Product contai ning epichlorohydrin, its preparation

and its use in various applications The present patent
wap@siisaiis on clainms the benefit of the United BtBERN08/057246

Provi si onal patent application USP 61/007,661 filed on

14 Decenber 2007, of the French Patent applications FR

07/ 55696 filed on 12 June 2007, FR 07/57751 filed on 2

1 Septenber 2007, and of the United States Provisiona

Pat ent Application USP 61/013672 flled on 14 Decenber

2007, Pledugeonemingépighlorobfdmhiits RIation @ 5 Ak DR

by reference. The present applen no relates to an

epi chl or ohydri n- based product, to a process for its

preparation and to the use of the product in various

appl i cations. Epichlorohydrin is a reaction

internedi ate in the manufacture of various products

i ke for instance epoxy resins, synthetic elastoners
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20 In some cases the epichlorohydrin thus obtained is contaminated with
impurities which render them unsuitable for certain applications.

The goal of the invention is to solve those problems by providing a new
product containing epichlorohydrin suitable in all known applications.

The invention therefore relates in a first embodiment to a product

25  containing epichlorohydrin and at least one alkyl glycidyl ether in an amount of
less than 0.1 g/kg of product.

One of the essential characteristics of the present invention resides in the
identification of unwanted impurities. Glycidyl alkyl ethers have indeed been
identified as unwanted impurities. They are very difficult to separate from

30  epichlorohydrin because of similar boiling points. The presence of glycidyl

alkyl ethers in epichlorohydrin may prove troublesome in some of these
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A ycidyl ethers are suspected to have reproductive
toxicity, immunotoxicity and toxicity to the skin.
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The alkyl group of the alkyl glycidyl ether can be a linear or branched or

alicyclic aliphatic alkyl group and is preferably a linear or branched aliphatic
group.

The alkyl group of the alkyl glycidyl ether contains a number of carbon
atoms which is generally higher than or equal to 1, often higher than or equal to 2
and frequently higher than or equal to 3. That number of carbon atoms is
generally lower than or equal to 10, often lower than or equal to 8 and frequently
lower than or equal to 6.

The alkyl group is preferably selected from the methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl and octyl groups and more preferably from the methyl,
ethyl, propyl and butyl groups and particularly preferably from the methyl and
ethyl groups. Very particularly preferably, the alkyl group is a methyl group. The
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25 usually 1-chloro-1-propene trans and specifically 3-chloro-1-propene ,and any
mixture of at least two of them
chloropropane, often 2-chloropropane, frequently 1-chloropropane,and any
mixture of at least two of them
chloromethane, often dichloromethane,frequently trichloromethane, usually
30 tetrachloromethane and any mixture of at least two of them
dichlorocthane, often 1,2-dichloroethane,
chloroethanol, often 2-chlorocthanol,
= trichloropropene, often 1,3,3-trichloro-1-propene-cis, frequently 1,3,3-
trichloro-1-propene-trans, usually 1,2,3-trichloropropene-cis (?), specifically

35 1,2,3-trichloropropene-transand any mixture of at least two of them
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dichloroepoxypropane,
and any mixture of at least two of them.

Aromatic halogenated hydrocarbons comprise at least one ring of aromatic
nature and a halogen atom. The halogen atom is preferably directly attached to
the aromatic ring. The halogen may be chosen from fluorine, chlorine, bromine,
iodine and mixtures thereof. Chlorine is preferred. The aromatic ring may be
mononuclear or polynuclear, and is preferably mononuclear. The aromatic
halogenated hydrocarbons may be chosen from mono-, di-, tri-, tetra-, penta- and
hexachloro- benzenes and/or naphthalenes. Monochlorobenzene is particularly
preferred.

Without wishing to be tied to one theoretical explanation, it is believed that
monochlorobenzene may come from the process for manufacturing
epichlorohydrin, in particular when this is obtained by dehydrochlorination of

dichloropropanol. More specifically, it is believed that monochlorobenzene may
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product, more commonly of less than or equal to 0.006 g/kg, yet more often of
less than or equal to 0.004 g/kg, still more often of less than or equal to
0.002 g/kg, most frequently of less than or equal to 0.001 g/kg, yet most
frequently of less than or equal to 0.0005 g/kg. That content is usually of at least
0.001 mg/kg.

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, often less than
or equal to 0.6 g/kg, frequently less than or equal to 0.5 g/kg, more often less than
or equal to 0.4 g/kg, more frequently less than or equal to 0.2 g/kg, yet more
often less than or equal to 0.1 g/kg, yet more frequently less than or equal to
0.05 g/kg, still more often less than than or equal to 0.01 g/kg, and in particular
less than or equal to 0.001 g/kg. That content is usually of at least 0.001 mg/kg.
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30  more often less than than or equal to 0.01 g/kg, and in particular less than or
equal to 0.001 g/kg. That content is usually of at least 0.001 mg/kg... The
dichloropropane may be selected from1,3-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
35  content usually less than or equal to 0.8 g/kg of product, often less than or equal

to 0.6 g/kg, frequently less than or equal to 0.5 g/kg, more often less than or equal
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0.8 g/kg of product, often less than or equal to 0.6 g/kg, frequently less than or
equal to 0.5 g/kg, more often less than or equal to 0.4 g/kg, more frequently less
30  than or equal to 0.2 g/kg, yet more often less than or equal to 0.1 g/kg, yet more
frequently less than or equal to 0.05 g/kg, still more often less than than or equal
to 0.01 g/kg, and in particular less than or equal to 0.001 g/kg. That content is
usually of at least 0.001 mg/kg.
The product according to the invention may also contain in addition to
35  epichlorohydrin, alkyl glycidyl ethers and halogenated hydrocarbons, compounds

such as for example :
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The product according to the invention usually can contain acrolein in an
amount usually of less than 0.07 g/kg of product, preferably at most 0.01 g/kg
and more preferably at most 0.005 g/kg. This content is at least 0.001 g/kg.
The product according to the invention can contain ketones, in a content
usually less than or equal to 0.8 g/kg of product, often less than or equal to
0.6 g/kg, frequently less than or equal to 0.5 g/kg, more often less than or equal to
0.4 g/kg, more frequently less than or equal to 0.2 g/kg, yet more often less than
or equal to 0.1 g/kg, yet more frequently less than or equal to 0.05 g/kg, still more
often less than or equal to 0.01 g/kg, and in particular less than or equal to
0.001 g/kg. That content is usually of at least 0.001 mg/kg.. The ketones may be

selected from acetone, chloroacetone, 2-butanone, cyclopentanone,
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partlcular less than or equal to 0.001 g/kg. That content is usually of at least
0.001 mg/kg.. The aliphatic alcohols may be selected from isopropanol, allyl
25  alcohol, glycerol, and any mixtures of at least two of them.

The product according to the invention can contain hydroxyketones, in a
content in a content usually less than or equal to 0.8 g/kg of product, often less
than or equal to 0.6 g/kg, frequently less than or equal to 0.5 g/kg, more often less
than or equal to 0.4 g/kg, more frequently less than or equal to 0.2 g/kg, yet more

30  often less than or equal to 0.2 g/kg, yet more frequently less than or equal to 0.05
g/kg, still more often less than than or equal to 0.01 g/kg, and in particular less
than or equal to 0.001 g/kg. That content is usually of at least 0.001 mg/kg. The
hydroxyketone is often hydroxyacetone.

The product according to the invention can contain epoxides different from

35  epichlorohydrin, in a content in a content usually less than or equal to 0.8 g/kg of

product, often less than or equal to 0.6 g/kg, frequently less than or equal to
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particularly preferably from the methoxy and ethoxy groups. Very particularly

30  preferably, the alkoxy group is a methoxy group. The propoxy group can be
chosen from the n-propoxy and isopropoxy groups and is preferably an
isopropoxy group. The butoxy group can be chosen from the 1-butoxy, 2-butoxy,
isobutoxy and tert-butoxy groups, preferably from the isobutoxy and tert-butoxy
groups.

35 Preferably the alkyl group of the alkyl glycidyl ether is a methyl group and
the alkoxy group of the chloro alkoxy propanol is a methoxy group.
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equal to 0.0005 g/kg of compound. The alkyl group in the glycerol alkyl ether is
30  as defined above and is preferably a methyl group.

