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"A PROCESSFOR THE PREPARATIONVEPRIMARYALKYL GLYCEROL
ETHERS USEFUL ASBIOFUEL ADDITIVE FROM GLYCEROL" Field of
the invention 5The present invention relates to a process of the
PYEZAPHAEN8f biofuels or biofuel additives from ,glycerol. MBfE/IN2008/600144
particularly, it relates to a process for the preparation of glycerol ethers by

etherification of glycerol with an alcohol using solid acid catalysts. 10
BaékBROMESSIFORVHE HIREPARATIONIOF RBIMARY SLIKYRGCLYCEROL
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alcohols like methanol. In this process, a large amount of glycerol is
produced that is not utilized as a part of the biofuel. At present, glycerol

fridtdepptisationsnadly in very small volume products in the 15
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dneﬂammﬂpsoﬁmmgwwmohﬁe&mmma&}g ififietatdy ho@rprecesséw the
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|sc ver roce3ses that convert glycerol-containing streams from the
tpolid@qierrrtalysts of vegetable or 20 animal oils into more value-added

‘material to |mprove the economics of biodiesel production. Conversion of

%\/ﬂ? rol |nto roJ etheys which can find applications as blending
gﬁ%ﬂ?s ql@"&a%lme or diesel is one attractive option in view
of the |&iyeedeimand or bygqitdsleatling cdhepomamsfaCturde gl&c@todlesel by
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tansesterification of tri lycerides is insoluble in bi nding nto
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glycerol phase containing, malnfy cerol and some residual methanol.
?ﬁ%"ﬂﬂﬁé&&!’ﬁﬁ&éé’w&g%&j Mdﬁ!ﬁ derifb ednctirRoRIRTBrAcERERS Hhat
IESAONR GIYiEutal-ObKEaRINY/SHSEME Riom IhE2 a8 itation of vegetable or

animal oils into more value-added material to improve the economics of biodiesel
production. Conversion of glycerol into glycerol ethers which can find
applications -as blending components in fuels like gasoline or diesel is one
-attractive :option in view -of the large demand for such blending components.
‘Crude glycerol produced as a by-product in the .proddction of biodiesel via
‘transesterification of triglycerides is insoluble in biediesel. For blending into
‘biodiesel, -glycerol has to be converted into a product boiling in the diesel range
and, in addition, freely soluble in the biodiesel.

U.S. patents 6,174,501 and 6,015,440 claim a process for producing

‘biodiesel fuel with reduced viscosity and cloud point below 32 Fahrenheit

wherein triglycerides are reacted in a liquid phase reaction with methanol and a
homogeneous basic catalyst, like NaOH, yielding methyl esters and a glycerol
phase containing, mainly, glycerol and some residual methanol. The glycerol

phase was passed through a strong cationic ion exchange to remove anions,
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resulting in a neutral product, which was flashed to remove methanol and
then, reacted with an olefin, like isobutyleri6 or isoamylene, in the

reserice of a strong acid catalyst to produce glycerol ethers. The glycerol

REPL4EHen added back to the methyl esters of glycerol ¥GHFIRBRO4H 44
improved biodiesel. U.S. patent 5 5,476,971 describes reacting pure
glycerol with isobutylene in the presence of an acid catalystina »
iSRG 4y a-Revrl P Frducic v highyas fashed tadrmpy e methanetand then, .
qllasezrég. mtmath:ﬁﬁgpwmwmwt i 6fii,s_6?rﬁ>ua@' # Ve theokebds s d@éf-d}‘f:a strong
claime e etherifying agent. Since_triglycerides are obtained fr __
SRRV 8B5S BEIP LSS D Y57 A106% BT APenAGARe back

litceth® ity lesteraraf iglyeengldoeprosiddtamédprovedhisiadiesigtid).S. patent

Cﬁ%?%@&ﬂ%&%@;&?ﬁﬁ ‘giw&%ﬁ% qdssaplEL b‘\S&é”‘%reﬁEnce of

etherifying ag{ents, chemica re available in the’agro industry, like
RN AE HatRShP B dweRhassntarehenblenvipduesimeienditandte-tastiary
wuttechErdfeRrbiueim tra tikd Batcatiemehinineds hdraranwes, WiitigRhe
gomcflfo,g:nd vconiglng%th&w t(?rtlar a%él ca“r‘bogatoms, Ilke_ls byt ﬁ?f
AR AT S LS BHE Bl L R IGBEAER 5 | RRSh drom

