Manufacture of dichloropropanol  The present patent application claims the benefit of the French
Patent application FR 07/56125 filed on 28 June 2007 and of the United States Provisional Patent
Application U%%&,%fé)l?’%lo filed on 14 December 2007, the content of both of which is incorporated
herein by reference. bThe present invention relates to a process for manH%WRgfg?gﬁfgropropanol,
more specifically to a process for manufacturing dichloropropanol from a product based on glycerol
(1,2,3-propanetriol). The invention also relates to a process for the purification of the glycerol-based
product. The invention finally relates to the use of the glycerol-based product 10and of the purified
product in the manufacture of dichloropropanol and of derived products such as epichlorohydrin and
epoxy resins.  Dichloropropanol, for e3&selia o iaaipaaiviptapediate in the manufacture of
epichlorohydrin and epoxy resins (Kirk-Othmer Encyclopedia of Chemical Technology, Fourth Edition,
1992, Vol. 2, page 156, John Wiley & 15Sons, Inc.).  According to known processes,
dichloropropanol can be obtained in particular by hypochlorination of allyl chloride, by chlorination of
allyl alcohol and by hydrochlorination of glycerol. The latter process exhibits the advantage that the
dichloropropanol can béRGubieihetistasrpidchicrn sénawalsl eerali miateriatsndh Bagrown that
petrochemical natugalicesenriesy Sommiiehdhedossd materials ofiginaiedierexample oil, natural gas
or coal, avallable g Al A Imilethsicadtq RIPESRS Of fbypiachiornalon el olygerehas a selectivit

which leaves much to be desired, which results in the formation of by-products that are difficult to

eliminate. This redG85H' 8 Eﬂft}ﬂjﬁﬂﬁ?’ XD A PERTENE MRHRBH S e starting raw materials.  The

invention aim§ to solve Thisppresileny bitiprovidingta newcpse fess forfasanmifacturing dichloropropanol,

the ciichloropropaaphbgeiigesuitableder dudiiernuses asdesexamplathenmanufacture of

epichloroydrin. I3;cy;cJILSLSRACL {NeIeIS Brovided atocess armanyfagturing epichiorohydrin,
anol to a deh inati lon, i which, at least one part of

by subjecting dichloropropanol to a dehydrochlorination reaction, , a
dichloropropanol WASUHAMHEI B FE R AmYo5GH B e pASE I SRIcPE shpfShbtdeast one diol
containing at least3>dasbofatonsiothémgibrrd @spropanediof Witlp xyehidrnstihgagent, wherein the
content of dip} coniaininghableasidd carhanmtomsathenthas kigiprepanadinlofithesslyegrol-based
product is less thanrg{{u%%%%lcﬁo&? {%ﬁ] g]jogr%glﬂcéﬁ - J,Q a}%%kéer aspect, there is provided a process for
manufacturing epgxy resins or g% yl esters or dIy_c:[ide et%er's_ or glycidyl amides or glycidyl imides or
coagulants or Wet-strenBﬁP]r‘é"ﬁ?@%n@éth{z‘?iﬁﬁ?‘P%gé‘rﬂé%??%"rﬁ’éter@ﬁﬁijélaéﬁ% Bicdetergent ingredients or
epichlorohydrin elastorrersrdaiehichi@pindoromikmxatieast (@l paitrefrvihich iwagiobtained
according to the process.agdefiped.abevenissubieated to g reagtion vwith akleastore compound
containing atl#easts%gg %%ti)ve hydrogen atom. The invention therefore relates in a first embodiment
to a process for manufacturing dichloropropanol wherein a glycerol-based product that comprises - 2 -
at least one diol contairh G5 RS RE PRIt Ris BERKY SREIR Db rap AR ClIBIE  Bacted with a
chlorinating agentp@neubf thehessertiaheharastelistidswichéprbsentinvenfialiyiesides in the
identification of glysgrel imptydtiesivhich fltheugh they interfere with the Soperations for separation
and treatment of the effluents from the processes employing glycerol, the said glycerol can
nevertheless be used .aigﬂrea?v%/%tr_ar{aﬁigﬁg%igﬁ%léﬁeu?ﬁ%?%%& d%c_ﬁl%ro%lrlgr?ﬁgﬁa&yc ﬁ fe rest of the
document, afid exEBPLHHSRETHE FHERER THRBIRVIRE, TRE TN MdiokoRin @t esBRERBiISkcontaining at
least 3 carbon atomsuothesthamrs] 2o Gprohametioli! malrithiepioecessiacessdinly téithe invention, the

diol comprised in the.glycetel-basedrraductMayRerd Bptopanediol, butanediol, or a mixture of the
two, and is often 1,3-propanediol. (‘)I'frﬁa %Utc%rfgdioldgnnaé/ E’f 1,2-hutanediol, 2,3-butanediol,
1,4-butanediol or a 15mixture o“_fsat ea{s WO cﬁ%em. 5 Ybutanddion” ,%%ﬂa“ﬁelano ahd mixtures
thereof are often SHEBUHISFEHHITE VRIBUTEMEHIH) 1B ehEBaRtBredbmBredsrEfbat 2T the process
according toxhe imiémtianiothiengherdiihasengrodusttmily slsocentainvinmdditamnle?-ethanediol
(ethylene glycol), y2-prapanadiei{Rremylene glycol), or a mixture of these two compounds. These
compounds may 20co fromctpgn I r%gttolsglgggfasctur%T%Tprgcess%s such as the fegm_entation of
mono- and polysacchari gsu_jgelrll\_}/ed fom biomass o?rﬂwe y%Pr glj%\ﬁa i6ri Of MBhosaccharides and
derived alcohols. MaRHHEHRECHSR! BEPAING e TS ABOR ARE RyipEsis i dn fenfustiie
glycerol-based praductdsigesenalic gheaten tiameor @quédin:H80dgaf glycerol per kg of product, usually
greater than or equal to 750 g/kg, commonly greater than or equal to 900 g/kg, in most cases greater
than or equal to 950 2/kg, often greater than or equal to 990 g/kg, frequently greater than or equal to

995 g/kg,




particularly greater than or equal to 999 g/kg and specifically greater than or equal to 999,5 g/kg. A
glycerol content greater than or equal to 999.9 g/kg is 30convenient. In the process according to
the invention, the diol content of the glycerol-baseg product is generally less than or equal to 100 g/kg
of product, usually less than or equal to 90 g/kg, commonly less than or equal to 50 g/kg, in many
cases less than or equal to 10 g/kg, often less than or equal to 5 g/kg, frequently less 35than or equal

to 1 g/kg, particuiaélﬁﬂmphanzﬁc:?eq/skgmsm@dfb;pﬁyclessdhmmr@auﬁh@d@ﬁ}gﬂfgm@f@n less than
or equal to 0.2 /kg T IS am ount |s usu

reater than or equal ta /kg, generally greater
than or eqUEFRIBEGH oh R OHRS O BAT 0 0 B TR, 1Ty FLGBE qrocuor
than or eGﬂailtm&@ﬂr@ﬁsgoamﬁa@a@tjwiﬁrdy&gmehe&ﬁgan glﬁaﬂﬁl‘ki@sgdl}ﬁﬂ@ct denipEdIGCRSS
according to the invention, the, eth Iene col content of th oI b,?sed % tis,generally less
than or e%ﬁ?ﬁ t%"foélgllfé’%tﬁméu g% aﬂgﬂﬁlﬂf gn ot BGik: 1% Tommonly
less tlhan dhﬁﬁmbaidg) 930 A k@hﬁ’xldiln;]aﬂhyﬁ @aﬁeslﬂleﬁsciﬁbam@mqu@ H‘D Dz?sglkgr;]a,ﬂafﬁcai&aﬂs/ ass tha/rll or )
equal to ecifica anore to ess than or equal to 0 . This
amount 1B L BT oS PP G TGRS O S8E R o A b Seao E oy ol 0
0.005 g/kgsogagmonly greater than or equal to 0.01 g/kg, in many cases greater than or equal to 0.04

g/kg and often eater than or eq al to, 0. 1 In the cess acgcording to the invention, the
propylene glycolSREARE IRy REF oS 048 H%)%ad géo W‘%g&“ GPEYIEFTY 190 g/kg of

product. L5y didisl e@f&emﬂgm@ﬂw{mﬁ tdsxaglgﬁeguahme%g/gqgcmﬁnm@dﬁy lﬁseoﬁgaarraﬁtrsequal to 50
g/kg, in many cases less than or.equal to 10 articularly less th n or equal to g, specifically
e than TR (PR SH RO 0 BaL AT € BT e BB TS iy greater

than or eepﬁhu@l@}%h@/kg@émé@guﬁi,@Bﬁﬁraﬂw@?@@@&hﬂ,ﬂa@rieﬁwmﬁe @@Oﬁig&kg;cm wany cases
greater th to 0.01 g/kg, com ater than.or equal to 0.04 g/k often greater
than o1 UTH TS GRIE M8 et RERING 6 SRR HEH b A produe
generaIIy&mﬁ@mb@%@hﬁﬂi@%&ﬁ@t&ﬁﬁhﬁﬁx&&g@ﬂbg&laté\;ﬁpl|cat|on W02007/144335 in the name
of Solvay SA, mgre s C|f|cally EI% eeﬁ line 6 25to ge 3, line 25, and the content of which is
incorporated here'By ‘f%?gﬂ%e %ﬁ% SntEAEST gcetol ﬁylegfhg‘?%?%et%%e%?%gge broduct is
generallydess fhanrireaticiabioR0oaike ahpreduct] ustrallydess phatu arteapualitgB:¢g/kg, in many cases
less than or equal to 10 g/kg, commonly less than or equal to 5 g/kg, particularly less than or equal to
1 g/kg, specifically less than or equal 30to 0.5 g/kg and often less than or equal to 0.2 g/kg. This
amount is usually greater than or equal to 0.001 g/kg, generally greater than or equal to 0.005 g/kg,
commonly greater than or equal to 0.01 g/kg, in many cases greater than or equal to 0.04 g/lcg and
often greater than or equal to 0.1 g/kg. The glycerol alkyl ethers are generally selected from
methyl, ethyl, propyl, 35butyl ethers and any mixtures of at least two of them, usually from methyl
ethers, 4 and in many cases from monomethyl ethers. Such ethers are for examples 2-
methoxy-1,3-propanediol, 3-methoxy-1,2-propanediol, and mixtures thereof.  In the process
according to the invention, the glycerol-based product may also comprise monoalcohols, such as the
monoalcohols described in Application 5W02007/144335 in the name of Solvay SA, more specifically
from page 3, lines 26 to 31, and the content of which is incorporated here by reference. = These
monoalcohols can be present in an amount generally greater than or equal to 0.001 g/kg of product,
usually greater than or equal to 0.01 g/kg, commonly greater than or equal to 0.1 g/kg, in many cases
greater than or equal 10 to 0.5 g/kg, and often greater than or equal to 1 g/kg. This amount is generally
less than or equal to 20 g/kg of product, usually less than or equal to 10 g/kg, commonly less than or
equal to 5 g/kg and in many cases less than or equal to 2 g/kg. These monoalcohols are usually
selected from methanol, ethanol, n- 15propanol, isopropanol, butanol, and any mixture of at least two
of them, generally from methanol, ethanol, and mixtures thereof, and the monoalcohol is often
methanol.  In the process according to the invention, the glycerol-based product may also comprise
water in an amount generally greater than or equal to 0.01 g/kg of



20product and lessthan or equal to 100 g/kg. This amount is usually less than or equal to 50 g/kg,
commonly less than or equal to 4.0 g/kg, in many cases less than or equal to 30 g/kg, particularly less
than or equal to 20 g/kg, specifically less than or equal to 10 g/kg, often less than or equal to 5 g/kg
and frequentiYae8LMi’dr equal to 2 g/kg. This amount is usually higher XRarEBr8g[tEsE 0.05 g/kg,
25commonly higher than or equal to 0.1 g/kg, in many cases higher than or equal to 0.5 g/kg, and
particularly higher than or equal to I g/kg. In the process according to the invention, the glycerol-based
product according to the invention may also comprise ketones, aldehydes, alkyl esters of fatty acids,
glycerol esters, carboxylic acids, glycerol oligomers and salts such as 30described in Application
W02007/144335 inttheshamdiof QuluayrBA| et spacificabhys fodrar pagel 2 -linesidsdig, 20, and the
content of which is-gm@mﬁgtgglM[gaaygg‘é@f@nce. The ketone can be selected from acetone,
hydroxyacetone and dihydroxyacetane, 35These ketones are generally present in.an amount greater
than or equal to 0.001 %e%f?fﬁ?éétb%é%%%‘(%ﬁ?ﬁgﬁw 1?%8%?1%}%% %nrtérthvlj%lt%)nd% Sglfk “This -5 -
amount is generall§/98 ‘Fgﬁ’ﬁ T0lRG I prIdiE el eeindsongsgleat it §iRg of product,
commonly less thawareguabicchagikgrofprodactein ndny«tisesddssthanosequal to 0.5 g/kg of
product, particularbigssithanyerequal 1904 @/ka 0t praduskiand spegifigally.less.than o, equal to 0.01
g/kg of product. SThe rﬁi%?f@é(%%%?%j@ﬁlé%e%ted C1;Eom acetaldehyde, propionaldehyde, butyraldehyde,
acrolein, glyceraldehyde and any mixture 6f At least two of them. These aldehydes are generally
present in an amount gFaREFHiah BF S6tNtS 000 TR Bhroasetaner psbemisrdbter than or equal
to 0.005 gikg. Thigamddmt'isrgererathniess dham bnglkgtdf prdduchousuathy leksrthan npequal to 105
g/kg of produgt, coyperbidess than or equal to 1 g/kg of product, in many cases less than or equal to
0.5 g/kg of product, particularly less than or equal to 0.1 g/kg, of product and, specifically less than or
equal to 0.01 g/kg of pr%)ndéégt.goc'?ﬁsea%% leagél gjn%eelgg?ggt%endq#%rdr?of;%f/wggtsée%l f Stty acids, glycerol
esters, such as, foH SRR CHTIREARRY R}y CARIBRNSA ARy hikdife the rebtuxiey G esters of fatty

acids may be selected4rom eyl paipnitate;dadky| oleate, alkyl linoleate, alkyl stearate, and any mixture
of at least two of them. MethyuhgsiRisaresnore fiiengocouniarad.&lycerol ssierg nay,be selected
from glycerol acetate, glycero| mono itate, mono oleate, mono linoleate, mano linolenate, mono
stearate andigny rﬁ%ﬁ%g %fag'[iﬁzelsgst?f\)/e%]%{ﬁ'efh. gc? éaégl "(;els‘t%})su 4 ée%‘%iaé} B8Nt in an amount

greater than or eqH4ft8i G0 GIGRESFPIGal A dstriam prdialdr arapvaraslacms ofey/kg, commonly
greater than or equal tatB:gikgssinamany casesigieatet ¢hahoglgcal -taskgficgamptneften greater than
or equal to 2 g/kg..IRisameunRt isGenerahv-lgss-than af\ake ot pradust, ysuallyggss than or equal to
30 g/kg of product ggm@noenj}y C%@ Ie§s th%]mgr c?quQslet?w%o %h? of rog#ct in manﬁ cases less than or
equal to 15 g/kg o%pprgauct,‘gﬁlgﬂ%r?y%ss than of equal to 10°g/ky of prodtlPIRe e B&tifically less
than or equatto 5 GG GFPrEEEcerol rp BeBERg I serds szt Bify eatgsaigs. ofhey can be
selected from palmitiop-oleicpdiveteibalinolatnicysidaric biciaasnd dryhmixipee-tbatileast two of 30them.