The invention relates, in a second embodiment, to a process for obtaining a
product containing epichlorohydrin and at least one alkyl glycidyl ether in an
amount of less than 0.1 g/kg of product. The product can be obtained by
dehydrochlorination of a composition containing dichloropropanol and at least

35  one chloro alkoxy propanol in an amount usually of less than or equal to 0.1 g/kg

of composition. The composition containing dichloropropanol and at least one
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25al kyl gThecdoaigitions hestep (a) of the process are such as described in the patent
application PCT/EP2007/055742 filed in the name of SOLVAY SA, the content
of which is incorporated herein by reference, more specifically the passages from
page 18, lines 17 to 25, and page 19, line 4 to 19.
The conditions of step (a) of the process are such as described in the patent
30  application PCT/EP2007/055742 filed in the name of SOLVAY SA, the content
of which is incorporated herein by reference, more specifically the passages from
page 11, line 12, to page 17, line 24, and page 17, lines 31 to 35. The catalyst can
be based on dodecanoic acid.
The conditions of steps (¢) and (d) of the process are such as described in
35  the patent application PCT/EP2007/055742 filed in the name of SOLVAY SA,
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By epoxy resin, one intends to denote a polymer, the chemical formula of

10

which contains at least one oxirane group, preferably one 2,3-epoxypropyloxy
group.

30 By polymer, one intends to denote molecules with many units joined to
cach other through chemical covalent bonds, often in a repeating manner, those
units being referred as repeat units. The number of repeat units is higher than
zero. A polymer contains at least one type of repeat units. When the polymer
conatins only one type of repeat units, it is called a homopolymer. When the

35  polymer contains more than one type of repeat units, it is called a copolymer.
The copolymers can be of the random type, of the alternating type or of the block
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Encyclopedia of Industrial Chemistry, 5th Edition, 1987, Vol. A9, pp. 547-553).

The compound containing one active hydrogen atom can be selected from
mono alcohol, preferably from 1-butanol, a C;, to Cy4 primary alcohol or a cresol,
and mixtures thereof, mono carboxylic acids, like for instance neodecanoic acid,

30  acrylic acid, methacrylic acid, or mixtures thereof.

The compound containing at least two active hydrogen atoms can be
selected from polyols, polyamines, amino alcohols, polyimides and amides,
polycarboxylic acids, and mixtures thereof.

The polyols can be aromatic or aliphatic. Aromatic polyols are preferred.

35 Preferred aliphatic polyols are aliphatic diols, more preferably selected
from butanediol, neopentyl glycol, hydrogenated Bisphenol A (4,4'-dihydroxy-
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preferably from 1 to about 4, carbon atoms, a halogen atom, preferably chlorine
or bromine or a hydroxyl group or an amino group; each Z is independently -OH
or NH2 ; p has a value of from about 1 to about 100, preferably from about 2 to
about 50; m has a value from about 1.00 to about 6 and n has a value of zero or 1.
Also suitable as compounds having at least one aromatic hydroxyl or
aromatic amine group per molecule are those represented by the formulas VI to
VIII of Figure 3, wherein each R is a divalent hydrocarbyl group having from 1 to
about 18, preferably from about 2 to about 12 and most preferably from about 2
to about 6 carbon atoms, a group represented by the formulas IX, X, XI or XII of
Figure 2, or R can combine with R' so as to form a stable heterocyclic ring with
the nitrogen atoms; each A is independently a divalent hydrocarbyl group having
from 1 to about 10, preferably from 1 to about four carbon atoms, -O-, -S-, -S-S-,
-(S=0)-, -(S=0)- or ((C=0)-, each R' is independently hydrogen, a 2.3.-
epoxypropyl group, a 2-alkyl-2,3-epoxypropyl group, a monovalent hydrocarbyl
group or a hydroxyl substituted monovalent hydrocarbyl group, said hydrocarbyl

groups having from 1 to about 9 carbon atoms, said alkyl having from 1 to about
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pentadiene aromatic polyamines can be prepared in a similar manner by
substituting an aromatic amine for the phenolic compound.

Also suitable are compounds containing both at least one aromatic hydroxyl

group and at least one aromatic amine group such as, for example, hydroxy
30  aniline, aminoxylenol and the like.

The polyphenolic compound is preferably selected from Bisphenol A (4,4'-
dihydroxy-2,2-diphenylpropane, 4,4’-isopropylidenediphenol), tetrabromo
Bisphenol A (4,4’-isopropylidenebis(2,6-dibromophenol)), Bisphenol AF (4,4'-
[2,2,2-trifluoro-1-(trifluoromethyl)ethylidene]bisphenol) = hexafluorobisphenol

35 A (4,4'-dihydroxy-2,2-diphenyl-1,1,1,3,3,3-hexafluoropropane), 1,1,2,2-tetra(p-
hydroxyphenyl)ethane, hexafluorobisphenol A, tetramethylbisphenol (4,4’-
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and m xtures thereof. The polyols can be aromatic or
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generally involve a reaction of the product containing epichlorohydrin and the

compound containing at least one active hydrogen atom, followed by
dehydrochlorination with a basic agent

The process for making epoxy resin usually involves two steps: the
preparation of an uncured epoxy resin followed by a curing step.
1.3.1. Uncured ER

The reaction between the product containing epichlorohydrin and the

compound containing at least one, preferably two active hydrogen atoms can be
carried out by any process known in the art like for instance the Caustic Coupling
Process and the phase-transfer catalyst process, for making Liquid Epoxy Resins
(LER), the Taffy and the Advancement or Fusion process for making Solid
Epoxy Resins (SER).
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The content of the basic agent in the solution or suspension is generally

30 higher than or equal to 5 % by weight, preferably higher than or equal to 10 % by
weight, preferably higher than or equal to 20 % by weight, and most preferably
higher than or equal to 30 % by weight. That content is usually lower than or
equal to 70 % by weight, preferably lower than or equal to 60 % by weight,
preferably lower than or equal to 50 % by weight, and most preferably lower than

35  orequal to 40 % by weight.



from1l to about 10, preferably from1l to about 4

carbon atonms, a halogen atom preferably chlorine or
woe@siits®4or a hydroxyl group or an am no gr oupPCT/EP2008/057246

Sui t abl e such pol ycycl opentiadi ene pol yphenol s and

nmet hods for their preparation can be found in U S

Pat. No. 4,390,680 issued to Donald L. Nelson on June

28, 1983 which is incorporated herein by reference.
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sti | bene, condensat i on I‘O uct q henol
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4. 4'-diamn ane mnoa

be laghqsﬁl@m bb@ra%wlb%at\’vhen nydYRIK iScusa Sﬁtsal%lp @tﬂﬁ@ﬂres “which can

be employed are those which will provide the codistillate with a boiling point of
from about 45 °C to about 80 °C, preferably from about 55 °C to about 70 °C.

30 The temperature of the reaction is usually greater than or equal to 25 °C,
preferably greater than or equal to 50 °C, more preferably greater than or equal to
90 °C, and most preferably greater than or equal to 95 °C. The temperature of the
reaction is usually lower than or equal to 200 °C, preferably lower than or equal
to 150 °C, more preferably lower than or equal to 125 °C, and most preferably

35  lower than or equal to 120 °C.



are preferred Iike for instance, p-am nophenol. The

i mdes and am des can be aliphatic or aromati c.
wolkdsnsmycl i c i mi des and am des are preferred, P¢T/ER2008057246

instance 1,3,5-triazinetriab and i m dazolidi ne-

2, 4-di one. Pol ycarboxylic acids can be aliphatic or

aromatic. An exanple of dineric fatty acid is linoleic
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aromati c di carboxylic acid |like for instance

hexahy dFtspisadiieniis ugieily condugtedppire eagboofttipre fugkitling the quantity

e P oy, r&ﬁ{sl c\bﬁiahﬂﬁg actR8 h@ﬂ Sﬁi &oﬁpfenﬁﬁhhg]& tﬁ@ Mtl&?ﬁﬂvpﬁre is
egC|dyI esters ra é& i nvol ve
g (Smy ﬂ?taﬁr?ﬁt?{d qt%ﬂLPF YIRS BY
andwtight. cnntpﬁme ds amaﬂgi grateg thah or eqed! t@oe lﬁ&fﬁeql\i@tly greater than
Eggér Ql t q{IIl}lT f%n (grew?eq tl$a¥1 oqrehﬁqr O%Lbl Igi?lng %{ogp %ar%’*" gﬂaﬁl}f
|nvghw@sﬂmmprsm@psr30heTbc@paﬂéﬁmamooﬁsmmammkuwmdmnoremml
ep 320'@? SFEn [RYdr ARhr Qﬁuﬁ t& l1'6 'h” c@{eﬁﬂy lobves tHan JIRGHAIRE 5 h,

reaction betwee cont al ni ng

epl%ﬁmﬁ?%ﬁ@@WPHﬂXWﬂN@H%mb@ﬁﬁ@@ﬁé4dbntalnlng at | east

one, prep&f étbhp‘let‘id‘iipoﬁﬁé roaetidty eHcagantant @ﬁ&y €& Reinished in any
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phea{mhl © 129 COKibke gremfiblﬁg&a@s than@de Iag@m@tm(p:@ il inight
agen conver,si on o 0
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mat1 C or ar I C amne COo
20e npst@g/@ @atrwdamhbm ly ebg pubaghospherig BHgERULC, zsqallwdowabroth@n or
équa%Qf EbabYo (ifc0Prabavly 18wir then 8P&Hal & 101 bar, more

respe
I?referab y |ower than or equal to 0.005 bar, and most preferably lower than or

equal to 0.002 bar, at a temperature usually greater than or equal to 150 °C,

preferably greater than or equal to 170 °C, more preferably greater than or equal
25  to 190 °C, and most preferably greater than or equal to 195 °C and usually lower

than or equal to 300 °C, preferably lower than or equal to 250 °C, more

preferably lower than or equal to 220 °C, and most preferably lower than or equal

to 215 °C.

