1linked, e.g, by
further reacting with a polyam ne, or an amne in the
presence of at |east one agent fromthe group of
sul fur, dithiocarbamtes, thiuramsulfides and
thi azoles, or with a nmetal conmpound selected fromthe
group consisting of salts of aromatic carboxylic
acids, aliphatic carboxylic acids, carbonic acid,
phosphorous acid, silicic acid, and oxi des of the
nmetals of Goups HA, HB and | VA of the periodic Table
and at | east one heterocyclic



conpound sel ected fromthe group consisting of
2- mer capt oi m dazol i nes and 2- nercaptopyrimdine .
wQ2008/1589¢5 The epi chl orohydrin el astoners are PENEPRDS/G57247
used in specialty application i ke for instance
aut onoti ve conponents ( fuel'ggﬁp di aphragns, em ssion
control hoses, notor nounts, gaskets, seals and
portable fuel tanks), in the aircraft industry, for
specialty roofing nmenbranes, coated fabrics, solvent
storage containers, paper mll and printing roll and
in a variety of oil specialties.- 80 0C and 250 0C,
preferably between - 80 and 150 O0C, nore preferably

bet ween 30and—100PG—Atenperatyre—between25—an
50 OC is partjcul arly| convenient| The honopoljyner pf
epi chl orohydrgrﬁx -%hféoj)%l yngrs - gan b%to‘L[thgée:_d_d_d_d
cross-|j nked|5 &gy <by| £ud|tner reagiding wi & =| 2| 5| €| & <
pol yami e, of=an am ne fin tthe prlesence of |at| |east fre
agent fromthe group pf[ quiff ur, [di[thi ocar barmaies,
thi uram gul f gégk\A furit hen goal| of |Che inygntion|jis
to provj Qe ept dhizonoRidrs|mwhi ch-sanhe usedd|s|<|2|<|<|<
vari ous| BEopl | & EpnsS| VOt |Ti| Aed Frdm|g| st aF [t [rg =| 5| 7| & 7| ¢
naterial%diffeﬁbnt {ronprlopyl enel. TThe-i|nventijon
therefor & fuftherrelptleg to|thel Use-0f
epi chl or ohydy i qggpt i held |f rom gllygergd in |the
manuf act ure pf %‘;];5 cldyl| grildes QF |gl|\E¢i dyd|Jd|ed|des| Oko| [oo
coagul ants of Vet BIEENG B BesiBST|d| =t at i ZEIDE(S| TS
agents r fl pame set a‘?da‘nt?,oor detlergent T|yredientss| |<
Exanpl es Fi vp gp@éh of ohydnin (ECH) |ganpl s have peen
used. Thet+r—rtofpostitpnsohtainedtbygas
chromat pgr aphy anal ysf s| dre presented|in Tahl ¢ 1.
Tabl e 1n. d. gQQL\datected, m.m| :| nott neasuyred]:
| - chl orfo- 2, ?isep@'yémr)?aﬁeéaé uBits|calegul at|efd=or|tre < S| <
basis of the|Zdf &l “¢onTENt ﬂmofh%rﬁo gani || Eopdn@nt|sT| =
Exanples 1 tp 10 (honppollyneri zatijon of BE&H)| The | est|s
have been cafrt+etrott JcLurding tg—trh fJfILwing
procedur & mﬁthg?picwlqgohydrin sjanpl|ey ECHI (zianp es |1
to 3), E&H 2| %examp|esSis|tob) andHSH 3 |examless (| <|=
to 10).| Ene éaﬁq%@ zﬁoi G m§ia|§<r e |§1@H§’a:§e§ £IE| 2|3
Tabl e 2| §The| paj yneri gatijon of eppilchi-gr ohydr|i n ( ECH)
has beenﬁbarrlqg€%$1 n thehﬁresence;ﬁf the [system
tetraoctylarmmg% Dr pnii de ct 4Er)@ riisjohutyl
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al um nium (Ti BA). The epichl orohydrin has been dried
over cal cium hydride under vacuumfor 24 h at 25 0C
wa@ewsfisaogher distilled. The pol ynerizati on reaRCT/BP208/057247
have been carried out i.mjpyrex vessels fitted with
pol ytetrafl uoret hyl ene val ves. The vessel s have been
evacuat ed under flane heating to renove residua
noi sture. After cooling to roomtenperature, the
vessel s have been cooled to - 30 OC (ethano I/1iquid
nitrogen cooling bath) and tol uene and
epi chl or ohydrin, have been added under vacuum After
t hoseaddi ti ons, argon has been introduced in the