aregietablei e () lkeaBlythbeahasb paitaicingndntageseedyciaraod elefins, like -

like e , hutanal ar | , lcqh .
s, o e AT A Vg, o

eypisun dfiactiensbil, wilbha amose slesirabisc toisusio 350 elheiiyRgfregents,

tBReAdERIN AU Yare R ARISENGAOHE aHieriiHdlenyY#REClagro Htiahe!! Only
own in the art of etherification that etherification reactions involving .
R GOMESTRNR e D SRAEBATI foas fuels
tbas etnvlyebeincallefih Shinfuelst dMsréovert hehiépnicp b gemisoungsatontiining the
) o biect 10 6aUilihrium Jimitari
L
cieSrsdubenispbyteana afyisaRmyieRe. iaifReleeRirtigdegradable than those
teanesiAlag EryipRrmary eaisen Hiers dikitethambicbasadherant\gyeken hers
the transesterificatio remon.As conse%ua\r}ce, those catal sts, like . |
JBA8R E%haﬂ?fé% Qs HigReFe S%’i‘t%eeﬂ RHVENA RS ish Ghables
dhefiuseact ke grimiegtaleohvicand quiefdsahly, 20 prmdrysaitbboiflymbjciy éntsso
Sae SR e e DL e
etherifidati®rmelbénowntfehp ety ab sthryficatiomthat sBipAfssdien geactions
mvﬁ@ﬁ@ﬁ%w@@ prnetie . f' ifyFCagRR tﬁ t wtaréQﬁ&ethﬂfé&ﬂt(Q6IQWﬁbt_ I§¥than
be continuously removed from the catalyst. Qne drawback of cation- .
R R BT 3o P PR i TS0 o BV 1 (PRt
tetherifinstionsriinvebing alefstsuater ddiysusshidit begeilidrium lidditatl@@Cthan
16 % A ifion.a
?&%%%%ﬁ?%é.% o) jeétﬁ?&ﬁjﬁﬁ ihventig}%d&% ‘ll‘iﬁe n;éla%rrlb Ogj% %‘\;/Qe&o there
prdeHiaiycihowaefpmed duips the dransantepficatipaieanopese e acid

. dadyedypiBRraandnsekioaranbas filoals rurdditnadabioweleton. As a

10Another object is to provide g single:step process for the preparation of,
SRPRTIENNES D (RN RN AT, EFS T eeh e quite
teffostiateinitind ethefificatiiabiitivislefind aare idateffectivey ettemtileshols are

B R e AR, S S TR GURT B wary frmed

- vatjiegithe drastien wiglse cenelBialdordnvingthe seHdticatdoythearoduct side.
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point of water (100°C) is also beneficial since above 100°C, the water formed
2 :
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Accordingly, the present invention provides a process for the preparation
20 of primary alkyl glycerol ethers which comprises reading a primary
alcohol with glycerol, in a molar ratio of primary alcohol to glycerol in the

MAJRH %0 9:1, in the presence of a solid acid catalyst, RFA/IN2008/000144

temperature in the range of 60 to 300C, for aperiod of 5-8 hrs in a
continuous stirred tank reactor or at a weight hourly space velocity of

Ut 20entinveushe deseavesthdiona s epaiplitily Pee Srvdeck ghfcention

eéh@iﬁﬁg@nsg.ﬁ@mhﬁam\é@ sﬁlémmﬂdnww&%%www i€Nthat
an embodiment of the present invention the Erlmary alcohol used

JORSERPIBIRIIRESSIRR A AEHSHERIY P%‘?H?xrﬁﬁ"ﬂht%ra‘r?@ C and,

duiace)| uldenypiiresvensiisidistentobl de@epesitinvabtes these apatitunds.
primary 30alcohol to glycerol is preferably in the range of 4: 1 to 6: 1.

In yet another embodiment the solid acid catalyst used is selected from
tRbigativee @fsheiinventiomina, aluminosilicate, silicoaluminophosphate,

solid  phQsRWR oBeictivel STREESHESSRIHVERBSIIR 39 PRAMME aGHocess for the

orlhiol-functionalised silica and cation exchange resin. In yet another
SRS SHIR\ PRV ecR 306 dsrn Berpehanigislipor additve in

dioksisisng of zeolite beta, zeollte Y and mordenite. 5In yet another

embod on e IS A ber 5.

anothekrgégn{?i‘a%t‘hdS r‘r?e % ét] ton temp r%'t?JFg sed1s preféﬁfb?reﬁﬁé%n of

iglierrelfatbersrom the ,gPprbmqﬂen sitbedirmductsinrthactansestetification
StiesiRtb BRI B8R il #consisting of continuous stirred tank.reactor,

reactive distillation reactor and continuous-flow fixed -bed reactor. In

yet anotREARPHRIAbIERt BidhmRessiniJaYsation bt Arapuas&lyserol ethers
yprethecificatiba tr@fnmertflcatammf vestaiadde o1l Qhéattmtﬂséﬂmmhtim of

SRR PRI LOLIS RUAIBR, e N GRS UANIO Anoderate
contains m addition to gycero bsters of ycero q Carb oxy
g@@pg_tlons and shorter reaction times.