The salt which is formed can be separated from the crude product through

30  addition of a solvent, e.g. toluene, followed by filtration and distillation to

remove the solvent.

Phase-Transfer Catalytic Process

Alternatively, in the Phase-Transfer Catalyst Process, the coupling reaction
and dehydrochlorination can be performed separately by using phase-transfer
35  coupling catalysts, such as quaternary ammonium salts, which are not strong

enough bases to promote dehydrochlorination. Once the coupling reaction is



The basi c conpound may be an organic or inorganic
basi ¢ compound. Organic basic conmpounds are for

wezaspsm4am nes, phosphi nes and ammoni um phosSpODREP2008/057246

20

25

30

35

or arsonlun1hydrOX|des I natgani ¢ basi ¢ conpounds are
preferred. The expression "inorganic conpounds”" is
under st ood to nmean conpounds which do not contain a
car bon- hydrogen bond. The i norgani c basic conpound nay
be chosen from al kali and al kal i ne-earth netal oxides,
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e GRETER AT Sobisny sy R duty K Rae SOnaRngh 2 maioyeg in
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F eferably |ower than or equal to 40
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enpl Ry e ataascd'i‘l@erﬁﬂi'ﬁ%ﬁ B8 198 dHoiPNto a0, YprébraBly from about 5 to
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f r othORb&UPCTANt S Wit 50 percent by weight. The
amount T)He drasing oﬁbdmmm\ﬁbound girefcaddlyyalahlk aletal ARdrdkide, which is

ot BRP v Poets o PR S u o RERERPu g fBiq opbou
nDI%nxmemﬁxmwE@gﬂnmﬁﬁpﬂﬁﬁépabﬂpufﬁénmdbUUQ5@m9@pmnhem
to ﬂref%remi’gl groﬁﬁ'ﬁc,el?ﬁitﬂoxyl group and, preferably aromatic, amine hydrogen.
The temperature of the reaction is usually greater than or equal to 25 °C,
preferably greater than or equal to 50 °C, more preferably greater than or equal to
90 °C, and most preferably greater than or equal to 95 °C. The temperature of the
reaction is usually lower than or equal to 200 °C, preferably lower than or equal
to 150 °C, more preferably lower than or equal to 125 °C, and most preferably
lower than or equal to 120 °C.
The time of reaction is usually greater than or equal to 0.1 h, frequently
greater than or equal to 0.5 h, often greater than or equal to 1.0 h, and most

particularly greater than or equal to 1.5 h. The time of reaction is usually lower



preferably aromatic, hydroxyl group and, preferably

aromati c, am ne hydrogen. The basic agent,
wepsshsmaohydrin and the conpound cont ai ni ng ae¢T/ZB2008/057246

hydrogen atom can be nmi xed2en any order. It is

preferred to add the basic conpound to a m xture of

the two other reactants. The basic agent, preferably,
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hydrogen atom ning in the reaction mxture
rnercaptans (polysulfides and polymercaptans) curing agents, cychc arnldlnes

Elfgher than or

curing agents, isocyanate curing agents and cyanate ester curing agents
The amine functional curing agents can be primary and secondary amines,
30  polyamides, amidoamines and dicyandiamide.
The amines can be aliphatic, cycloaliphatic, aromatic amines or arylyl
amines.
The aliphatic amines can be selected from liquid aliphatic polyamines, such
as polyethylene polyamines, hexamethylene diamine, polyether amines
35  (polyglycol-based polyamines), ketimines (reaction products of ketones and

primary aliphatic amines), mannich base adducts (reaction products of amine,



not greater than about 0.5, preferably not greater

t han about 0.2 percent by weight. That tinme is usually
wa@e@atisz4d han or equal to 0.5 h, frequently grpal/P2008/057246

than or equal to 1.0 h, often greater than or equal to

2.0 h, and nost particularly greater than or equal to
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25 The carboxylic functional polyester can be obtained by reaction of
terphthalic acid, trimellitic anhydride and neopentyl alcohol
The acid anhydrides can be phthalic anhydride, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, methyl hexahydrophthalic
anhydride, hexahydrophthalic anhydride, nadic methyl anhydride or methyl himic
30  anhydride, benzophenonetetracarboxylic dianhydride, tetrachlorophthalic
anhydride, and mixtures thereof.
The phenolic-terminated curing agents are products that can be obtained by
reaction of phenol, creseol or bisphenol a with formaldehydes.
The mercaptans (polysulfides and polymercaptans) curing agents generally

35 contain terminal thiols.



Alternatively, in the Phase-Transfer Catalyst Process,

the coupling reaction and dehydrochl orination can be
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25  products, appliance panels, transportation, and metal furniture applications),
automotive coatings (primer surface coatings) and inks and resists. Coating can
be done using various technologies like low solids solventborne coating, high
solid solventborne coating, solvent-free coating, waterborne coating, powder
coating and radiation-curable coating.

30 The structural applications can be in the field of structural composites (fiber
reinforcing materials based on glass, boron, graphite and aromatic polyaramides),
of civil engineering, flooring (floor paints, self-leveling floors, trowelable floors,
and pebble-finished floors) and construction, of electrical laminates, of electrical
laminates (printed wiring boards and printed circuit boards), of other electrical

35  and electronic applications, like casting, potting, encapsulation (switchgear

components, transformers, insulators, high voltage cable accessories, and similar
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Coagulants are generally polymers with a high cationic charge density to

25  neutralize negative charges of colloids and initiate the formation of flocs. They
generally exhibit a relatively low molecular weight in order to permit a good
diffusion of the charges around the particles and a low viscosity to allow a good
distribution of the polymer in the effluents.

By coagulant, one intends to denote a polymer, comprising at least one

30 repeat unit containing at least one 2-hydroxypropyldialkylammonium group.

An example of a coagulant molecule is presented in Figure 5.

2.2. Co-reactants

In the application according to the invention, the product containing
epichlorohydrin is usually subjected to a reaction with ammonia, an amine, a

35  polyaminoamide or a polyimine.



The coreactive curing agents can be selected from

am ne functional curing agents, carboxylic functional
w@edogasioes and anhydride curing agents, PCT/EP2008/057246

phenol i cterm nated curing agents, nelam ne-, urea-,

and phenol - fornmal dehyde resins, nercaptans (polysulf

des and pol ynercaptans) curing agents, cyclic am di nes

curing agents, isocyanate curing agents and cyanate

ester curing agents The am ne functional curing agents

can be Phid areing cathbl & gwoadardy e pedgmipe| Vhnimes can be

am zﬂ%ﬂ“ﬂl@ %ﬁcy?dllfé{ ofd 'afb‘h?dﬂfé' 2 ERd of NBsaRIThiRe; Sluf%@f‘orbs%bstltuted
aliphatic, al aromatic. a or ar

ami Hesamiph ba Pﬁegqa ly atala?ﬁt RBS 1B PEdC@ yeaéi rtary amino
|'i ohuidgoggenb.phat i ¢ poI yam nes, such as poI yet hyI ene

poI yam . pes hexa er am nes

(poI yglrgl%:o mlggg d %) ﬁ%reﬁ?ﬁ%ﬁcgé Igee%l?lgp% Er eaction

pr oductid-(OfH-REDSNRE - (BndNyIﬂr); Rcary al i phat| c amives),
mn@h&@lﬁﬁ@g %n@ﬁ@u&h%e(e g éx!é:g Wi de;dl LiSo®, or dlfferent and can

am ne enol and fornal era

(r e@é@ﬁe@ﬁelﬁ]ﬁd&ﬁ?{ectﬁ’ﬂ freom V@pléw @rrqllseéwl f%d&ﬂ émﬁ% bigached or
pr 0&%@@1@ hadﬁg ol 1 mmsﬁbo@aamm RTuheR™ mr&ca‘qualme

m nes .ca el.ected from.i So rone
IOdI (%l.}.? ﬁ@n ?rj}bﬁ uﬁlodlélﬁgp‘bﬁhpi]?ﬁls F?éif(:ﬁ}i?{gmatlc ra(P ca? having
1 Zﬁdmamria -cayboh alewg pech dfiriandxys arintegeeoffralindnbesplus s
'%E%‘ S)()I g%edl am ne, and m xtures thereof. The
aro I'c am nes can be selected from
met a- phémyres medidenipwer, allygtang|lewer allkeayl piimery rapgamines, such

