-1- Process for preparing a chlorohydrin by converting 12olyhydroxylate
aliphatic hydrocarbons The present patent application claims the benefit of
patent application FR 05.05120 and of patent application EP 05104321.4,
both filed on 20 May 2005, and of provisional US patent applications
60/734659, 60/734627, 60/734657, 60/?34658 60/734635, 60/734634,
60/734637 and 60/734636, all 5 filed on'8 November 2005, the content of
all of which is incorporated here by reference. The present invention
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example, is a reaction intermediate in the preparation of epichlorohydrin
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hydrochlorinating glycerol. This latter process has the advantage that the

dichloropropanol can be obtained starting from fossil raw materials or from

renewable raw materials, and it is known that natural petrochemical resources,

from which the fossil materials are obtained, such as petroleum, natural gas or
20  coal, for example, are Iimited in their terrestrial availability.

Application WO 2005/054167 of SOLVAY SA describes a process for
preparing dichloropropanol by reacting glycerol with hydrogen chloride in the
presence of an acid, such as adipic acid, as catalyst. In this process the
dichloropropanol is separated from the other products of the reaction, and these

25  products are recycled to the glycerol chlorination reactor. It 1s possible to
withdraw a fraction of these other reaction products via a purge and to subject
said fraction to various treatments prior to possible discharge. Discharge does
not constitute an acceptable solution from an environmental standpoint.
Moreover, the extra cost associated with the pre-discharge treatment may be

30 prohibitive for the economics of the process.

The objective of the invention is to provide a process for preparing a



chlorohydrin that does not exhibit these drawbacks. The invention
accordingly provides a process for preparing a chlorohydrin in which a
polyhydroxylated aliphatic hydrocarbon, an ester of a polyhydroxylated
aliphatic hydrocarbon or a mixture thereof whose total metal content,
expressed in elemental form, is gredter than or equal to 0.1 pg/kg and
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Each of the carbons of a polyhydroxylated aliphatic hydrocarbon bearing the
hydroxy! functional group (OH) cannot possess more than one OH group and must have
sp3 hybridization. The carbon atom carrying the OH group may be primary, secondary
or tertiary. The polyhydroxylated aliphatic hydrocarbon used in the present invention
must contain at least two sp3-hybridized carbon atoms carrying an OH group. The
polyhydroxylated aliphatic hydrocarbon includes any hydrocarbon containing a vicinal
diol (1,2-diol) or a vicinal triol (1,2,3-triol), including the higher, vicinal or contiguous
orders of these repeating units. The definition of the polyhydroxylated aliphatic
hydrocarbon also includes, for example, one or more 1,3-, 1,4-, 1,5- and [.6-diol
functional groups. The polyhydroxylated aliphatic hydrocarbon may also be a polymer
such as



diol (1,2-diol) or a vicinal triol (1,2,3-triol), including the higher, vicinal or
contiguous orders of these repeating units. The definition of the
polyhydroxylated aliphatic hydrocarbon also includes, for example, one or
more 1,3-, 1,4-, 1,5- and 1,6-diol functional groups. The polyhydroxylated
aliphatic hydrocarbon may also be a polymer such as -3- polyvinyl
alcohol. Geminal diols, for example, are’excluded from this class of
polyhydroxylated aliphatic hydrocarbons. The polyhydroxylated aliphatic
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20 ordeitcedddetinenaosompieard. containing at least one hydroxyl group and
at least opg.ChlgringraleModtacheyiQted aliphatic hydrocarbon may be present
in the polyhydroxylated aliphatic hydrocarbon and/or may be produced in the
process for preparing the chlorohydrin and/or may be prepared prior to the
process for preparing the chlorohydrin. Examples of esters of the
25  polyhydroxylated aliphatic hydrocarbon comprise ethylene glycol monoacetate,
propanediol monoacetates, glycerol monoacetates, glycerol monostearates,
glycerol diacetates and mixtures thereof.
The term “chlorohydrin™ 1s used here in order to describe a compound
containing at least one hydroxyl group and at least one chlorine atom attached to
30  different saturated carbon atoms. A chlorohydrin which contains at least two
hydroxyl groups is also a polyhydroxylated aliphatic hydrocarbon. Accordingly
the starting material and the product of the reaction may each be chlorohydrins.
In that case the “product” chlorohydrin is more chlorinated than the starting
chlorohydrin, in other words has more chlorine atoms and fewer hydroxyl groups
35 than the starting chlorohydrin. Preferred chlorohydrins are chloroethanol,
chloropropanol, chloropropanediol, dichloropropanol and mixtures of at least
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30 different saturated carbon atoms. A chlorohydrin which contains at
least two hydroxyl groups is also a polyhydroxylated aliphatic
hydrocarbon. Accordingly the starting material and the product of the
reaction may each be chlorohydrin. In that case the "product”
chlorohydrin is more chlorinated than the starting chlorohydrin, in other
words has more chlorine atoms and few@r hydroxyl groups 35 than the
starting chlorohydrin Preferred chlorohydrin are chloroethanol,
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By renewable raw materials are meant materials obtained from the
processing of renewable natural resources. Among these materials preference is
given to “ natural ” ethylene glycol, “ natural ” propylene glycol and “ natural ”
glycerol. “ Natural ” ethylene glycol, propylene glycol and glycerol are obtained
for example by conversion of sugars by thermochemical processes, it being
possibie for these sugars to be obtained starting from biomass, as described in
“Industrial Bioproducts ; Today and Tomorrow”, Energetics, Incorporated for
the U.S. Department of Energy, Office of Energy Efficiency and Renewable
Energy, Office of the Biomass Program, July 2003, pages 49, 52 to 56. One of
these processes is, for example, the catalytic hydrogenolysis of sorbitol obtained
by thermochemical conversion of glucose. Another process is, for example, the
catalytic hydrogenolysis of xylitol obtained by hydrogenation of xylose. The
xylose may for example be obtained by hydrolysis of the hemicellulose present



for example by conversion of sugars by thermochemical processes, it
being possible for these sugars to be obtained starting from biomass, as
described in 30 "Industrial Bioproducts : Today and Tomorrow",
Energetics, Incorporated for the U.S. Department of Energy, Office of
Energy Efficiency and Renewable Energy, Office of the Biomass
Program, July 2003, pages 49, 52 to 56. One of these processes is, for
example the catalytic hydrogenolysis of sorbitol obtained by
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FR 2869612 and FR 2869613. More specifically, the heterogeneous catalyst 1s
selected from mixed oxides of aluminium and zinc, mixed oxides of zinc and

25  titanium, mixed oxides of zinc, titanium and aluminium, and mixed oxides of

bismuth and aluminium, and the heterogeneous catalyst is employed in the form
of a fixed bed. This latter process can be a process for producing biodiesel.