Summary of the invention

Accordingly, the present invention provides a process for the preparation
of primary alkyl glycerol ethers which comprises reacting a primary alcohol with
glycerol, in a molar ratio of primary alcohol to glycerol in the range of 3:1 to 9:1,
in the presence .of a solid acid '.cata'lyst, at a temperature in the range of 60 to
300°C, for:aperiod of 5-8 hrs in.a continuous stirred tank reactor or at a weight
hourly space velocity ‘of about 0.2 h™' in a fixed bed reactor and separating the
desired glycerol ethers formed from the above said reaction mixture by known
method. ’

In an embodiment of the present invention the primary alcohol used is
selected from the group consisting of methanol, ethanol, butanol and octanol.

In another embodiment of the present invention the molar ratio of primary
alcohol to glycerol is preferably in the range of 4 : 1{0 6 : 1.

~ In yet another embodiment the solid acid catalyst used is selected from

the group consisting of alumina, aluminosilicate, silicoaliminophosphate, solid
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In yet another embodiment the % conversion of glycerol is in the range of
60-95% by weight. In yet another embodiment the yield of glycerol
obtained is in the range of 50-100% by weight of glycerol used. 20

MM B8%%ription of the invention ~ The present inventi&r HE8e5 (a4
a process for the manufacture of glycerol ethers and more particularly, to

a process for the manufacture of glycerol ethers by etherifying glycerol
\phiosphoiinasicisuipbatadraireotitina oiddensiNphonithacitbapithiddanctionalised
PR US a0 MA AL PLFE of @ primary alcohol and a

glycerol-containing feedstock with a solid catalyst in a reactor at a
tempe%t!ﬁb 4ﬁ%@?£ﬁ§’é°8f%%@%@‘%’ﬁ?ﬁ"ﬁ%’§sﬂ?@%ﬁ selerig Jramythe
@emmmwa@ae@wmzmd aﬁeﬂmb fifen the realction

mixturg. The erol- conjaining feedstock cap be conveniently.obtaine
from 0158 BRI S AT L AR SHCBPIRE R LR IS EuRec

fim vegetable oils. The tranesterification of glycerides with methanol to

Yie *g3@:9@%&%&53@@&@#%&%&% irnslhaRRs L catA Prefloly in

KOH are use e liquid, homogeneous phase are use
hrrange d8RIR0Gwbacks in the use of 4 WO . '
2009/4d ger sl iriBRaiRA Mesucltoniadudiss bldtieacarinineigroaptof

b A AR B AR o o

" ceutimhresfiowifoieddestineactiye, they will combine with and deactivate

the b%@gﬁ%ﬁ%ﬁ%@:ﬂ&ﬁﬁ&ﬁf%?@%@? Jsé&tienao%%has@aﬁga as

be removed In an environmentally unsatisfactory acid-neUtralisation step
ipeive théhe Sanseatadicalingee) wastrbipeher @t algaloh cation
exchlanﬂeyéﬁl_tar}]ﬂstﬁéﬁdeeﬂamﬁfﬁﬁsap%boﬁﬁbemm,urfhéaﬁ)ys%@&qﬁ%naining
atglysts, which can accamplish the transesterification reaction, will be .
TRk R0 EOMRAT S R PRBEE X ATRRLGA Oy acids.
2722/Di yGomthed i the 06 Sormeusivn siigiyegrobiseistier thrge of

%Bmtgpwgﬂ{] of vegetable oils With alcohols using solid catalysts..
The ‘effluent ffom the transesterification of vegetable oils over solid

- cataly$iyabapathed ambefingatdheavisld absleerl aiiniadis petasgnge of

Bolieropats WeightiendarerdiEbd EL/2005 and 2722/DEU2005 contains
two, non- Is miscible, separable liquid phases, a lighter non-polar

layer'containing mainly the alkyl (methyl or ethyl) esters of the fatty acids
Detaidedidest fiptivorofdhd inpeidioheavier liquid layer containing glycerol
and unfradied aleahplifBRtiasgieaebss ﬂalxqﬁs?mmurelof glycerol

alcohol-containing fraction, obtained after removal of the biodiese ,
pihars s reRiePrEily - @Rt fordhe rarpifmwe At alvserobsthers
‘Beestiherfansilyrad witnblgiagdstankdnsithieingOsore, ddide diaRRm. The

BATES SO, PIRRC, M A 2.8 (2 CIOh AR @ Suerok

wentginineifeedstoak rwtn di solirhteatalgsipirc aticeaxt@7 20 4D EEORROStenadin the

1A REERA030RE eliinairsk b ses ford e SAURIG LY AN ARk of
wa g’??ﬁeéto%@ﬁo

stages In the 25 preparation of the glycen the

tha demped Sl preriathers from the reaction mixture.

