WO 2008/129208 - 1 - PCT/FR2008/050438 GLYCEROL
VAPORIZATION METHOD One object of the present invention is a
method of vapo izing aqueous solutions of glycerol in a fluidized 5 bed

contaiﬁlﬁgza% 2608 that makes it p“oélsiﬁle to Simu|tgﬁg({l§§§98%%0438

the impurities present in these solutions or that are generated during the

evaporation. 10 Glycerol is a chemical, 1,2,3-propanetriol, which may be
obtained either by chemﬁ%%ﬁ%s ?‘ﬁ%ﬁ#zﬁ%ﬁfgr@%ﬁ%’g a by-product

formed during the methanolysis of vegetable oils. 15 The methanolysis of
vegetahie oilssmaythe sarriedoup aecording: lo vaiiaumproeessesniithod  of
particyla by using, anomogengous catalyst suchas sodium fydroxide, i, .

sodium methylate in solution in methanol, or by usm%a heterogenous

catalyS°Ref&tehda Ay b8 ade on this' 26 subiBet td"theSridie pya5sP1e
Balleriibet &l-iw LiActialite Chifffeee of NEveDeé& 002 THesmettfgsslysis in
of vegetahie oils sesulis;ron therone tand, in-methyresterss@ndeirthe;  the
other hand in. 25 glycerol. Methyl esters are used in particular as fuels or
combustibles in diesel fuel and domestic fuel. With the development of

fuels of renewable origins, and especially of vegetable oil methyl esters

AOMES), Thé& prodeiction D gRicerel in Acéortianeenaitls tHis B0 probdetonmay
methoddncreasesigesatly, glyteral representingnaraund 1890 byavgight of rom

the oil copyverted. ,GWS%_“?' QQ”_V%O! fr%‘?‘—‘é‘%gﬁié@!? Oiﬁoi)%x@eﬁ‘?‘tuﬁﬁirin the

product QCf renewable origin whlcth is thus .nicreasmgly 35 available. In the
eThan 13 of vegetable ¢ils. .

current context of thé novel cgncept of green chemistry, and more

generally of sustainable development, it is becoming increasingly

advantdgeousthanolysis of vegetable cils may be carried out

according to wvarious processes, in particular by using
a homogeneous catalyst such as sodium hydroxide or
sodium methylate in solution in methanol, or by using a
heterogenous catalyst. Reference may be made, on this

20 subject, to the article by D. Ballerini et al. in
L"Actualité Chimigue of Nov-Dec 2002.

The methanolysis of vegetable oils results, on fhe one
hand, 1in methyl esters, and on the other hand in
25  glvcerol. Methyl esters are used in particular as fuels
or combustibles in diesel fuel and domestic fuel. With
the development of fuels of renewable origins, and
especially of vegetable oil methyl esters (VOMEs), the
production of glycerol in  accordance with  this
30 production method increases greatly, glycercl

representing around 10% by weight of the oil converted.

Glycerol derived £from vegetable oils 1is a natural
product of renewable origin which is thus increasingly
35 available. In the current context of the novel concept
of green chemistry, and more generally of sustainable
development, it 1s becoming increasingly advantageous

to utilize this preduct.



to utilize this product. WO 2008/129208 - 2 - PCT/FR2008/050438
However, the methods for producing VOMEs result in a glycerol that is

more Qr le [ d more or less dilute in water. Generally, it is these
more oﬁe§§‘§éj§§.?2&§8?eous solutions of glycerol that are m%gs/sosolﬂss