(tetys t;
Sl SIS i v

154i et-RYYERERS |ba9éwé%4 el BOpHam ey SegondaRy HaBICE sehigs
sel @gtee)1dniian) dﬁlﬁjlﬂleﬁl)ylaﬂlﬁ@ elltRyThmene, ﬂro@ylrnethylarmne

op et PPy R e PR G bl E ety BT e "
t r i ghylipltgiaatiet, meathylbytyRodiy, peyytadipylireme, phingytethglamine, and
po%&%é{&hg@ﬂf é?eg{zlclwxamlﬂe%) a \991'1 ¥§ gg%fl%ﬁé&;ﬁﬁ%?? grlarmnes and

I Sbphorone
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tetramine, tributylenetetramine, trihexylenetetramine, tetracthylenepentamine,

25  tetrapropylenepentamine, pentahexylenchexamine, pentapropylenehexamine, N-
ethyl-1,2-ethylenediamine, N-(2-propenyl)-1,3-propanediamine, N-hexyl-1,4-
butanediamine, N-2ethylhexyl-1,3-propanediamine, N-(5-octenyl)-1,6-
hexanediamine, N-butyltriethylenetriamine, N-hexyltripropylenetetramine, N-
nonyltetrabutylenepentamine and N-(oleyl)-heaxethylencheptamine, N-alkyl-1,3-

30  diaminopropane, butane and hexane, where the radical alkyl can be hexyl, heptyl,
octyl, nonyl, decyl, undecyl, , dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, and
tetracosyl.

The monoamine is preferably a secondary amine, more preferably

35  dimethylamine.
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When a solvent is used, the ammonia or amine content in the solvent-
ammonia or amine mixture is usually higher than or equal to 5 % by

25  weight (% wt), preferably higher than or equal to 10 wt %, more preferably
higher than or equal to 20 wt % and most preferably higher than or equal to
45 wt %. That content is usually lower than or equal to 90 wt %, preferably
lower than or equal to 75 wt % , more preferably lower than or equal to 60 wt %,
and most preferably lower than or equal to 55 wt %.

30 The molar ratio between epichlorohydrin and ammonia or amine is
generally higher than or equal to 0.1, preferably higher than or equal to 0. 5, more
preferably higher than or equal to 0.75 and most preferably higher than or equal
to 1. That ratio is usually lower than or equal to 10, preferably lower than or
equal to 5, more preferably lower than or equal to 3, and most preferably lower

35  than or equal to 2.
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25react i v"éhechehqj@mmoduct 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.
These reactions lead to the formation of the monomer. For example a
reaction between epichlorohydrin and dimethylamine produces the
30  epichlorohydrin dimethylamine monomer. This is then homopolymerized to the
corresponding quaternary ammonium compound which is a low molecular weight
cationic polymer used as a coagulant. Such polymerization usually takes place
under alkaline conditions.
The monomer can also be copolymerized with acrylamide to produce
35  higher molecular weight polymers also used for water treatment.

2.4. Products characteristics
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Examples of chemical formulas of such a polymer are presented in

Figure 6.

3.2. Co-reactants

In the application according to the invention, the product containing
epichlorohydrin is usually subjected to a reaction with a polyamine or a
polyamide.

The polyamine and the reactions conditions are as described above for the
manufacture of coagulants.

The polyamide is usually obtained by reacting an amine, preferably a
polyalkylene polyamine (in this case the polyamide is generally referred as a
polyaminamide) and a dicarboxylic acid, preferably a saturated aliphatic
dicarboxylic acid, as described in US 865,727, the content of which is
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Nno e yl ngl,
R
aﬁn%{w&ne, but ane and hexane, where the radical
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25f r omtgb,szlndh@ﬁrsn stegd) dlmercadtjop-mixture is maintained at 30 °C -50 °C.,
preferably 39 © - 41 °C. Reaction time for the first stage is preferably about

90-190 minutes to form an intermediate polyaminochlorohydrin. Then the
reaction temperature is gradually increased to 55 © -75 °C. such that the
intermediate polyaminochlorohydrin is controllably cross-linked to a determined
30  level. The second stage is continued until the viscosity of the reaction mixture
reaches the desired level ( preferably level M to N on a Gardner-Holdt viscosity
scale).
Broadly speaking, the reaction can be carried out neat or in an aqueous
solution of up to 57 wt % in water. Preferably, the polyaminoamide is reacted
35  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
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25  equalto 0.1, preferably higher than or equal to 0.5, and more preferably higher

than or equal to 1. That molar ratio is usually lower than or equal to 10,
preferably lower than or equal to 5, and more preferably lower than or equal to 2.
The reaction between the polyamide and epichlorohydrin can also be

carried in the presence of a quaternizing agent, the conditions of reaction and the

30  reactants, except for the inclusion of the quaternizing agent, being essentially the
same as described above. In a preferred procedure, the epichlorhydrin is first
added to an aqueous solution of the polyamide at a temperature from 45 to 55 °C.
The reaction mixture is then heated to a temperature from about 60 to 100 °C, and
preferably from about 50 to 80 °C, depending on the rate of the polymerization

35 desired. After a suitable time at that temperature, i.¢., 0 to 100 min, a time after

which the epoxy group of the epichlorohydrin have reacted with the secondary
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4. CATIONIZATION AGENTS
4.1. General

The product containing epichlorohydrin according to the invention can be

used for the manufacture of cationization agents.

By cationization agent, one intends to denote a quaternary ammonium salt,
the chemical formula of which contains at least one group selected from 2,3-
epoxypropyl, 3-chloro-2-hydroxypropyl, and their combination, and which is not
a polymer.

Cationization agents are often quaternary ammonium salt containing a

glycidyl or a 3-chloro-2-hydroxypropyl group attached to the nitrogen atom. The



These reactions lead to the formation of the nononer.

For exanple a reaction between epichl orohydrin and
waolemstikgosami ne produces the epichlorohydrin  PCT/EP2008/057246

di met hyl am ne nononer. Thi $3is then honopol yneri zed to

the correspondi ng quat ernary anmoni um conmpound whi ch

is a low nolecular weight cationic polyner used as a

coagul ant. Such pol ynerization usually takes pl ace

under al kal i ne conditions. The nmononer can al so be .

copditippiEatiotesonl ¢ bgdsglptadptizolids op powlieieonhingtpser or in organic

mol &gy wei ght pol yners al so used for water

treatne Pr.oducts characteristicsThe obtalned

pol yne Eipatien fyralomrasion agepks prsciirPran %esﬂlioxmaw i's

hi giigfetiiyd@anmonivatetabrideand dAAdylafimethyhaghehivnhealilotde.
Sequgé éo 10 090 and frequently higher than or equa

to nol ecul ar weight is usually |ower than

or equam¢h©mﬁﬁ@m@ﬁaxwoﬂmenmHbmewmnhumﬂ@qﬂemumbmﬁmnmgo

_?_g Oﬁpl&ﬁ&ogﬁﬁﬂﬁt alh'rl]ag g] s‘%‘feEteH han r&%tl?fq%h ah %H‘E%IQ@ aQ ggnne salt, or

as aqueous sol ution contai ni ng
fro%ﬁ@ﬂmﬁdhgﬁo@bby wei ght of pol yners and exhi biting

Vi scosiTh@sniht §préfrdtdy 4 ler@9 2GR Ad¥0ths 8mird salt idsREerably a

10Theseg&g%¥nerslcan be used for treatnment of raw water
f or ¢ YCSAt o drinking water, for recycling paper
of vvat €Thd tortiAey pmiac Ra]pw fol ndtaste y salf astaipad by trokeingkidinine

C2t 4 0 91 PLERIING, Bk R 9B o ARl AN £3FC

ana ud e
useﬂﬂﬂmmwS@ghr reflnlng 3. PRODUCTS FOR FOOD- DRI NK

APPLI CAT| (®¥@iary Wit HESENGERLRERIAN the Yornfg@nier al - The

product gont@&nlﬁg epi‘chl orohydrin according to the
I5i nvent | used for the manufacture ofXYibducts

t haghaweinl R3E) eR Used R caa el stiated Gt Wb @Fupt dﬂ)ﬁ.\ﬁst\i\m% of a@l@ne

I h C%E’ﬂﬂ‘fyizcamﬁng %?log@@yg’ta?l@} nkht‘iryrgrgfﬂlg& cltd calhy [8ed o

tfosﬂnraeng androestaming &omnt E)rﬁﬁscalrhmrdemns eThe group attached to the
pol 1a§%é?1°&?‘bl‘3qm8@ é{‘rgﬁf)stltltltgg risg&?&{é@ of whi ch

20epoxypribey s ABR 2R3-wddy pﬁedbglﬁaémﬁrﬁmymfe@bwa@h haald ot
contain more than 4 carbon atoms. If all three of R*!, R** and R™ are not the
same and if R* contains up to 18 carbon atoms, the R*' and R** should preferably
be of the group consisting of methyl and ethyl. IfR*' and R** are joined to form
a ring, then R** should preferably be from the group consisting of methyl and

25  ethyl.