The glycerol- containing feedstock can be conveniently obtained from the
products of the transesterification of the triglycerides provided from vegetable
oils. The tranesterification of glycerides with methanol to yield biodiesel is well-
known in the prior art. Usually base catalysts like NaOH or KOH are used in the

liquid, homogeneous phase are used. There are several drawbacks in the use of
4
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This glycerol and alcohol-containing feedstock, after adjusting the alcohol
to glycerol molar ratio to be above 4, if needed, is next contacted with a
solid acid catalyst in a reaction zone maintained at reaction conditions

ORith284831 the etherification reaction. We have found thaP tenibErE{ea4+
in the range of 60 to 30 300C, depending on the nature of the

triglycerides, are very suitable for this reaction. The reaction is carried out
asutie calalypisidds i fessfathodclts areopreisenttin thatigiycmides@nddhey are

Té?@s“&ﬂ‘iﬂ?ﬂo%‘f’ NEAANMGHCPSHLUBR R, QRQH”H%\%?HEESMM%% be

or a continuous fixed bed reactor.'In the

2@5 199'795?@'?}%@@%8"!%’01%&%5%%@’?%(5*&%%%@%8% gith and

rdesRtivaes tadmwa%t@qzm e @@mumquﬁs‘lxeﬁubedar@taﬁwroauct have
ht 'houdy space velocit ? V (define ?s he Wel ht i |n§ ? ;

PR peNe A R DR la I, PR Bl AP SIS step

a(btmdym ldisposad gl cacidshdgesdnaf tre giypensivie theenearbls 5a cation

BRaRingl BORATE IR BIGHGAT Bl e SRG RIRRGHIASR OSBRI Melets,
alco h

ethers can e controlled byt e molar ratios of the

lycerol. Hi
rﬂﬁés%\ |§a&@ﬁ?&mwmtaﬁmﬁ¢étﬁ@ﬁ§%ﬁnefﬁ?&tfeam@% ?ﬁe??deh‘ynﬁ?@@ wial.
E@uer raiwseﬁaiﬁ§h01ﬁﬂm+themm Vﬁﬁ:ﬁkﬁﬂéﬁﬁned mmmoosse ahd

AR R Baretor shih 2 PEn o I B IAIRG G e FENGelebl

alile witls ai¢oleotsctesing - misl*ttaiahbishol of choicedifthemlyceiol ethers

re t b
\év:cgngglag %ﬂgt%ﬁ;%lc%ﬁ@ﬂ%%@g;ﬁ egraé%bﬁl f$0lld
W@M’?ﬁeﬂeﬁﬁﬂ@eﬁ ﬂ?d@@&id??@"bi@d?éﬁébﬂﬁé‘?&@&"?ﬁem@g Indian .

eﬁ@@nolaﬁmmm:bot’mamtb@t_veoes%t@alflzazmnmeﬁa%mﬂaiﬁs two, non-’
ether, Mcatlon reaﬁ; ns, On the oth r hand, if thﬁé)fducto
s

BTG R R 4ifl BNASSReA, SE‘ESHB PORS'FLRY RS SB0tRRiRg mainly the
railmtmrsthm magtbﬂ)r&ﬂ%tbﬁt@jaﬁbmeiaétmwlesepﬁacmg)Iaddaa polar,

9@5%1&@ tlgyér %%RE% 09§e?&da]n%6 UHM Ea?gﬁﬂrq&thanoi or

rocess production of esel using methanol/et

kﬂ%lé'b‘??baﬁ?@ &Yﬁ@@b%lﬁ&ﬁﬁﬁb?%ﬁﬁ%éf&‘ég@nﬁh@”%m semoval of
The ﬁ@ﬂ%@ﬁﬁ@ﬂiéﬁ&ﬁylﬂé&@mﬁ%@éiﬁmpﬁm iBftenHagise d?%%ﬁﬁoi
lid acid, which, ontalns sy n aI P of Lewis or Bro cid
e act o Ao AR o ARER TR S, BTGB e Present
fineidion.alumaryabe itotekthal the nuseani spid cataljistsanstead, Qfdlne caustic
RSP R e neQimR k6 2 E5RI s Yl in B[He%é“ﬁ@%r@i‘{ €o-

zeolites, silicoalumino phosphates, divalent metal-contain %alumlno

ipeDginsdadian RAtant iARSHRANIOBRI 18 TARDRIRARE RAd HBRV/PRLRARS as
naheitesethé H@édnf&ntm t&aﬁ@cm&m aethasdl, wilanetageéanelihe
and oct nol refe bI é’e&ﬁﬁg taiq défo .the fermentation of
PRt B eI ek Ior B ST SRR RIS Snounts of
water. The glymmmwiuebd!ﬂnch!atpméemdsmm @ftés adjdiihgdiek alcohol
?8@@’ &) FlGE: Mtﬂi &.apleaaup! @éaamggs&@agaowarsom
sleve, a silicoalu mlnop osphate molecu ar sieve, acid-was clay, solid
ﬁlﬁ&%ﬁﬂ@'h@h&]@o@%ﬁ[ﬁ%&%@ﬁﬁ‘ﬁ%ét reaction conditions optimized for
the etherification reaction. We have found that temperatures in the range of 60 to