glycerin, according to the definition adopted by "The Soap and Detergent
Association" (Soaps and Detergents: A theoretical and Practical. Review,
Miami Beach Fla., Oct 12-14 1994, chapter 6 pp. 172-206. Ed: L Spitz, 10
AOCSHPRESe Thalipraighy Lerdde gigeeriprgeherally hadSHEsompasition oft a
the orderyai38% glycerol19-10% water ands=23%imputities. ha particularess
it may gontain impuyities such;as basic salts(for example.of spdjum or of .
Patassium), non-glycerinorganic compatinds, 19 methanol or fesidyes of -
vegetapolTes oifs? Th Certain appﬁcéltlons of 8Iygero , the presence of these
impurifiéd #& paricuRFFiejudicidiforltie datliBhs tafrictiemtafobthe "The
qualitysekthe afinished products Aserexample; ih thecease afitbie 20t ergents:
DdeU@Iioﬂr@%@?@&&th%z%esﬁﬂgéﬁé@ﬁiuﬁ%%eQQtaﬁléHﬁisaﬁéé%_h Fla.,
prejudg:(i:%I fo&th £a hc d%%dr@teion reaction %%Iy %re)ol to _rolqim,sasi ‘7
these salts are capablé of pmsor?ing}ihe acid sites 6f the cata ysts used

25 CofiSEquENtRS the S6a86aG< €Blutiohd eReruter§iyEérol Tgiyeery has 2
generalyyeegireiapretfeatinentivefore wiSe S6rsa purification, tréatinent water

order to-gnvisage noyglhapplications: 30 FHrbernos; itisiefteRay contain

2‘33&2%%%&%%% t,[eovg the Ipuritiesthat are undesirable forthe 4
or of potassium}, non-glycerin organic compounds,

15 methanol or residues of vegetables oils. In certain
applications of glycerosl, the presence of these
impuritises is particularly  preijudicial for the
reactions carried out or fer the guality of the
finished products. For example, 1in the case of the

20  producticn of acrolein, the presence of sodium or
potassium salts 1s prejudicial for the catalytic
~dehydration reaction of glycerol to acrolein, as these
salts are capable of poilsoning the acid =sites of the
catalysts used. |

25
Consequently, the agqueous solutlions of crude glycerol
or glycerin generally regulre a pretreatment before
use, or a purification treatment in order to envisage
novel applications.

30

Furthermere, 1t is often necessary not only ta remove
the impurities that are undesirable for the envisaged
application, but also to concentrate the agueous
solution, or even to vwvaporize the agqueocus solution,
35 certain industrial processes using glycerol in vapor
form. These opsrations are tricky as it is known that
glycerol may decompose, in particular to acrolein, or

result in polymers such as polvyglycerocl.



application, but also to concentrate the aqueous solution, or even to
vaporize the aqueous solution, 35 certain industrial processes using
glycerol in vapor form. These operations are tricky as it is known that

glyce P n?P8éad3%®8e, in particularto &crolein, or reBER /FRoRIRER50438
such as polyglycerol. WO 2008/129208 - 3 - PCT/FR2008/050438

Various technologies for purifying glycerol have been described in the
literature. Specifically, it is a product that has more than 1500 different

applicatiensu= alt eequisDgqiaricutarqualitesyinmparticijasthere isae been

"Phargacopgia’ grade thajsequires,a. bigh.nurity, of the glycerol Among,
the methods used or S%Jdled for the l;ﬁ?l‘.ll‘lflc ft{ﬁn fo %nd evaporatjon of
t

glycerdt Fhefitior Wiit e3paciify be® thoté that afe-deitineery °7°
GB. I*Sbuzadinid 1 m Po iCiserhists' Soc: Noviembén1 979 piehge)r there
812A,iby Steimbemesddet ahyindatdScic Technel (1987, 89 Yabrgangrity
No. 8,Oqu.t%%7-%9§cggglby Anderson D.D. et 15 al. in Soaps and
Detergents: A theoretical and Practical Review, Miami Beach Fla., Oct
12-14 1994, chapter 6, pp. 172-206. Ed: L Spitz, AOCS Press, .
Champamjifl 20 ehéfrieafifientsssitrade §iyedrdSofirionstsropysad tcation
fargetdhd remmyvat of therdisSolykedcsattslandnofithieoorganic impueities 11y be
rﬁsulfmg&éor@fa@wy@smh Sathe ffegl@;@%@&tfﬁwi?%amm@%%e inin g
the glycerol. content, or the, vaporization of the g ol, depe g n
the firéﬁn ép%ﬁciat%egﬁvsitgasge?ﬁﬁ 'pgltrft?guﬁg}r?efrjf o? ergto gc%?e\r}gé t%egiﬁg’ oy
objectRes e EUSpolatieh, & Histillhftod 24 tredtment Gt Tithe (irff ‘ordiér to 82
neutralizetbergsidigal fatty apidsy followed 3®eby a filtrafiodsarsdon D.D. et
exchapge or ign exglusion and Detergents: A theoretical and
Practical Review, Miami Beach Fla., Oct 12-14 19%4,
chapter 6, pp. 172-206. Ed: L Spitz, AQOCS Press,