These acids are ggpemRiy-peseN 1A & apaunihgieater than or equal to 0.001 g/kg of product, usually
greater than or equal tq 19 1 g/lé&eggwcgnocﬂgg%etgter than or é%%gg?l to 0.5 /kg{ in many cases greater

than or equal to 1 g/kg an “often greaté)}‘ an or gdﬁ\éﬁ (A TS %?ﬂ Ght 7 @gnerally less than

3550 g/kg of prod §{CHELAMF fe¥eTHe OrBEITAN 8 3% g o piroeri ée, T¥harmbaly-esbtian or equal to
20 g/kg of pisductigreimarmipcasesilbssrthen haequaddal to 750 g/kg, commeonly greater than

or equal to 900 g/kg, in most cases greater than or equal to 950 g/kg, often greater
than or equal 10 990 g/kg, frequently greater than or equal to 995 g/kg,
particularly greater than or equal to 999 g/kg and specifically greater than or
equal to 999.5 g/kg. - A glycerol content greater than or equal to 999.9 g/kg is

30 convenient.

in the process according to the invention, the diol content of the glycerol-

based product is generally less than or equal to 100 g/kg of product, usually less
than or equal to 90 g/kg, commonly less than or equal to 50 g/kg, in many cases
less than or equal to 10 g/kg, often less than or equal to 5 g/kg, frequently less

35 than orequal to 1 g/kg, particularly less than 0.7 g/ke, specifically less than or

equal to (.5 g/kg and often less than or equal fo 0.2 g/kg. This amount is usually



-6- 15 g/kg of product, particularly less than or equal to 10 g/kg of product and specifically less than or
equal to 5 g/kg of product. In the process according to the invention, the glycerol-based product
according to the invention may also comprise glycerol oligomers, such as described in Patent
Application MR GEIF2H0Bin the name of Solvay SA, more specifically frorr@ege2®sieteststo page 3,
line 20, and the content of which is incorporated here by reference. By glycerol oligomers, one
intends to denote compounds resulting from condensation reactions between at least two glycerol
molecules. 10In the process according to the invention the glycerol oligomer which can be present in
the glycerol-based product results generally from condensation reactions between at least two glycerol
molecules (dimer pfegtyceroloanguat mosiisevep ghees0l melaeuirs (heptamer @iglyeepol), usually at
most six glycerol moleguies haxamsr of aluaeron.caommanly.ah mostdiye glycerol molegules
15(pentamer of glyc r A) )1%1 ma& cas Sfl c[nostf ur %(Ig/ceroillrﬁ?g cuyles (tetramer of glycerol), and
often at most threequ%e%o Enfotect écsu(i(j[f mer %ﬂ;%%% |5:_qua §I§ ol oligomer is frequently a
compound resulting frobh thfePéptfde Az DTG Hlyeuronniblettyiane glycTrogriarothsligomer can
be selected from gligameisexhibiting: aslpearaRO sty chureosebtanehew siticttreoaueydigistructure, and

any mixture of at legstive efihem.Syaigpmers @IHNG & HNEANSTUCIIS, Qe jaiends to denote
oligomers in the ng%leﬁgjle. of which all Ehg tarbon atoms g@;ﬁlfgcated_m on§/ one atoms chain, which
does not constitutd acycle. T BY Biigomars ExHis agn 3 R SHrHRT o Bi8%hEnds to denote
oligomers in the nf@k el & thiasthe dhirben Beonms srelde sté g ireanibaieniesafomschains. By
oligomers exhibitiegualaydlic sikyctlines onevintendsdbydesste oligamesandheomolaeute of which at

least one paytof the,aarbon R1aMs.Aredpaated;iBat BAIBaRIO0R.CYEIR,h Rumberof garbon atoms
constituting the cycleallstg %l}gher than or eg:fal 0 6, usualggr(l)%g@er than or equal to 7, and

ra

commonly higher tifaf or8e' u&l 16°8) THENTNBEr Bt Earb8r ateH: tigling e iele is generally
lower than or equ&Fta@CteisgaRgIRMiePthaf®dr equal to 15, and commonly lower than or equal to 10.
The cycle comprises géndrallyatieastdbidoxygenatamsn he ptigomers of glyserek with a cyclic

structure, COMPrisifg ory Lo QHYLNS GYGIS CUURINING)Ous 110 ALOMS P WHIAN. 23]MS.pre Oxygen
atoms are often eg%ountered~ Th%%%/?erol oligomer is o§[8n chosen from dimers of glycerol, timers of
t

glycerol, tetramers 6f 5@}%5{15}? AR Ry S AP R < 6 F ITRRP P B dRACeTor Bifomer is often
a dimer of glycerot¢ 50 Fha dirfenplatye sl fagenerayta Mixtliee wiidimers siger®l!, comprising
one dimer with a lizear strugturesratifadiores dimeswiihaa brasched siausture-antat feast one dimer

with a cyclic structue, The slimer v mﬁoa;{@k@@ﬂgﬁg&%aqemms&seq&m@dlxscﬁt sastone cycle and
t

usually only one cycle. 'It'hat c]Je_ comn%nses_ en(fra %ﬁat%ms_, usually 7 atoms and commonly 8
atoms, of ngh 2 d?or‘ﬁ(%’lé%é f(él g/{;ﬁeﬁ% a,;‘tge GHierS AR S BEing CAPS SR SIRIE" P#he glycerol
oligorner is genera&ilFEmigt (2mugiRydreseppr dpexs) cpreipaneld 2idiehBofeshydroxy
-1-h_ydroxymethyl@ﬁmyhm@paq&}lﬁédiog/}@n (2-_hydroxy-l-h_ydroxymethyl-ethoxy)-propane-l,3-diol),
of cis- and trans'215'b'§h%w9€&)§ymtﬁy 'Jcozl_thg'%ﬁogéf t‘ﬁ'é?rﬁrt:ero%-bhasgd producgh 1-1 4-di
-2-hydroxymethy1-1,4-dioxepane,

trans-2,6-bis-hydroxymethy1-1 4-dioxane, de cis- et trans-6-hydroxy- ‘

and of cis- et tran%%f Hy%’:%%fli '3-]8?5930 ‘_1’1%&%@%@&3? eBTi‘d%%é‘?‘ 18PBUGHIRRa glycerol oligomer
with a cyclic structife?8thél diiicersl Bigumeréantbey setecrorcitoritimlbréronglyeefolingth a linear
20structure, imers pig@cairel Withna Branshest strugiiynes and aoy: rddure shesaeénba. the following

descriptior_l, glycerol oIigggl%r&ézg{{lLg@g@&pmg&gy%ﬁ@@g@%@ﬂg@@ oitimers and tetramers of
glycerol will also be na eg diglycerals, triglycerals and tetraglycerols. In the glycerol based product
iR o

used in the proce & & S Fi9U4 g/kg of product, tsually less than or'equal to
50 g/kg, in many cases less than or equal to 10 g/kg, commonly less than or equal

to 5 g/kg, particularly less than or equal to 1 g/kg, specifically less than or equal
30 to 0.5 g/kg and often less than or equal to 0.2 g/kg. This amount is usually greater
than or equal to 0.001 g/kg, generalty greater than or equal to 0.005 g/kg.
commonly greater than or equal to 0.01 g/kg, in many cases greater than or equal
to 0.04 g/kg and often greater than or equal to 0.1 g/kg.
The glycerol alkyl ethers are generally selected from methyl, ethyl, propyl,

2
n

butyl ethers and any mixtures of at least two of them, usually from methy! ethers,



25the polyglycerol content is generally lower than or equal to 10 g/kg of glycerol- based product, -
usually lower than or equal to 5 g/kg, commonly lower than or equal to 2.5 g/kg, in many cases lower
than or equal to 1 g/kg, particularly lower than or equal to 0.1 g/kg. This content is usually higher than
or equal to 0¥0% ¢80 the glycerol based product used in the procesSaedenivfytastie invention,
the diglycerol content is generally lower than or equal to 10 g/kg of glycerol-based product, usually
lower than or equal to 5 g/kg, commonly lower than or,equal to 2.5 g/kg, in many cases lower than or
equal to 1 g/kg, particularly lower than or equal to 0.1 g/kg. This content is usually higher than or equal
to 350.05 g/lcg. - 8-  Inthe glycerol based product used in the process according to the invention,
the content of 3-(238ddihydroxyzprofyoxyipropatiadlstdiol fageateallyriofvesthapiey Bqual to 10 g/kg of

glycerol-based progugh-ysualy-lpwertban ofaaual 1.5 gikan Lommenlyiouver thap er equal to 2.5
g/kg, in many cases Iovxfer than or 5equal.to %Ogéligirparticulagg wer hgar; %r eq%%l to 0.1 g/kg. This
g

I
content is usually higherntﬁgfr}) or equa o o O & g1 CsFaP tEi8ed in the
process accordingtePtRERVER TSR CHO Bl BFthes dbnteprgafonols described in Application
3-(2-hydroxy--hydvesmistiyi ethoxyhenopané SoR-agibhantbre specifically from page 3,
2-(2-hydroxy-I-hydraxymethyt-ethexy)-Rrapang-J3:diel is-gsnsialyrtlowerthan.or equal to 10 g/kg of
glycerol-based product,ﬂ%ugi%ll%vgﬁgﬁhgncorbequi%léo 5 g/kgﬁ, com{n;onl}/ l wer thar‘gor equal to 2.5
g/kg, in many cases lower than of €qual to T gikg. particutArl 1oWe F =R or B5tisl 18%8. T g/kg. This
content is usually FiYREIHAR b¥/Eg FAPISB B5vgRY Y artrEieersaadd BRidkéeused in the process
according to the invention]ylGthe=strmaf theudantents/of disnelhy cases greater than or equal
trans-2,5-bisthydrexymetiylahdsdioxang.cisa hiransndS hiscpydroxvmnetiyk-d.4:digyane, cis- et
trans-6-hydroxy-Ziekég%%%gnetg%%él%i-%/ﬁ?xg ane, ett 3!,% t reagité&?-dih o;roxi/-l, -Ddi'oxocane IS
generally lower than or e uafto d &o?g y%erolf-cb’asie ﬁroau Mu8usiyo P 7 or equal to 5
g/kg, commonly Io?@éi“ﬂﬁ’&q?%‘?sé(ﬁ%?é‘l % s bikg, Stk syl Hey ooieWesthian orasgalaicto 1. g/kg,
particularly lower tharkgr equal to 0.1 g/kg. This content is usually higher than or equal to 0.05 g/kg.
In the glycerol based progluetysecith g Rrocess g ding o e nysation. fag salts can be chosen

from alkalinelgnetal chloriﬁjes alkalinef etal ulfgtes, allmline mefég)hosp ates, alkaling-earth metal

chlorides, alkaline et THatar SEehatEE Ak A e h A BhEEEHERS’ M afs fittires of at

least two of them. fromHaeirafin&thaeeal I8GBHERTY BeuRinrngShamyopetessiohs fdrcommonly a

mixture thereof. Thedikaline-earth metal is generally calcium, usually magnesium and commonly a

mixture thereof. Mixtures af-sdium andnotassioyR0ehioridss gp?ém.%qgé&g}@a&ﬂﬂﬁissium sulfates
are generally enco(;xlntered. . The salt can ﬁelgresent |n an am%émt enegﬁlﬁl%ggé%at r than or equal to
I

0.0005 g/kg of prodiiet UekiaiR oS atB P THARCSF SHisT 1 05051 R AT HE Yr&ater than or
equal to 0.024Y/kgPTEHCARIEUR IS e Aerany lesKthet or Brjsamerndignegdy pretliiet osually less than
or equal to 1 g/kg efyuiaduict gdnd commuRli85iessdhanariequalte, Onlngig@bareduaian 9 - The
glycerol-based progughusedingdie pipsess:fonmandfastubng dichigrepranangl.acqording to the
invention may conttgailg {g_gitﬁgg%nla%ﬁ#ggg% 1InS ;;tea rc())}_cetle%susét ]atcr%oérﬂé%%gg%%#%\{ }?%%? the
glycerol-based product accordin invention may also c ' en compound,
such 5as describe@3f @'ﬁ@ﬁl%%ﬁéﬁi&hFﬂlmgluﬁlmm@f@éw 8Ahefecspecifically
from page 22fine Tdrtarpabeh3ziinenad candstheoddnteht ohwihich dssncarpanates berg by keference.
Molecular nitrogenyis @@Ez?&%&?ﬁ@@ﬁ%@a@ﬁ@% eempaRd: Jhe nitrogen compound can be an

inorganic or an organch%otgépound. B anor a ic.comgoun , Oné iniiends to desi(%nate compound the

molecule of which process according fO the invention, the glyeercl-based produc

according to the invention may also comprise ketones, aldehydes, alkyl esters of
fatty acids, glycerol esters, carboxylic acids, glycerol oligomers and salts such as
30 described in Application W0O2007/144335 in the name of Solvay SA, more
specifically, from page 3, lines 12 to 20, and the content of which is incorporated
here by reference.
The ketone can be selected from acetone. hvdroxyacetone and
dihydroxyacetone.
35 These ketones are generally present in an amount greater than or egual to
0.001 g/kg of product and vsually greater than or equal to 0.005 g/kg. This



does include neither a carbon-carbon bond, nor a carbon-hydrogen bond. By .organic compound, one
intends to designate a compound the molecule of which includes at least one carbon-carbon bond or
one carbon-hydrogen bond. The nitrogen inorganic compound can be selected from ammonia, 15
hydrazine, chiiv@raigsifeess,7ammonium inorganic salts, nitrates, nitrites, cyanateg;pspexanaies,
isothiocyantes of metals or ammonium, and any mixture of at least two of them.  The nitrogen
organic compound can be selected from nitrogen compounds present in cells of plant origin, generally
among amines, urea, proteins, peptides, 20aminoacids,glucosinolates and their degradation products