300°C, depending on the nature of the triglycerides, are very suitable for this
reaction. The reaction is carried out at the autogenous pressure of the alcohol at
the reaction temperature. The reaction zone can be constituted by a continuous

stirred tank reactor (CSTR) or a continuous fixed bed reactor. In the CSTR, a
5
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WO 2009/113079PCIYIN20011/000144 The practice of the present
invention is illustrated with the following examples, which are only

illustrative in nature and should not to be construed to limit the scope or
QN6 Einvention. 5 Example 1 This ‘example illustataa%H&/000144
preparation of glycerol ethyl ethers over gamma alumina catalyst. In a
typical preparation, ethanol and glycerol, in a molar ratio of 5 : 1, were
'mesitkzhoat HigemafaabiolihiPa bausy e 3%eret was cadequrtecuteseas in the
BBHHEL L TRPBALHIAAE S ROy Sous vERSLRP WARY @R as

R?@mma alumina was procure from commercial sources. Before use in
t

MRigh dngsame ffdela! fredeagsesiiNRueitbe reartenpgrivyaRaUgram of

%&W&)bwmm@orzs'oé@tt@Wé@d@ﬁ%&ﬁﬁ@ﬁﬁﬁ@g%@@%&haﬂ%mus
well-kno nto(i_rl*r sk|IIe the f'@t tl]e end of 5 hours,
e

F ahenel e e Panartcns ot e s, sthsrs
maetedrgmﬂemb,ywmalad mtto&hof tiyecalonindlite ghyrcerobittightratiqsyigd to

iy aRd QISEM%QEQQ%@%JK& é’r@ ATRAOE MF fWRY Bidds. The

chro atographzl Example 2 20 This example Mustrates the preparation of

giveiseatitha @ glm detamminpedhy:tae endsitiisa ahihmalyserd gthee If

: W@y@éﬁaﬁ%ﬁ!@&m&lus@cﬁ SRIGOBBrd tmm@loa@ﬂafam:@g@rmbn

AR N o el é%g%ﬁaia?ﬁsf {F roRorT esn i icbhol

“ﬁﬁelmbdadammmaﬁ ptiaaetmt&é tcheatseg as:!ﬁoﬂﬁﬁ@@nt&x IFthmmydatm‘ohoIs

tt?«%r'eealﬁ% é'&e g rﬁﬂﬁeﬁérﬁ% tgﬁzg%?se EJO%QW of'the greater

se parate e unreacte cerol, water

&!ﬁﬁ@i@fﬁﬂﬁﬁ"&yeﬁfré%(fﬁmh MSr) ﬁrﬁi‘?ﬂﬂﬁﬁﬁﬂoﬂfﬁmbéﬁ the target,
RfRERERS MG LERADEZ A SES %mmw%%mﬁﬁ ad Well as the

T T T b gt N
pghepaeit@imethenobetadaweae mdsem fanbomrtmmaﬁt&m viterap datedtedtthat
250 LBl dménbred Y0 raRRh A Sl iR AL 4722/DEL/2005 and
1561/DEL/2005 provide a process. for the production of biodieéel using
methanol/ethanol or biolubricants using normal octanol as the transesterifying
alcohol. ‘ A
The solid catalyst used in the process of the present invention can be any
solid.acid, which contains substantial amounts of Lewis or Bronsted acid sites on
the suiface. iExamples -of such solid acids include alumina, fluorided alumina,
chlorided :alumina, :amorphous silicoalumina, solid phosphoric acid, zeolites like
zeolite Y, ibeta, ‘mordenite, ‘medium pore zeolites, silicoalumino phosphates,
divalent metal-containing alumino phosphates, sulfated zirconium oxide and
acid-washed clays. The primary alcohol used in this invention is selected from
methanol, ethanol, butanol, and octanol, preferably agro-ethanol obtained from
the fermentation of agro products like sugarcane and containing significant
amounts of water. The solid catalyst used in the present invention is a solid acid
catalyst, preferably alumina, silicoalumina, an aluminosilicate molecular sieve, a
silicoaluminophosphate molecular sieve, acid-washed clay, solid phosphoric acid .
or sulfated zirconium oxide.
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of the total reaction mixture) in a closed autoclave at 100C for 5 hours.
The solid catalyst was pre-treated activating at'450C. At the end of the
reaction, the catalyst was removed, and the glycerol ethers were
AOAWEBHOm the unreacted glycerol, water and alcohol by @I/IN2008/000144
combination of extraction (with water) 5 and distillation procedures. The
products were analyzed by gas chromatography. Example 4 This example
illustrates the preparation of glycerol ethyl ethers over silicoalumino