vessel—angd—tetragetHampribymrbrem-de—anrgd—+r+sobut yl
al ym ni ym|have pbeen added [tq tthe yesgell. |This [addition
corjstituted tnel ti ne|zesos|Qf|Sthesr eagti fctler a
gi en tijmg udper<|magner £cs|sd|B €l 5y &| - <368| BCY| t he
reacti on has peen st opped |by addi pg 1-2 f |et hanol
to |the vegsel | HArT of [The ol[ule| of [T CTli on
medi,um has then Heen|subpijttied {o| evapd n |af ter
whi|cl t hes|pobyaes hag<beesl 4 \etayel ed: S & erlvessel .
The gonVvéilsi 8h° s Fe&n= ohtdmmed=py ~qar g [t he
meigﬁt df |recovierled polyner (wilth the [wei of| added
epi|cBl orlohydr | nl |The|t heprlet|i ¢al ol ar t (M th.)
hag been c¢al cul gtjed on|the hasi $ pf t|hg tity of
tetraoctéangmi um b.ro151.c';de.5 'Il;he, neasyr ed . parer nol ar
veilght (B eXp3| HAnd= heSmIHE | mEphts|d r§jcgn have
been obt|&i|ned|By |Gel | PETefat|i on| Chr Gtrat hy. The
taqgticit|y |of the |pol yner| hag beén| obtjai y |13C and
1H tNWR—The—respuhts—of rthe—trests—are st zed in
Tahl e 3.| Tabl g RTabl ¢ B n.m| | nop ngas Exianpl es
13 |to 15 (honmpﬁlynerizatior of, | ECHL |TH 5t s| have
been car|rd|ed<pd Iac@(mjﬁn?ﬁ@glm f &= ptlocedur e
wi th epi|¢hl of pRydr i 7| §afpt | |ECEl =( exdmy ~| ECH 2
(exanmpl ¢ 14) and [ECH| 3| (exanplie|1p) . |Th ntii ti es of
cham cal starertndicatet A—ratpte—#—hd Yelri zati on
of |efi chl arohydrijn (ECH)| has beéen carLj t [in the
pres.gnce;cf Le|-sy stea)-vat|es| A Ll-gf hyl | <Al Sm ( TEA) .
The gr ogedur €|0f=|exaip| € 4] Has =been “1|J] except
that 8TEA iln spljutlion|in tagl dene|ahd vat vel been
added undér afgor to|the| vegseél [T[rst| d [ eld
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and dried, left under magnetic stirring under vacuum

for 30 mn, before ECH in toluene has been added (tine
W@ 2008/15%043 he reaction). The pol yneri zati on hasPGEEP2008/057247

carried out at a tenperature of 25 0OC for 12 h. The
resul ts have been summarized {f~Table 5 Table 4Table 5
n.m : not nmeasured Exanple 16 Preparation of a
product consisting predom nantly in diglycidyl diether
of Bi sphenol A according to US 2,8 11,227 The

npl oyed was a thernostatised flask equi pped

Wi th a AeeRathcEabststbd j dcRéted Yabddr ﬁa\hﬁg?K%rlﬁﬁ@ Lalufend 385 ml
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quarters of the circumference. The spacing between the plates was 30 mm. The
column was adiabatic (glass jacket under vacuum). A thermocouple placed in
the top of the distillation column enabled the temperature of the gas phase
distilled to be measured. The distillate was collected in a funnel with a stopcock.
A first distillation fraction was collected between 49°C and 67°C and gave, after
separation, 425 g of an organic phase (D1 org) and 159 g of an aqueous phase
(D1 aq). The organic phase (D1 org) was combined with the contents of the
boiler to give the mixture (MEL2) which was then distilled at a temperature of
187°C. A second distillation fraction was collected between 66°C and 67°C and
resulted, after separation, in 244 g of an organic phase (D2 org) and 11.5 g of an
aqueous phase (D2 aq). A main distillate of 2082 g of epichlorohydrin at

