-1- Process for preparing a chlorohydrin in
corrosion-resi stant apparatus The present patent
application clains 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
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The present |nvent|on relates to a process for
preparing a chlorohydrin. It relates nore
specifically to a process for preparing a chlorohydrin
in apparatus mnmade frommaterials which are resistant
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c hpigpiting dighloropropanol by reacting glycerol with hydrogen chloride in the
presence of an acid such as adipic acid as catalyst. The reaction is carried out in
a reactor fabricated from or covered with a material which is resistant to the
chlorinating agent under the reaction conditions. The use of this type of material
is limited, however, to the reactor for chlorinating the glycerol.
The invention provides a process for preparing a chlorohydrin,
comprising :
(a) astep in which a polyhydroxylated aliphatic hydrocarbon, an ester of a
polyhydroxylated aliphatic hydrocarbon or a mixture thereof is subjected to
reaction with a chlorinating agent containing hydrogen chloride



(b) at |east one other step, carried out in apparatus
made fromor covered with materials which are
resistant to the chlorinating agent under the
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The reason for this that it has been found that the use of this type of
apparatus makes it possible to prevent the corrosion by hydrogen chloride in the
presence of water and of the polyhydroxylated aliphatic hydrocarbon. The water
may be water generated by the reaction between the polyhydroxylated aliphatic
hydrocarbon and the chlorinating agent, or water introduced into the process.

The invention provides, finally, plant for preparing a chlorohydrin,
comprising
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1,2-propanediol (propylene glycol), 1,3-propanediol, 1-chloro-2,3-propanediol
(chloropropanediol), 2-chloro-1,3-propanediol (chloropropanediol),
1,4-butanediol, 1,5-pentanediol, cyclohexanediols, 1,2-butanediol,
1,2-cyclohexanedimethanol, 1,2,3-propanetriol (also known as “glycerol” or
“glycerin”), and mixtures thereof. With preference the polyhydroxylated
aliphatic hydrocarbon used in the present invention includes, for example,
1,2-ethanediol, 1,2-propanediol, 1,3-propanediol, chloropropanediol and
1,2,3-propanetriol, and mixtures of at least two thereof, More preferably the
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- 30 nat ur aByg@essil 26 ne@dtlals dr@ineant materials obtained from the processing
of petrochemical natural resources, such as petroleum, natural gas and coal, for
example. Among these materials preference is given to organic compounds
containing 2 and 3 carbon atoms. When the polyhydroxylated aliphatic
hydrocarbon is glycerol, allyl chloride, allyl alcohol and “synthetic” glycerol are

35 particularly preferred. By “synthetic” glycerol is meant a glycerol generally

obtained from petrochemical resources. When the polyhydroxylated aliphatic
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It is also possible to employ used frying oils, various animal oils, such as
fish oils, tallow, lard and even squaring greases.
Among the oils used mention may also be made of oils which have been
partly modified by means, for example, of polymerization or oligomerization,
35 such as, for example, the "stand oils" of linseed oil and of sunflower oil, and
blown vegetable oils.
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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 a polyhydroxylated aliphatic
hydrocarbon whose alkali metal and/or alkaline earth metal content is less than
or equal to 5 g/kg, as described in the application entitled Process for preparing a
chlorohydrin by chlorinating a polyhydroxylated aliphatic hydrocarbon®, filed in
the name of SOLVAY SA on the same day as the present application, and whose

content is incorporated here by reference. The alkali metals may be selected
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polyhydroxylated aliphatic hydrocarbon, the ester of polyhydroxylated aliphatic
hydrocarbon or the mixture thereof is generally less than or equal to 1 g/kg, often
less than or equal to 0.1 g/kg and more particularly less than or equal to 2 mg/kg.
This content is generally greater than or equal to 0.1 pg/kg.
In the process according to the invention, the cesium content of the
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hydrocarbon or the mixture thereof is generally less than or equal to 1 g/kg, often
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SOLVAY SA, from page 4 line 25 to page 6 line 2.
In the process for preparing a chlorohydrin according to the invention, the
chlorinating agent may be hydrogen chloride as described in application

35 WO 2005/054167 or SOLVAY SA, from page 4 line 30 to page 6 line 2.
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Particular mention is made of an organic hydrocarbon compound selected
from saturated and unsaturated aliphatic and aromatic hydrocarbons and
mixtures thereof.