(isothiocyantes, thiocyanates, nitriles, oxazolidinethiones), phospholipids containing nitrogen,
chlorophyll, sinapingsandiagyneriitunes: et 16askwe abtieMusu. FRmRles of Phospholipids
conatining nitrogersare phaspatidyl.chloli hosphatidyl serine gnd phosphatidyl ethanolamine.
25Aminoacids free c%r able to be iﬁclu%%ﬁ%#e?tl er}soére\é}lgfe{?ng% Q‘%‘é’%éﬁ%‘d&% alanine,
arginin, aspartic adit®CySteMayRIEME i glveint Pretiesn nvsiedarh, leuchnlpsisnumdthionin,
phenylalanin, prolif; sefia, chpewshie angtitopfieally, srosio vatiguand @ay mixtoreefaljeast two of

them. Glucosifiolates carmbeisetgatad from Shigh ralbcRaping 309! ﬁéﬁ@}?&@pin, glycorucin,
giucoberteroin, 9'“89:5?}%@ in.gly ssin,.aluconasturtiin, progoitrin, napoleiferin, glucobrassicin,
neoglucobrassicin, and n%&tur%%?f%ﬁg%es?ta it%‘%g%%ﬁtﬁ%maiﬁyr?%%ugrﬁlgfé?’ﬁ%gst@@ de%?}@t used in the
process according to the TVeHiEh It iEsHIs MU BERID 8- ATBOw poTH S ckpressadaselemental
nitrogen is 35generdli 1eliepivardorteqdalstally gohN/kausuady:loweitager. extial to 0.5 g of N/kg,
commonly lower thanoan€ddahétBylg:ohN/Ka, I ANy CRSESQWES 1651 Shathan Al.equal to 0.05 g of

N/kg, particulgyly lawer thap or equal 03,9 of:N/kg and specifically. lower than or equal to 0.01 g of
N/kg. This content i\gué’"uallgrhighér t%ggi%ggbsa 0 &le%léﬁ%kfg?%é%@% ¥1 B88W product used in

the process accordiig 8 ThEHNVERTIA 524 458 ehAtavTheriicuRng fontheetallrgedements chosen
from Al, As, Be, C&;1cukOd, ICvd®u afbs g e Ni;sPihRb 0Secshl S6), @ny/Teolprdiuén, and any
mixture thereof. The totaheeniantal tiase alermentsizueually lowey thas, onequal 19.0.05 g/kg,

generally lower thap ar.eqialto 5.9/kg, commonly. lower than or.e uﬁ_al':to 0.025 g/kg, in many
cases lower than or equal to %kolggqglﬁ‘g%%%& ll%rglﬁrﬁgﬁléi(r)?f OIW%P Yh@%@f‘é&ﬁgﬁ% 6:80% g/kg. That total

content is ustially FfGHEPTHAR SFil XS0 TG om =it ryeisrist alkyl etbrsesairgnoalcohols, water,
alkyl esters of fattyiaelerss fattylatidsiiglyoerohestersraglycelel wligometsandvsalts mayde by-products
of glycerol manufagtring prRSESSAYRN 315 aBRIe, IS INESSSeR T A5epnversion of oils or
fats of vegetable ogc@&i{g@]%é%n ly}i&ga&sntlaét%riﬂgg&o% staponific tior or hydrol ySIS reactions.  The
glycerol-based product used in the process For’manu%cflu?ir%oa% i Sﬁ)ﬁgoﬁé%]ffl S?a'i?rg to the
invention may be MARDFRAHTEGBIARS IS ot d5RERuREESDERY polysaccharides derived from
biomass suckas, for exgmisies20fermentationraediorihydrogenatiomprosessesqeartied out under
conditions such thatuthegielavas fecmad.ang gy@a‘ée@%ﬁeﬁaéﬁlﬁﬂér@ﬂ‘gtﬂgQ'é/ﬁﬁ{%gﬁiomass comprises
harvest products, Ez%%%r%@r?‘%r P{g@%at%t(g%sigl}yesﬁI ‘;%EI%SUEEL lues, agimal .v‘vastg and solid municipal
waste. The invention therefore also relates to-a process Tor mantrattimG R §i9eerol-based

product comprising’St 1B EEREHIBILBhearrhY atbdst Bhsamornais rryemdispefofhar-propanediol, in
which a saccharidé‘a/sepdlysateharideliis rsadted withwaiferfteptationpagart wogdenconditions such

that the diol f3formed @ndds ehsenaraied figndhe: alyeerel-Allmatively o he glygerol-based product

used in the process for 3Q Q&ﬁ turi ichloropropanol according to the invention may also be
obtained when glype?oi:‘i"s E@tedggﬂrq erga‘igbl(ﬁ;:l sg%sﬁeﬂ Eéfgé)éte@ruéiné% %Sréﬁ%ﬁ Bofwiiibsolute, at a

temperature greattiRaRALY LgtiHHo oTseenlin the/ heedarpdust a reducing agent, such as a metal
sulphite or phosphite foFlexampteriic acilherinvanlipriaalisacielateBdpaprecersfarreanufacturing the
glycerol-based  palmitic, oleic, linoleic, linolenic, stearic acid, and any mixture of at least two of
30 them.
These acids are generally present in an amount greater than or equal to
0.001 g/kg of product, usually greater than or equal to 0.1 g/kg, commonly
greater than or equal 1o 0.5 g/kg, in many cases greater than or equal to 1 g'kg
and often greater than or equal to 2 g/kg. This amount is generally less than
35 50 g/kg of product, usually less than or equal to 30 g/kg of product, commonly
less than or equal to 20 g/kg of product, in many cases less than or equal to



35product used in the process for manufacturing dichloropropanol according to the invention, wherein
the glycerol-based product comprising at least one diol containing at least 3 carbon atoms except for
1,2-propanediol is subjected to a heating operation under a pressure greater than or equal to 1 bar
absolute, at WEeH#dr#ilide greater than or equal to 150C, in the presence?6T&FeHiGdig agent. The
glycerol may have been obtained starting from fossil raw materials 5and/or renewable raw materials,
preferably starting from renewable raw materials, such as defined in Application WO 2006/100312 in
the name of Solvay SA, from page 4, line 18 to page 5, line 24, the content of which is incorporated
here by reference. Glycerol obtained starting from renewable raw materials is, for example, glycerol
obtained in processeg/farof pnwdrsigruoicahinyalsr theg etadoien 1001l gheldfatycsact as hydrolysis,

saponification, trapgegterificationnaminelysisos bydregsnatien processes and enzymatic rupture

processes, such as transesterification or hydrolysis with.lipase-type enzymes, such as described in
tedium ant Long.Terth BoBRa e St B T Bh e g B Bl of Bulk
Chemicals from REF&VHIERBSHHTHOTHEY POt ATRPEFA BV BiSMBHI0IBEY)2The BREW Project,
Final report PfepariesttineiemtAedat ropsantComnissidf s GRWEH: Bfdgiamgrie (DGeResearch),

Utrecht, Septembey, 200619139 Bke Sivsernlahtained:starting fiopcrenswableaysmaterials is, for

example, glycerol obtained in.processes for conversion of mono-and polysaccharides and derived
];HCOI‘BO -] ?d ere (}/é ?{ance. . .
alcohols, such as fermentation, an thermochemical process such as hydrogenation and

hydrogenolysis, as des&EYCH ) Qe &TR—F BB IBENEILC TEuR SHTBPPBRROFISW ERhBRTRtiCS,
Incorporated for thextdSsidepactnentsdleBrergy, [©ffice ot Enerxgyiificiéncy and Renewable Energy,
Office of the Bjomass Prograpiecldly:2003iRa0e8:-49 84 4a B8 1IThe Manemand pplysaccharides, such

as for example, starch, ggl{%o%% apg:egabgmej/geugclio%g may themselves be obfained from biomass.
The invention also Telates to a prégess orthe purification o eheg cerol-baset pro&uct in which the
product is subjecte8aféiait @astGHe teatiEn € BFBhEINEGRG . f HBoRI S ¢ PFEEN AB R 8%8h from
evaporative concesttrvatiaicenaporativeeclystedhizatidry] dhstilationafractional distillation, stripping or
30liquid/liquid ?Xtr%i%EQ%@%Qﬂ@ &hﬁy@r@ﬂ%\éﬂ%’&ﬁl@@g GRICEPL alieardsqiiended to de_note a
process of pfilgtlal varﬁg&atlo? ,ﬁ%he roduct which makes{ f@ﬁ% V|ble {o C nc?nt ate the residual

; stallizati

L O €rol), 1IN many cases at mos CErpL molecules (eramer
product to less vol e enffltllesr e term "evaporative cr on"isin ende fodlénote a process
resulting in the cryet@lizstivh sihodEmpdund &%%%&%W}W@%é‘ﬁéﬁﬁi%@%ﬁ?ﬁpound which
promotes its dissolutionTinethlecerbRolimmedtum fithese! procassesnd e désatibed ith®Pen-y's Chemical
Engineers’ Handbegkddpstherldihsectienof the.Lh.edition. The term "distillation” is intended to
denote the type of sepaf%ti% conye ntional icn cggmi[c%legr% inee%rinoqnand déa ctriQedl.for example, in
"Perry's 5Chemical Engineérs” Hand Ok ifi thé fé‘% Section of the %1_65 ition= * “THe term "fractional
distillation" isttindetSs8HctG RaBFI e SEmeLIET diStHatioRE Wier@ {HE LTSI 75 Wigdra%mh batchwise.
The term "stripping ikdntended to denote the separation of a substance by entrainment using the
vapour of a pure materigly bnthe processiacearging:- o thedoinvention thismaterial san-be any
compound which is iranert w('%h res c%.gglyaggg%rgurggta%gfog %C%@gl.%, Steam, ag'cr)h{)gitrogen and carbon
dioxide.  The term ﬁqr{ljcl) ﬁau'i extraction” is understood 1o mean lzf)rin%l\ﬁﬁrfn 0 contact with an
appropriate compl&tshhoripat ity RAREINESBREEK: which makes it possible to selectively extract the
desired compéunds, opBenréliyhbacediitingda brootrtercuctent prodessdsucheastedescribed in "Perry's
Chemical Engineegg; J3apARA0k: inibe.ioth wecianofiten/ih #AilieN oca A RS SUIRRIAG, €vaporative
concentration, evagtgraglg}(laalcﬂr%/stalIlzatlon, liquid/liquid extraction and distillation treatments may be
combined, for examp% in a stripping column surmounted by a distillation section or in a partial
20evaporator supplyingidy dilsgnEsEeE6ibiiREGr ByikorBitHY AfidiierRgiRgenote oligomers

in the molecule of which at least one part of the carbon atoms are located in at
30 leastone cvcle, The number of carbon atoms constituting the cycle is generaily
higher than or equal to 6, usually higher than or equal to 7, and commeonly higher
than or equal to 8. The mumber of carbon atoms constituting the cycle is
generally lower than or equal to 20, usually lower than or equal to 15, and
commonly lower than or equal to 1G.  The cycle comprises generally at least

35 2 oxvgen atorns. The oligomers of glycerol with a cyclic structure, comprising



extraction, stripping of the residual solvent contained in the glycerol-enriched stream and distillation of
the solvent enriched with extracted compounds.  The diols, monoalcohols and the glycerol alkyl
ethers are recovered in the distilled, evaporated or stripped fraction and the purified glycerol-based
product condtift?ePAp%REermediate cut from the distillation, evaporation dHSkFB3g/tFetment.

When the treatment consists of a partial evaporation of the product, the temperature of the
glycerol-rich zone is generally greater than or equal t@ OC, often greater than or equal to 80C and
frequently greater than or equal to 100C. 30This temperature is generally less than or equal to 280C,
often less than or equal to 250C, and frequently less than or equal to 200C. The temperature in the
glycerol-depleted 2ohesiscyenearally graater thahaoregwaktbicRAGureferably gredtenthan or equal to
-10C, particularly prefeeablygeeater than or equal to OC. This temperature is generally at most equal to
the temperature of the 35alycerolisl.éane, RIRTRARN. ALEAST RG belo 1S (emperature. particularly

preferably at least 10C this temperature. - 13 - en the treatment is carried out by
liquid/liquid extracﬁgﬁ?’fﬁ]e‘f’éﬁfﬁ‘éﬁsa?ﬁﬁ'&%e&&n@}%ﬁ?yg?@ﬁ%%%ﬁ SRS 3bBER, phferably greater
than or equalto 4@dycrorelpanmicularicgredimetivdiglocaglial to 50C. This temperature is generally less
than or equal to 200C, preferabhslassdhaniosegualia AbOGrbangmoete pakticularly preferably less

than or equal 0 1206, . NG I GATINLPISARUIS B ASASIRI, QIERIGH RN, B €9ualin 0. 001 mbar.