In the process according to the invention it is preferred to use a
polyhydroxylated aliphatic hydrocarbon, an ester of a polyhydroxylated ahiphatic

30 hydrocarbon or a mixture thereof which is obtained starting from renewable raw
materials.

In the process for preparing a chlorohydrin according to the invention, the
polyhydroxylated aliphatic hydrocarbon, the ester of polyhydroxylated aliphatic
hydrocarbon or the mixture thereof may have an alkali metal and/or alkaline

35  earth metal content of less than or equal to 1 g/kg, as described in the application
entitled “ Process for preparing a chlorohydrin by chlorinating a



of a fixed bed. This latter process can be a process for producing
biodiesel. In the process according to the invention it is preferred to use a
polyhydroxylated aliphatic hydrocarbon, an ester of a polyhydroxylated
aliphatic 30 hydrocarbon or a mixture thereof which is obtained starting
from renewable raw materials. In the process for preparing a chlorohydrin
according to the invention, the polyhydroxylated aliphatic hydrocarbon,
the ester of polyhydroxylated aliphatic hydrocarbon or the mixture thereof
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In the process for preparing a chlorohydrin according to the invention, the
iron content of the polyhydroxylated aliphatic hydrocarbon, the ester of
polyhydroxﬁated aliphatic hydrocarbon or the mixture thereof is less than or

25 equal to 100 mg/kg, preferably less than or equal to 10 mg/kg and with particular
preference less than or equal to 1 mg/kg. Said content 1s generally greater than
or equai to 0.1 pg/kg.

In the process for preparing a chlorohydrin according to the invention, the
nicke! content of the polyhydroxylated aliphatic hydrocarbon, the ester of

30  polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less than or
equal to 10 mg/kg, preferably less than or equal to 1 mg/kg and with particular
préference less than or equal to 0.1 mg/kg. Said content is generally greater than
or equal to 0.1 pg/kg.

In the process for preparing a chlorohydrin according to the invention, the

35  chromium content of the polyhydroxylated aliphatic hydrocarbon, the ester of
polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less than or



25 equal to 100 mg/kg, preferably less than or equal to 10 mg/kg and with
particular preference less than or equal to | mg/kg. Said content is
generally greater than or equal to 0.1 pg/kg. In the process for preparing
a chlorohydrin according to the invention, the nickel content of the
polyhydroxylated aliphatic hydrocarbon, the ester of 30 polyhydroxylated
aliphatic hydrocarbon or the mixture the?eof is less than. or equal to 10
mg/kg, preferably less than or equal to 1 mg/kg and with particular
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In the process for preparing a chlorohydrin according to the invention, the
cumulative titanium, vanadium, tin and tellurium content of the
polyhydroxylated aliphatic hydrocarbon, the ester of polyhydroxylated aliphatic
25 hydrocarbon or the mixture thereof is less than or equal to 10 mg/kg, preferably
less than or equal to 5 mg/kg and with particular preference less than or equal to
0.1 mg/kg. Said content is generally greater than or equal to 0.1 pg/ke.
In the process for preparing a chlorohydrin according to the invention, the
cumulative cadmium and antimony content of the polyhydroxylated aliphatic
30 hydrocarbon, the ester of polyhydroxylated aliphatic hydrocarbon or the mixture
thereof is less than or equal to 5 mg/kg, preferably less than or equal to 1 mg/kg
and with particular preference less than or equal to 0.1 mg/kg. Said content is
generally greater than or equal to 0.1 pg/kg.
In the process for preparing a chlorohydrin according to the invention, the
35  mercury content of the polyhydroxylated aliphatic hydrocarbon, the ester of
polyvhydroxylated aliphatic hydrocarbon or the mixture thereof is less than or



cumulative titanium, vanadium, tin and tellurium content of the
polyhydroxylated aliphatic hydrocarbon, the ester of polyhydroxylated
aliphatic 25 hydrocarbon or the mixture thereof is less than or equal to 10
mg/kg, preferably less than or equal to 5 mg/kg and with particular
preference less than or equal to 0.1 mg/kg. Said content is generally
greater than or equal to 0.1 g/kg. In the process for preparing a
chlorohydrin according to the invention, the cumulative cadmium and
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aluminium content of the polvhydroxylated aliphatic hydrocarbon, the ester of
polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less than or
25  equal to 10 mg/kg, preferably less than or equal to 5 mg/kg and with particular
preference less than or equal to I mg/kg. Said content is generally greater than
or equal to 0.1 pg/kg.
In the process for preparing a chlorohydrin according to the invention, the
bismuth content of the polyhydroxyiated aliphatic hydrocarbon, the ester of
30  polyhydroxylated aliphatic hydrocarbon or the mixture thereof is iess than or
equal to 5 mg'kg, preferably less than or equal to T mg/kg and with particular
preference less than or equal to 0.2 mg/kg. Said content is generally greater than
or equal to 0.1 ngkg.
In one particular embodiment of the process according to the invention, the
35  polyhydroxylated aliphatic hydrocarbon, the ester of polyhydroxylated aliphatic

hydrocarbon or the mixture thereof contains an amount of heavy compounds



content is generally greater than or equal to 0.1 pg/kg. In the process for
preparing a chlorohydrin according to the invention, the aluminium
content of the polyhydroxylated aliphatic hydrocarbon, the ester of
polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less than
or 25 equal to 10 mg/kg, preferably less than or equal to 5 mg/kg and with
particular preference less than or equal'td 1 mg/kg. Said content is
generally greater than or equal to 0.1 pg/kg. In the process for preparing
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In the process for preparing a chlorohydrin according to the invention, the
heavy compounds content of the polyhydroxylated aliphatic hydrocarbon, the
ester of polyhydroxylated aliphatic hydrocarbon or the mixture thereof is

25  preferably less than or equal to 30 g/kg, with more particular preference less than
or equal to 10 g/kg, with still more particular preference less than or equal to
1 g’kg and with very particular preference less than or equal to 0.5 g/kg.