Particular mention is made of an unsaturated aliphatic hydrocarbon
selected from acetylene, ethylene, propylene, butene, propadiene,
methylacetylene and mixtures thereof, of a saturated aliphatic hydrocarbon
selected from methane, ethane, propane, butane and mixtures thereof and of an
aromatic hydrocarbon which is benzene,
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t h@vhich are resistant under the reaction conditions to the chlorinating agents,
particularly to the hydrogen chloride. Mention is made more particularly of
30 plant made from enamelled steel or from tantalum.
In the process for preparing dichloropropanol according to the invention,
the reaction of the glycerol with the hydrogen chloride may be carried out in a
reaction medium as described in the application entitled “Continuous process for
preparing chlorohydrins”, filed in the name of SOLVAY SA on the same day as
35  the present application, and the content of which is incorporated here by
reference.
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30  of aresidence time of at least 1 h and not more than 50 h.

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

35  application WO 2005/054167 of SOLVAY SA at page 11 lines 12 to 36.
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By reactants are meant the polyhydroxylated aliphatic hydrocarbon, the
ester of polyhydroxylated aliphatic hydrocarbon and the chlorinating agent.

35 Among the impurities present in the polyhydroxylated aliphatic

hydrocarbon mention may be made of carboxylic acids, salts of carboxylic acids,
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30  products that may be mentioned include, for example, the partially chlorinated

and/or esterified oligomers of glycerol.

The reaction intermediates and the by-products may be formed in the
different steps of the process, such as, for example, during the step of preparing
the chlorohydrin and during the steps of separating off the chlorohydrin.

35 The liquid reaction mixture may therefore contain the polyhydroxylated
aliphatic hydrocarbon, the chlorinating agent in solution or dispersion in the form
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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 particularly of a process for preparing a chlorohydrin by reacting a
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hydrocarbon or a mixture thereof with a chlorinating agent wherein the
polyhydroxylated aliphatic hydrocarbon, an ester of a polyhydroxylated aliphatic
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35  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
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Particular mention is made of a process for preparing a chlorohydrin that
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| estepi(b)as a separating operation selected from phase separation, filtration,
centrifugation, extraction, washing, evaporation, stripping, distillation, and
adsorption operations or the combinations of at least two of these operations.
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In the process according to the invention the esters of the polyhydroxylated
30  aliphatic hydrocarbon may originate from the reaction between the
polyhydroxylated aliphatic hydrocarbon and the organic acid, before, during or
within the steps which follow the reaction with the chlorinating agent.
The chlorohydrin obtained in the process according to the invention may
include a heightened amount of halogenated ketones, in particular of
35  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



| ess than 99.9 % by weight of the two isoners,

preferably less than 95 % by weight and nore

particularly I ess than 90 % by wei ght. The ot her

constituents of the m xture nay be conpounds

originating fromthe processes for preparing the

di chl oropropanol, such as resiflual reactants, reaction

by- products, solvents and, 10 in particular, water.

The mass ratio between the 1, 3-dichl oropropan-2-ol and

2, Syietdrbmco Jihe palvgiratdd keatamerontdns may wedugedjpeatbgecting the

th . . t . .