This pressure is generally less than or equal to | bar, often less than or equal to 0.5 bar, frequently less
than or equal to 0.3 BEPEENREShUEHREAR) LR 13RS EEEEIFo Bhs st Vithehehectieatment
comprises a separdifecavaporionssteps e A0kateeis gaheraliy saliiedndubat avplesshee less than or
equal to 2 banabsejute cpigfetablyaidipresaune, lessithanenequalde-dnbarpbsaltte oparticularly

preferably at a preggyie Jess ihan 8%&%%'{5%9;%?%Eh%ﬁsﬁ%%-b'éﬂ?gt%%%ﬁ?ﬂ%&i‘”ie‘j outat a pressure

greater than or equal tg 0.1 mbar, préferably at a pressure greaterthan or equal to 0.2 mbar. When

the evaporation step is CORNHET Wit AFE dSFRSHON araRioRAF distids A SEpPiPRS M aried out at a
pressure at least ayopdne tHedwbsSs(diuinhe stdpiariogbpt-eththe tovwesnprbesting, préferably at a

pressure at least 10 anbar- pigatekfhamihe prusswephthe siepicarmied aut attheplowgst pressure. The
stripping step4s geparally,cartied ou ALADIGSSUNG l@ﬁ%lﬂ%fb&t@g&;%%é ) Rreferaly less than or

equal to 2 bar. 20In the distillation treatments with or without stri e rebgiler ratio is generally
greater than or eqafts ibf&agﬁgﬁlﬁf}?ﬁﬁ'ﬁfﬁﬁﬁﬁy&ﬁ%ﬂf&’%&&%ﬁaaﬂgqatf@rﬂﬂfﬁfeeéfé%an or equal to
10%. This reboiler3atiihizdess-thandiorequal to 99% and often less than or equal to 50%. The
expression " reboiler ratiae jgadergigeadoimea for gyeontinugus distiiationctaediaw.ef the

vaporized 75fraction to the rehoiler.quer the flow of the fesidue The Sxnressien;irebgiley ratio” is

understood té)gmean, for a hatchwise, fractional dgillatlo , the ratio of the amount vaparized relative to
[

the final residtie. THELMOEHPEFRESRSEES N diR di AN GRAEPSIR ¥ AR B EYE A %0300 g/kg,
often less than or equaltdht0obfkg sl dhecapicerdllixesedpaodves. WiHe distiflarordfractional distillation
or stripping treatmgsy gay e pracadec orifalwed by anapdaraionwhidh aayfasexample, be a

settling, centrifuga&gwcglgggig 19&?&@5%&?&@%@2&9@,3”93 operation. When it is a settling operation,

the operation can be improved by passing through a coalescer. 35The adsorption operation is
preferably an operatio%&“éé%’&%ﬁ@?% 3&?@5%%%%%8}? PIOggss acCREUPIHE BB ANTEHE A purified
glycerol-baséd profitigeingdyesm sasestds kst dlidaisr dontaintamerhiddast/Becarbbrcatdms other than
1,2_-propaned_io| istabtdipedpin, amamaortgeneralbylessdbaner eguabioyll kg g@ﬁ;pu_fified product.
This amount is sl o240 0 Blk9 < SOmBRORA1ERS 0AMLAIRL D A0 g pamany cases

less than or equal t0 0.1 g/kg of purified product, specifically less than or equal to 0.01 g/kg and
particularly less th “o?fe%t}% E%%T(ﬁgligg/%&‘w&t ﬁ?é’ﬁ‘c‘?by‘{;gﬁgf:éﬁv&%‘ﬁ%?%@n or equal to 0.01

mg/kg. The inventfoW addeerelates to a glycerol-based product that comprises at least one diol
containing agfeast 3 carbdit atorasdDiassdpadtls2upropanedialcdBaccording to the invention,

the diglycerol content is generally lower than or equal to 10 g/kg of glyeerol-
based product, usually lower than or equal to 5 g/kg, commonly lower than or
equal to 2.5 g/kg, in many cases lower than or equal to 1 g/kg, particularly lower

than or equal to 0.1 g/kg. This content is usually higher than or equal to
35 0.05 g/ka.



=10amount of the diol is usually less than 0.7 g of diol/kg of product. This amount is commonly less than
or equal to 0.5 g/kg, in many cases, in many cases less than or equal to 0.1 g/kg of product,
specifically less than or equal to 0.01 g/kg and particularly less than or equal to 0.001 g/kg. This
amount is gehRAK/ Y& Eter than or equal to 0.01 mg/kg. This product mayFeEEBaHIEEBY the
purification 15process described above. The diol may be 1,3-propanediol, butanediol, or a mixture
of the two, and is frequently 1,3-propanediol. ~ The pyrified glycerol-based product can also contain,
in addition, at least one compound selected from glycerol alkyl ethers, monoalcohols, water, ketones,
20aldehydes, alkyl esters of fatty acids, glycerol esters, carboxylic acids, glycerol oligomers, salts,
compounds containing Hitisoedrcaree teiliedaterdesitasadon e padife lerredisg anchamyvenieare of at least
two of them. The natweehihose Torapednds gebheir sepaRt in thepydied glycerel-based product
are as described ahay 0 NeAYGEQhaRARIOTNCE Golle mapyq&x%'i&gsg%@éﬂ g process for
om gly |, in which a glycerol- rodu

manufacturing dichloropropanol starting fr cerol, ase ct that

comprises at least oHESIRBRBAHMECAL TRRSE 59D A- A es SHEPIHAN BXFbB4EA&diol is subjected
to at least oné treatimaint bptienaliyiowddy tevacddpresguré ichdsehgrarhieveperative concentration,
evaporative crystatlizationigistiltation frastionad B8Qatistillation, stripping or liquid/liquid extraction
operations, so as to redycgdhe dichsanien; ant{0.ebAn e purlfied.praget whieh,p feggted with a
chlorinating agent. The chlorinating a enég(lg%?yr lly comprises hydrogen chloride. Ther) hydrogen
chloride can be gaS&SHE ﬁ?&%&%’f?@ﬁg&ﬁ 873 %&ébﬁé%&’%ﬁ“&ﬂ‘éﬁ%ﬁ%ﬁﬁé}@@ﬁ%hm a mixture of
the two. - 15 - Théightodrathbrdtent Ishsderramebscrithed inPeert Applichticrrsandy2007/144335,
from page 120lineldBdotipage dg:dine Bbg M 2005/RB416:0 frompagadiined2tkapage 5, line 19,

and WO 2006/1064qg [Eom RAS® iy 0RAREE oF- % 20010 1 NAMEAT Solva, R the contents
of which are 5incor, orated:g?rg?faéé{eference. The reaction with the chlorinating agent may be

carried out in the pr88&h&d" St PSSR BE MO B Or &b OBAOER derivative,
such as describedisitatsniglsplicarionoara 2005084167, from page 6, line 24 to page 7, line 35 in
the name of Solvay SAJand ifvépplicaliapWRAeed02 023dbamatfpage & linar4dadgpage 9, line

10, and from; gage3../inG dafo RAGR 8¢ UNe . hs contguis At nbigtaAre incoinaiatedihere by
reference.  The chlorin g%_g%{ﬁactlon |ﬁﬁg§%ﬁbly carried out in a liquid reaction medium. The

chlorination reactidi'hiag Sy ot S&ifte Bt & SN I ECH e dichloropropanol formed
can be separated fohrihEgihér cofstieranes of e religtiod madivdvhy hayissparation treatment, for
example by distillagior;Styippirg iaxttactan s Algarptonliel-thisdreaimentydhg otbeeconstituents of

the reaction mediym,eanRe.subiegied 1g.Addilional seRArAton ealments, SUch.as, igxample, a
filtration Whei fat% acid salts can be dszr(%ggarated,. Z&When thl(x-;i-léseparatlon tr%zitg ent is a distillation and
i

when a glycérol-based 6(%13131&?0513‘&6? fo KRB PHEERSS BFHHEhVeHtEh s for M&nufacturing
dichloropropanol, fi98teiéhicrsplopuat Jeparatddn BEToftaminated by various isomers of
chloropropanol, chlorohiutarallydichleispigpane-andomdiehiotobitanesdhbeseispmaisaan be
se:ecieg ;rom gh|%ﬂ|j%0§’%[_ﬁg%9|§€ gﬁ@&gﬁéﬁp{%ﬁﬂgﬁ’&mﬁ%@gm%@%ﬁ%Jifpd?}%‘? isomers can fbe
selected from 3-chlgro-1-propanol, 1,3-dichlofopropane, and any mixture theregf. These isomers o
chloropropanol, chﬁ%ag%lﬁt%’ﬁgf%’l%?ﬁ ?B‘ﬁr(%@%i‘;* eé%%%f%ﬁ%l%ﬁ(? _ Fﬁn&%ﬁ?%@e{]ﬁ&hng points close
to the dichlofoproasicaridrelnervarBzastbpbesiiticivatsr mathsivecadiailivgspsim dose to that of the
30dichloropropanalisater azeotrope, making it difficult to separate them from the dichloropropanol.

The treatment of the glyggrokbased preductusad, igbgﬂg&r&%g% &qmﬂf%ggggngiﬁplgropropanol
according to the invention exhi?it%ﬁ%%%c]{}/naeqéggfe of r ducin%t e contaminatign of the

dichloropropanol brﬁ/n‘ tl“Ierseeﬂﬂl%rcf):roners. SRVENBIT4Idd Fat f%l tSa%{”ﬁ‘rtBC%%usa 9r manufacturing

epichlorohydrin in ‘RAGERs HiEHIBISISFEBaRb 2atisase Sivecparfdrivrieriisstaired ro@eiprocess for - 16
- 30 chlorides and/or sodium and potassiumn sulfates are generally encountered,
The salt can be present in an amount generally greater than or equal to
0.0005 g/kg of product, usually greater than or egual to 0.001 g/kg and commonly
greater than or equal to 0.01 g/kg. This amount is generally less than or equal to
1C g/kg of product, usually less than or equal to 1 g/kg of product, and commoniy
35  less than or equal to 0.1 g/kg of product.



manufacturing dichloropropanol according to the invention, is subjected to a dehydrochlorination
reaction. In the process for manufacturing epichlorohydrin, another part of the dichloropropanol may
be obtained by a process other than glycerol chlorination. This process may be chosen from allyl
chloride ShyPétHIBH#HAEGH, allyl alcohol chlorination processes, and any AR BN I$EFeof. When
the dichloropropanol is contaminated by various isomers of chloropropanol, chlorobutanol,
dichloropropane and/or dichlorobutane, the epichlorohydrin may be contaminated by dichloropropanes
and/or 10dichlorobutanes, usually by dichloropropanes and commonly by 1,3- dichloropropane. These
dichloropropanes, and in particular 1,3-dichloropropane, have boiling points very close to that of
epichlorohydrin and it i Heegbyksne Vessp difficbit tossd pathtepthesss frormepibitorotydrin. This
contamination by ailerinaiegimpustiesiearha-patkigylar nixoaiesomantorexsmplanwhen
Loepichlorohydrin Is usarki pRRIcelions WG e ahsele.lydiBlveg Ble glioro compounds

0

such as the manufacture of Xy resins fof the electronics indUstry, This contamination can be
reduced by using & GRHBPIBrOp ARG H RN At TWEBfRg G h 8L PEER SSBP tHBIntHition, in
particular whéreinaheécpuriirdd igRasetohbplend prdthuc d28eiibe thabawe i bebdy 20T mermvention finally
relates to a procesgdeifimanufasipapgepaxy Tesivativesisdch aaeporesinss giyeidy ethers, glycidyl

esters, glycidyl a"ﬂ%%?p@&%ﬁ’ﬂg;%%ﬂe%@%&ts v_vhic_h will be used in food and drink applications su_ch
as coagulants and Wet-ﬁ/igﬁi%g h resins, of cationization agents, of flame retardants, of products which

will be used as deterge HEHi BHHSSHhY BY SORHRSTEh g3 rAM 158 RIst8MRTE %h which epichlorohydrin,
at least one part of whidhevas esmiteathiAsqorbeessoieamanofactonagiepichiporaidydin according to
the inventiornjis usestglfie epighlarohydrints dsualbsisubjectethtaairgaciioavithatierst one

compound containing, aeRtANR-RG MBS IR, ERBAOMARIAGS SRMRIse polyphenals,

monoamines and diamines, amingphenols, heterocyclic imides and 30antides digls including ethylene
glycol and propyle & BN ST B AipHHE BET ol el At SO AT ‘??'P][ﬁ%ﬂﬁr%fc‘é@éc?or
manufacturing epéssieEratRrss G casrepoRyy esinsopycidyibethbrdretyeitghésters, glycidyl amides
and imides, of pr_oductsi_wJ_aiﬁk_nvg’t_thbﬁo@e@biaoﬁgpduaﬂd;dfwsa@p{mﬁi@msaﬁuﬂsh@g (_:oagglants and
Wet'S”ength1595'“ﬁy&%%%?&%%%?iﬁ‘&?Qﬁiﬁﬁf@ﬁ@%&@ﬁ%@fﬁ, RideRroduets whichwill be used as

detergent ingredierits, and of epichloroh drlfn elastomers, another part of the epichlorohydrin may be
obtained by a prod&%a#14%95: 1 fﬁ%t%h% YA IHIBAREHEh BEACKIBYSBYS a5 detived from the
chlorination of gly&&fob! il - as a process for dehydrochlorination of dichloropropanol derived from

hypochlorination of allyTtehlefisienaprotessdpndenye oehlasnad enafdiciloreprapanak derived from

chlorination of ally} salgoholear anallyl FlRride RAICANNN RIARES e, FRRSRONLIGSI0S thus
obtained may.be used in ¢ .at{nlg appélcatlolar[lis ‘ﬁn?ﬁljn structural afi)pilcatlo s. The coating applications
relate to thg eldsaﬁlﬁ%ﬁ}%é B RS A AN P RGP HIZI RESHRHR & YA RSSO Ton primer paints for
metal and concret@iSgiRitaRss Higficoatngdiforrheeatic coataimdis{fcodtprasgveszeans for 10drinks,
drums, buckets antiiaerpisdl botips)y and torwindingseodimatorvebidiggoatings (primers), of inks and
masks for electronic C|rggg,%i]gg%%gwﬂiﬁgpyggﬁgg%gl%ég Qgﬂﬁg%ﬁﬂg%ﬁ;ﬁgj composites

&

(epoxy resin composites w lass, borgn, carbon and aromeﬁic polyamide fibres), of civil engineering,
of floor covering (8%| f‘(g‘fli %ﬁH]S ﬂ%%é’,of)‘ﬁ%%@ ?}gﬁlﬁ&%ﬁ%‘, self-levelling 15 coatings, roughcast
floors, tempéfed floors, HB8ressARgTeb ol tosrmsyicgfiodnatiirtiornrofale saiedicequipment (sealing
of electrical and elettcoméahanieahdevices sughiais hatieryshonsingsmiesistorgytuses, thermal circuit

breakers, cable jojntgqwindings).and.of SiegHaRiGRGHIRPRI{ERAHINGS.ANdslamingled sheets for
printed circuits and enca sulation of prlpted %lrcwtéf of adpeswesé}vnongégg of 20 different materials

such as metals, gltégté), %nn%jé%l;o\ﬁ}gb& CoAcretdy 8%‘(‘%55’ azﬁéieg?tt o(fi_ﬁ Ftotypes, master patterns,
moulds and other parts{afarachErsspace salgesradtive sfolgd 8/ waaamaritime construction industries.
Epoxy resins{alsogdinchapplicatiars, igl the-figld s ot enetepipwideenpigy)n ofiaesaRautics (honeycomb

sandwich panels, helicRRiel+RIopBIAAeS, GV ANGH2AGRAING RaGeliesy flans.ailerongqrudders) and of
fluid (gas, oil) trang}l:)o%. Glé{ |d¥l esters %r}ﬂ ethers are generally used for applications such as

. . mixture of atigast two ofthem . .
coatings, adhesivEs’ahd reactive diftents. ycidyl amines and imides are usually used for

applications such as  'oiigisbEpehkisptpasgsurtthiplgesasess apapréipplieabivry fatvhich a
non-30y_e||owing_ @@xmm%tﬁd@%ﬂiab@n co&@agxwamsmc_aadbe tisedifol reaaert of raw water for
conversion tosdrinking WAES 11 FaRYE NG RAP Sl Nake! INRIP SEPARELINdUSIN (o paint
detackification, for p&e&kln% oil er’?ulsmnst for qfanq grgase rfem{)val, and for _slufl e dewatering. They
can also be used fjor‘sué?ff t%lﬁlnollﬁé/. §§'\7\r/e1%?§1t9elr?aﬂ? résins can beused i 5%5?5? &t will get wet such
as paper



towels, tea bags, coffee filters, milk cartons, meat wrapping, and wallpaper. They -18 - can also be
used in the production of high fructose corn syrup and to prevent wool from shrinking.