It is found that, by using a polyhydroxylated aliphatic hydrocarbon

containing not more than 4 g/kg of heavy compounds as defined above, it is
30  possible to reduce the volume of the purges.

In the process for preparing a chlorohydrin according to the invention, the
polyhydroxylated aliphatic hydrocarbon, the ester of polyhydroxylated aliphatic
hydrocarbon or the mixture thereof may be as specifically disclosed in
application WG 2005/054167 of SOLVAY SA from page 2 line 8 to page 4

35  line 2.



hydrocarbon, the ester of polyhydroxylated aliphatic hydrocarbon or the
mixture 20 thereof accumulate in the recycled streams and make it
necessary to increase the frequency of purge operations. In the process
for preparing a chlorohydrin according to the invention, the heavy
compounds content of the polyhydroxylated aliphatic hydrocarbon, the
ester of polyhydroxylated aliphatic hydrb%arbon or the mixture thereof is
25 preferably less than or equal to 30 g/kg, with more particular
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T BT o e RSB, e e oS K
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treafments between its preparation and its use in the process 5 according
to the myention. Il§uch treatments may be as described in application WO

2005/05 6 EBRSTE FRMSA WS Age e 1 sted dlinhate S b aerdpn, an
Parigihas faeotidry isorade:obijphiidatigirtreatorvisasnttnas distitatiomch has

evaBB{%g&g%ﬁggﬁgmmggﬁgﬂ&tlon or concentration operations followed
by separating gperations such as gﬁagntatlon filtration or ﬁentrrfugﬁtron
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of aﬁﬁgg&%e%reastg%sﬁcaﬂyj the heterogeneous catalyst is selected from
mixed oxides of aluminium and zinc, mixed oxides of zinc and titanium, mixed
oxides of zing, titanium and aluminium, and mixed oxides of bismuth and
aluminium, and is employed in the form of a fixed bed. This latter process may
25  be a biodiesel production process.

More particular preference is given to using a glycerol obtained by a
process of transesterification starting from renewable raw materials in the
presence of a heterogeneous catalyst selected from mixed oxides of aluminium
and zinc, mixed oxides of zinc and titanium, mixed oxides of zine, titanium and

30 aluminium and mixed oxides of bismuth and aluminium in supported and
unsupported form and the heterogeneous catalyst is employed in the form of a
fixed bed.

This glycerol preparation process presents a number of advantages over
processes based on saponification, transesterification or hydrolysis reactions

35  which do not employ a heterogeneous catalyst :
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A glycerol of this kind may be obtained, for example, in the conversion of
animal or vegetable oils or fats by transesterification in the presence of a
20 heterogeneous catalyst, as described in documents FR 2752242, FR
2869612 and FR 2869613. More specifically, the heterogeneous catalyst
is selected from mixed oxides of alumipjum and zinc, mixed oxides of zinc
and titanium, mixed oxides of zinc, titanium and aluminium, and mixed
oxides of bismuth and aluminium, and is employed in the form of a fixed
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trigh@efidésthnditheresteryaf: fafthagigsamitt{itheo jaleah tis steadaint el
traqﬁgﬁiggig@@grggﬁl@qw@y(} content of the glycerol in

[H20] is the water content (in %) of the glycerol, as assay by the Karl-Fischer

method, described in the standardized method of ISO 2098 (1972)

[dry residue] is the dry residue content {(in %) of the glycerol, obtained after

calcination in accordance with the standardized method of ISO 2098 (1972).

The amount of matter {organic) non-giycerol in the giveerol is generally
less than or equal to 5 %, preferably less than or equal to 1 % and with more
particular preference less than or equal to 0.5 %.

In the process for preparing dichloropropanol according to the invention,
the amount of caustic soda consumed in determining the amount of fatty acids
and fatty acid esters in accordance with standard USP24/NF19 is generally less
than or equal to 30 milliequivalents/kg, preferably less than or equal to
3 milliequivalents/kg and with particular preference less than or equal to
2 milliequivalents/kg. This amount is generally greater than or equal to
0.2 milliequivalent/kg.

A third advantage is that the water content of the glycerol is reduced.
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accordance with standard 1SO 2464 (1973) is obtained by the following
formula : MONG (%) =100 - [GLC] - [H20] - [dry residue] where 20
[GLC] is the glycerol content of the glycerol (in %) as in the standardized
method of ISO 2879 (1975) [H20] is the water content (in %) of the
glycerol, as assay by the Karl-Fischer method, described in the
standardized method of ISO 2098 (197’2? [dry residue] is the dry residue
content (in %) of the glycerol, obtained after 25 calcination in accordance
with the standardized ethod of | 1972), The amount of. matt. -
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chlorickediticishidopiddcpatassianhyboide Thealydroglenddoride may

originate fHO§R SR QEESRIQE BIRISIEnOEFaRICoTocess for preparing a
chiorohydrin according to the invention, the chlorinating agent is gaseous
hydrogen chloride or an aqueous solution of hydrogen chloride, or a combination
of the two.

In the process for preparing a chlorohydrin according to the invention, the
hydrogen chloride may be an aqueous solution of hydrogen chloride or may be
preferably anhydrous hydrogen chloride, obtained from a plant for producing
ally! chloride and/or for producing chloromethanes and/or a chlorinolysis plant
and/or a plant for high-temperature oxidation of chlorine compounds, as
described in the application entitled “Process for preparing a chlorohydrin by
reacting a polyhydroxylated aliphatic hydrocarbon with a chlorinating agent”,
filed in the name of SOLVAY SA on the same day as the present application,
and the content of which is incorporated here by reference.