0. A onaRHRn ek irihe pRikE oo HER Find 108 Gh 1 Reol Bpic

pr edigtilibiop In egnesence ofaraterrordyrabiesiingthe chierhydyin éd er

r ediehy@ioeRlbeihatidifeafhe® Y abschiBed iﬂhﬁ"h@pﬁ@aﬁ‘@h:ﬂbnﬂz’ gz[%: 4 line 1
o . 0.

particul at. pr.eference greater than or equal
SThitgppg??imEgg commonly | ess than or equal to 99 and

]E)r ef er ahiry qdla‘&ﬁerttil?iﬁl’is mﬁdﬁqi_lﬁﬂarobéss ngg prbpaddgeaﬁwpoﬁes sherein
or Il a C ro ren _aceor di t.q the .
| el Retofes ale Ririidd a5 bY ool snd fyich plfiprises at least one
pol tydaymiertof Femnesdl af atdéast & pottipd o6 ter tebdrgenathé ketspesrfonned.
ol j ' r : ] f
P e o ird Bl 0P BERER B0 PreBirign Xy
10 oy deppdropll o pgtingricdl gphydiinpigainck atgléasa an%éCtIQﬂrlgﬁfﬁPéTed by
aci dﬁldi‘ﬁ]\étibga@o@h?&i‘é%&la@bﬁiaﬁ})ﬂ?idamﬂfcfda%%?} aﬁed@eg%ﬁss bf or
re Il 0] ] I px ead all atl C ocar po
o R R LM e B A U S i
t hicehidotidoritaia dnlie tpntknt by iapeaopit distillatiey obe an
) : : . . |
e SRSl SRS Galch B Sfindkl s REBL P10
15 hy drogticnr ofshe hitlogenated ketnes fareed rapdageneess Rirerepagagi c
aci i Mo Y B \Qﬁeran'ﬁlé(ﬁéféﬁenaf&?é(r@fﬁgg TR M1Gs atﬁhlg)acetone.

originating fromthe process reparin > ]

pol yhy dh§:eiloselsdiria) qbaeed i ﬂ#ﬁynme%saﬁm@ma%dthanmtﬁng% may

?ﬁ 1y sﬁ'l@fect@g itk ﬂﬁij}dﬁg:hldlcr_ﬁﬁﬁbﬁ f&c@d@ﬁ&ﬁ&er&@ brddePa bptiide, as
0 oxyl at ed al i C r 0 '

or SERURTE R Rhica! B Era W OAAOSSARE aeliom bS5 oot

20 polfyie oirthx yhrat eiISOBY AN Bphat i ¢ hydr ocar bon may

origin I5 -t he ..

ol Sy i€ ek Rite? Kb Rl:HGH MEEHLE A Compopnd conaining a

acilenst gresr rygen badgedgnoy carbgn-¢rrbon bands tGqnerallyispeeking, thew

t hRafBAGEI oMhé Barb&if c&BbR bbMPirk 82888 Bhd thE®mpound may
chl orohydrin 8Ptﬁ%$ed in the process according'to, the
i nyeReoRomagther than Gerbon aloBisyIid Sy g el Rt Sugh as hydrogen

25 halaggen@aiddtdgehaMeke preferfediepbtidésdre efhyBae oxide, propylene oxide
chl o oac%t?orhg, .as described in the patent application
FRB% ST IH By, 05/ 2005, filed in the name of the
appl i cdihe debyrtochiarimting ef thewhlosbhyahini may heonpet atted

helygeinld i r - 1he: . 2
e R ke O e LIRS 05 b
obtigrha golyhydmeylpicd aliBkatisdwyerasprhgnind eiebloringténs agsat’s led
30 an iRARHFRIFGOIN AYIIA 8h HRNSahR dah@s BleGreRECalicH¥InChnd the
or by sub el%tl ng the chl ?lroq)ydrl hntoa
content of which 1sincorporated here by reference.