Cationization agents are mainly used in the cationization of starch to be utilized by the paper industry
for processinyIRiH¢dality paper grades or for 5Scationization of textile RSFER2EMGTS76 Flame
retardants are usually used to inhibit the evolution of combustible gases in various materials such as
polymers, in particular in polyurethane foams.  Examples of detergent ingredients are surfactants or
surface deposition enhancing materials. They are usually used as components of cleaning
10compositions for instance dishwashing, laundry compositions, shampoos and synbars. The
epichlorohydrin eldstorvergualeodeitepattyNibecmtspéoiglty-applicationgpiike fobinstdndg@automotive
components ( fuelURdiRRFABMS: AAHSFIRELEORIOD NP MPLALIELNLS, Gaskais, seals and
portable fuel tankg) |Qeti1§a15&lufr:cra t |n{?‘hfstr Pf or specialty roofing membranes, coated fabrics, solvent
storage containers, %aper mil ﬁa fidl in a variety of oil specialties.  The examples

below are intended to il &SR Wﬁﬁ%ﬁﬂ‘rﬁﬁﬂ%ﬁ\/@wsﬁﬁﬁﬁﬂ‘&lﬁgﬂﬁ}ﬁmé@“%A reactor has
been fed continuooshyaisitkagipoe rotebistaimingrtdbe glof tl8mpropanediot-perAlg And30.of adipic acid

per kg, at a rate ofcké G.olvicaf reastorwit gaseous swdieaan chigride ibr%%i%}ll 3 g/h/1 of
reactor. The react%}pt%s l:ggemo %sl'h tgzqazf\t &n ! gﬂﬁ\ture of 117 C and ressure of 1.14 bar. The
a

lensnt E
reactor was surmounte b@/ tion column from which 2bdichloropr opano ¢ontaining water has
been withdrawn. THEHJEIG?

éﬁ@f@@?ﬂ?ﬁﬁuﬁé%‘ﬁ?lﬁ@@w&%ﬂ $rons/tige SRR HAMAS been sent to
a distillation unit télrecovericil 6rotdgdaoin marfhawgichierprepaneywahicli lias beeruécovered from

both withdrawgls %ﬂ&amaqiymveg@i@oee@mﬂa prpaed and L dho-ehdn3 dichimonigpane per kg
300of dlchloroproqu&oég x§m 8@1 Jhe procedure of example 1 has been followed except that the
o)

glycerol contained ro ﬁgedlol per A reactor has been fed continuously with
glycerol containing 0.005' %Jf’ %"5 §1b¥bﬁt§ﬁ‘§d%?‘b‘é%‘i€§“§ﬁd“f’t‘?@ pksuipie aefdiseraiisat a rate of 21.5

g/h/1 of reactor, wittgasdeus twyarbgesrclglpritiel at it difdgiild rofiyéadtomdtiects 49 - reactor has
been operated at gl@m@pﬁﬁ&m@hﬂ;ﬁg ;Qoame@tsacnrﬁ,ssylr%txﬂpﬂe9tp@@r€fdaeség@&tor was surmounted

by a dIS“”atl?gl COI(%JIE] 1f£10n (;‘)’{1 "1:8 ogl QJ%'P\P O&%qgloggl%alqmg Vi\ga%%’ tu%"rc’sec; Tl 1ca[[ﬁ drawn, The liquid
reaction mixture has been withdrawn rom th reactor ana] as neen sent to a dist alffon 5unit to

recover dichlororotf R8I 2 RLEIBItYESosaAF MY hich has been recovered from both withdrawals
contained 0.011 g of 3-¢hiogbdprbastol mnduessaham Be0i0ogsefid; B:adichivroppopane per kg of
dichloropropanol. Examlehhoruvelistiyredreasianias:hean fasheanrtinu@uslyowith-dichloropropanol

containing 0.223 g)pgajc%gaglor&p R%Q&ﬁaqugk%g %gﬁom I&E%%bggg%nol gé%( %Ifdlchloropropanol
ing

at a rate of 5.07 kg/h/I reactor a sodium roxide solution containi NaOH per kg at

rate of 2.83 I%Slh/l %ﬁ@%‘rﬁ’ﬁlé‘ﬂé %&w ?é?%%@&@vﬁ?%?eéf% et 8%11?@}}9‘1“8#1%‘&&6% he reactor
15has been operatied it aliempefatoreiehd 56 aniceataapre ssundhofg voarl THigomass

comprises harvest products, trees, grass, harvest residues, forest residues, animal
waste and solid municipal waste.
The invention therefore also relates to a process for manufacturing a
25 glycerol-based product comprising at least one diol containing at least 3 carbon
atoms except for 1,2-propanediol, in which a saccharide or a polysaccharide is
reacted with a fermentation agent under conditions such that the diol is formed
and 1s not separated from the glycerol.
Alternatively, the glycerol-based product used in the process for
30 manufacturing dichloropropanol according to the invention may also be obtained
when glycerol is heated under a pressure greater than or equal to 1 bar absolute,
at a temperature greater than or equal to 150°C, in the presence of a reducing
agent, such as a metal sulphite or phosphite for example,
The invention also relates to a process for manufacturing the glycerol-based
35  product used in the process for manufacturing dichloropropanol according to the

invention, wherein the givcerol-based product comprising at least one diol



reactor was fitted with an overflow system for withdrawat-of the liquid reaction medium. The liquid
reaction medium was biphasic. The lighter phase which contained the salt and a small quantity of
organics has been stripped with steam and the condensate has been recycled to the reactor. The
heavier phadQit®¥6tbntained the major part of the epichlorohydrin foPEEUPRETSACtor has been
submitted continuously to a first distillation operation under vacuum in a packed column to separate
epichlorohydrin, water and the low boiling point byprqducts at the top of the column and the excess of
dichloropropanol and the heavy byproducts at the bottom of the column. The top fraction, collected at
a temperature 250f 60.8C under a pressure of 150 mbar, has been submitted continuously to a second
distillation in a pacikathpdhgranieaselienrimme e carid the birroiimgbyprotaisteT readottom product
has been collectedatingpalpessue apactemperatierenah bl 2@l i containetut: 35 g of

13 dichloropropang:per- Lhiadrathich haa:pesnspurliadiya it aperalion o glsfliation that has

been realized 30in a aﬁ}hv%/ S§F’ﬁ($€\%ner in a glass plate distillation column under’vacuum at a pressure

of 790 mbar. The epichiofo e hEs ek RO EESY SHEG A HRE APSH HRSHTSIRSIf R action collected
between 107.2- 1G7BE Eoatahted 07304crts, Jrafichtbr oproivariecpercReradtt imwamed ECH 2.
Example 4 35A welkstitied seaciottasbeen fed-aant miousiysuits sichionapiapanelseontaining 0.013 g

of 1,3-dichloropropane:nd,0,00264 9% Fschiara-Imonanel <Al Retkgafidichigianiopanol at a rate
of 5.93 kg/h/1 of r agt%r, ngth a soglalm R%;jromde solution ,contalnln%bSOQ g of NaOH per kg at rate of
2.67 kg/h/1 of rea?%r@ R ACWTHF Py ST WaTBIRHISE PRUE 0% 5% I TR0F FRR ARSI FHe Feactor has been
operated at a temperaxarenlss 4 @rahebatizepiegsaresstsiibacoThe Sreat mymasfieztwhih an overflow
system for withdravialafitherliguidcteachionsnediuapohtie-diguid reastienfvecdiummasibiphasic. The
lighter phase whicfy confained e salt ard A somal.guanily. ol grganics hagpeen stripped with steam

and the condensate has b%in recyclﬁd to the reactor. The eawer&hase which contained the major

hé h
part of the epichlofGRyaT A TEHHEY Th T PRt SPRAP RSN RSB Mite b ALATSTIER Y a first
distillation operatioMsapaekder el Brseparatesepic Mistoidhin Bivseiatrier low boiling point
byproducts at the fepdatthe coRuin(nrechibesaxcasscat dithioreprapandiamkbifheilieavy by-products at
the bottom ofghe gojHR; s, AR frackonsReAeas)al %M&%@@%@ﬁ%ﬁ&%&%@ef a pressure of
150 mbar, has beer _submlEl;ed conflnuqeisééﬁ, Fcond 15dli)l ion'in a packed column to eliminate
water and the low BOING by-products ds gli SAEETERY SEPRHEAR i Pitties at the bottom of
the column. The epfetiBystydHhA: Raseth chileeted piiaoedisasttoliont aasapliase collected from the
middle of the columaatatormalpiesspiee Anchal atemperature ot dlokGveitioaniainged.0.03 g of
1,3-dichloropropang el kg @idrisRamedmGi 2ot campiels.campasition of epichlorohydrins
ECH 2 and ECH Sthand of three 1otlhger epict‘ﬂom@/ rn satmples (E%Ir—l 1, i%H 3 a%d ECH 4) are
presented in"Table TSR p%aé’fti%lr(fs b |r{8%65§/ 1906%53%?1 of 3%8? Sllﬁi 4 el%' T able 1

Component (g/kg)EGrfusEigippredysE ErieEof S mestam ehyrie0colecerareas dom.d.
the U.S, Department of Energy, Office of Energy Efficiency and Renewable

Energy, Office of the Biomass Program, July 2003, pages 49, 52 to 536", The
mono- and polysaccharides, such as for example, starch, cellulose and
25 hemicellulose may themselves be obtained from biomass.

The invention alsoc relates to a process for the purification of the glycerol-
based product in which the product is subjected fo at least one treatment,
optionaliy under reduced pressure, chosen from evaporative concentration,
evaporative crystallization, distillation, fractional distillation, stripping or

30 hguid/Hquid extraction operations.

The term "evaporative concentration” is intended to denote a process of
partial evaporation of the product which makes it possible to concentrate the
residual product to less volatile entities. The term "evaporative crystallization” is
mtended to denote a process resulting in the crystallization of a compound by

35 removing, by evaporation, a compound which promotes its dissolution in the



Acrolein <0.001 0.003 0.003 nd. n.d. 2-propanol <0.001 n.d. n.d. n.d. n.d. 3-ehloro- | -propene n.d.
n.d. n.d. n.d. n.d. allyl alcohol 0.001 <0.001 1<0.001 n.d. 0.003 Hydroxyacetone 0.094 0.018 0.018

10.006 0.006 ehloroacetone + (3,3- diehloro-I-propene) 0.033 0.038 0.040 1 n.d. 0.024
WO 2009/006773 PCT/EP2008/057876

-12-

medium. These processes are described in "Perry’s Chemical Engineers’
Handbook" in the 11th section of the 7th edition,

The term "distillation” is intended to denote the type of separation

conventional in chemical engineering and described, for example, in "Perry’s
5 Chemical Engineers’ Handbook" in the 13th section of the 7th edition.

The term "fractional distillation” is understood to mean a series of
distillations where the distillate is withdrawn batchwise,

The term "stripping” 1s intended to denote the separation of a substance by
entrainment using the vapour of a pure material, In the process according to the

10 invention, this material can be any compound which is inert with respect to
glycerol, such as, for example, steam, air, nifrogen and carbon dioxide.

The term "liquid/liquid exfraction" is understood to mean bringing into
contact with an appropriate completely or partially immiscible soivent which
makes 1t possible to selectively extract the desired compounds, optionally

15 according to a countercurrent process, such as described in "Perry’s Chemical
Engineers’ Handbook™ in the 15th section of the 7th edition.

The stripping, evaporative concentration, evaporative crystallization,
liquid/liquid extraction and distillation treatments may be combined, for example
in a stripping column surmounted by a distillation section or in a partial

20 evaporator supplying a distillation column or by combining a Hquid/liquid
extraction, stripping of the residual solvent contained in the glycerol-enriched
stream and distillation of the solvent enriched with extracted compounds.

The diols, monoalcohols and the glycerol alkyl ethers are recovered in the

distiiled, evaporated or stripped fraction and the purified glycerol-based product

P
h

constitutes an intermediate cut from the distiliation, evaporation or stripping
treatment,

When the treatment consists of a partial evaporation of the product, the
temperature of the glycerol-rich zone is generaliy greater than or equal to 0°C,
often greater than or equal to 80°C and frequently greater than or equal to 100°C.
30 This temperature is generally less than or equal to 280°C, often less than or equal

t0 250°C, and frequently less than or equal to 200°C. The temperature in the
glycerol-depleted zones is generally greater than or equal to -20°C, preferably
greater than or equal to -10°C, particularly preferably greater than or equal to
0°C. This temperature is generally at most equal to the temperature of the
35  glycerol-rich zone, preferably at least 5°C below this temperature, particularly
preferably at least 10°C below this temperature.