Champaign.

20 The treatments of crude g¢glycerol solutions proposed
target the removal of the dissolved sgalts and of the
organic impurities resulting from fatty substances, the
removal of the color, an increase 1n the glycercl
content, or the vaporization of the glycerol, depending

25 on the final application envisaged.

In particular, in order to achieve these c¢bhjectives, an
evaporation, a distiilation, a treatment with lime (in
crder to neutralize the residual fatty acids) followed
30 by a filtration, an 1lon exchange or ion exclusion
treatment, a separation by reverse osmesis or an

electrodialysis may be carried out.

Multiple-effect evaporators are, for example, used for
35 concentrating dilute solutions of glycerol. With a
triple-effect evaporator, 1t 1s thus possible to

avaporate 2.4 kg of water with 1 kg of steamn.



treatment, a separation by reverse osmosis or an electrodialysis may be
carried out. Multiple-effect evaporators are, for example, used for 35
concentrating dilute solutions of glycerol. With a triple-effect evaporator, it

is thu¥Po38bRY &2 WRPorate 2.4 kg ofwéter with 1. kg BFSIEERZORKY 050438
2008/129208 - 4 - PCT/FR2008/050438 Distillation is one of the

techniques used for concentrating and purifying glycerin. As glycerol
begin®is tetdripose at Brournh202@fi.e. Wed betowtitsi hoting poirgd  for
(293C) it is=neeassaty to distil 5 glycerips severna) stens usingseduged-c ol
presswie, Jp ceptain cases, he. digtillagion is, garggd Qut via patch. 1 0y oy

operations, until the salts and the non-volatile compounds have

accumulated Sufidi@ntl inthe Védsel” The operdtioR 1S fsit Stopped Aidtt
tHe inpliyities dre 10 dideNaryed fromRitie Vesset beforerestartingthere. In
distillation: The evaperationtis<cartiegtout ungesnvacwum; angithe partial via

condepnsatign of glycerol(which, will copdense before watey) apthe gutlel ; ;.
of the unit makc?ss |thg055|b eto dlﬁectl obtalg fﬁ concentrated 15 glycerol.

Typicallpre&siitesdf 10 Mn Hy 5 Used" for & t8hpefatife &6f © vessel.

160-165€, Whithagives lohppdriigh presnpesiofajijcefdlsn tHervapdries are
phased Thehdistiked glycerin stitheontainssedlorask 2O0recompaunds:dtiiss  the

?orge@@$§i@9§§§§w. to ?‘I%Ol()_éi%%d@@a%/@%_”nlfc% pdlag&r@h%%fti%{@n%mer
00d a ications. Typically activa carpon is edtqt cerin 1 .
order LG oNBE DT EA At A S Ren by fan EhE G hagnich

also Been-d&I6F8d anltsesSorf FeSIRS irférdeifo Sepdrate e foinfc unit
salts thakare solubledasiduisous solutiore dohg nalrienic campoundsrsucht ed

as glygerpbe TS IS @ypically, pressures of 10 mm Hg are used,
for a temperature of 160-165°C, which gives low partial

pressures of glycerol in the wvapor phase.