Particular mention is made of a process for préparing an epoxide wherein a
reaction mixture resulting from the reaction between a polyhydroxylated
aliphatic hydrocarbon, an ester of a polyhydroxylated aliphatic hydrocarbon or a

35  mixture thereof with a chlorinating agent, the reaction mixture containing at least
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35  treatment, the storage of the chlorohydrin produced, the storage of the catalyst
. and of its preparations. Among the steps of chemical treatment mention may be
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As appropriate material mention may be made, for example, of metallic
materials and non-metallic materials.
These materials may be used either within the mass, or in the form of
35  cladding, or else by any coating process.
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e CEPRYICEING ﬁ‘érnﬁ‘@ﬁ with Garhanangpolsieptsr gsins admixed with quartz. In
30  the case of the cements the substrate should be protected by an additional plastic

sheet. Impregnated graphite (impregnated with polytetrafluoroethylene), carbon,
glass, quartz, enamel, porcelain, earthenware and acid-resistant brick may also be
suitable as non-metallic materials.
The enamel may be used as a material for coating the steel, and the
35  material which is resistant to the chlorinating agents is enamelled steel.
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These materials may be used either within the mass, or
in the formof 35 cladding, or else by any coating
process. -24- Anong the netallic materials, nention
may be made of tantalum and tantal um alloys, zirconium
and zirconiumalloys, titaniumand titanium all oys,
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silver and silver-gold- palladiumalloys with a

m ni mum of 30 % gol d, gold and gol d-silver alloys and
5 gol d-finang therpoithay,ghosediighi s ewitebl emdlude pylydéﬁumuch as

|
At . o
(sibapeden ﬂmﬁn@lymers@ Sppe-qoatiming nolams:r&:%‘b b oy BplaRes or
al |p2)\l§sul];ﬂ]|1dbs aéa;bemwm@hiaﬁyﬁo@ﬁf&%ﬂhﬁgu@ %od ?ﬁbhﬂf@éﬁﬁ;

t| n- ni ckel | Qys, ni obi um and ni obiumtanta
Jal I%%egnﬂ?ﬂr%a & netals of the platinum group mention
may be Amdeg e thdradplamicsised 6n flustopollbiierse tosehighly suitable

G0l BRI iR for TR R I anct ¢ p
al Irsyuoreslkdreyalkases, ethyteae- tetratﬂuomeﬂnéenmsolwmem t he
;\grgeerﬁtuo%@ﬁﬁe erﬁpoﬁhl%almx ¥m&0&§)b§,&1e@£

non rre I C rraterl e rrade

fluor oemsﬂoqmérs Baser calpiefed TR e solib 8fabdd remfdresd WaBad
L%&) f% %ﬁﬂ[eg%n fl u%tgo pol yners, ABS

(ad?‘% © PISHESMyr ene) copol yners,

acrylo mmomg the (c4&tiridy -forined| byah basiod ees{iB0thvge easpdby apoxy

po'rX Mnol@@!e%ﬁ@ﬁfysg&?a@{‘é %ﬂes and polyphenyl

ass-re ased on pol yester

15y r eS| ns Fop gertave particelar elsingsts, fon exeumdn heasskehangern angdowmpps,

20 g'rﬁﬁht%swﬁ&ﬁerq{hpl‘égﬁ%!ed%?h@{ i &peddlly SRLBE! #or BRHEE ON

al Umna and corundum . netal l oceram'c naterials based
on SXERamErh vaEshRlw h?ﬂﬂmg.or s¥aneratiomofithratluids wr the pragess,

matigipkedinstidinsRE p@m@&aﬂumeﬂ@mhe lifl@pedllpidilabR, ON

G 1 cat@aneE e papiafit ol Rt i R nep s o bty

20 ( AlsBiE®ISE@Rhe cantiag nngmnin&smth affapppatyg opermting adnigh

Salig}HF Emr on Brauthite on the 25 basis of
phenol rmal dehyde resin and of isolemil,
aci d- r ®olvelefins, Seorepnlymetsod ancsal alloys waihishly switable for the

Phepgting &*rﬂﬁhﬂ‘&ﬁ)%@ %fﬁ&&arau@&skram 0 ltéiiﬁpeiratﬁl%d Wi th

quartz s sel f-cu aci -[eS|stant cenments based
on phedf efHSP?Fﬁ?ad‘éﬁ?‘&L&%F@Fﬁ@l%m%&VW{% aphi t e,