Examples of suitable tertiary amines are tricthylamine, N-methyl and N-
ethylmorpholine, N-ethyl and N-methylpiperidine and methyl diallylamine,
trimethylamine, dimethylbenzylamine, dimethyldodecylamine,
dimethylstearylamines, dimethylaniline, tri-npropylamine.

30 It is particularly preferred that the tertiary amine possess two methyl groups
attached to the nitrogen, like for instance, trimethylamine, dimethylbenzylamine,
dimethyldodecylamine, dimethylstearylamine, and dimethylaniline.

The amine salt is preferably a salt obtained by reaction between the above
described amines with hydrochloric or sulfuric acid, preferably with hydrochloric

35  acid.
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an dhlgher than or equal to5 rnol/l and sometimes hlg er than or equal to 10 mol/l.
That amine or amine salt content is usually lower than 20 mol/L

The molar epichlorohydrine/amine or amine salt ratio is usually higher than
or equal to 0.1, preferably higher than or equal to 0.5, more preferably higher
than or equal to 1 and most preferably higher than or equal to 1.2. That ratio is
usually lower than or equal to 10, more preferably lower than or equal to 5 and
lost preferably lower than or equal to 2.

The temperature at which the reaction is carried out is generally higher than
or equal to 0 °C, preferably higher than or equal to 10 °C, more preferably higher
than or equal to 25 °C and most preferably higher than or equal to 40 °C. That
temperature is usually lower than or equal to 100 °C, preferably lower than or
equal to 80 °C, more preferably lower than or equal to 60 °C, and most preferably
lower than or equal to 50 °C.

The pressure at which the reaction is carried out is generally higher than or
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
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sodium hydroxide in aqueous solution.
In a third embodiment, an amine hydrochloride is dispersed in water.
Sufficient sodium hydroxide is added to raise de pH from around 3 to around 8.
Epichlorohydrin is further added to the resulting solution and the mixture stirred
30 at the desired temperature for the desired duration. The chlorohydrin group is
further cyclized into the glycidyl derivative by reaction with sodium hydroxide in
aqueous solution.
In the various embodiments, the aqueous solution obtained at the end of the
reaction can be further concentrated by vacuum evaporation or distillation at a
35  temperature of less than 50 °C in order to obtain a slurry containing at least 90 %
by weight of solid, preferably at least 95 % by weight. A water miscible alcohol
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5.2. Co-reactants

In the application according to the invention, the product containing
30  epichlorohydrin is usually subjected to a reaction with an inorganic or organic
compound containing phosphorus. Such inorganic compounds are for instance a
phosphoric acid (ortho, pyro and polyphosphoric acid), a phosphoric acid salt and
a phosphorus oxychloride. Examples of organic compounds containing
phosphorus are for instance phosphoric acid esters (of ortho, pyro and
35  polyphosphoric acid), phosphonic acids, their esters or their salts, phosphinic

acids, their esters or their salts and phosphine oxides.
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substituted al kyl group whisch is readily avail able for

al kyl ati on under the conditions herein described.

These include the |lower al kyl esters of m neral acids
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2DOPO-PhOH,II as represented in Liu Y.L., Journal of Polymer Science: Part A:
Polymer Chemistry, 2002, Vol. 40, 359-368 and Journal of Applied Polymer
25 Science, 2002, Vol. 83, 1697-1701).
5.3. Processes

The reaction between the product containing epichlorohydrin and the
phosphorus containing compound is carried out by any process known in the art
such as those described in Journal of Applied Polymer Science, 2002, Vol. &3,

30 1697-1701).

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
solvent e.g. an alcohol, or mixtures thereof. An alcohol is preferred.
Monoalcohols, like methanol, ethanol, n-propanol, isopropanol and butanol are

35  preferred organic solvents, with ethanol being particularly preferred.
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! heprg e?ab?y 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
25  most preferably lower than or equal to 2 bar.

The duration of the reaction depends on the temperature at which the
reaction is carried out. That duration is generally higher than or equal to 10 min
absolute, preferably higher than or equal to 1 h, more preferably higher than or
equal to 10 min and most preferably higher than or equal to 24 h. That duration

30 isusually 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 30 h.

A basic compound, e.g., potassium hydroxide can be present in the reaction

medium. This is generally the case when the phosphorus containing compound
35  includes OH groups in the molecule. The molar basic compound/ phosphorus

containing compound ratio is usually higher than or equal to 0.1, preferably
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25 ora polyrner An oligomer is a polymer with a number of repeat units in each
polymer molecule of less than 20.

By detergent ingredient, one intends to denote a polymer, at least one repeat
unit of which comprises at least one 2-hydroxypropylammonium group,
preferably a 2-hydroxypropylimidazolidium group.

30 The product containing epichlorohydrin according to the invention can
preferably be used for the manufacture of cationic monomers, polymers or
oligomers, anionic surfactants, for instance sulfonates based surfactants,
preferably alkyl glyceryl ether sulfonate surfactants, monomeric or oligomeric or

cationic cyclic amine based polymers.
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Preferred aminoalkylmorpholines are aminoethylmorpholine and 4-(3-
aminopropyl)-morpholine. Other preferred compounds of this group are
aminoethylpiperidine, aminopropylpiperidine and aminopropylpyrrolidine.
Cyclic amines with at least two reactive nitrogen atoms in the ring are for

30  example imidazole, C-alkyl substituted imidazoles having 1 to 25 carbon atoms
in the alkyl group such as 2-methylimidazole, 2-ethylimidazole, 2-
propylimidazole, 2-isopropylimidazole and 2-isobutylimidazole, imidazoline,
C-alkyl substituted imidazolines having 1 to 25 carbon atoms in the alkyl group
and arylimidazolines such as 2-phenylimidazoline and 2-tolylimidazoline,

35  piperazine, N-alkylpiperazines having 1 to 25 carbon atoms in the alkyl group
such as 1-ethylpiperazine, 1-(2-hydroxy-1-cthyl)piperazine, 1-(2-hydroxy-1-
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25 Epichlorhydrin is usually slowly added to the alcohol-catalyst mixture.
The product of the reaction is a monomeric or oligomeric alkyl
chloroglyceryl ether.
The alkyl chloroglyceryl ether.is further converted into an alkyl glycidyl
ether by reaction with a basic compound, preferably sodium hydroxide. That
30  reaction is usually carried out with a 35 % aqueous solution of sodium hydroxide
at a temperature higher than 90 °C and for a molar ratio alcohol:NaOH of 1:1.5.
The alkyl glycidyl ether is further converted into an alkyl glyceryl
surfactant by reaction usually with a mixture of sodium bisulfite and sodium
sulfite, generally obtained by combining sodium meta-bisulfite with sodium
35  hydroxide.
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7. EPICHLOROHYDRIN ELASTOMERS
7.1. General

The product containing epichlorohydrin according to the invention can be

used for the manufacture of epichlorohydrin elastomers.
25 By epichlorohydrin elastomer, one intends to denote a polymer, containing
at least one type of repeat units, at least one type of repeat units containing at
least one 2-chloromethylethoxy group. The polymer can a homopolymer or a
copolymer.
Examples of epichlorohydrin elastomers are homopolymers of
30  epichlorohydrin, copolymers of epichlorohydrin with an alkylene or phenylene
oxide, and terpolymers of epichlorohydrin with an alkylene or phenylene oxide,
and a glycidyl ether.
The alkylene oxide can be selected from styrene oxide, propylene oxide,
ethylene oxide, butene-1 oxide, dodecene-1-oxide, and is preferably ethylene
35  oxide.
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25 The temperature at which the reaction can be carried out is usually
comprised between — 80 °C and 250 °C, preferably between — 80 and 150 °C,
more preferably between — 30 and 100 °C. A temperature between 25 and 50 °C
is particularly convenient

The homopolymer of epichlorohydrin and the copolymers can be further

30  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 and thiazoles, or with a metal compound selected from the group
consisting of salts of aromatic carboxylic acids, aliphatic carboxylic acids,
carbonic acid, phosphorous acid, silicic acid, and oxides of the metals of

35  Groups lIA, IIB and IVA of the periodic Table and at least one heterocyclic
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n.d. : not detected, n.m. : not measured

* . 1-chloro-2, 3-epoxypropane amount calculated on the basis of the total content of

other organic components

Examples 1 to 10 (homopolymerization of ECH)

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(Noct4Br)/triisobutyl

aluminium (TiBA).