The distilled glycerin still contains colored

20  compounds. It 1s sometimes necessary to decolorize the
glycerin for pharmaceutical and food applications.
Typically activated carbon is added to the glycerin in
order to decolorize it.

25 The purificaticn of glycerin by ion exclusion has also
been develcoped and uses icn resing in order Lo separate
the ionic salts that are soluble in agueocus solution
from non~ionic compounds such as glycercl. This isg a
technigue which aveilds the consumption of heat and of

30 chemical regenerants, and which makes it possible to
purify highly contaminated streams such as c<crude

glycerin, using only water as a chemical regenerant.

Aoueous solutions of glycerol that are weakly
35 contaminated by salts may be exchanged simply over acid
and basic resins. The thus purified glycerol solutions

may then be concentrated by evaporation.



technique which avoids the consumption of heat and of 30 chemical
regenerants, and which makes it possible to purify highly contaminated
streams such as crude glycerin, using only water as a chemical
regenBfar® e dER7P8olutions of glycerdl that are weafiGBEFR2008/050438
contaminated by salts may be exchanged simply over acid and basic

resins. The thus purified glycerol solutions may then be concentrated by
evapofatortasts! 2008/ 120208725 s P CHIRRZ008/056438 SFhertedtipigue- 1on
of reverserosimasisy basethealalsepasaiiohrovebg sem-peimeable pressure

membyrane hy.applying A presswe has peen prepgsedfordhe v icutarty
concentration of partlc%ilircllggdllute glycerol streams. 5 Solutions of
ydr

glycerin-aRdor&odiiih xide'in - methanol obtained after

transesterification of rapeseed oil have been demineralized by membrane
electradialysisiie produce; pute glhyceriand hisdtechnigtielis desgribed f:=in in
the refgrence: Schaffnem Eq e&@he‘?r%aﬁé@ggeE!ltf-iQQE%J t'a’fv‘ﬂé‘ﬁéeseed
2, 629-6%3 In the, metho snprogoscfd for.eva ora%% agueouis %olugoni :
o) ave bee inerallzed %gqm@ aqg ectrodialysis
of glycerol,}fhe control of the tempera%ure > IS very critical as certain =~~~
undesirabRTeALHEENSHHET taKe PRICE! sudh 48 tHeformedion of hitrdgeRt 1oed
ddntainmgtdompauidsby a:detraddtior: of proteir matter, present in-th&orld
glycerin; the formaatign of awolgtie.glyceringsiernhy reaction with soaps
of low molar 20 mass, the formation of polyglycerol, the formation of
acrolein which contributes to the odors of the final product. It is therefore

importahnt toirfit tHe® r8&Sid&nc i Stthe glyterin &t ARfH Empératitgueoss
and aisoithis temperaturé yTheevaporation processes Use# @5 temperature

conventionallysdodiatiheraforesmake H00sSIBIRIE i rable reactions may
take place, such as the fermation of nitrogen-
containing compounds by a degradation of protein matter
prasent in the glycérin, the formation of a wvolatile
glycerin ester by reaction with scaps of low molar
20 mass, the formation of polyglyvecercl, the formation of
acrolein which contributes to the odors of the final
product. It 1s therefore important to limit the
residence time of the glycerin at high tenmperature, and
alsc this temperature. The evaporation processes used
25 conventionally do not therefore make it possible to
have high partial pressures of glycerol in the wvapor
phase. Furthermore, it 1is often necessary to combine
several treatments in order to obtain the glycerol with
a purity and at a concentration that are suitable for

30 the envisaged application.