25 f upblyhytiroxkeddalliphattd nglre@rbonds piférablgrehyvatdl @nd thRpOXy

res&b{}s adm xgzd \ﬁn tbg ﬁj)on 1rand ol yester resins
ad gg}ly- A H{?W’ M c%pf)ﬁaél ‘ase of the cenents the
substr é?t/henstho uhlardjydpn ot dichlexbpbypaacl, tiedirodeshadcoplimgstol the

; 2 Fﬁeg%llr) o o ol (ﬂvg lﬁpg% tp?eg%a'ﬁgﬁ &9 gﬁﬂ:ﬁg C}Ma!hﬁn b¥

endglydrogideringting gic Pvlﬁéﬁwér@déh@em@hlarOhﬁénlstnaﬁbe used in

30 br itl%pr@ﬁé&aﬁérﬁ@f ekﬂ)@xy resins.

35

The examples below are intended to illustrate the invention, but without
imposing any limitation thereon.

Example 1 (not in accordance with the invention)

Corrosion test specimens made of Ti Gr 26 t and Monel 400 were placed at
120°C for 90 days in a liquid, glycerol hydrochlorination reaction mixture
composed of 20 % dichloropropanol, 18 % glycerol monochlorohydrin, 2 %



suitable as non-netallic materials. The enanel nmay be
used as a material for coating the steel, and the 35
material which is resistant to the chlorinating agents
is enanel |l ed steel. -25- Anong the polyners, those

hi ghly suitabl e include polyolefins such as

hi gh-density pol yet hyl ene and2pel ypropyl ene and in
particul ar, thernoplastics based on fluoropol yners,

sul phur - cont ai ni ng pol ymers such as pol ysul phones or
pol ghxesrgh &’emon@smiémowdhlormamd@lycwnﬁ oligomers, @ whiics 0.8 %
ki ngey, %{B}egﬁ%ﬁﬁ@ 6&1 stfB %tb%S! 1% %@@k&%ﬁ ARG yst
t he thernopl astics ase oro o yners Gse
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" el i E88EA hhas SIRAG M%:m%dﬂ&%nf ormed by means of
resins, those based on epdx resins or on phenolic
resins are especially SU|tabIe 15 For certain
particul ar elenments, for exanpl e heat exchangers and
punps, graphite, whether inpregnated or not, is
especially suitable. For the heat exchangers which

al l ow heating or evaporation of the fluids in the
process, inpregnation with polytetrafluoroethylene is
especially suitable. Enanelled steel, tantalum gold
and perfluorinated polyners are highly 20 suitable
for the coating or manufacture of apparatus operating
at high tenperature. Polyolefins, fluoropolyners and
netal alloys are highly suitable for the coating or
manuf acture of apparatus operating at |ow tenperature.
In the process, use and plant according to the

i nvention, the 25 pol yhydroxyl ated al i phatic
hydrocarbon is preferably glycerol and the
chlorohydrin is preferably dichloropropanol. Wen the
chl orohydrin is dichloropropanol, the process
according to the invention may be followed by the
preparati on of epichlorohydrin by dehydrochlorinating
di chl oropr opanol, and the epichl orohydrin may be used
in 30 the preparation of epoxy resins. The exanpl es
bel ow are intended to illustrate the invention, but

wi t hout



i mposing any limtation thereon. Exanple 1 (not in
accordance with the invention) Corrosion test

speci mens nade of Ti G 26 t and Monel 400 were pl aced
at 35 120C for 90 days in a liquid, glycerol

hydrochl ori nation reaction m xture conposed of 20 %
di chl oropropanol, 18 % gl ycerdF -nonochl orohydrin, 2 %
-26- glycerol, 6 % nono- and pol ychl orinated gl ycerol
oligomers, 6 %water, 0.8 % HC, the remmi nder being

conposed of the carboxylicCdcAdMéErving as catal yst
and of its esters. The test specinens dissol ved
conpletely in the reaction mxture. 5 Exanple 2 (in