1,2-dichloropropane 0.042 n.d. n.d. 0.001 n.d. 2,3-dichloro-1-propene 0.005 n.d. n.d. 0.004 n.d.
1-chloro-2, 3- > > >>>999.865 Component (g/kg) ECH 1 ECH 2 ECH3 ECH4 ECH5 epoxypropane

(*) 998.464 999.474 999.045 999.503 1,3-dichloro-1-propene cis maj. + (C6H140 mm.) 0.219 0.008
0.008 WO 2609/000773 PCT/EP2008/057876

S13.

When the treatment is carried out by liguid/liguid extraction, the
iemperature is generally greater than or egual to 20°C, preferably greater than or
equal to 40°C, more particularly greater than or equal to 50°C. This temperature
is generally less than or equal to 200°C, preferably less than or equal to 150°C

5 and more particularly preferably less than or equal to 120°C.

The treatment pressure 1s generally greater than or equal to 0.001 mbar.
This pressure 1s generally less than or equal to 1 bar, often less than or equal to
0.5 bar, frequently less than or equal to (0.3 bar and more specifically less than or
equal to 0.25 bar. When the treatment comprises a separate evaporation step, the

10 latter is generally carried out at a pressure less than or equal to 2 bar absolute,
preferably at a pressure less than or equal to 1 bar absolute, particularly
preferably at a pressure less than or equal to 0.5 bar absolute. 1t is generally
carried out at a pressure greater than or equal to 0.1 mbar, preferably at a pressure
greater than or equal to (0.2 mbar. When the evaporation step is combined with &

15 distillation or fractional distillation step, it is carried out at a pressure at least
equal to the pressure of the step carried out at the lowest pressure, preferably at a
pressure at least 10 mbar greater than the pressure of the step carried out at the
fowest pressure. The stripping step is generally carried out at a pressure less than
or equal to 5 bar, preferably less than or equal to 2 bar,

20 In the distillation treatments with or without stripping, the reboiler ratio is
generalty greater than or equal to 1%, often greater than or equal to 5% and
frequently greater than or equal to 10%. This reboiler ratio 1s less than or equal
to 99% and often less than or equal to 50%. The expression " reboiler ratio” is

understood to mean, for a continuous distillation, the flow of the vaporized

o
Lh

fraction to the reboiler over the flow of the residue,

The expression "reboiler ratio” is understood to mean, for a baichwise,
fractional distiilation, the ratio of the amount vaporized relative to the final
residue,

The amount of the fraction distilied is generally less than or equal to
30 300 g/kg, often less than or equal to 100g/kg of the glycerol-based product.

The distillation, fractional distillation or stripping treatment may be
preceded or followed by an operation which may. for example, be a settling,
centrifugation, filtration, adsorption or ion-exchange operation. When it is a
settling operation, the operation can be improved by passing through a coalescer,

35  The adsorption operation is preferably an operation for adsorption on activated

carbon.



0.032 0.004 2-chloro-2-propene-1-01 0.348 0.016 0.016 0.14 0.012 1,3-dichloro-1-propene trans 0.035
0.010 0.010 0.008 0.009 C511,00 / C4H7C10 n.d. n.d. n.d. 10,014 0.001 C64420 n.d. n.d. n.d. 0.011

<0.001 1,3-dichloropropane 0.002 0.34 0.34 0.005 0.030 Cyclopentanone 0.001 0.004 0.004 n.d.
WO 2009/000773 PCT/EP2008/057876
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After the treatment, a purified glycerol-based product that comprises at
least one diol containing at least 3 carbon atoms other than 1.2-propanediol is
obtained, m an amount generally less than or equal to 1 g/kg of purified product.
This amount is usually less than (.7 g/kg, commonly less than or equal o

5 0.5 g/kg, in many cases less than or equal to 0.1 g/kg of purified product,
specifically less than or equal to 0.01 g/kg and particularly less than or equal to
0.001 g/kg. This content is generally greater than or equal to 0.01 mg/kg.

The mnvention also relates to a glycerol-based product that comprises at
least one diol containing at least 3 carbon atoms other than 1,2-propanediol. The

10 amount of the diol is usually less than 0.7 g of diol/kg of product. This amount is
commonly less than or equal to 0.5 g/kg, in many cases, in many cases less than
or equal to (.1 g/kg of product, specifically less than or equal to 0.01 g/kg and
particuiarly less than or equal to 0.001 g/kg. This amount is generally greater
than or equal to 0.01 mg/kg. This product may be obtained by the purification

15 process described above.

The diol may be 1,3-propanediol, butanediol, or a mixture of the two, and is
frequently 1,3-propanediol.

The purified glycerol-based product can also contain, in addition, at least
one compound selected from glycerol alkyl ethers, monoalcohols, water, ketones,

20 aldehvdes, alkyl esters of fatty acids, glycerol esters, carboxyviic acids, glycerol
oligomers, salts, compounds containing nitrogen, metallic elements, non-metaliic
elements, and any mixtre of at least two of them. The nature of those
compounds and their content in the purified glycerol-based product are as
described above for the glycerol-based product.

25 The mvention also relates to a process for manufacturing dichloropropanol
starting from glycerol, in which a glycerol-based product that comprises at least
one diol containing at least 3 carbon atoms other than 1,2-propanedio} is
subjected to at least one treatment, optienally under reduced pressure, chosen
from evaporative concentration, evaporative crystallization, distillation, fractional

30 distillation, stripping or liquid/liguid extraction operations, sc as to reduce the
diol content and to obtain a purified product which 1s reacted with a chlorinating
agent.

The chlorinating agent generally comprises hydrogen chloride. The
hydrogen chloride can be gaseous hydrogen chioride, an agueous hydrogen

33 chloride solution or a mixiure of the two.



0.004 dibromochloromethane 0.004 n.d. n.d. (10 84 n.d. Cc NO No 1 0.003 n.d. n.d. 0.069 <0.001
C61-1100 iso 2 0.012 n.d. n.d. 0.009 0.001 1,2-epoxyhexane + (1,2,2- trichloropropane ) 0.030 0.002

0.002 n.d. 0.001 C61-400 iso 3 0.004 n.d. n.d. 0.031 0.001 dichloroepoxypropane + Ni 0.003 n.d. n.d.
0,006 n.d. WO 2009/060773 PCT/EP2008/057876
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The chlorinating agent is such as described in Patent Applications
WO 2007/144335, from page 12, line 1§ to page 13, line 35, WO 2005/054167,
from page 4, line 32 to page 5, line 19, and WO 2006/106153, from page 2,
iine 10 to page 3, line 20, in the name of Solvay SA, the contents of which are
53 Iincorporated here by reference.
The reaction with the chlorinating agent may be carried cut in the presence
- of a catalyst, preferably a carboxylic acid or a carboxylic acid derivative, such as
described in Patent Application WO 2005/054167, from page 6, line 24 to page 7,
line 35 in the name of Solvay SA, and in Application WO 2006/020234, from

10 page 8, line 24 to page 9, line 10, and from page 13, line 1 to page 18§, line 3, the
contents of which are incerporated here by reference.

The chlorination reaction is preferably carried ouf in a liquid reaction
medium,
The chlorination reaction may be carried out in the presence of a solvent.

15 The dichloropropanol formed can be separated from the other constituents
of the reaction medium by any separation treatment, for example by distillation,
stripping, extraction or adsorption. After this treatment, the other constituents of
the reaction medium can be subjected to additional separation treatments, such as,
for example, a filiration where fatty acid salts can be separated.

20 When the separation treatment is a distillation and when a glycerol-based
product according to the process of the invention is used for manufacturing
dichloropropancl, the dichloropropanol separated can be contaminated by various
isomers of chloropropanol, chlorobutanol, dichloropropane and/or
dichlorobutanes, These isomers can be selected from chioropropanols,

25  dichloropropanes, and any mixtures thereof, These isomers can be selected from
3-chioro-1-propanol, 1,3-dichloropropane, and any mixture thereof. These
isomers of chloropropanol, chlorobutanol, dichloropropane and/or
dichlorobutanes may have beiling points close to the dichloropropanol and/or
form azeotropes with water that have a boiling point close to that of the

30 dichloropropanol/water azeotrope, making it difficult to separate them from the
dichloropropanol. The treatment of the glycerol-based product used in the
process for manufacturing dichloropropanel according to the invention exhibits
the advantage of reducing the contamination of the dichloropropanol by these

isomers.

%)
wn

The invention also relates to a process for manufacturing epichiorohydrin in

which dichloropropanol, at ieast one part of which is obtained in the process for



1,3,3-trichloro-1-propene cis + 1,1,3- trichloropropene 0.012 n.d. n.d. 0.004 n.d. 1,1,2-trichloropropane
0.211 0.001 0.001 0.025 0.007 chlorobenzene 0.011 <0.001 <0.001 0.001 0.007
1,3,3-trichloro-1-propene trans 0.015 n.d. n.d. 0.012 0.001 1,2,3-trichloropropene trans 0.016 <0.001
<0.001 0.003v0.0@/20G tichloro-2-propanol 0.111 0.023 0.024 0.017 0.00& T/EP2008/057876
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manufacturing dichloropropanol according to the invention, is subjected to a
dehydrochlorination reaction. In the process for manufactaring epichlorohydsin,
another part of the dichloropropanol may be obtained by a process other than
glycerol chlorination. This process may be chosen from allyl chloride

5 hypochlorination, allyl alcohol chlorination processes, and any combination
thereof,

When the dichloropropanol is contaminated by various isomers of
¢hloropropanol, chlorobutanol, dichloropropane and/or dichlorobutane, the
epichiorohydrin may be contaminated by dichloropropanes and/or

10 dichlorobutanes, usually by dichloropropanes and commonly by 1,3-
dichloropropane. These dichioropropanes, and in particular 1,3-dichloropropane,
have boiling points very close to that of epichlorohydrin and it is therefore very
difficult to separate them from epichiorohydrin. This contamination by
chiorinated impurities can be particularly troublesome, for example, when

15 epichlorohydrin is used in applications requiring the absence of hydrolysable
chlore compounds such as the manufacture of epoxy resins for the electronics
industry. This contamination can be reduced by using a dichloropropanoil
manufactured according to the process of the invention, in particular wherein the
purified glycerol-based product described above is used.

20 The invention finally relates to a process for manufacturing epoxy
derivatives such as epoxy resins, giycidyl ethers, glycidyi 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 epichiorohydrin

25 elastomers, in which epichlorohydrin, at least one part of which was obtained in
the process for manufacturing epichlorohydrin according to the invention, is used.
The epichlorohydrin is usually subjected to a reaction with at least one compound
containing at least ope active hydrogen atoms. These compounds comprise
polyphenols, monoamines and diamines, aminophenols, heterocyclic imides and

30 amides, diols including ethylene glycol and propyiene glycol and aliphatic
polyols, and fatty acid dimers. In the process for manufacturing epoxy
derivatives such as epoxy resins, glycidyl ethers, glycidyl esters, glycidyl amides
and mmides, of products which will be used in food and drink applications such as
coagulanis and wet-strength resins, of cationization agents, of flame retardants, of

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

elastomers, another part of the epichlorohydrin may be obtained by a process



1,2,3-trichloropropane 0.014 n.d. n.d=0.024 n.d. 1,2,3-trichloropropcne cis 0.002 n.d. n.d. n.d. n.d.
3-chloro-1,2-propanediol + 2,3-dichloro-1-propanol 0.13 <0.0W 0.001 I n.d. 0.001 C61-11313r n.d. n.d.

n.d. 0.005 n.d. C61-110C12 iso 1 n.d n.d. n.d. 0.005 n.d. C61110C12 iso 2 n.d. n.cl, n.d. 0.004 n.d,
WO 2609/600773 PCT/EP2008/057876
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other than the dehydrochlorination of dichloropropanol derived from the
chlorination of glvcerol, such as a process for dehydrochlorination of
dichloropropanol derived from hypochlorination of allyl chloride, a process for
dehydrochlorination of dichloropropancl derived from chiorination of allyl

5  alcohol, or an allyl chloride epoxidation process.

The epoxy resins thus obtained may be used in coating applications and in
structural applications. The coating applications relate o the fields of maritime
transport and of industrial maintenance (anticorrosion primer paints for metal and
concrete structures}, of coatings for metallic containers (food preserves, cans for

10 drinks, drums, buckets and aerosol bottles) and for windings, of motor vehicie
coatings (primers), of inks and masks for electronic circuits. The structural
applications relate to the fields of structural composites (epoxy resin composites
with glass, boron, carbon and aromatic polyamide fibres}, of civil engineering, of
floor covering (paints for coating floors, parquet, paving, tiling, self-levelling

15 coatings, roughcast ficors, tempered floors, floor coverings for cold rooms), of
construction, of electrical equipment (sealing of electrical and electromechanical
devices such as battery housings, resistors, fuses, thermal circuit breakers, cabie
joints, windings) and of electronic equipment {coatings and laminated sheets for
printed circuits and encapsulation of printed circuits), of adhesives (bonding of

20 different materials such as metals, glass, ceramics, wood, concrete, plastics) and
of tooling (prototypes, master patterns, moulds and other parts) for the aerospace,
automotive, foundry and maritime construction industries.

Epoxy resins also find applications in the fields of energy (wind energy), of
aeronautics (honeycomb sandwich panels, helicopter rotor blades, cowls and

25 engine nacelles, flaps, ailerons, radders} and of fluid (gas, oil) iransport.

Glycidy! esters and ethers are generally used for applications such as
coatings, adhesives and reactive diluents,

Glycidyl amines and imides are usually used for applications such as
outdoor powder coatings with polyesters, or in applications in which a non-

30 yellowing epoxy resin is desirable.

Coagulants can be used for treatment of raw water for conversion to
drinking water, for recycling paper of water in Pulp & Paper Industry, for paint
detackification, for breaking oil emulsions, for oil and grease removal, and for
sludge dewatering., They can also be used for sugar refining.