Particular mention is made of a process for preparing a chiorohydrin from
a polyhydroxylated aliphatic hydrocarbon, from an ester of a polyhydroxylated
aliphatic hydrocarbon or from a mixture thereof, and from a chlorinating agent,
the chiorinating agent comprising at least one of the following compounds :



15 chlorine compounds, such as, for example, from a vinyl chloride
production, from a process for producing 4,4-methylenediphenyl
diisocyanate (MDI) or toluene diisocyanate (TDI), from metal pickling
processes or from the reaction of an inorganic acid such as sulphuric or
phosphoric acid with a metal chloride such as sodium chloride, potassium
chloride or calcium chloride. 20 In one éév‘antageous embodiment of the
process for preparing a chlorohydrin according to the invention, the

chlorinating agent i seous ;hydrogen chloride o lutio
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chlorine Samipolands;rawnde seribedfimthesappticatidipbatit dgdProdess ¥drich
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-13<chitiegespaxygerotititagen viinokhraleorgatidchydidordaon
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a metal. Partic nention is made of an organic hydrocarbon
15 confiRma srRRass S LR HBRT Qiturated or unsaturated aliphatic and

aromatic Rydiradarbomsiomd Badextdres dhErsof Pegtvwempmentiophish is an
ma E@ﬂ#ﬁﬁ{é‘ E%Eﬁgﬁ!ﬂf&%ﬁ&f%ﬁﬁ@@&g%ﬂ&?ﬁ}%@ﬂfﬁ@@, virayl
o AHEB Rt B2 oSt S BHGh R arbon which fs selected.
from metRariésudtharratipropaneloutanoteimilizes ehareainDvatehosan
20arongatisfy dasaeenowhisivie BebEsRe cRartistalk mentiissnadesof. an
organic halagen sompaund el [y 20 QLORNIGRHGHAR SRHPRUAR, alkaline
selected from gh?(r)rome&anes, chforoet anes, _
earth metals, iron, nickel, copper, lead, arsenic, cobalt, titantum, cadmium,
antimony, mercury, zinc, selenium, aluminium, bismuth and mixtures thereof.
Mention is made more particularly of a process wherein the chlonnating
25  agent is obtained at least partly from a process for preparing allyl chloride and/or
a process for preparing chioromethanes and/or a process of chlorinolysis and/or &
process for oxidizing chlorine compounds at a temperature greater than or equal
to 800°C.
In one particularly advantageous embodiment of the process for preparing
30  a chlorohydrin according to the invention, the hydrogen chlonde is an aqueous
solution of hydrogen chloride and does not contain gaseous hydrogen chlonde.
In the process for preparing a chlorohydrin according to the invention, the
reaction of the polyhydroxylated aliphatic hydrocarbon, the ester of
polyhydroxylated aliphatic hydrocarbon or the mixture thereof with the
35 chlorinating agent may be carried out in a reactor as described in application
WO 2005/054167 of SOLVAY SA on page 6 lines 3 to 23,



chloropropanes, chlorobutanes, vinyl chloride, vinylidene chloride,
monochloropropenes, perchloroethylene, trichloroethylene,
chlorobutadienes, 15 chlorobenzenes and mixtures thereof. Particular
" mention is made of an organic halogen compound which is an organic
fluorine compound selected from fluoromethanes, fluoroethanes, vinyl
fluoride, vinylidene fluoride and mixtures4hereof. Particular mention is
made of an organic oxygen compound Which is 20 selected from
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graphite.

25 In the process for preparing a chiorohydrin according to the invention, the
reaction of the polyhydroxyiated aliphatic hydrocarbon with the chlorinating
agent may be carried out in a reaction medium as described in the application
entitled “Continuous process for preparing chiorohydrins” filed in the name of
SOLVAY SA on the same day as the present application, and the content of

30  which is incorporated here by reference.

Particular mention is made of a continuous process for preparing a
chlorohydrin wherein a polyhydroxylated aliphatic hydrocarbon, an ester of a
polyhydroxylated aliphatic hydrocarbon or a mixture thereof is reacted with a
chlorinating agent and an organic acid in a liquid reaction medium whose steady-

35 state composition includes the polyhydroxylated aliphatic hydrocarbon and esters
of the polyhydroxylated aliphatic hydrocarbon whose sum content, expressed as
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apparatus”, filed in the name of SOLVAY SA on the same day as the
present application, and the content of which is incorporated here by
reference. Particular mention is made of a process for preparing a
chlorohydrin that includes a step in which a polyhydroxylated aliphatic
hydrocarbon, an ester of a 15 polyhydroxylated aliphatic hydrocarbon or a
mixture thereof is subjected to reactioh with a chlorinating agent
containing hydrogen chloride and to at least one other step carried out in
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8 in the process for preparing a chlorohydrin according to the invention, the

reaction of the polyhydroxylated aliphatic hydrocarbon, the ester of
polyhydroxylated aliphatic hydrocarbon or the mixture thereof with the
chlorinating agent may be carried out in the presence of a solvent as described in
application WO 2005/054167 of SOLVAY SA at page 11 lines 12 to 36.

Mention is made particularly of organic soivents such as a chlorinated
organic solvent, an alcohol, a ketone, an ester or an ether, a non-agueous solvent
which 1s miscible with the polyhydroxylated aliphatic hydrocarbon, such as
chloroethanol, chloropropanol, chloropropanediol, dichioropropanol, dioxane,
phenol, cresol and mixtures of chloropropanediol and dichloropropanol, or heavy
products of the reaction such as at least partially chlorinated and/or esterified
oligomers of the polyhydroxylated aliphatic hydrocarbon.

In the process for preparing a chlorohydrin according to the invention, the
reaction of the polyhydroxylated aliphatic hydrocarbon, the ester of
polyhydroxylated aliphatic hydrocarbon or the mixture thereof with the



line 5. 10 Mention is made particularly of a catalyst based on a carboxylic
acid or on a carboxylic acid derivative having an atmospheric boiling point
of greater than or equal to 200C, especially adipic acid and derivatives of
adipic acid. In the process for preparing a chlorohydrin according to the
invention, the reaction of the polyhydroxylated aliphatic hydrocarbon, the
ester of 15 polyhydroxylated aliphatic hydrocarbon or the mixture thereof
and the chlorinating agent may be carried out at a catalyst concentration,
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The reaction medium comprises the reactants, the catalyst, the solvent, the
impurities present in the reactants, in the solvent and in the catalyst, the reaction
intermediates, the products and the by-products of the reaction.

25 By reactants are meant the polyhydroxylated aliphatic hydrocarbon, the
ester of polyhydroxylated aliphatic hydrocarbon and the chlorinating agent.

Among the impurities present in the polyhydroxylated aliphatic
hydrocarbon mention may be made of carboxylic acids, salts of carboxylic acids,
esters of fatty acid with the polyhydroxyvlated aliphatic hydrocarbon, esters of

30 fatty acids with the alcohols used in the transesterification, and inorganic salts
such as alkali metal or alkaline earth metal sulphates and chlorides.