The applicant company has now surprisingly discovered a
gsingle-step process that makes it possible to wvaporize
an aqueous solution of glycerol and to simultaneously
33 remove the impurities present, or generated in the

course of the evaporation, in this solution.



have high partial pressures of glycerol in the vapor phase. Furthermore, it

is often necessary to combine several treatments in order to obtain the
glycerol with a purity and at a concentration that are suitable for 30 the
envis&fe®BPRHERARRLE he applicant confpany has now REEJIFHAQHYS /050438
discovered a single-step process that makes it possible to vaporize an
agueous solution of glycerol and to simultaneously 35 remove the

impurities peeseitcor geherated iptheccoursenoktheievaporatianendhisre a
soluti%ﬁw@%%/%ag%%7ﬁqu%ﬁ%%QO&!Q@Qﬂ%énEh%§UQJ§§;E@EEQ9 (ox

prese t|nv gtlon iS there rgﬁa@ met fv%ooﬁrézi@lq Qqueous soltfé‘tlonslld
of gly e or gycenn?m a flui contalnlng an‘inert solid.

According to the method of the mventlon, the aqueous solution is injected
directfrintora floitiZzed Bed: containing @h ihért sélidrrraidtaimedtdtea agueous

sufficient: temperatuse to-allove the iragt@@@@pusl\fagprizaatiql@g&)g@%rolbed
and olwatel; 4005 laert sallds, Use may heMagke [l exappie. ALSANGL; ot

of glass or quartz powder, of silicon carbide, or of solids having a low

specific°SEFaéE drea, Hive EOIE of s %B@éiﬁ‘@gﬁﬁ%él%ré’fﬁgﬁgzﬁ/m“ of
natures t@pateel 1516l befingat ey may be composed of alumina, silica or
gilica-alumina. It will not be outside the scope of the invention to use, as

an Ineﬁssq&sﬂeptmg@f@h@ltuégcfﬂ@; %99'%{Q&@'Of&d&('\&%ﬁ%tasgmam

chloride (K 1), sodium sulfate (Na2SO4 orgotasswm sulfate

(K2ST4). ré—?erabﬁl, th ulanJéthso? d s%ﬁbsen frém-S&18, iR Ydarz oF °F
silicons¢arbitie. Fiidiaticn may bedsiovided B thexvaporivation Bhthesolids
glycerolEsalutions mncti@r by awstreamm of inert gasng, by nature, reputed

15 to be inert, they may be composed of alumina, silica or
silica-alumina. It will not be outside the scope of the
invention to use, as an inert solid, a mineral salt,
such as sodium chloride (NaCl}, potassium chloride
{(KCl), sodium sulfate (Naz$04) or potassium sulfate

20 (K2804). Preferably, the inert solid is chosen from

sand, silica, guariz or silicon carbide.

Fluidization may be provided by the vaporization of the
glycercl solution, and/or by a stream of inert gas
25 (nitrogen, COz, recycle gas, etc.), or of air, of

oxygen, or a mixture of gases.

The temperature of the fluidized bed is generally
between 220 and 350°C, preferably 260 to 320°C.

30
Other <features and advantages of the invention will
emerge more clearly on reading the description which
follows and with reference to the single appended
figure.

35

The method according to the invention leads to high
partial pressures of glycercl in the wvapor phase, which

has the advantage of wvaporizing the glycerol with a



25 (nitrogen, C02, recycle gas, etc.), or of air, of oxygen, or a mixture of
gases. The temperature of the fluidized bed is generally between 220 and
350C, preferably 260 to 320C. 30 Other features and advantages of the
inven®en 2GR 8¢ $§8 Pnore clearly onrezding the descBETIFRRAGE /050438
follows and with reference to the single appended figure. 35 The method
according to the invention leads to high partial pressures of glycerol in the
vaporptage; whieh 1 hasitheladvantagewftvapotizing thenglydersl withtae ined
WO 20084129208 m 7+iR€T/FR20Q8/050438 substantially higher
productivity than that obtained with vacuum distillation. In the method
according to the invention, the 5 impurities present in the aqueous

solutidht are smovaTt &itflultahBoBER 38 theHfiuidizEd bed Ted@Higes s the
nfakesTiP possibie tocontimiousty diaw eff agrortion of thie @olid i ordaroved
to regeneratedhex sitly Thys, thes organigicompoisndspresentinthezkes it
glycerol solytion and 10 alsa fhe products regultingerom the v 5 o of  the