The epichlorohydrin has been dried over calcium hydride under vacuum for
24 h at 25 °C and further distilled.
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and dried, left under magnetic stirring under vacuum for 30 min, before ECH in
toluene has been added (time zero of the reaction). The polymerization has been

carried out at a temperature of 25 °C for 12 h. The results have been summarized
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in Table 5
Table 4

Example n° | ECH (ml) Toluene (ml) | H,O (nl) TEA (ml)
13 4 10 23 0.67

14 4 10 23 0.67

15 4 10 23 0.67




The al kyl

into an al kyl

chl orogl yceryl

gl yci

dyl ether

ether.is further converted

by reaction with a basic

wa@ooppasamdy preferably sodi um hydr oxi de.
is usually carried out withsa 35 % aqueous sol uti on of
sodi um hydroxi de at a tenperature higher than 90 0C

5

10

15

20

25

and for a nol ar

gl yci dyl
gl yceryl

of E&dt dm bisulfite and sodi

Jm sul fite,

That

generally

I PEOL/EPDNNS/057246

rati o al cohol : NaOH of 1:1.5. The al kyl
ether is further converted into an al kyl
surfactant by reaction usually with a m xture

obt
sS00
co

At ORpIe Y
i um hydn

RARHY
oxi de, Ti

e g,

e reactiof

ey dxips Ul
n bet ween t
d fg{mol)

f iDigherdibh
he product
e is carri

Tacticity
ed

t ai ni ng

out| Iy any

pr opess

oIR8 7 5
knowy i n 1

he 2apd00sUC

h a® ¢hose

n.m.

n US 6, ]
which ¢

Thel 2 eaq

cribed i
tents of

are i ncorp
ddence. cti orpli S U

perature between 25 and 9

4t Ao +t Ay At g C 1
gt Ccrpecrat ot ettt —4ao Ho—Ou—ooc—

onelZet ween 30 and 1667Q0. Typi 45 nol
ratli os of am ne: epi chl orohydri ngqginge fron”}'ﬂto
1: I-4—TFhedurattotrof—thereactton—+s—ustatH-ybetween
0. 25 pgotimepsurle condensati on product between the

am pgandle 16pi chl orohydrin is usually further

quaternari zed usin | kyl halides, epoxjdes, . :

Chl or oadEPTE oYt Product PR EIPEFHOLtINFI i digtysidy! dicther of
chl Bispipnop Acaecerdag td USSp8kY,32icci ni ¢ aci d, propane

sul fon 3-chl oro-2-hydroxypropanesul fenic_acid, .

ai et nyThirprR i AR ORRERTI B Galhfning
by mxé¢hdatchstiret, withea jagketi cantpiming a dgemoettuplesandfwitthe Dean-
conglensahhair RiAthGicd ty Mh@Xb&Sd cdhddnscHS K ﬁfjf'ﬂ\%é Rd t

of detergentrin reg%egﬁglare sur?a%tan?g‘or%gu face ©
depiset # errsEnpRficiaHeP ek iPRRSE comiapt Bt Belrky used

as conppierh&ionfflagk @R iMGal ORI IBNS mialre JTHiPRER] A (68.4

N s LA T X L

des
co
r ef
ten
fir

740,633 an( e

| US)6006/ 0

052272 th
052318,
sualkBg2aar r

i ed 308t at
D Oggsén two st

th
nd )

#actic
e

™

aatactic

ot twaoh 40

onQ
U \W A B A3

t hg Idecond

a h
€—

A

[e

P!

Thechporadydint €Tt g3 .0 gnad pi Thel aabligdifitie edéddergtirig istgiven in

t heTébrl]é/ ?ml"hg H‘ic%?d}olpr%pane content is of 0.049 g/kg. The mixture was heated
at reflux under stirring to a temperature of 111°C. A 40 % aqueous 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.



used for the manufacture of epichlorohydrin
el astoners. By epichlorohydrin elastoner, one intends
wo ooodasmie a pol yner, containing at | east one PgPEPBNS/057246
repeat units, at |east one4bype of repeat units
contai ning at |east one 2-chl oronet hyl et hoxy group.
The pol yner can a honopol yner or a copol yner. Exanples
of epichlorohydrin el astoners are honopol yners of

epi chl or ohydri n, copol yners of eplchloroﬁ%grln with an
al kyl enbhcoraltgrsrgpaspied srnids cadg rredusbl4pregJfist addition of

epi odyl P% @hib%én@ u%érrh flkicH A‘n\d' t%ﬂ’ﬁ’ltrﬁﬁorp hﬁEB/éa‘i%B %f PilttaiBn was

and a eth The ne oxi de can .
sel Wiy s4t %/P iolicagi & %ﬁﬁ?@ﬂ%ﬂ%&?f&@lxg{ A ene
OXI&@pmﬁﬂﬁeme8§TDMKﬂEapﬁﬂd&éeﬂtﬂﬂmrOXIde and is
prefer ene 0ox et h can
el ot o SRR TR oL RS s o Iy atieg,
i nsfrantioe,with & tdropadiomdiveyl pdi abyel 6. eTItﬂenemdmzd paddugt of the
gl y&}agéﬁlangﬁ Qﬁ{o 5 g) c%ntagfédrtﬁ‘@&l ﬁmdérl Et@a{: (lﬁem? Réﬂoﬁf%t ésoanmajor

accor he i nvention, talm

epi RRAw @ﬁ«} ap trcq of upspmyaripd disopheaekd (Fo rag/kéthhedﬁSIdue
Wi t dpndincdl K94 £10€ e]lwxyqﬁe RY hed € 50% dehRiroMkdle @florine.

10 Iggleng ?2 phenyl ene oxide and a glycidyl ether or
th rohydrin is honopol ynerized. 7.3. Processes
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3, 330, 1m0)) andepisblorehydsn stmplei ESHH &r(@77.hgod faonel). eBhe analysis

her &iRe @ylcmslfﬁhﬁn&gweﬁr H?Ta[tﬁél?t TR tﬁoﬁl&éﬂ%héﬁé c%ﬁfe'h{ RH£0.007
out in soluti‘on in_al %ﬂ atrLc or aromatic dr ocar bons
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2OC at 1a|tb@:, $epa@{qr\qu)re@gbd regularly in the reactlon 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. 54.5 g of
aqueous phase was collected with a composition given in Table 6.

25 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.

The salt was separated from the crude product (47.8 g) after addition of

30  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
composition given in Table 6. The residual product of the evaporation (99.8 g)

35  contained the diglycidyl ether of bis-phenol A as a major product and no trace of



be i nproved by the addition of acetyl acetone. Sone

conbi nati ons of organozinc and organonagnesi um
waeoopasnds, as well as other additives and chebP@l/EPD08/057246

agents in conbination w thsal kyl al um num conpounds,

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
250umenvasicd foas-plving | Adt\ieag’ke). sbheaissidusoongancthpé mol epoxy

pr ef@kahhy oketyReRydroBlafBenibdRc 0C. A termer ature

bet wee cuIarI nyeni ent The
honopoﬂgﬁfé@ﬁ’fe éﬁ%‘%ﬂ%ﬁ%‘ﬁ?&ﬁ*ﬁ?@%ﬂ&f I@Xﬁﬁs ﬂ%ﬁge%%l
be prodtidieobteined &r tdampded, 16eand, 1 7kye t,ltmlraher r eactl ng with
a polyamne, or an amne in the presence of at |east
one agent fromthe group of sulfur, dithiocarbanates,
thiuram sul fides and thiazoles, or with a netal
conmpound sel ected fromthe group consisting of salts
of aromatic carboxylic acids, aliphatic carboxylic

aci ds, carbonic acid, phosphorous acid, silicic acid,
and oxi des of the netals of Goups HA, HB and | VA of
the periodic Table and at | east one

het erocycl i cconpound sel ected fromthe group

consi sting of 2-nercaptoimdazo |lines and 2-

mer captopyrimdine . 7.4. Uses The epichl orohydrin

el astoners are generally used in specialty
applications, like for instance autonotive conponents
( fuel punp diaphragns, em ssion control hoses, notor
nounts, gaskets, seals and portable fuel tanks), in
the aircraft industry, for specialty roofing

menbr anes, coated fabrics, solvent storage containers,
paper mll and printing roll and in a variety of oi
speci alties. Exanples Five epichlorohydrin (ECH)
sanpl es have been used. Their conpositions obtained by
gas chromat ography anal ysis are presented in Table 1.
Table 1n.d. : not detected, n.m : not neasured :

| -chl oro-2, 3-epoxypropane anmpunt cal cul ated on the
basis of the total content of other organic conponents
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The tests have been carried out according to the

follow ng procedure with epichlorohydrin sanple ECH
w@ eoosrpdoas 13), ECH 2 (exanple 14) and ECH 3 ( er@IVEP®08/057246