phosphiie catabisk 'afafws?éﬁﬁtpa{eém@teamkﬁ%e'mﬁokh@ #BiRwing

molar ratio of 5:1, were heated with the catalyst (5% wt of the total

rEXeiRiehixic) %%%U%M&%é@é‘éﬁ“i@@é@épg%i}@ terhe Songtrued to

clrtat\the \wosper ofreatar ettheiineriod50C. At the end of the reaction, the
catalyst was removed, and the glycerol ethérs were separated from the

unreacted glycerol, water and alcohol by a combination of extraction (with

. water) and distillation proceduresExampteroducts Were analyzed by gas

chromajqeyaghym FKa e e ﬁ,@xﬁl%p‘&?a!ﬂéﬁt@t %?}%Fﬁté?ﬁ‘e?g over

glycerol ethyl ethers over Amberlyst cation exchange resin’(strongly

W%ﬁ%f@ﬂcﬁﬁﬁ%&lH‘\Nﬂh‘ﬂfﬁéhW%Eﬂ%@ur%ﬂéﬁ%ﬂh@“%l@ﬁﬁﬁr@o')" a
lPnaldy iR @fepa'fa«e?e ﬁ‘&)ﬂé@ mfmmmlummmﬁlyaﬂww at o théetetal

htd ith 5 (5% thtt ture) losed .
AR B3 SRecs e RS, A 0 LA hPi, The Setesen
mwuehmmmglammwrmown@deﬁmttmmnercxfattsoum@efm use in
GRE M MASHIA PR A tHY BHGELRLARE WY SR SRRRLY SOhH OBt at

unreacted glycerol, water and alcohol by’a combination of extraction (with

VAR i awm&ﬂ@spfe%@am%d%@w&a%t%*e mRANAStITSS gl well-

WW@WS@WH'%@ %QTWF’ Bsaenal s Hories the: %W%H%t%as
erol th | ethers over solid phospharic acid. I? atyR]caI reparation,
%ei 3r8|y?ﬁ'8 negrgf%aw%g%fsepara ed from’ the unreacted glycerol,

water and aIcohoI by a combination of extraction (with water) and distillation

- procedures. The products' were analyzed by gas chromatography.

Example 2

This example illustrates the preparation of glycerol ethyl ethers over zeolite-beta
catalyst (silica/alumina = 40; surface area = 550 m%g, size = 0.1 — 0.5 micron).
In a typical preparation, ethanol and glycerol, in a molar ratio of 5 : 1, were
heated with :zeolite-beta (S% wt of the total reaction mixture) in a closed
autoclave :at 100°C for 5 hours. The solid catalyst was pre-treated activating at
450°C. Atithe -end of the reaction, the catalyst was removed, and the glycerol
ethers were separated from the unreacted glycerol, water and alcohol by a
combination .of extraction (with water) and distillation procedures. The products
were analyzed by gas chrcmategraphy.

Example 3
This example illustrates the preparation of glycerol ethyl ethers over zeolite-Y’

‘ catalyst (silica/alumina = 8; surface ara = 420 m?%g). In a typical preparation,

ethanol and glycerol, in a molar ratio of 5: 1, were heated with zeolite-Y (5% wt
7
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5: 1, were heated with solid phosphoric acid (5% wt of the total reaction
mixture) in a closed autoclave at 100C for 5 hours/At the end of the
reaction, the catalyst was removed, and the glycerol ethers were
VOHREBFTS M be unreacted glycerol, water and alcohol byP&EERGHUNGH
of extraction (with water) and distillation procedures. The products were
analyzed by gas chromatography. 5 Example 7 This example illustrates

thé thee patadtreaatibglyoixtotelttrers tiosed potoolavedat gt002th dorch -hwater The

TN RSB AL SR I o pson e
aplalysh sansinnved: camde g ogjysaml gsibers|, wesemesneratesl ofremi the

%@é&@&e@*@&%ﬁ%ﬁ%@%%% ' dERBRIASRAFIOAEUNGA BAith Water)
closed autoclave at 100Ctorl5ihours. The:solid -catalyst was pre-treated
R dintlationpsecedutrs. I or %é%ﬁ%ﬁ@ﬁ?ﬁ&%ﬁﬁyﬁ%ﬁ‘@mﬁww
and the glycerol ethers were separated from the unreacted glycerol, water
and alcohol by a combination of IE extra{:tign (with water) and distillation

. ‘LXam 4
procedures. The products were ana yz@ y gas chromatography.