When the polyhydroxylated aliphatic hydrocarbon is glycerol, the
impurities in the glycerol that may be mentioned include carboxylic acids, salts
of carboxylic acids, fatty acid esters such as mono-, di- and triglycerides, esters

35  of fatty acids with the alcohols used in the transesterification and inorganic salts
such as alkali metal or alkaline earth metal sulphates and chiorides.



Particular mention is made of a process for preparing a chiorohydrin
wherein a polyhydroxylated aliphatic hydrocarbon, an ester of
polyhydroxylated aliphatic hydrocarbon or a mixture thereof is subjected
to reaction with a 10 chlorinating agent in the presence of a liquid phase
comprising heavy compounds other than the polyhydroxylated aliphatic
hydrocarbon and having a boiling terﬁﬁgréture under a pressure of 1 bar
absolute of at least 15C more than the boiling temperature of the
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hydFOESFBRI SR thEe SROREHs SORCHIORIHiRRlE, during the step ol preparng
the chlorohydrin and during the steps of separating off the chlorohydrin.

The ester of polyhydroxylated aliphatic hydrocarbon may therefore be, at
25 each instance, a reactant, an impurity of the polyhydroxylated aliphatic
hydrocarbon or a reaction intermediate.

The liguid reaction medium may therefore contain the polyhydroxylated
aliphatic hydrocarbon, the chiorinating agent in solution or dispersion in the form
of bubbles, the catalyst, the solvent, the impurities present in the reactants, in the

30  solvent and in the catalyst, such as dissolved or solid salts, for example, the
reaction intermediates, the products and the by-products of the reaction.

The process according to the invention may be carried out in batch mode or
in continuous mode. The continuous mode is particularly preferred.

In the preparation process according to the invention, the reaction of the

35 polyhydroxylated aliphatic hydrocarbon with the chlorinating agent may take
place in the presence of an organic acid. The organic acid may be a product



5 When the chlorohydrin is dichloropropanol, the reaction intermediates
that may be mentioned include glycerol monochlorohydrin and its esters
and/or polyesters, the esters and/or polyesters of glycerol and the esters
of dichloropropanol. By products of the reaction are meant the
chlorohydrin and water. The 10 water may be the water formed in the
chlorination reaction and/or water introduced into the process, for
example via the polyhydroxylated aliphatic hydrocarbon and/or the
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20hyddecatibainor may be a product not originating from that process. In this
latter 1 the process for preparing a chlorohydrin according to the invention, the
isolation of the chlorohydrin and of the other compounds from the reaction
mixture from chlorination of the polyhydroxylated aliphatic hydrocarbon may be
carried out in accordance with methods of the kind described in patent
25  application EP 05104321 4, filed in the name of SOLVAY SA on 20 May 2005
and the content of which is incorporated here by reference. A separation method
including at least one separating operation intended to remove the salt from the
liquid phase is particularly preferred.
Particular mention is made of a process for preparing a chlorohydrin by
30 reacting a polyhydroxylated aliphatic hydrocarbon, an ester of a
polyhvdroxylated aliphatic hydrocarbon or a mixture thereof with a chlorinating
agent wherein the polyhydroxylated aliphatic hydrocarbon that is used comprises
at least one solid or dissolved metal salt, the process including a separation
operation intended to remove part of the metal salt. Mention is made more
35  particularly of a process for preparing a chlorohydrin by reacting a

polyhydroxylated aliphatic hydrocarbon, an ester of a polyhydroxylated aliphatic



case the acid may be an organic acid used to catalyse the reaction
between the polyhydroxylated aliphatic hydrocarbon and the chlorinating
agent. The organic 5 acid may also be a mixture of organic acid
originating from the process for preparing the polyhydroxylated aliphatic
hydrocarbon with an organic acid not o églnating from the process for
preparing the polyhydroxylated aliphatlc} hydrocarbon. In the process
according to the invention, the separation of the 10 chlorohydrin and of the
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at the distillation temperature and pressure.
In the process for preparing a chlorohydrin according to the invention, the

25  separation of the chiorohydrin and of the other compounds from the reaction

mixture from chlorination of the polyhydroxylated aliphatic hydrocarbon may be

carried out in accordance with methods as described in the application entitled

* Process for preparing a chlorohydrin 7, filed in the name of SOLVAY SA on

the same day as the present application, and the content of which is incorporated
30 here by reference.

Particular mention is made of a process for preparing a chlorohydrin which
comprises the following steps : (a) a polyhydroxylated aliphatic hydrocarbon, an
ester of a polyhydroxylated aliphatic hydrocarbon or a mixture thereof s reacted
with a chlorinating agent and an organic acid so as to give a mixture containing

35  the chiorohydrin and esters of the chlorohydrin, (b) at least part of the mixture

obtained in (a) is subjected to one or more treatments subsequent to step (a),



hydrocarbon or a mixture thereof with a chlorinating agent wherein the
polyhydroxylated aliphatic hydrocarbon, the ester of polyhydroxylated
aliphatic hydrocarbon or mixture thereof that is used comprises at least
one chloride and/or a sodium and/or potassium sulphate and in which the
separating operation 5 intended to rem 5;1 part of the metal salt is a
filtering operation. Particular mention'i§-also made of a process for
preparing a chlorohydrin wherein (a) a polyhydroxylated aliphatic
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25  chlorinating agent, (b} at least a fraction of the mixture formed in step (a) is
removed, and (¢) the fraction removed in step (b) is subjected to an operation of
distillation and/or stripping wherein the polyhydroxylated aliphatic hydrocarbon
is added in order to isolate, from the fraction removed in step (b), a mixture
containing water and the chlorohydrin and exhibiting a reduced chlorinating

30 agent content as compared with the fraction removed in step (b).

In the process for preparing a chlorohydrin according to the invention, the
separation of the chlorohydrin and of the other compounds from the reaction
mixture from chlorination of the polyhydroxylated aliphatic hydrocarbon, the
ester of polyhydroxylated aliphatic hydrocarbon or the mixture thereof may be

35  carried out in accordance with methods as described in the application entitied
“ Process for converting polyhydroxylated aliphatic hydrocarbons into



obtained in (a) is subjected to one or more treatments subsequent to step
(a), -20- and (c) the polyhydroxylated aliphatic hydrocarbon is added to at
least one of the steps subsequent to step (a), in order to react at a
temperature greater than or equal to 20C with the esters of the
chlorohydrin, so as to form, at least parg%, esters of the polyhydroxylated
aliphatic hydrocarbon. Mention is made more 5 particularly of a process in
which the polyhydroxylated aliphatic hydrocarbon is glycerol and the
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application. A preferred treatment consists in subjecting a fraction of the by-

25  products of the reaction to a high-temperature oxidation.