decomposition, of the(a%%cerol during this evaporation step, may result in

the fofifiation df cokeé Which i€ depoarea i the “ierf&olid When'thas:  the
aquecusIglyEerotr eBRtior toRtamTS BAlts (fortdeamplesotim thilotideor and
sodiumi ks stilfate bthesesalts asealsd depasited onHbe irerbrgalididuring of

the evaporafion-afthe aqueous aiyeerol.salytien+ 1he ingrtgplidyy result
compnsmgﬁ%he cgke ar]Cd/or thefmmegqal sal%c,, ay then (?e drawtn off -

contintidusly in 6rd&Fto B re§énerated irf andther'réactor betore 20°7 =N
being seft backeintd the fliiiRd bede Thédempval ofglycerol  solution

contains salts {for example sodium chloride or sodium
15 sulfate) these salts are also deposited on the inert
golid during the evaporation of the agueous glycerol
solution. The inert solid comprising the coke and/or
the mineral salts may then be drawn off continuously in
order to be regenerated Iin another reactor, before
20  being sent back into the fluidized bed. The removal of
the mineral salts may be carried out by simple washing
of the solid with water, or any other suitable
technigue. The regeneration of the solid consists of a
combustion of the solid deposits, 1t 1is generally
25 carried out with air in a reactor which may be, for
example, another continuously operated fluidized bed, a
fixed bed, or any other reactor which may be sultable.
Preferably, use will be made of a continuously operated
fluidized bed. The combustion of the carbonaceous
30 deposits on the inert solid make 1t possible not only
to regenerate it but also to reheat it before returning
it to the fluildized bed for evaporation of glycerol.
This combustion may be carried out in the presence of a
fuel, for example methane, which helps to bring the
35  dnert solid to the temperature needed for the

evaporatiocn of the agueous glycerol solution.



the mineral salts may be carried out by simple washing of the solid with
water, or any other suitable technique. The regeneration of the solid

consists of a combustion of the solid deposits, it is generally 25 carried

out wilp ak A8y kgR26Bwhich may be, fo8 example, anEE8Y E&MAH{HP 438
operated fluidized bed, a fixed bed, or any other reactor which may be
suitable. Preferably, use will be made of a continuously operated
fluidized bed: dilereombiustion ofthel carbonaceeus 30 Hepositsoixthes are
inert splid make it possible nokenly Jesegengraie it butalsedo rebealdt  an
before tatiing, it 9 the, idized bed for evaparation of dlyerols Mis e,
combustion maynbe carried out in the presence of a fe , for example

methahle, whict? Helds fbobﬂﬁé“% 85 et S6fd to e tEMprataresumes the
néedesbfor dhe aevaperativnwfthe dqueousglycerot solution. WDe process
2h008/&%%%%m8g P&T/FMOQ/Q&@A%&EUrthen@orahti&aﬂymzedu@e@s it
the particles ving relative t .another whic ition
o o BT omentona) Tuidized D it SoughE G T e atton™®
which toREGFheS The 8 €olid At protdickd find *b%rtigl“e’g?m RRE process  thus
accordingntethé invertiont: e attrtion prakesdt rossiflegerembye @xample
portiom of the depesits which arey foemedwan the inert-selich Ihe fine