Hihisn pesadriples dlustrasesilliheraterepacatinapaohtiglyesigh cetyibiathertheeyer
WiRoARMIRD %%Q{X%éﬁii'&?ﬁ./qw_@i(??éiéa?é’réb&f@ﬁ@rﬁ@t?ﬁnéﬁ%%chrol,

size = 0.1 - 0.5 micron). 20 In a typical preparation, butanol and glycerol,
2 mslar 2o B 51 iare-Berleiw i iNe-cBRNSS B4 WheS edPlRlisaiion
repReiing) Mbddiesdd autindavkoatadpes for 60Rohes.STheusslid batalyitiwas pre-
atalyst was pre-tr Cfivatin 450C. Arthe end of the reaction, th
A SR B0 an 0o ok e S e ol s, A R Mg, Ve
e doteglyipm retherateess d epacditedidyom2theonniaatienh gifdextlaetater and

( g@;‘%ﬁg‘z )aa&?rd?iﬁ{éﬂﬁa;ﬁ) fpé%‘%%ﬁr thewisteld Bﬁ%dH&HﬁM{%Ig pRRNASHs.

omatograp xample 9 This example illustrates t

rep Rradupte MeRrcanalvsed byaarchiemaingiarbé a

Example 5 ‘
This example illustrates the preparation of glycerol ethyl ethers over Amberlyst-
15 cation exchange resin (strongly acidic, macroreticular resin-with sulfonic acid
functionality, Aldrich Co.). In a typical preparation, ethanol and glycerol, ina
molar ratio of 5 : 1, were heated with amberlyst-15 (5% wt of the total reaction
‘mixture) in a closed autoclave at 100°C for 5 hours. The resin was pre-treated
with 3'M H.S04 :and then activating at 100°C prior to use. At the end of the
reaction, the catalyst.was removed, and the glycerol ethers were separated from
the unreacted glycerol, water and alcohol by a combination of extraction (with

water) and distillation procedures. The products were analyzed by gas

chromatography.

Example 6
This example illustrates the preparation of glycerol ethyl ethers over solid
phosphoric acid. In a typical preparation, ethanol and glycerol, in a molar ratio of
5 : 1, were heated with solid phosphoric acid (5% wt of the total reaction mixture)

8
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30 catalyst (silica/alumina = 25; surface area = 550 m2/g, size = 0.1 - 0.5
micron). In a typical preparation, butanol and glycerol, in a molar ratio of 5

: 1, were heated with zeolite-beta (7.5% wt of the total reaction mixture) in
Weyvedtattbclave at 90C for 8 hours. The solid catalyst wa$ BIEAHR{00144
activating at 9 450t. At the end of the reaction, the catalyst was removed,
and the glycerol ethers were separated from the unreacted glycerol, water
imchattedeol bytedavebatafidd’of tort@diarswih thetandred distitaaction, ‘the

RIS HEN G T REIGVEA PLath iR WA ARANAREIRY WaRCREBRAIRY R the

The results of the etherification reaction with various catalysts described in
EREGAGIRd Qlycorrb waten and algehe! hwaiePERinAERN ASRXEElon (with water)
SRRV rdedale MU produetb orere dantkaly beigds. EltGRaldyPaphy.

38780

Example 7
This example illustrates the preparation of glycerol ethers from glycerol and
agro-ethanol «(water content 5%) over.zeolite-beta catalyst (silica/alumina = 40;

~ surfacearea =1550 m?/g, size = 0.1 - 0:5 micron). In atypical preparation, agro-

«ethanol {water icornitent 5%) and glycerol, in @ molar ratio of 5 : 1, were heated
with zeolite-beta (5% wt :of the ‘total reaction mixture) .in a closed autoclave at
100°C for’5 ‘hours. The solid catalyst was pre-treated activating at 450°C. At the
end of ‘the ‘reaction, the catalyst was removed, and the glycerol ethers were
separated from the unreacted glycerol, water and alcohol by a combination of
extraction (with water) and distillation procedures. The products were analyzed
by gas chromatography. '
‘ Example 8

~ This example illustrates the preparation of glycerol butyl ethers over zeolite-beta

catalyst (silica/alumina = 25; surface area = 550 m?/g, size = 0.1 — 0.5 micron). -
In a typical preparation, butanol and glycerol, in a molar ratio of 5 : 1, were
heated ‘with zeolite-beta (7.5% wt of the total reaction mixture) in a closed
-autoclave :at 60°C for 8 hours. The solid catalyst was pre-treated activating at
450°C. At the end of the reaction, the catalyst was removed, and the glycerol
ethers -were 'separated from the unreacted glycerol, water and alcohol by a
combination ‘of -extraction {with water) and distillation procedures. The liquid

products were analyzed by gas chromatography.

Example 9
This example illustrates the preparation of glycerol butyl ethers over zeolite-beta
catalyst (silicalaluniina = 25; surface area = 550 m?/g, size = 0.1-05 micron).
In a typical preparation, butanol and glycerol, in a molar ratio of 5 : 1, were |
heated with zeolite-beta (7.5% wt of the total reaction mixture) in a closed

autoclave at 90°C for 8 hours. The solid catalyst was pre-trea activating at
9
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450°C. At the end of the reaction, the catalyst was removed, and ‘the.glyceral

~ethers were separated from the unreacted glycerol, water :and alcohol by a

combination of -extraction (with water) and distillation procedures. The liquid
products were analyzed by gas chromatography.