Particular mention is made of a process for preparing a chlorohydrin that
comprises the following steps : {(a) a polyhydroxylated aliphatic hydrocarbon, an
ester of a polyhydroxylated aliphatic hydrocarbon or a mixture thereof whose
alkali metal and/or alkaline earth metal content 1s less than or equal to 5 g’kg, a

30  chlorinating agent and an organic acid are reacted so as to give a mixture
containing at least the chlorohydrin and by-products, (b) at least a portion of the
mixture obtained in step (a} is subjected to one or more treatments in steps
subsequent to step (a), and (c) at least one of the steps subsequent to step (a}
consists in an oxidation at a temperature greater than or equal to 800°C. More

35  particular mention i1s made of a process wherein, in the subsequent step, a portion

of the mixture obtained in step (2) is removed and this portion is subjected to
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ester of polyhydroxylated aliphatic hydrocarbon or the mixture thereof may
be 35 carried out in accordance with methods as described in the
application entitled Process for converting polyhydroxylated aliphatic
hydrocarbons into -21- chlorohydrins “, filed in the name of SOLVAY SA
on the same day as the present applic |5a n, and the content of which is
incorporated here by reference. Particafar mention is made of a process
for preparing a chlorohydrin that comprises the following steps : 5 (a) A
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chlorinatinglegenotesschecvnigare theithataetteactdds thashibogiiedimixture

Cor@ﬁi@iﬁ&l"i’ﬁ@?ﬁ'{ fhechiorhysmanthyAadr G, fakakleastapRition
compnsmg the 2-chioroethanol isomer. This mixture generally contains more
than 1 % by weight of the isomer, preferably more than 5 % by weight and
particularty more than 50 %. The mixture commonly contains less than 99.9 %
by weight of the isomer, preferably less than 95 % by weight and more
particularly less than 90 % by weight. The other constituents of the mixture may
be compounds eriginating from the processes for preparing the chloroethanol,
such as residual reactants, reaction by-products, solvents and, in particular,
water. In the process according to the invention, when the chlorohydrin is
dichloropropanol, it 1s generally obtained in the form of a mixture of compounds
comprising the isomers of 1,3-dichloropropan-2-ol and 2,3-dichloropropan-1-ol.
This mixture generally contains more than 1 % by weight of the two isomers,
preferably more than 5 % by weight and in particular more than 50 %. The
mixture commonly contains less than 99.9 % by weight of the two isomers,
preferably less than 95 % by weight and more particularly less than 90 % by
weight. The other constituents of the mixture may be compounds originating



mixture obtained in step (a) is subjected to one or more treatments in
steps subsequent to step (a), and (c) at least one of the steps subsequent
to step (a) consists in an oxidation at a temperature greater than or equal
to 800C. More 35 particular mention is made of a process wherein, in the
subsequent step, a portion of the mixtuye obtained in step (a) is removed
and this portion is subjected to -22- oxidation at a temperature greater
than or equal to 800C in the course of the removal. Particular mention is
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In the process for preparing a chlorohydrin accordmg to the invention, the

chlorohydrin may include a heightened amount of halogenated ketones, in

25 particular of chloroacetone, as described in the patent application FR 05.05120
of 20/05/2005, filed in the name of the applicant, and the content of which is
incorporated here by reference. The halogenated ketone content may be reduced
by subjecting the chlorohydrn obtained in the process according to the invention
to an azeotropic distillation in the presence of water or by subjecting the

30 chlorohydrin to a dehydrochlorination treatment as described in this application
from page 4 line 1 to page 6 line 35.

Particular mention is made of a process for preparing an epoxide wherein
halogenated ketones are formed as by-products and which comprises at least one
treatment of removal of at least a portion of the halogenated ketones formed.

35  Mention is made more particularly of a process for preparing an epoxide by
dehydrochlorinating a chlorohydrin of which at least one fraction 1s prepared by



30 dichloropropanaol, it is generally obtained in the form of a mixture of

- compounds comprising the isomers of 1,3-dichloropropan-2-ol and
2,3-dichloropropan-l-ol. This mixture generally contains more than 1 % by
weight of the two isomers, preferably more than 5 % by weight and in
particular more than 50 %. The mixtur fpmmonly contains less than 99.9

% by weight of the two isomers, 35 preferably less than 95 % by weight
and more particularly less than 90 % by weight. The other constituents of
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redueetiion mixture resulting from the reaction between a polyhydroxylated
aliphatic hydrocarbon, an ester of a polyhydroxylated aliphatic hydrocarbon or a
25  mixture thereof with a chlorinating agent, the reaction mixfure containing at least
10 g of chlorohydrin per kg of reaction mixture, is subjected to a subsequent
chemical reaction without intermediate treatment.
Mention is also made of the preparation of an epoxide that comprises the
following steps :

30 (a) A polyhydroxylated aliphatic hydrocarbon, an ester of a polyhydroxylated
aliphatic hydrocarbon or a mixture thereof is reacted with a chlorinating
agent and an organic acid so as to form the chlorchydrin and chlorohydrin
esters in a reaction mixture containing the polyhydroxylated aliphatic
hydrocarbon, the ester of polyhydroxylated aliphatic hydrocarbon, water, the

35 chlorinating agent and the organic acid, the reaction mixture containing at

feast 10 g of chlorohydrin per kg of reaction mixture.



by subjecting the chlorohydrin obtained in the process according to the
invention to an azeotropic distillation in the presence of water or by
subjecting the 30 chlorohydrin to a dehydrochlorination treatment as
described in this application from page 4 line Ito page 6 line 35. Particular
mention is made of a process for prepafgng an epoxide wherein
halogenated ketones are formed as by-products and which comprises at
least one treatment of removal of at least a portion of the halogenated
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invention may be foilowed by preparatlon of epichlorohydrin by
dehydrochlorination of dichloropropanol, and the epichlorohydrin may be used

25  in the production of epoxy resins.