15). The quantities of chemecals are indicated in

Table 4. The pol yneri zation of epichlorohydrin (ECH)

has been carried out in the presence of the system

water/triethyl alum nium (TEA). The procedure of

exanpl e 1 has been foll owed except that TEA in

solution in toluene and water have been added under

argon to the vessel first evacuated and dried, |eft

under magnetic stirring under vacuum for 30 nin,

before ECH in tol uene has been added (tine zero of the

reaction). The polynerization has been carried out at

a tenperature of 25 0OC for 12 h. The results have been

summari zed in Table 5 Table 4 Exanple nO ECH (m)
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Example 16
0.11
0.31
n.d
0.21
n.d
n.d
n.d
n.d
n.d
n.d
143
n.d.
n.d
5.9
<0.05
n.d
n.d
nm
10.00

0.033
0.040
n.d
0.036
0.006
0.006
0.005
0.001
0.009
0.003
3.4
0.022
n.d
0.13
n.d
0.009
0.007

.m.
0.299

Component
n.d. : not detected, n.m. : not measured

1,2,3-trichloropropene trans

1,3-dichloro-2-propanol

1,3,3-trichloro-1-propene cis
1,2,3-trichloropropane

+ 1,1,3-trichloropropene
1,1,2-trichloropropane

chlorobenzéne
3-chloro-1,2-propanediol +

2,3-dichloro-1-propanol

1,2,3-trichloropropene cis
C6H 13B1’

1,3,3-trichloro-1-propene

1,2-epoxyhexane + (1,2,2-
trans

trichloropropane )

C6H 1()0 iso 3
dichloroepoxypropane

methyl glycidyl ether
Unknowns (sum)

C6H1()O iso 1
C6H1()O iso 2
C6H1()C12 iSO 1
C6H1()C12 iSO 2




The tenperature of the mxture in the flask was

mai ntained in the range 100 0OC - 115 0C in order to
wasasnsoa4 const ant refl ux. The epi chl or ohydri npCT/€P2008/057246

organi ¢ phase decanted durisag the reaction as a | ower

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 min after the

total introduction of the caustic soda solution to
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pha(ﬁﬁrters 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.

30 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

35  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



in the separator was recycled regularly in the

reaction flask and the aqueous rich phase collected as
wa@poosppmi4 phase in the separator was regul arl ypdr/apenos/ 057246

of f. The heating was maintaiuned for 15 min 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
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agi 4nalt, ddichtvdo-dyprbpanot aeaspentivelfhd'he akmpositidnd (ke uead and
soIﬂ*@gﬁggﬁﬁégﬂ%?%gg“gﬁgﬁggg%%?%?ggEE?l?%%gz'under a
pressure of 1 nbar. 305.0 g of toluene was recovered

as the condensate of the evaporation with a
conposition given in Table 6. The residual product of
the evaporation (99.8 g) contained the diglycidyl

et her of bis-phenol A as a nmajor product and no trace
of unconverted bi s-phenol A (< 5 ng/kg). The residue
cont ai ned 4.93 nol epoxy per kg and 0.49 % of
hydr ol ysabl e chl ori ne. The H gh Performance Liquid
Chr omat ogr aphy anal yses of the residual products
obtained in exanples 16 and 17 are simlar.Table 6
UU Kn.d. : not detected, n.m : not neasuredExanpl e
18 A glass thernostated jacketed reactor having a
wor ki ng volunme of 305 ml was supplied continuously
with 47.2 wt % sodi um hydroxi de and with an aqueous

m xture of dichl oropropanol, a m xture prepared from
gl ycerol and concentrated hydrochloric acid in the
presence of an organic acid according to the

I nternational Application WD 2005/ 054167 filed by

Sol vay SA. The m xture contained 575 g of water/Kkg,
404.6 g of |, 3-dichloro-2-propanol/kg, 20.1 g of
2,3-dichloro-1-propanol/kg, 0.14 g of acrolein/kg,
0.13 g of epichlorohydrin/kg , 0.04 g of
1,2,3-trichloropropane/ kg, 0.04 g of chloroacetone/kg
and 0.03 g of an



et her of crude fornmula C6H10O2C 2/ kg. The sodi um
hydr oxi de was introduced at a flow rate of 262 g/h and

wo b@saspeeous di chl or opr opanol

a flowrate of 1180 g/h. The reacti on nedi um was
constantly maintained at 25C with vigorous stirring.
The liquid mxture exiting the reactor by conti nuous
overfl ow was col |l ected and then separated in batch
node in a glass funnel so as to obtain a first
separated fraction and a second separated fraction.
3753 g of first separated fraction (MELI) were
subjected to a batch distillation under a vacuum of

193 nmhar The batch distillation was carried out usi ng
a rmm-botborred flask equi pped vmthvavfragnetlua wwYv Vv
stirngl| b& S & kherBogodphies 0 PasEeSt ectt SRR g &
of tfgllg;gj@ “aird “a“pFafe=df |°I‘Icat:; %a&msooo“f;
surmjunt ed by a device enabling part of the di$tV1Yate
to bg refluxﬁeg3 at the top of the colum. The gl ass
pl at 4.dol @ Epnpy sed 5 plates? had Bysa dbageter, 9f= -
30 M |pi 6éd> by cag unbeﬁnﬁlogpefﬂnaeol& FmEdEadet
centrlal| hol € or the flow of Ilqwd dnd three rows o
smal [[Tfjofes having a di aneter of around 0. 3 mm spaced
at regl ar, interval s, of Iesscgha_cl,nm_kéetvveen eachljm_lj
ol eoll aCbE ISR BT TVEr2(red @i Tl SOF TE £ % 2
ci rcyfiler ence.” The spaci ng between the plates was 30
mm  The—eotum—was—atdi-abatte—{ghassjacket—under
vacuymy. A therpapgcodple,placed in the, top of the e
di stilld]at Lo eo&@ngeg@l%(g@l& e F wre gfsttes @
phasdYi s & &<t © becnsaswed ® The di st (1 Fafe“was® <
collgctled in a funnel with a stopcock. A first
distiuati\é)nuiractlon was coIIectedanW\aegéQC and
67C 4py 9dVE a8 ergseparatih.c B& § & Saf Jrgasi-6 = S
phasgS(|D Cp@gg and 59 § 6f = ab AqueLF pRase=( Bl Sag) S
The qrdanic phaé{e (D org) was contyi fed With the
contengt}s of the boiler to give the mxture (MEL2)
whi cf} Stas 4 hen; di st i Led atgastenperat & of S187C.
secor%dig@lsatd @ncf Eagt EoA MI&S% adqbet;ﬂleenq@&
and 67¢ and resulted, after separatlon in 244 g of an
or gani g phase (D2 org) and 115 g of an aqueous phase
(D2 a@. Amamﬂmklblﬁte@fm g 22T
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recyqbdd o<t kecdi sTi T1Gt Foh @perat] 6h§ TncosdEr =t ' ©
recover, for enhanced value epichlorohydrin and a
m xtyrg of |, 3-dichloro-2- propanol
o —
_e8, I s
285 g at
T 0 oo o o & O
S$E282 §§ 2 8
s 2 > g 298592 S's
g2 S5 25 S2SEESES &5
— oo 2 DEom =228 & C S O 5
o~ 2SESS 235285 aflQgETE (g8d
© £0388% S588E3eQEEemQEE R
3 2588 F 0S80 288NTHE §8MUS 2
= cEEEEEFESESSSeEsS 4S8 ES 20 2
50 0UEnTASNE 220 38—~ 50 =202
<< LZA<AVATOURMOANTGE~Un UM~

m Xt ure was i ntrpdErThogS7246



and 2, 3-dichl oro-1|-propanol respectively. The

conpositions (g/kg) used and obtained in the
wolb@iilkioat i on operations are described in Tabl BCT/EFz0$/@57246