accor danegydskd fr pRPatiny & BhloRINydHAT @SR Riden the

reaction mxture in liquid phase, the el enents of
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i sti d .60 nQ._sign corrosion. -27-
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al i phahiteridly ShRHHHORRsPnt & Kb XhidkRatiSIRM uddSr the conditions
subjected.to .5 reaction with a chlorinating agent

cont ai'fi Brsb@dn rkieeti de (b) at |east one ot her
step, carried out in apparatus made from or covered
with rZaPercesd codingfto &leint &svisdréintthd soli@roxylated aliphatic

chl QL] [ n nder the.condition iLn which,thi.s
105 G SR o/ Rl R e it
whdhatef is hbtajyef playtiraokgmacraiabld pvanateriald.0
hydr ocarbon, the ester of pol yhydroxylated aliphatic

hydrocal pRRRcQfackdiing ¥ kit 1 Bpﬁ,rvﬂgrfihﬁhé’llﬂld%ééﬁthoﬂde isa
starting ,fro¥n rene\l\l% e raw materials. 3.” Process
ac COPEITEOR 8 g9s5pvs hydspgen chigride and an gguaepeiseiptagn of hydrogen

chlcatdride, drsinaquenizibltibh @ hadrog@sedstideny dr ogen
chl ori de and an aqueous sol ution of hydrogen

chl ori dey._0r an aquequs._sol utjion. of raogen chl ori de. .
1505 o' B Bl Me M Iny Bheh COEY LI 5 AtREn Y hiy ep e
wherstsprofishgags, banplys tvdhdirsval aratsfap, diemséab tregmentsenpliyyical

Wi gl AR cdrh S s ih Al e RS

treaf nent _o? conpgﬁgsggga?ga orm%ro ug?ésgglfogp{ e ggg@ess
f ochlordydrinng the chlorohydrin. 5. Process according
to any one of Clainms 1 to 4, wherein the apparatus is

5. Process according to any one of Claims 1 to 4, wherein the apparatus is
20  selected from containers in which compounds are stored, chemical reactions are
carried out and/or physical operations are carried out, the pipes and connectors
connecting these containers, elements ensuring that the lines are leaktight,
instruments necessary for the transfer of compounds between the containers,
instruments and equipment for measuring the various parameters necessary for
25  the monitoring of the storage, for the transfer of the compounds and for the
carrying-out of the chemical reactions and the physical operations.

6. Process according to any one of Claims 1 to 5, wherein the apparatus are
maintained at a temperature greater than or equal to 0°C and less than or equal to
200°C and at a pressure greater than or equal to 0.01 bar absolute and less than

30  orequal to 50 bar.
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20 sel ected fromcontainers in which conpounds are
stored, chem cal reactions are carried out and/or
physi cal operations are carried out, the pipes and
connectors connecting these containers, elenents

ensuring that the lines are |eaktight, instrunents
necessary for the transfer of28enpounds between the
containers, instruments and equi pnent for neasuring

the various paraneters necessary for 25 the nonitoring
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copper-tantal um and copper - ni obi um al | oys, tin-
ant i nmony. mbb@yscmhgwcwnf@ Yherein e etalt bflm@"‘giﬁﬁhum

al | oys um and i 0 tantal umal ] o
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titanium nitride, refractory materials based on silicon carbide, on silica, on high-
silica-content aluminium silicates, on zirconium silicate, on zirconium oxide and
on sillimanite (Al,03-Si0O,), coatings based on epoxy resin, on Sakaphen, on
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18. Process according to Claim 16 or 17, according to which the
polyhydroxylated aliphatic hydrocarbon is glycerol and the chlorohydrin is
dichloropropanol.

19. Process according to Claim 18, followed by preparation of
30  epichlorohydrin by dehydrochlorination of dichloropropancl.
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hydrocarbon is glycerol and the chlorohydrin is dichloropropanol.

26. Process for preparing dichloropropanol, wherein glycerol is subjected
to reaction with a chlorinating agent containing hydrogen chloride and wherein
all of the steps of the process are carried out in apparatus made from or covered

25  with materials which are resistant to the chlorinating agents under the conditions
in which these steps are carried out.