35 Wet-strength resins can be used in papers that will get wet such as paper

towels, tea bags, cotfee filters, milk cartons, meat wrapping, and wallpaper., They



methyl glycidyl ether 0.007 0.054 0.48 n.m. n.m. Unknowns (sum) 0.170 0.007 0.008 0.087 0.024 n.d.
: not detected, n.m. : not measured - 22 - *: I-chloro-2, 3-epoxypropane amount calculated on the
basis of the total content of other organic components Examples 5 to 14 (homopolymerization of ECH)
The tests ha® BeEP¥HrAed out according to the following procedure wittPSEHBHIBBFIFIsin sample
ECHI (examples 5 to 7), ECH 2 (examples 8 to 10) and ECH 3 (examples 11 to 14). The quantities of
chemicals are indicated in Table 2. The polymerizatiqg of epichlorohydrin (ECH) has been carried out
in the presence of the system tetraoctylammoniurn bromide (Noct4Br)/triisobutyl aluminium (TiBA).
10The epichlorohydrin has been dried over calcium hydride under vacuum for 24 h at 25 C and further
distiled. The potymdsizbtiosedaadtiopshvseobeéhighfriedosatinmpymy vedseléittad with
polytetrafluorethylene]veduesarifkenyessels have been evacuated under flame heating to remove

residual moisture. After@%&&%ﬁmggﬂfgem%sﬂwssé@?nﬁOrogsﬁr e

(ethanol/liquid nitr gen cooling bath) and toluene.and epic ave een added under

vacuum. After tho$ 5&8&’%% %‘”'r@fdﬁ“ﬁ]ﬁétﬁef@ﬁ[?h‘fFSW&Bf Hjﬁ}i‘éqwgé’é?aéﬁﬂ&@ﬁ%@ﬁ%mmomum
bromide and friisobrityhiakiteiri taxtids eobéentadiiad to the vessel. This addition constituted the time
zero of the reaction. Aftfeaagivendtimeunadenmagretic RARINRIALIDE ofhefoactieor has been

stopped by adding. 2 l\alstRanakin ihevesssli il ot N NlMDe.Ol e spgliop medium has then

been submitted to"evaporatio after which the p lymer has been reco rom the vessel The

conversion has been oBtIREE by SEHESAG & WEHE SPHECHIET &S BElrasenttte weight of added
epichlorohydrin. 25TihaatiedsretictilmdlbeyiveightiNinusd e bwencosicilaisdion the basis of the
quantity of tetfaoctykapusissiyfobiomide dishThaime aauwad pelyrostonelanngight {Mn exp) and the
molar weight dispersign.have been obtained by Gel Permeation Chromatography. The tacticity

of the polymer has bee[}hobtamed by 13C and 311 NMR.
e epichlorohydrin elastomers are generally used in speciaity applications,

like for instance automotive components ( fuel pump diaphragms, emission
control hoses, motor mounts, gaskets, seals and portable fuel tanks), in the

15  aircraft industry, for specialty roofing membranes, coated fabrics, solvent storage
containers, paper mill and printing roll and in a variety of oil specialties.

The examples below are intended to illustrate the invention without,
however, limiting if.
Example }

20 A reactor has been fed continuously with glycerol containing 1.5 g of 1,3-
propanedio] per kg and 30 g of adipic acid per kg, at a rate of 14.3 g/h/1 of
reactor, with gasecus hydrogen chioride at rate of 11.3 g/h/l of reactor. The
reactor has been operated at a temperature of 117 °C and at a pressure of 1.14 bar,
The reactor was surmountted by a distillation column from which

25 dichloropropanol containing water has been withdrawn. The liquid reaction
mixture has been withdrawn from the reactor and has been sent to a distillation
unit to recover dichlororopanol.

The dichloropropanol which has been recovered from both withdrawals
contained 1.67 g of 3-chloro-1-propanol and 0.44 g of 1,3-dichioropropane per kg

30 of dichloropropanol.

Example 2

The procedure of example 1 has been followed except that the glycerol
contained 0.005 g of 1,3-propanediol per kg.

A reactor has been fed continuously with glycerol containing 0.005 g of

35 1,3-propanediol per kg and 12 g of adipic acid per kg, at a rate of 21.3 g/h/l of
reactor, with gaseous hydrogen chloride at rate of 17 g/h/l of reactor. The



30The results of the tests are summarized in Table 3. - 23 - Table 2 Example n ECH (ml) Toluene (ml)
Noct4Br (ml) TWA (ml) 54 10.22.150.716 4 10.22.150.7173.49.90.910.3084 10.22.150.7194

10.22.150.71104 11.6
WO 2009/000773 PCT/EP2008/057876
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reactor hias been operated at a temperature of 119 °C and at a pressure of 1.19 bar.
The reactor was surmounted by a distillation column from which
dichloropropanol containing water has been withdrawn, The liQuid. reaction
mixture has been withdrawn from the reactor and has been sent to a distiliation
unit to recover dichlororopanol.

The dichloropropanol which has been recovered from both withdrawals
contained 0.011 g of 3-chloro-1-propanol and less than 0.010 g of 1,3-
dichloropropane per kg of dichloropropanocl.

Example 3

A well stirred reactor has been fed continuously with dichloropropanol
containing 0.223 g of 1,3-dichloropropane and 2.93 g of 3-chloro-1-propanol per
kg of dichioropropanol at a rate of 5.07 kg/h/! of reactor, with a sodium
hydroxide solution containing 500 g of NaOH per kg at rate of 2.83 kg/h/l of
reactor and with recycled water at a rate of 6,23 kg/h/l of reactor . The reactor
has been operated at a temperature of 45 °C and at a pressure of 1 bar, The
reactor was fitted with an overflow system for withdrawal of the liquid reaction
medium. The liquid reaction medium was biphasic. The lighter phase which
contained the salt and a small quantity of organics has been stripped with steam
and the condensate has been recycled to the reactor, The heavier phase which
contained the major part of the epichiorohydrin formed in the reactor has been
submitted continuously to a first distillation operation under vacuum in a packed
column fo separate epichlorohydrin, water and the low boiling point byproducts
at the top of the column and the excess of dichloropropanol and the heavy by-
products at the bottom of the column. The top fraction, coliected at a temperature
of 60.8°C under a pressure of 150 mbar, has been submitted continuously to a
second distillation in a packed column to eliminate water and the low boiling by-
products, The bottem product has been collected at normal pressure at a
temperature of 115.2°C; it contained 0.35 g of 1,3-dichloropropane per kg. This
product has been purified by a third operation of distillation that has been realized
in a batchwise manner in a glass plate distillation column under vacuum at a
pressure of 790 mbar. The epichlorohydrin which has been recovered as the main
distitlation fraction collected between 107.4 — 107.6°C contained 0.34 g of 1,3-
dichtoropropane per kg and is named ECH 2.

Example 4
A well stirred reactor has been fed continuously with dichloropropanot

contaiming 0.013 g of 1,3-dichloropropane and 0.0026 g of 3-chioro-1-propanol



1.080.35i11410.22.150.71[12410.22.150.71133.6 11.40.97 0.43 144 11,6 1.08 0.35-Table 3
Example Reaction time (h) Con- version (mol %) Mn th. (ghnol) Mtn exp. (g/mol) Dis- persion Tacticity

51100 10000 10700 1.17
WO 2009/000773 PCT/EP2008/057876
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per kg of dichloropropanol at a rate of 5.93 kg/h/! of reactor, with a sodium
hydroxide solution containing 500 g of NaOH per kg at rate of 2.67 kg/h/l of
reactor and with recycled water at a rate of 5.83 kg//l of reactor, The reactor
has been operated at a temperature of 45 °C and at a pressure of 1 bar. The
5 reactor was fitted with an overflow system for withdrawal of the liguid reaction

medium. The liquid reaction medium was biphasic. The lighter phase which
contained the salt and a small quantity of organics has been stripped with steam
and the condensate has been recycled to the reactor. The heavier phase which
contained the major part of the epichlorohydrin formed in the reactor has been

10 submitted continuously to a first distillation operation in a packed column to
separate epichlorohydrin, water and the low boiling point byproducts at the top of
the column and the excess of dichioropropano! and the heavy by-products at the
bottom of the column. The top fraction, collected at a temperature of 62.4°C
under a pressure of 150 mbar, has been submitted continuously to a second

15 distiliation in a packed column to eliminate water and the low boiling by-products
as the top product and some heavy impurities at the bottom of the column. The
epichlorohydrin has been collected by condensation of a gas phase collected from
the middle of the column at normal pressure and at a temperature of 116.4 °C ; it
contained 0.03 g of 1,3-dichloropropane per kg and is named ECH 3.

20 The complete composition of epichiorohvdrins ECH 2 and ECH 5 and of
three other epichlorohydrin samples (ECH 1, ECH 3 and ECH 4) are presented in
Table 1.

Their compositions obtained by gas chromatography anatysis,
Table 1 |
Component ECHI1 ECH2 ECH?3 ECH4 ECHS
(g/kg)

Acetaldehvde 0.004 nd ad nd. n.d.
Acrolein <0001 | 0003 | 0003 d. n.d.
Z-propanol <0.001 | nd n.d. n.d. n.d.
3-chlore-1-propene nd. a.d. nd. n.d. n.d.
allyl alcohol 0001 | <0001 | <0001 | 0.003
Hydroxyacetone 0.004 | 0018 | 0018 | 0006 | 0006
chloroacetone + (3,3- 0.033 | 0038 | 0.040
dichloro-1-propene) n.<. 0.024
1,2-dichloropropane 0.042 nd. nd 0.001 nd.
2,3-dichloro-1-propene 0.005 nd. nd. 0.004 n.d.
1-chloro-2, 3- > > > > > 999.865




atactic 100 10000 10100 1.23 n.m. 7 2 100 20000 20200 1.17 n.m.-8 1 100 10000 16400 1.22 n.m. i
91100 10000 11200 1.20atactic 10 1 100 20000 77700(20%) 22200 (80%) mm.

WO 2009/600773 PCT/EP2008/057876
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Component ECH 1 ECH?2 ECH3 ECH4 ECHS
(g/kg)

epoxypropane (¥) 008 464 | 999,474 | 9990435 | 999503
1,3-dichloro-1-propene 0.219 0.008 0.008
cis maj. + (C6HI140 min.) 0.032 0.004
2-chiore-2-propene-1-ol (1.348 0.016 0.016 0.14 0.012
1,3-dichioro-1-propene 0.035 0.010 0.010
trans 0.008 0.009
CslhioO £ CHACIO0 n.d. nd, n.d. 0.014 0.001
CeH120 n.d. n.d, n.d. 0.011 <0.001
1,3-dichloropropane 0.000 0.34 0.34 0.005 0.030
Cyciopentanone 0.001 0.004 | 0.004 nd. 0.004
dibromochloromethane 0,004 od. 0d. 0.084 nd
CeltioQ 150 1 0.003 n.d, nd. 0.009 | <0001
CollinO iso 2 0.012 n.d, a.d, 0.009 0,001
l.2-epoxybexane +(1.2.2- | 35 | 0002 | 0.002
trichioropropane ) n.d, 0.001
Cellio0 is0 3 0.004 nd. n.d, 0.031 0.001
dichioroepoxypropane + 0.002 n.d. nd n.d.
Nj ) 0,006
1,3,3-wichloro-1-propene 0.012 nd nd n.d.
cis + 1,1,3- ] o o
trichloropropene 8.004
11,2-trichloropropane 0211 | 0.001] 0.001 0.025 0.007
chlorobenzene 0011 | <0001 | <0001 | 0001 0.007
1,3.3-wichioro-1-propene 0.015 nd. nd
trans 0.012 (.001
1,2,3-trichloropropene 0016 | <0001 | <0001
trans (.003 (1,001
153-dlChIOI'G—Z-prOpaBOl 0.111 0.022 0.024 0.017 0.008
1,2,3-trichloropropanc 0014 nd. nd 0.004 nd.
1,2 3-trichloropropene cis 0.002 . nd od nd
3-chloro-1,2-propanediol |33+ <001 | 0.001
+ 2,3-dichloro-1-propanol ' n.d, 0.001
CelBr n.d. n.d. n.d. 0.005 nd.
CelleCly is0 1 n.d. nd. n.d, 0.005 nd
C@I‘imCig 180 2 n.d. n.d n.d. (.004 nd,
methyl glycidyl ether 0.007 0.054 0.48 n.an. .10,
Unknowns (sum) 0.17¢ 0.007 0.008 0.087 0.024

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




11 18080006800 1.17 n.m. 12 2 95 950012100 1.17 atactic 13 2 90 18000 24700 1.18 m m. 14 6 94
18800 17650 1,17 n.m. n.m. : not measured Examples 15 to 17 (homopolymerization of ECH) 5The
tests have been carried out according to the following procedure with epichlorohydrin sample ECH1
(example 15§ E¥H/¥Péiample 16) and ECH 3 (example 17). The quantifiéd/EFeHEMNEHS are indicated
in Table 4. The polymerization of epichlorohydrin (ECH) has been carried out in the presence of the
system water/triethyl aluminium (TEA). 10The procedure of example 1 has been followed except that
TEA in solution in toluene and water have been added under argon to the vessel first evacuated

*: i-chloro-2, 3-epoxypropane amount calculated on the basis of the total content of
other organic components

Examples 5 to 14 (homopolymerization of ECH)

The tests have been carried out according to the foliowing procedure with
5  epichlorohydrin sample ECH1 (examples 5 to 7), ECH 2 (examples & to 10} and
ECH 3 (examples 11 to 14). 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 (Noct;Bri/triisobutyl
aluminium {TiBA).

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

The polymerization reactions have been carried out in pyrex vessels fitted
with polytetrafivorethyiene valves, The vessels have been evacuated under flame
heating to remove residual moisture, After cooling to room temperature, the

15 vessels have been cooled to — 30 °C {ethanol/liquid nitrogen cooling bath) and
toluene and epichlorohydrin, have been added under vacuum. After those
additions, argon has been introduced in the vessel and tetraoctylammonium
bromide and triisobutyl alaminium have been added to the vessel. This addition
constituted the time zero of the reaction. After a given time under magnetic

20 stirring at — 30 °C, the reaction has been stopped by adding 1-2 ml of ethanol to
the vessel, Half of the volume of the reaction medium has then been submitted to
evaporation after which the polymer has been recovered from the vessel.

The conversion has been obtained by comparing the weight of recovered

polymer with the weight of added epichlorohydrin.

]
Ln

The theoretical molar weight (Mn th.) has been calculated on the basis of
the quantity of tetraoctylammonium bromide,

The measured polymer molar weight (Mn exp) and the molar weight
dispersion have been obtained by Gel Permeation Chromatography.

The tacticity of the polymer has been obtained by BC and "H NMR.