999.5 g/kg was then collected (D3) at a temperature of 67°C. The mixture



567.2 g of toluene under agitation and by filtration.
The cake of filtration was washed with 124.4 g of

W@ 2008252945 The t ol uene sol utions were m xed andPCT/EP2008/057247
evaporated at 185C under a pressure of 1 nbar. 659.4 ¢
of toluene was recovered as thé-condensate of the
evaporated fraction with a conposition given in Table
6. The residual product of the evaporation (100.5 @)
cont ai ned the dlegC|d et her of bis-phenol A as a

nmaj @nstifiteg te faghbeiler ( ) vreighad dAves ﬁlé‘élmﬂb@%‘lﬁéﬁéla VALY
(< rownddsign of?ﬁl@hlbﬁﬂyﬂﬁﬁl Bfn@ht@@dTﬂe Qt%aﬁﬁlphamyo a[nd the

¢ e i e ke B sl ' Ror b ey 10 recdver,

e X afiop behahbed Vdhee, epiablorahydfih ask a waisturavft 1, 3ddichlarbargeganol

0 ol (
sttt SO SRl PSR 8 8 oo il 20
anadbjained mrfthc Histidagianriperayidns arcidssqyibgem Tablgdbl e 1. The
trichl oropropane content is of 0.007 g/kg. The m xture
was heated at reflux under stirring to a tenperature
of 119C. A 40 % aqueous sol ution of caustic soda (60.8
g, 0.6 nol) was introduced at a rate of 12 m/h during
3.5 hour. The tenperature of the mxture in the flask
was mai ntained in the range 102 0C - 119 0C in order
to assure a constant reflux. The epichl orohydrin rich
organi ¢ phase decanted during the reaction as a | owner
phase in the separator was recycled regularly in the
reaction flask and the aqueous rich phase collected as
an upper phase in the separator was regularly drawn
of f. The heating was maintained for 15 mn after the
total introduction of the caustic soda solution to
achi eve the collect of the water phase in the
decantor. 54.5 g of aqueous phase was collected with a
conposition given in Table 6. The epichlorohydrin in
excess was renoved fromthe reaction m xture by
distillation under a vacuum of 30 nbar and by a
progressive heating of the mxture to 118C. 148.2 g (
1.5 nol) of epichlorohydrin was recovered in this
step. The conposition of the distillate is given in
Table 6. The salt was separated fromthe crude product
(47.8 g) after addition of 228.4 g of tol uene under
agitation and by filtration. The cake of filtration
was washed with 97.3 g of toluene. The tol uene
sol utions were m xed and



evaporated at 1800C under a pressure of 1 nmbar. 305.0
g of toluene was recovered as the condensate of the

W@ r@posati on with a conposition given in Tabl ePGI/EF1908/057247

resi dual
the diglycidyl ether of bis-phenol A as a major
product and no trace ofunconverted bis-phenol A (< 5
The residue contained 4.93 nol epoxy per kg

ng/ kg) .

product of the evaparation (99.8 g) contained

and 0.49 % of hydrol ysable chlorine. The Hi gh
Performance Liquid Chromatography anal yses of the

resi dual products obtained in exanples 16 and 17 are
simlar.Table 6 O | n.d. : not detected, n.m : not
n'easurpril:ynnml e 18 A nl ass thermstated inr*l(m‘ ed
react or ,,havwng a wor ki ng vol upe of 305m1 phi e
contim@§§wtdw-o4%-8w-%-e®loumg/88xgd én%Lgn S
an aqugetis f &t & & &f ﬂchﬁl%wﬁ)\l!Gpw@oa&l& r‘@o“f/’
prepardgd |from gl ycerol and concentrat ea hydr oc 1 orf c
acid ir tlhe presence of an organic acid accordlng to
t he | ntjef|FE &hal Appkigati-gne W-280E 854157 ;| 6ds 15y
Sol vay 900 e M xtdre codtaidal 5 Cgoofq ?at:eﬁ/kgqg =
404.6 d df 1, 3-dichl oro- 2- propanol d 20.1 g of
2,3-dicn|oro |-propan0|/Kg, 0. 14 g of acr0|e|n/Kg,
0.13 g cg‘(\em chl orohydrln
1.2, 31| | b0 B GhEnE/ Eg %@@@@%@@&@@@z
and 0.(%|g of an ether of crude formil a The sodi um
hydr oxifdg—was—ntroduced—at—a—itowrate—-of—262g-h—and
t he aquergus di ch] or gpL,apganal. i xt upe Was | ntroduced At
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i nterval s of