particles thus formed by attrition are removed downstream, for example

10 by separation in a cyclone or by filtration. In one embodiment of the

method accBaing o e Rventioft represerttéd iifthe Singhe figti, ar  =0e
aqueolBv§slution of tHyEErdE b B ghitelil ¢4 pibliAtrediéad 18 infra aquecus
reactog ¢l eantainiiy & fluidized. bed obdn dnertsolid. The fluidizationcduced
may opfienally be pravided by a sirgamy ofiingrt gasHniregenLL%a of an
inert solid. The fluidization may optionally be
provided by a stream of inert gas {nitrogen, COy,
recycle gas, etc.), or of air, of oxvgen, or of a
mixture of gases which may be chosen so that the
20 compositicn of 8 corresponds as best possible to the
feed for the downstream processes. The fluidized bed is
heated wvia the heat exchanger (3)}. The glycerol and
water wvapors are extracted from the reactor at (8) and
a unit {(7) makes it possible to recover the fine
25 particles from the installation. A unit (6} makes it
possible to wash the solid used in the fluidized bed in
order to remove the mineral salts deposited. The
reactor (2) 1s a regenerator of the inert solid in
which the solid drawn c¢ff frxom (1} is subjected to a
30  combustion in the presence of a regeneration gas (5)
containing molecular oxygen and/or fuels, the
regenerated soiid being sent back to the reactor (1).
The gases resulting from the regeneration unit are
discharged at (9).
35
The glycerol vapors obtained according to this method
can then be used directly in a downstream process that

uses glycerol in gas Zform, such as for example the



recycle gas, etc.), or of air, of oxygen, or of a mixture of gases which may

be chosen so that the 20 composition of 8 corresponds as best possible to
the feed for the downstream processes. The fluidized bed is heated via

the hewbezohangern@)srhe glycerol and water vapors areBXERe TR 0B0 438
the reactor at (8) and a unit (7) makes it possible to recover the fine 25
particles from the installation. A unit (6) makes it possible to wash the

solid useddadhedluidized bed iaiuardes to eemove:the mineralsaltgl ic  acid
delpgs@%@cm%e@ac@)q Kz)déb&aﬁ?&%heratggdo@ﬁo‘@?ﬁs%ﬂ“dh'%d"”@'@?d@?{% 84,
solid draw r is combustion | ence o

a regi%ragt?g)n%gﬁg coﬁ?aijr[ﬁﬁ%% %é%e%%lar%%ger@ ang?cﬁrof%éjlgsg e °F
regenétaféd §6lid Beingreert Watkdo thereaehr (1)1 Thergases resiileg 10
frém thigrégenaration it are’ discitargethaty(9)n39 The glycerel vapars:nsed

obtaingd jacegrding te fhisamethad capdhen bedssed dirgethinga purified
downstrearrg3 prociss @aélus%ﬁlglgcerol in gas form, such as for example
the WO BG0E/1 282889 PC 0087050438 processes for producing

acrolein or acrylic acid described in documents WO 06/087083, WO
06/087084, MWC:068/k14566:W 07490990 and WO 0740990993, of miidized

processdar preducing mendanitrile as descriged in 3ARDNCAHORER rize and
07/53293. .They.| é/oijgo % %%r}:%elns &é@%kin% it possible to produce
g‘guri ied aa

concentrated an ueous glycerol solutions. The invention also
relates to the use of a fluidized 10 bed containing an inert solid in order to
vaporiZé&andmeifp agueous glycarolvsoldtions+Thepredent invieationiwill the
now bedesgribedir ke, such examples being given in a uniguely

15 illiustrative and obvicusly non-limiting manner.

Examples

150 g of silica having the particle size of 100 pum was
20 placed in a fluidized bed. The fluidized bed consists
-of a stainless steel Tube having a diameter of 41 mm
and a total height of 790 mm. The fluidized bed is
immersed 1in a bath of fluidized sand, heated by
electrical elements installed inside the bath. Thres
25 thermocouples recorded the temperature gradient along
the tube. Alr was supplied at a flow rate of 300 ml/min
(standard cecnditions), undermeath a porous metal plate
that distributes the gas acress the diameter of the
reactor. The solution to be tested/nitrogen mixture is
30 supplied by a 0.6 mm metal tube that goes up to the
base of the bed with a mass flow rate of 0.5 g/min,
while maintaining the nitrogen flow rate at
1000 ml/min. The total pressure in the fluidized bed is
1.2 bar and the temperature is maintained at 310°C.
35 .
The experiment was carried out with an agueous solution
containing 18% by weight of pure glycerol (9%5.5%
Laboratecire MAT) and 2% by weight of NaCl salt over