7 U UU n.d. = not detecsedC L Al MS 1. Product

cont ai ni ng epi chl orohydrin and at | east one al kyl

gl ycidyl ether in an anount of |ess than 0.1 g/ kg of

product. 2. Product according to claim1l wherein the

content of epichlorohydrin is higher than or equal to

900 g/ kg of product. 3. Product according to claiml

or 2, wherein the al kyl glycidyl ether is nethyl

gl ycidyl ether. 4. Product according to any of clains
1 to_3 hej ng obt ained hy dphydrnr*hl orination of a

conppgltion cgpLaiqug dLgQLoropropanol and at | east
one Igorgapkgx pr agcﬁ i & aBpunt 8| [ ess than or
eqyat|d o O*.i@/ g oF soupe tien— 5. Prgduct accordi ng
to|cljaim4 wherein the chloro al koxy prgpanol is
sellegted from 2-chl oro- 3- al koxy- propane-|l -ol,
| - dbl|ag 0- 3; &) Boxy- pyopapes 2; qb -andzni xtyres thereof .
6. |Prlaglucts ac€oedi ng £oSckains < DE 5 wHerein the
conpgsi tion cgntaining di chl or opr opanol |i s obtai ned by
hydrachtorination of a conpound contai nijng gl ycero
and Ht . | east. one gl ycerol .al.kyl .ether in an anount of
| eqsy [fhancoiZ Eqital -o?d?é?@%?pfé@onp@nd. 7. Process
foerrodu0|ng the product according to gny of clainms 1
t o [eeonpritstng—the—toHowng—steps—a) t he conpound
corftgfi ni ng, gl ycerol is reacted with hydrlogen chloride
in gpe?prQSEhGEQof'a'Eaﬁba ¥ eced, B order to
obt|/a | a cofp&sftiofi Tofitaimifd & Shl orqpr opanol and
at |lgast one chloro alkoxy propanol in gn anount of
| eqg,[than or egqual to 0.1 %%kQVOf conpogition (b) the
conpiist ti on=c&nEai Ny Hisid g &rpEanok:|obt ai ned in
st g &) Pscj@’rgherdr@ag@di\dﬂwca@asbt agent in
order|] to obtai'n a product contéﬁning
o
flg S<dds “<doosOE<Ed <
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epi chl orohydrin and at |east one al kyl glycidyl ether
in an anount of less than 0.1 g/ kg of product. 8.
wor@sas®4according to claim7 conprising in adedCT/ERIV08/057246
the followi ng steps:(c) a wegetable fat or oil is
reacted wth an al cohol to obtain the conpound
containing glycerol, under such conditions that ethers
of glycerol are formed and are not separated from
gl ycerol, (d) the conpound containing glycero
obtained in step (a) is fuktlhAd Mifhjected to at | east
one treatnent, optionally under reduced pressure, of
evaporative concentration, of evaporative

cryst al 1.iPzadiceBont&ihindiepichloraliydein,an@fat feb@®ht angl glycidyl ether
diinIIatiop oftgtrbﬁphggjpr 8ftliquid-liquid
ext PEeEmAnt ofless B 04 FREA UL c onpound cont ai ni ng
gl ycerol and at |east one glycerol alkyl ether in an
anount 2.Waeducsaqeosatfiey tdlyim bwherciththn conteaiopfabichtwrehy@rin is
59/hﬁg@%th&?&wﬁﬁd&ﬁgoﬁgﬂ%&&$nﬁﬁﬁ£a'”'”9 epi chl or ohydrin

Cc

according to any o ains "1 to 6 in the manufacture
of epoxy derivatives such as epoxy resins, glycidyl .
et her s, 3- Irgductigqeordingiosclaig) | ey syyhessin dessaliad glysi sther is
of mewdgUelysidwhdtedt. Wi | | be used in food and drink
applications such as coagul ants and wet-strength

resins, ationization agents f,.flame.retardants,

of  pr oetdre G RRRER o By MR L W2 bePgaplFA

i ngtagileahlerinatnmh afa @pipokition chytdming dcldetopnanagol and.at least
Usa . - .

cont S R He D8 gd B DB o O Lkt

wi t#PIEPAsBIRPound cont ai ning at | east one active
hydrogen atom sel ected from nonoal cohol s,

mlonoc aria.cmyduict: g@@i(rjdiﬁg topcgdtiﬁﬂﬁ_l gz,heﬂ@ﬁi ﬂﬁla FhIdes alka;lﬂs:! P@pano é is
al cCono , (0] | S n am des al Do | C acCl ds
RS SR T B I A N N SRR

r esamd oixteglhyeoflyl et her or a glycidyl ester or a
glycidyl amde or a glycidyl imde. 11. Use according

15t o cl ai mpd MReL&LRIANR &ﬁiglqvl{lfc%rhﬂﬂér@ﬂnﬂh@gornposition conglining

epi chl orohydrin i's reacte ammoni a, an amne, a.
pol digliprepsenagel is pbigined byihyilrpshiopngtionesf a ¢ongougd gorfaining
pr oglyi€dro L@ cht &Sstebne taRlkyl ct@br Whra@loint SR tASUEE equal to
con glq%Q%.e i chl orohydrin i's reacted with a
pol Y8 8T RMPGI i de or a pol yani noani de in order to
obtain a wet-strength resin. 12. Use according to
cl ai m 97.\bheress for phoelupmadiucproducttaa¢arding te paycdff daiotsyldoitn
i's i L.ne, an amine salt, or a mxture
20 th eé;og‘%ﬁ*sﬁl% the tfgllo%vrlng?lg@eﬂse

(a) the compound containing glycerol is reacted with hydrogen chloride in the
presence of a carboxylic acid, in order to obtain a composition containing
dichloropropanol and at least one chloro alkoxy propanol in an amount of less

than or equal to 0.1 g/kg of composition

25  (b) the composition containing dichloropropanol obtained in step (a) is further
reacted with a basic agent in order to obtain a product containing
epichlorohydrin and at least one alkyl glycidyl ether in an amount of less than
0.1 g/kg of product.

8. Process according to claim 7 comprising in addition the following steps:



order to obtain a cationization agent. 13. Use
according to claim9 wherein the product contai ning

wepishsmaohydrin is reacted with a conpound sePer/ERH08/057246
from phosphoric acid, a phagsphoric acid salt, a

phosphorus oxychl ori de, a phosphoric acid ester,
aphosphoni ¢ acid, a phosphonic acid ester, a

phosphoni ¢ acid salt, a phosphinic acid, a phosphinic
acid ester, a hOSphInIC acid salt, a hosphlne oxi de,

a pledsphgeieble &t og ofhiiscicagted wﬁbraé@icohoHO@b@@r thegoaipprich

a fl aggnthiatdr aittol, ditier HR® RBAGAHAL hat &tBer§bBLRSol are formed

wherein the Product ont ai ni ng epi chl orohydrin is

r eact 8 HicrR

carbon atons or an ethoxyl ated al cohol or with an
ami (g tieedoagoand temaminge ] greaipbaardiis ticpga)ds firtheesubjected to

P UBIHICEnt ai ning from 12 to 16

s2l kot armLesn BEARSHEG AL AMhISSa Y AL AL BTy

al koxyam nes,
at | ea@mceotm@tlom of ogeorative mysﬁallaamrn @f distilietian; ef fractlonal

al kyl apgdi@n B?ﬁrl pPRk BELPEG - AL IEStraction, in order to obtaln a
polyalkylene ol yam nésam ne | n _order to produce

det er §&RPOYFoatIHnE glyegol trdeatdeasbens; 84@0%1 aélfYahePhegm an
wher eamotit@h i pte€dratlp m\aernhaigo@ualhb oropygrin is

rfﬁcfed w th an al kyl ene or enyl ene oxide or with an
d
00 onapol JAEF z@%f”l?fﬂ&bc?a%rﬁaknﬁlgﬁe%#ﬁ%gé%&@p.Ce%f‘ﬁgl.gowm of claims
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el abktoofrerthe manufacture of epoxy derivatives such as epoxy resins, glyc1dyl

ethers, glycidyl esters, glycidyl amides and imides, of products which will be
used in food and drink applications such as coagulants and wet-strength resins, of
cationization agents, of flame retardants, of products which will be used as

detergent ingredients, and of epichlorohydrin elastomers.

10. Use according to claim 9 wherein the product containing
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 a glycidyl amide or a glycidyl imide.

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 product used as 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.

12. Use according to claim 9 wherein the product containing
epichlorohydrin is reacted with an amine, an amine salt, or a mixture thereof in

order to obtain a cationization agent.

13. Use according to claim 9 wherein the product containing
epichlorohydrin is reacted with a compound selected from phosphoric acid, a

phosphoric acid salt, a phosphorus oxychloride, a phosphoric acid ester, a
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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.

14. Use according to claim 9 wherein the product containing
5  epichlorohydrin is reacted with a monoalcohol containing from 12 to 16 carbon
atoms or an cthoxylated 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,

10 polyalkylenepolyaminesamine in order to produce a detergent ingredient.

15. 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.