| ess than 1mm bet ween each

hol e, pl aced

in an arc over three quarters of the circunference.
wab@safadi ng between the plates was 30 mMmm ThePCDER29N8/057247

was adi abatic (glass jacketzsunder vacuum). A

t hernocoupl e placed in the top of the distillation

columm enabl ed the tenperature of the gas phase

distilled to be neasured. The distillate was coll ected

in a funnel

with a stopcock. A first distillation

fraction was col |l ected between 49C and 67C and gave,

after separation,

425 g of an organi c phase (D org)

and 159 g of an aqueous phase (D ag). The organic

phase (D org) was conbined with the contents of the
boilkgdr_to gij ve the mxture (MEL2) which [was then
di § iedﬂa gerrpgrcatuur@g)@ BH®. A &cond
di g at ros aCtlﬁrb\AB.S‘oGj)k\I' ected berjeen 66C and
67¢ gnd resulted, after separation, in 344 g of an
ordarni c phase (D2 org) and 11.5 g of an |aqueous phase
(D?«GCQ & mpengdi %'%'@L:?-@fc 298239 ofy
epi|éHlor oh:yd:r@’nqat 899.5 g/kg= wasd Ehena ol ' ected (D3)
at [a |tenperature of 67C. The mixturecondtituting the
fi raffpborTer (WEL3) weighed 1226 g and gnly cont ai ned
a Veqly. | ow fractl on of epl c@?g%h %rl n_ijnpl ement ed.
The ocyigant\ccp "% | erlZ|MEL3 coul d be
redfl’ed to the d| stl I I at| on operations|in order to
r egovfer—fHor—enhanced—vatve—eptehtoroehydrin and a
m Mtegre ofg |, 3-di chl or o- 2- propanol and
2, 3-¢firzhl @'@-Tc-gr opanel'dr%s‘g) eby. e conpositions
(g/|&))T used “affd “obt i Aed T t%egﬁﬁ?tll gtion
opgrations are described in Table 7 Tablle 7n.d. = not
detlegt edC L_Ad _M S 1 - Pragduct, contai nifng
epi I—oro gr%noand:'tglrem@gp%pa@ fifferein the
ang & of e@hgoroar@pgragCPs:@fd@ss tHjan 0. 01 g of
trilc Ioropropé{ne per kg of product 2 - |Product
accogrdl ng to Caiml, containing in addiftion at |east
ong &g Mok of; Lhe Lall.gwng -£qmeo (A)
hal gemat &d chydeEocaebans corpadintlss &lnffe.-rent from
tri|CT|l or opr opane chosen from chl oropropgne,
t ri[chtoropropene, chioropropanot, chiorgpr openol ,
di cfﬂ”oropg,opene di chl,or ropane .. dj chgcropr opanol ,
mor@ﬁ@orgg Hed BT TG ROEE <
nonéghl or o enzene and arty m xture of at| | east two of
t hgmt—andler—{Bl——conpounds—chesen—froemgcrol ein,
met/kyl_ gl yeidyg cether_, chloroacetone, dlycerol,
hycgfyacﬁ@@ gl ymigok S sy ¢l épentanopg and any
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3 - Product according to daiml or 2, wherein the
trichl oropropane is chosen from

W@ 208352083 chl or opropane, 1,1,1 -trichl or opr opaP&l/EP2008/057247

5

1,1,3- trichloropropane , 1,1, 2-trichloropropane and
any m xtures of at least two of them 4 - Product
according to any one of Claimé1 to 3, containing nore
than 900 g of epichlorohydrin per kg of product. 5 -
Process for manufacturing the product according to any
one of Claims 1 to 4, conpelshddShe fol | owi ng steps:
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5 - Process for manufacturing the product according to any one of Claims 1

to 4, comprising the following steps:

a) in a liquid reaction medium, a mixture of dichloropropanol containing 1,3-
dichloro-2-propanol and 2,3-dichloro-1-propanol, in which the 1,3-dichloro-
2-propanol content, relative to the sum of the 1,3-dichloro-2-propanol and
2,3-dichloro-1-propanol contents, is at least 10 wt%, is reacted with at least
one basic compound in order to form epichlorohydrin and at least one salt;