10 g of chlorohydrin per kg of reaction mixture, is subjected to a
subsequent chemical reaction without intermediate treatment. Mention is
also made of the preparation of an epoxide that comprises the following
steps : 30 (a) A polyhydroxylated aliphatic hydrocarbon, an ester of a
polyhydroxylated aliphatic hydrocarbo_rhgr_a mixture thereof is reacted
with a chlorinating agent and an organic acid so as to form the
chlorohydrin and chlorohydrin esters in a reaction mixture containing the
polyhydroxylated aliphatic hydrocarhbon, thg ester of polyhydroxylated
aliphatic hydrocarbon, water, the 35 chlorinating agent and the organic
acid, the reaction mixture containing at least 10 g of chlorohydrin per kg
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a proc r preparing an epoxide that comprises at least one step o
purific68A. & #¥ BpgiRie formed, the epoxide 15 being at least partly
prepared by a process of dehydrochlorinating a chlorohydrin, the latter

beinty dedansiedsahyapicpidhedblyhysrosainiast dimbaratindracarbon, the ester of
polyhydrppiategsadienatiphaer ogarbenhan estae afirtprlyhmdipyRigdhan or

aliphatgc QY Or%a&% or a mixture thereof. In the process for preparing a
chlorohf}ann according to the invention, the 20 polyhydroxylated aliphatic

hydrocarban is preferably glycerol and the chlorohydrin,is, preferaply
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= the copper content of the polyhydroxylated aliphatic hydrocarbon, the ester of
polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less than or
20 equal to 10 mg/kg

= the cumulative lead, arsenic and cobalt content of the polyhydroxylated
aliphatic hydrocarbon, the ester of polyhydroxylated aliphatic hydrocarbon or
the mixture thereof is less than or equal to 5 mg/kg

= the titanium content of the polyhydroxylated aliphatic hydrocarbon, the ester
25 of polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less than
or equal to 10 mg/kg

= the cumulative titanium, vanadium, tin and tellurium content of the
polyhydroxylated aliphatic hydrocarbon, the ester of polyhydroxylated
aliphatic hydrocarbon or the mixture thereof is less than or equal to 10 mg/kg



dehydrochlorination of dichloropropanol, and the epichlorohydrin maybe
used 25 in the production of epoxy resins. -26- CLAIMS 1. Process for
preparing a chlorohydrin, wherein a polyhydroxylated aliphatic
hydrocarbon, an ester of a polyhydroxylated aliphatic hydrocarbon or a
mixture thereof whose total metal content, expressed in elemental form, is
5 greater than or equal to 0.1 pg/kg arid?less than or equal to 1000 mg/kg
is reacted with a chlorinating agent. 2. Process according to Claim 1,

herej . -
ol AL e e S S e
polyhydliBhgHatbudanpHang. ﬁ%F@&%&B%ﬁ?kﬁyég%mf@ﬁoabamﬁw&m@é‘aon or

aliphatie:hydnoearharadii tHesmtixinres thprelodlS kagsl#han or equal to 100
mg/kg the nickel content of the polyhydroxylated aliphatic hydrocarbon,

th? estge afeRalyhysirexyltat W&bﬁﬁ@ﬁ@@%ﬁéh@dﬁ&%@ﬂ,@@@m
is less than ar._ equal to 10, 15.(r) the chromium. content of the
oty SO BH LEe Ry sy s tan
aliphaié #ijfdear e the mixture thereof is less than or equal to 10
mg/kg the copper content of the polyhydroxylated aliphatic hydrocarbon,
the estbe ainpobyitgairokitiated diphatiylatefrebatiatn bydirearbrtrd¢rastenst

is |eSSﬁB@Bﬁro%@l@%%Iﬁh&Qd‘&%ﬁé‘a%h@xﬁé‘f@h@ﬂ‘i’ﬁd?@ﬂm?&?ﬁi@e@@@han or

cobalt é:ourgiegti%f }JQe olyhydroxylated aliphatic hydrocarbon, the ester of
polyhydﬁ}oxytiated afiptratic hydrocarbon or the mixture thereof is less than

or equal to 5 mg/kg the titanium_content of the polyhydroxylated aliphatic
onydfodBfodiaiiiEe felenlmandrRroRfateat Siphiieyiaratandotiphatic

the miktyietherenftis|egsithipolyhgdual tatt0 mghdgithey durarativer the

titanium,; VaRagium, 119 peddeliuiumcontent pidhe polyhydroxylated

aliphatic hydrocarbon, the ester of polyhydroxylated aliphatic hydrocarbon

or the mixture thereof is. less than-ar equal to % Ik _§7_ h _ .
cumuiatvS R R o mb:fymh s

aliphatityipersbarnBis eheradtap érw&w&@%%ﬁﬁﬁmmeﬁ%n

150r mixtore thereof is less than or equal to 50 mg/kg

v the aluminium content of the polyhydroxylated aliphatic hydrocarbon, the
ester of polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less
than or equal to 10 mg/kg

» the bismuth content of the polyhydroxylated aliphatic hydrocarbon, the ester
20 of polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less than
or equal to 5 mg/ke.

3. Process according to Claim 1 or 2, wherein the polyhydroxylated
aliphatic hydrocarbon, the ester of polyhydroxylated aliphatic hydrocarbon or the
mixture thereof contains an amount of heavy compounds other than the

25  polvhydroxylated aliphatic hydrocarbon and whose boiling temperature under a
pressure of 1 bar absolute is at least 15°C greater than the boiling temperature of
the chlorohydrin of less than or equal to 50 g/kg.