30 The results of the tests are summarized in Table 3.



- 24 - and dried, feft under magnetic stirring under vacuum for 30 mm, 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 in Table 5 5Table 4 Example n ECH (nil) Toluene (ml) 1120
(pl) TEA (MY OHWAHT3 0.67 16 4 10 2310.67 17 4 10 23F0.67 TableH TEEAMSRSFEEaction time (h)
Conversion (mol %) Mn exp. (g/mol) DispersionTacticity i 1 15 1247 216000 7000

_93 .
Table 2
Exampie n° | ECH (ml) | Toloene (ml) | Noct:Br (ml) | TiBA (ml)
5 4 10.2 2,15 0.71
6 4 10.2 2.15 0.71
7 3.4 9.9 0.91 .30
g 4 10.2 2.15 0.71
9 4 10.2 2.15 .71
10 4 11.6 1.08 (.35
11 4 16.2 2.15 0.71
12 4 16.2 2.15 .71
13 3.6 1.4 0.97 0.43
14 4 11.6 1.08 £.35
Table 3
Example | Reaction | Con- Mn th. | Mnexp. Dis- Tacticity
time (h) | version {g/mol) | (gfmol) persion
{mol %)
5 i 160 1GO00 10700 1.17 atactic
6 1 160 10006 10100 1.23 n.m.
7 2 100 20000 20200 1.17 15118
3 1 100 10000 16400 1.22 n.a.
9 1 100 10000 11200 1.20 atactic
10 1 100 20000 77760 (20%) .01
22200 (’0%)
11 1 80 8000 6300 1.17 LT
12 2 05 95060 12100 1.17 atactic
13 2 90 18040 24700 1.18 n.m.
14 ) 04 18800 17650 1.17 L.,

n.m. : not measured

Examples 15 to 17 (homopolymerization of ECH)

5 The tests have been carried out according to the following procedure with
epichlorohydrin sample ECHI (example 15), ECH 2 (example 16) and ECH 3
{example 17). The quantities of chemicals are indicated in Table 4.

The poiymerization of epichlorohydrin (ECH) has been carried out in the
presence of the sysiem water/triethyl aluminium (TEA).
10 The procedure of example 1 has been followed except that TEA in solution
in toluene and water have been added under argon to the vessel first evacuated



2.02 1.04 n.m. 16 1250 285200 5850 3.51 1.08 atactic 17 12 55 357600 8100 3.45 1.31 atactic n.m. :
not measured Example 18 Preparation of a product consisting predominantly in diglycidyl
diethei of 10Bisphenol A according to US 2,811,227  The apparatus employed was a thermostatised
flask equipp¥wit/8Piéthanical stirrer, with a jacket containing a therm@ESRROBHE Wi a
Dean-Stark separator surmounted by a water-cooled condenser. A pump was used to inject a caustic
soda aqueous solution at a constant rate in the flask,15The reaction flask was initially charged with a
mixture of bisphenol A (68.4 g, 0.3 mol) and the epichlorohydrin sample ECH4 coming from a
propylene-chlorine plant (277.5 g, 3.0 mol). The analysis of the epichlorydrin is given in Table 1. The
mixture was heatetidtirefluiciindderstingnetitostitern peraturerefit F8C3 (A0, dsfaguBCtisisolution of
caustic soda (60.8guéhénohe20uasdniiadusedata: e @fnb2 TH June3:aidauas Haetemperature of
the mixture in the flgsk /vas mainigedin 11952098, 1PC 1k 5.6l PIASTI0, gsHre B gonstant reflux.
The epichlorohydrin rich organic phase decanted during the reaction as a lower phase in the separator
was recycled regdl%ﬁ?q the reaction flask and the agueous rich phase collected as an upper phase in
the 25separafor whabtedularly drawn off. The heating was maintained for 15 mm after the total
introduction of the &xastiisuda E6lHionlio acAidvwenhéndolledif thb 75 TRvateriphase in the
decantor. 29.7 g of aguébus phase whs collected viith a composifidn given in T.able 6., The
epichlorohydrin inlexce$§ was removéd from the redction mixture2By distillatiof.&ihder & vacuum of 30
mbar and by a pragressiVe heating ofithe Smixture ¥ 109C. 156.2% (1.7 imol) $Epichlorohydrin was
recovered in this stepie The composition of the distillate is given in Table 6.

Example | Reaction | Conversion | Min exp. Dispersion | Tacticity
time (h) | (mol %) (g/mol)

15 12 47 216000 2.02 n.m.
7000 1.04

16 12 50 285200 351 atactic
5850 1.0%

17 12 35 357600 345 atactic
8100 1.31

n.m. : not measured
Example 18

Preparation of a product consisting predominantly in diglycidyl diether of

10 Bisphenol A according to US 2,811,227

The apparatus employed was a thermostatised flask equipped with a
mechanical stirrer, with a jacket containing a thermocouple and with a Dean-
Stark separator surmounted by a water-cooled condenser. A pump was used to
inject a caustic soda aqueous solution at a constant rate in the flask.

15 The reaction flask was initially charged with a mixture of bisphenol A
{68.4 g, 0.3 mol) and the epichlorohydrin sampie ECH4 coming from a
propylene-chlorine plant (277.5 g, 3.0 mot). The analysis of the epichlorydrin is
given in Table 1. The mixture was heated at reflux under stirring to a
temperatare of 111°C. A 40 % aqueous solution of caustic soda (60.8 g, 0.6 mol)

20 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 coliected as an upper phase in the

25 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



The salt was separated from the crude product (45.5 g) after addition of 567.2 g of toluene under =
agitation and by filtration. The cake of filtration was washed with 124,4 g of toluene. The toluene
solutions were mixed and 10evaporated at 185C under a pressure of 1 mbar.  659.4 g of toluene
was recoverB@ 28 Bhdensate of the evaporated fraction with a compBSiHEBRMEATTTable 6. The
residual product of the evaporation (100.5 g) contained the diglycidyl ether of his-phenol A as a major
product and no trace of unconverted his-phenol A (<& mg/kg). The residue 15contained 4.98 mol
epoxy per kg and 1.52 % of hydrolysable chlorine. Example 19 The trial was realized in the apparatus
described in example 18. The reaction flask was initially charged with a mixture of bisphenol A (68.4 g,
0.3 mol) and epichietopidin isdheplecECH. 20277 & g9 8 0mmpi)sT he20hkalssigitf #the epichlorydrin is
given in Table 1. The:pabitisiedmas heatew at reflux under stirring to a temperature of 119C. A 40 %

aqueous solution of Ca%@%ﬁ&ﬂ%%%ﬂy é}.gxgggg)%ﬁcm%g)%ﬁg%%ﬁafggléglgq%%%m_lé‘ uring 3.5 hour.

The temperature of the mixture in ask was maintaine e range -119 Clin order to

assure a constantTERUR FhE e chiBFBRY R PSP B §XhRY 2HpRasssds g 4y the reaction as a
lower phase in thegsparatotilds. réeydled Yégutarlyficpible verdoton flaskandehe iadseous rich phase

colle(_:ted as an uppey. pnaesa)iﬁgmls@mrm@ﬂwa&f@glgﬁw ﬁra\amgqﬁ_f_. The heating was maintained for
15 min after the total '”ﬁ"ﬂ@'Hﬁ%‘%s@eﬁl‘?ﬁ%ﬂﬁq%ﬁgéﬁ@éﬁ@&h@ @g&_‘ge %11&(; a‘Eﬁ’i'i_]E&E 8} the water phase

in the decantor. 54.5 g of aqueous phase was collected 30with a composition given in Table 6. The

epichlorohydrin in ¥Xce 8 WAL FBRIEE FoA e PE R dlr iRt urE 6y S MiAHBA A a vacuum of 30
mbar and by a progeelsshra thdatirheotitrbuerirtufaaeohesCsddgpsgyasmiref ofiépichlorohydrin was
recovered inithis stepofhedcomyusitiodofthe distlate istgiven in Table 6. 35The salt was separated

fom the crude product(47.8.a) ik Adgicn. o1 225-4.9,2LalUeE wofsr aqiatan.and by ftation.

The cake of fiItra\t(i)%n1 was - - washed with 97,3 g of toluene. The toluene solutions were mixed and

evaporated at 180C T e &5t S8BIRS SR dHissp 12 g OfSSRTERE\RESPEEElBYed as the

condensate of thecggagieranon Withea covapssitiondghixandyl TableBbiTsbaedidusl proderct of the
evaporation (99.8 gh&eaniained:the digysidytataenopiisdphenol Mmasa majerpieduct and no trace of

unconverted,is-phenal (= & Malkal, [he residue containegl 493 mal epexyper kg and 0.49 go of
hydrolysable chlorgge. qu High Performance Liquid Chromatography analyses of the residual

products obtainedf% es 18 and 19 are similar. - 27 - Example 19 Toluene evaporated (g/kg)
"P'11 [ P111 The trial was realized in the apparatus described in example 18,

The reaction flask was imnitially charged with a mixture of bisphenol A

(68.4 g, 0.3 mol) and epichiorohydrin sample ECH 5 (277.5 g, 3.0 mol), The

20 analysis of the epichiorydrin is given in Table 1. The mixture was heated at
reflux under stirring to a temperature of 119°C. A 40 % aqueous solution of
caustic soda (60.8 g, 0.0 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 102 °C ~
119 °C in order to assure a constant reflux. The epichlorohydrin rich organic

25  phase decanted during the reaction as a lower phase in the separator was recyvcled
regularly in the reaction flask and the aqueous rich phase collected as an upper
phase in the separator was regulariy 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 agueous phase was collected

30 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 118°C. 148.2 g (1.5 mol) of epichlorohydrin was recovered in this
step. The composition of the distillate 1s given in Table 6.

35 The salt was separated from the crude product {47.8 g) after addition of
228.4 g of toluene under agitation and by filtration. The cake of filtration was
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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)

5 contained the diglycidy! ether of bis-phenol A as a major product and no trace of
unconverted bis-phenol A (< 5 mg/kg). The residue contained 4.93 mol epoxy
per kg and 0.49 % of hydrolysable chlorine.

The High Performance Liquid Chromatography anaiyses of the residual

products obtained in examples 18 and 19 are similar.
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CLAIMS

1. Process for manufacturing epichlorohydrin, by subjecting dichloropropanol to a
dehydrochlorination reaction, in which, at least one part of dichloropropanol was
obtained by reacting a glycerol-based product comprising at least one diol containing at
least 3 carbon atoms other than 1,2-propanediol with a chlorinating agent, wherein the
content of diol containing at least 3 carbon atoms other than 1,2-propanediol of the
glycerol-based product is less than or equal to 5 g/kg of product.

2. Process according to claim 1, wherein the glycerol content of the glycerol-based
product is greater than or equal to 900 g/kg of product.

3. Process according to claim 2, wherein the content of diol containing at least 3
carbon atoms other than 1,2-propanediol of the glycerol-based product is greater than or
equal to 0.001 g/kg of product and less than or equal to 1 g/kg of product.

4. Process according to any one of Claims 1 to 3, wherein the diol is chosen from

1,3-propanediol, butanediol, and mixtures thereof.
5. Process according to claim 4 wherein the diol is 1,3-propanediol.

6. Process according to any one of Claims 1 to 5, wherein the glycerol-based

product comprises, in addition, 1,2-ethanediol and/or 1,2-propanediol.

7. Process according to any one of Claims 1 to 6, wherein the glycerol-based
product s subjected to at least one treatment, optionally under reduced pressure, chosen
from evaporative concentration, evaporative crystallization, distillation, fractional
distillation, stripping or liquid/liquid extraction operations, in order to obtain a purified
glycerol-based product, prior to the reaction with the chlorinating agent.

8. Process according to Claim 7, wherein the purified glycerol-based product
comprises at least one diol containing at least 3 carbon atoms other than 1,2-propanediol,

in an amount less than 0.7 g diol/kg of purified product.
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1. Process for manufacturing epichlorohydrin, by subjecting dichloropropanol to a dehydrochlorination
reaction, in which, at least one part of dichloropropanol was obtained by reacting a glycerol-based
product comprising at least one diol containing at least 3 carbon atoms other than 1,2-propanediol with
a chlorinating agent, wherein the content of diol céftaining at least 3 carbon atoms other than
1,2-propanediol of the glycerol-based product is less than or equal to 5 g/kg of product. 2. Process
according to claifn TOfeASRPIRB G AP EGHERT bitre Yheh s Llerprimgda®greater than or
equal to 90Gogtigses bydchgem chl@iderocess according to claim 2, wherein the content of diol containing
at least 3 carbon atoms other than 1,2-propanediol of the glycerol-based product is greater than or
equal to 0.001 g/ky Biopesdfietranth fessitingrmxequdahiod dikgiof praduat slycidyPraeassraccording to
any one of gg@m Todfuds ¥aveinyngficl i ehassmitanJ.Aarapanadial %&?&%&%&Pd mixtures

thereof Process according to claim 4 wherein the diol is 1,3-propane . Process
according 328y 8‘}?&538}36%%%%[6%, MEFETh TS i%@rBT—B@gg)d’r&kB’diﬁ’& AaHEPREESNin addition,
1,2-ethanedibichrrishlorplyibpapetisit one paprdceksiases ity telanyoodie pfoChaimedtes6, wherein the
glycerol-bageehpeaduet is subiactet @ atdesstenetreatnent aptionally: vpdesgadused pressure,

chosen fro%gﬁmgﬁqga@%gﬁﬁg%%@%%%{e crystallization, distillation, fractional distillation,

stripping or liquid/liquid extraction op S, In order to obtain a purified glycerol-based product, prior
to the reaction Witp rgcgglslcz)lgggfﬂ%%?ept. 108. }E’rocets?s according to Claim 7, Yéh(;:-rein the purified
glycerol-based product comprises at east one diof eon aeiﬁlcﬁﬁpé)fl EERSPRASH Shi&Bther than
1,2-propandtiise HAsMBeR: resRtiss trlyehensiagronpumiia prédisnings amigopherdss according
to any of ClairrsdyttiBimithereid thel ddslatinatinghatienteiepeigbasydrogenpdbleridecol add. Process
for manufagitying SRANEesIISRARAYRISI GRS or glycidyl ethers or glycidyl amides or glycidyl imides
or coagulants or wet-strength resins or cationization agents or flame retardants or detergent
ingredients or epichlorohydrin elastomers, in which epichlorohydrin, at least one part of which was
obtained according to the process from any one of Claims 1 to 9, is subjected to a reaction with at
least one compound containing at least one active hydrogen atom.  11. Process according to claim
10 wherein the compound containing at least one active hydrogen atom comprises polyphenols,
monoamines and diamines, aminophenols, heterocyclic imides and amides, diols including ethylene

glycol and propylene glycol and aliphatic polyols, and fatty acid dimmers.