and

b) at least one part of the liquid reaction medium from step a) is subjected to a

settling operation in which a first fraction containing most of the



epi chl orohydri n which was contained in the first

fraction separated in step b) before the extraction
wWop@sasioah, is separated froma second part cOPCHEPIONS057247

nost of the water; a treatnment conprising at |east two

distillation operatl ons, of which at |east one is an
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25 = atreatment which comprises at least one adsorption operation and at least one
distillation operation, and, at the end of the treatment, at least a first cut
containing most of the epichlorohydrin which was contained in the first

fraction before the treatment 1s obtained.

8 - Process according to any one of Claims 5 to 7, in which the first fraction
30 separated in step b) contains dichloropropanol and said fraction is subjected to at

least one of the treatments chosen from:



treatnment, are obtained. 9 - Use of the product
according to any of clains 1 to 4 in the manufacture
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or glycidyl am des or glycidyl imdes or coagul ants or
wet-strength resins or cationization agents or flane
retardants or detergent ingred ents or epichlorohydrin
el astonmers. 10 - Use according to claim9 wherein the
product contai ni ng. eplchlorohydrln I.S subjected to a
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wherei n the product containing epichloro nis
reacted with a conmpound sel ected from hosphorlc aci d,
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epichlorohydrin is subjected to a reaction with a compound containing at least
one active hydrogen atom, selected from monoalcohols, monocarboxylic acids,
polyols, polyamines, amino alcohols, polyimides and amides, polycarboxylic
acids, and mixtures thereof, in order to obtain an epoxy resin or a glycidyl ether

or a glycidyl ester or glycidyl amides or glycidyl imides.

11 - Use according to claim 9 wherein the product containing
epichlorohydrin is reacted with ammonia, an amine, a polyaminoamide or a
polyimine in order to obtain a coagulant, or wherein the product containing
epichlorohydrin is reacted with a polyamine, a polyamide or a polyaminoamide

in order to obtain a wet-strength resin, or wherein the product containing



epi chl orohydrin is reacted with an al kyl ene or

phenyl ene oxide or with an al kyl ene or phenyl ene oxi de
warwsasmkyci dyl ether or honopol ynmerized in orREr/EP08/057247

obtai n an epi chl orohydrin el astoner. 15 - Use of

epi chl or ohydri n obt ai ned fron1g|ycero| in the

manuf acture of glycidyl anmided?or glycidyl inides or

coagul ants or wet-strength resins or cationization

agents, or flane retardants, or of detergent . )
i ngﬁ‘rpéca}l@ﬁhgdnn is reacted with an amine, an amine salt, or a mixture thercof in

order to obtain a cationization agent.

12 - Use according to claim 9 wherein the product containing
epichlorohydrin is reacted with a compound selected from phosphoric acid, a
5  phosphoric acid salt, a phosphorus oxychloride, a phosphoric acid ester, a
phosphonic acid, a phosphonic acid ester, a phosphonic acid salt, a phosphinic
acid, a phosphinic acid ester, a phosphinic acid salt, a phosphine oxide, a

phosphine, or a mixture thereof, in order to obtain a flame retardant.

13 - Use according to claim 9 wherein the product containing
10 epichlorohydrin is reacted with a monoalcohol containing from 12 to 16 carbon
atoms or an ethoxylated alcohol or with an amine selected from the group
consisting of linear alkylamines, branched alkylamines, cycloalkylamines,
alkoxyamines, amino alcohols, cyclic amines containing at least one nitrogen
atom in a ring structure, alkylenediamines, polyetherdiamines,

15  polyalkylenepolyaminesamine in order to produce a detergent ingredient.

14 - Use according to claim 9 wherein the product containing
epichlorohydrin is reacted with an alkylene or phenylene oxide or with an
alkylene or phenylene oxide and a glycidyl ether or homopolymerized in order to
obtain an epichlorohydrin elastomer.

20 15 - Use of epichlorohydrin obtained from glycerol in the manufacture of
glycidyl amides or glycidyl imides or coagulants or wet-strength resins or

cationization agents, or flame retardants, or of detergent ingredients.