4. Process according to any one of Claims 1 to 3, wherein the heavy
compounds are selected from fatty acids, their salts, their esters and mixtures of
30  at least two thereof.



the mixture thereof is less than or equal to 5 mg/kg (r) the mercury content
of the polyhydroxylated aliphatic hydrocarbon, the ester 5 of
polyhydroxylated aliphatic hydrocarbon or the mixture thereof is less than
or equal to 1 mg/kg (r) the zinc content of the polyhydroxylated aliphatic
hydrocarbon, the ester of polyhydroxylated aliphatic hydrocarbon or the
mixture thereof is less than or equal to g ‘mg/kg 10 ~ the cumulative
selenium and zinc content of the polyhydroxylated aliphatic hydrocarbon,
the ester ofgoldvdraxyiaied,aiphalie dasarRenar ha it ersf
is less than or equal to g/kg " the cumulative sodium and calcium
conteérft®Pe s8I hydroxylated aliphatic hydrocarbon, the ester of
polyhydroxylated aliphatic hydrocarbon or the 15 mixture thereof is less
than or equBtacc50arngiking Yard aturhiniderooriteniatf theds are selected from
polyinelepxylatedialiphaticivikararbianp g gsien Ofpalbydroxyaitkwres of
Saliph{aficsr% %ré)&arkéggm or the mixture thereof is.less than or equal to 10
mg/fig e bismuth content of the polyhydroxylated aliphatic hydrocarbon,
the ester 20 of polyhydroxylated aliphatic hydrocarbon or. the mixture
thereof is e8I SPEYRAIBay feg” BB RS X SR E RS from
or Ziwhereicithejpolyoid ioxylatedaatiphatiohydrecaf bolzatherestesrodf.
polyhydroxylated aliphatic hydrocarbon or the mixture thereof contains an
amount of lfeavyscampeting scotheimhaniig 26 pelykyer exylated-aliphaiitor

hyd%%%r?égrgdﬁpgr\%p& %5’[@3%%?%%9%&6 under a pressure of 1 bar

abso east 15C greater than"the boiling temperature of the
10chlorohytgir% of less than, or equal to 50 g/kg. 4. Procsgss acc.oc%en%?to an tent
one of CIAME TS 3 HFERS ACARHES SUHES AP €SB R RS conten

fattyohtieqahblydakslatedinlmhets Andrvistbess tbe Stenpfamdybwd thietest
-28-hipREQcessRLeEING W Glaimid Wheksinthesaliy acidpsonianalke.

least 12 carbon atoms. 6. Process according to Claim 5, wherein the fatty

acids are gelpried(omonnlels aRdIEaaihJPolesiG Agid Aglmitc

acid, stearic acid and mixtures of 5 at least two thereof. 7. Process .
accBRIMY &AM G PRaHS I FATRP RS ST s Relahppwiviated aliphatic

15 hydrocarbon or the mixture thereof is obtained by a process of transesterification
starting from renewable raw materials in the presence of a heterogeneous

catalyst.

11. Process according to Claim 10, wherein the heterogeneous catalyst 1s
selected from mixed oxides of aluminium and zinc, mixed oxides of zinc and
20 titanium, mixed oxides of zinc, titanium and aluminium and mixed oxides of
bismuth and aluminivm in supported and unsupported form and is employed in
the form of a fixed bed.

12. Process according to any one of Claims 1 to 11, wherein the
polyhydroxylated aliphatic hydrocarbon is selected from ethylene glycol,
25  propylene glycol, chloropropanediol, glycerol and mixtures of at least two
thereof.

13. Process according to any one of Claims 1 to 12, wherein the
chlorohydrin is selected from chloroethanol, chloropropanol, chloropropanediol,
dichloropropanol and mixtures of at least two thereof.

30 14. Process according to Clamm 12 or 13, wherein the polyhydroxylated



linoleic acid, oleic acid, linolenic acid and mixtures of at least two thereof.
8. Process according to Claim 4, wherein the esters are mono-, di- and/or
triglycerides or methyl esters of fatty acids. 10 9. Process according to any
one of Claims 1 to 8, wherein the water content of the polyhydroxylated
aliphatic hydrocarbon, the ester of polyhgdroxylated aliphatic hydrocarbon
or the mixture thereof is less than or equal to 100 g/kg. 10. Process
according to any one of Claims 1 to 9, wherein the polyhydroxylated
alipigihaty tiyslracothentiregsterod ipdtieydroxykrddraliphiatiprégropanot.
hydrocarbon or the mixture thereof is obtained by a process of
transesteyificatiosnstrdindifitom Gaewab|coldwabieatpindhesmpesence

of S j im 10, wherein

theaet{;(f%}eﬁl;))?ge:%eous‘,5 gg%a yg'? %&&erglé%&(? f?g?%‘i Srﬁg%%%égé%?of aluminium

and zinc, mixed oxides of zin . 20, titanium, mijxed oxides of. zinc, .

N T b Y b T Ao T R
5 superpsedapdonrsLmesiteesiotm and is employed in the form of a fixed

bed. 12. Process according to any one of Claims 1 to 11, wherein the

polyhydroty Biecalinhatidihy tdreagrboa ¢f Séieeatet thdm etwignatglycol,

25 Q@&XJ&?@?%&% %H%ﬂ?%@g&%hﬁﬁﬁ%@ and mixtures of at least

two thereof. I3."Process according to any one of Claims 1 to 12, wherein
the_chlorhyelinis selected, from giloraethianal, chloropropandl, a. i
chloropropaned(fof, dicRiok ropancrﬂland MIXtres Gf at least two ther&of.
30 tambipeder elcewriing tndeamm dwideRng haregyepes selyRpa ey dssgen
16 -29cllliphitiotyidrgaasherdrghcefehancothe tiderghydrin is
dichloropropanol. 15. Process according to Claim 14, followed by
preparation of epichlorohydrin by dehydrochlorination of dichloropropanol.
16. Process according to Claim 15, wherein the epichlorohydrin is used in
5 the production of epoxy resins. 17. Process according to any one of
Claims 1 to 16, wherein the chlorinating agent contains hydrogen
chloride. 18. Process according to Claim 17, wherein the hydrogen
chloride is a combination of gaseous hydrogen chloride and an aqueous
solution of hydrogen 10 chloride, or an aqueous solution of hydrogen
chloride.



ABSTRACT Process for preparing a chlorohydrin by converting
polyhydroxylated aliphatic hydrocarbons Process for preparing a
chlorohydrin, wherein a polyhydroxylated aliphatic hydrocarbon whose
total metal content, expressed in elemental form, is greater than or equal

to 0.1 [err]g/kg and less than or equal to 1000 mg/kg is reacted with a
chlorinating agent. No figure '
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ABSTRACT

Process for preparnng a chlorohvdrin by converting nolvhydroxviated aliphatic
hvdrocarbons

Process for preparing a chlorohydrin, wherein a polyhydroxylated aliphatic
hydrocarbon whose total metal content, expressed in elemental form, is greater

than or equal to 0.1 pg/kg and less than or equal to 1000 mg/kg 1s reacted with a
chlorinating agent.

No figure