examples below, such examples being given in a uniquely 15 illustrative

and obviously non-limiting manner. Examples 150 g of silica having the
particle size of 100 gm was 20 placed in a fluidized bed. The fluidized bed
consi$te G WP&IA8298teel tube having Adiameter of 4PGRAFRHOS (BP438
height of 790 mm. The fluidized bed is immersed in a bath of fluidized

sand, heated by electrical elements installed inside the bath. Three 25
thermé€ouples retdrdedthe tempenattire gradieht afohgnais tubé. Airavas of
suppliediat asflewirate; of 500H8I/min H(gtastdard €ondifions) cunderneath a
porous metal plate that distributes the gas across the diameter of the
reactor, The solution to be tested/nitrogen mixture is 30 supplied by a 0.6
mm metal uBEIREE §Bes pto tﬁ@lﬂﬁgé of the*bed With a Tiads fidh e t1¢
0P 0.5 fmidl L ardlerAdintaifingathesiiegen fow At att 1008 MifAm; FHe by
total pressliretinthe fluidized bed is 1.2 bar and the temperature is
maintained at 310C. 35 The experiment was carried out with an agueous

solution containing 18% by weight of pure glycerol (99.5% Laboratoire
VIAT) B 2568y WelgHe o NelY <5t SveFWO 2008158368590 2~ " 7

PCT/FRZ008B/056238266 iR whicHPEofrESSoN IR ORI E T5taY Miassbiiee g-vpe
ab saltisuppked ahtherentryiof the fuidizéd bed. Thetpreduetslarebelow.
collected at the exit from the 5 fluidized bed and condensed in order to be
analyzed by copductiviy.-The conductivity measuren elq; jygtas carried out

on an Accumet/Research AR-20' pH meter/conductivi etér type 10
device. The results are callated.in the tabile beld¥-SSSRHER Cond ctivity

Pure glycerol 9
Distilled water 5
Agueous solution 4650

containing 18% of
pure glycerol and
2% of salt
Solution 15
collected in the
condenser at the
cutlet of the
fluidized bed

The total mass of szalt recovered in the condenser is
0.0004 g, which corresponds to a 29.8% efficiency for
15 the separation o¢f the salt in the fluidized bed,
' expressed by the low conductivity of the solution

collected in the condenser.



micros/cm Pure glycerol 9 Distilled water 5 Aqueous solution 4650
containing 18% of pure glycerol and 2% of salt Solution 15 collected in

the condenser at the outlet of the fluidized bed The total mass of salt
recovBREPOBEGHfhser is 0.00047g, Mhich correspdit BRE 99%R50438
efficiency for 15 the separation of the salt in the fluidized bed, expressed

by the low conductivity of the solution collected in the condenser. WO
2008/129208 - 11 - PCT/FR2008/05043&8 %A IMS 1. A method of

vaporizing aqueous solutions of glycerol in a fluidized bed containing an
inert splid 5Anaiptained at 8 fempgrature betyeen 220 and 350G, 2.cthe o
method, 33 claimed,in claim 1, characterized i, ihat e, jnert solid s sand,,
glass or ?ﬁuartz powder, silicon carbide, or a soli avma aTow specific

16 suffadé brddies Tite MndthBALSEaRed T EEhm £ oF 227 ¢hatatterized

in that the solid is regenerated in a second continuously operated

fluidized bedridd 4ethe ase Of afluigdizedibed-centaining andnedrselidfor in

vapor@%a%gur{f;{g&a%%eﬂtg %.OAUtigg}?Cp,f %Iyg%rsm'or quartz powder,
gsilicon carbide, or & solid having a low specific

10 surface area.

3. The method as claimed in claim 1 or 2,
characterized in that the solid 1s regenerated in a
second continuously operated fluidized bed.

15
4. The wuse of a fluidized bed containing an inert
sclid for wvaporizing and purifyving agueous solutions of

glycerol.