‘The results of the etherification reaction with various catalysts described
in:Examples 1 ~ 9:are fisted in Table 1.

Table 1
Example Glycerol __ Yield of glycerol ethers,
~ ‘Conversion, wt % wt%of glycerol '
I 5 -
2 92 85
3 87 80
4. 65 61
5 83 76
6 . 74 . 69
7 70 85
8 93 100
9

66 100

Many modifications, ?subsﬁiutions and variations of the present invention are
possible :and apparent to those :skilled -in the art. The present invention can be
practiced 5ott-1er“than specifically described in the examples and should be limited
in scope:and ?bfeadth only by the appended claims.

10



Many modifications, substitutions and variations of the present invention

are possible and apparent to those skilled in the art. The present invention

can be practiced other than specifically described in the examples and

should be limited in scope and breadth only by the appended claims., . SiLLp
CLAIMSEMS 1. A process for the preparation of primary alkyl glycerol etlgfgéf’

wherein the said process comprises reacting a primary alcohol with

glycerol, wherein the molar ratio of primary alcohol to glycerol is in the

1. rangerbcedd 9oy thdprBREARSNEE Mg idiad I%&?Msétﬁétr% wherein the said

temperature in the range of 60 to 300C, for a period of 5 - 8

Pfo%%?ﬁiﬁQH‘ﬂWe@%&HR%@&W@M@é@Mmiﬂbgwgmcwpermylm molar ratio
of prAeAyCalcBhbINAGINEE OEE S RRECFRAIYL FRRHRNS: ﬁhjndfﬁﬁgg%%%ﬁj a solid

ethers formed fromthe above said reaction mixture by a wn me

acid catalysteat adesranighyeinihe, maecnt B tordRaRCallutoinesiatliof 5 - 8 hrs
in asedpfirdoueBRe BIaHR FEASISHBY A MEEIBRCh&IRG ; aBQ@QBIC%Qchf about 0.2

octangl. 3. A process according to claim 1, wherein'the molar rati

h-1 ARAaiyedcBR| teagirieridsssrRaeating thatieriiagk @y aetabehersifarmed from

the BEWRSSsaRs EARLIP BRI by REKRBWAGRANGACid catalyst used is
selected from the group consisting of alumina, aluminosilicate,

silicoaluminophosphate, solid phosphoric acid, sulphated zirconium oxide,

2. sulphsiseadGessRiniupcianalisermismand 5%%@%%5%%?3 Selected

A process claimed in claim 4, wherein the aluminosilicate used Is selected
from, ﬁ{glé‘?cﬁﬂf‘ﬁﬁqgi%tﬁfd‘lﬁtééﬁﬁ’ﬂe%@?@e@ﬂ*@mhﬁﬁqm@éﬁi&e. 6. A

process claimed in claim 4, wherein the cation exchange resin used is

Am erlgst-lS. 7. A process according to claim 1, wherein the reaction
3 terr#;@? GRS RecpidipieciBNn (v riRlLtBe gclaEtio of primary alcohol to

glycerol is preferably in the range of 4:1 to 6:1.

4, A process according to claim 1, wherein the solid acid catalyst used is
selected from the group consisting of alumina, aluminosilicate,
silicoaluminophosphate, solid phosphoric acid, sulphated zirconium oxide, sulphonic

acid or thiol-functionalised silica and cation exchange resin.

5. A process claimed in claim 4, wherein the aluminosilicate used is selected

from the group consisting of zeolite beta, zeolite Y and mordenite.

6. A process claimed in claim 4, wherein the cation exchange resin used is
Amberlyst-15.

7. A process according to claim 1, wherein the reaction temperature used is
preferably in the range of 60-150°C.

11



8.

8. A process according to claim 1, wherein the glycerol used is optionally

a glycerol obtained as byproduct in the transesterification of vegetable oil

or fat with alcohol. 9. A process according to claim 1, wherein the MCSLLE
percentage conversion of glycerol is in the range of 60-95% by weight.

10-pepp&@%§sa@e69aﬂ%@%%%%m,1m@%ﬁi&ﬁ@%}%ﬁ@&ﬂ%&&%&%ﬁ@ﬁ;{auy a

obtained is in the range of 50-100% by weight ycerol use

glycsroleblained @ampyiy emist In thedranseriasiivrtiomndveysielieah orsfatavith

alcoh@hixture of mono-, di- and tri-alkyl glycerol ethers.

9.

A process according to claim 1, wherein the percentage conversion of

glycerol is in the range of 60-95% by weight.

10.

A process according to claim 1, wherein the yield of glycerol ether obtained is

in the range of 50-100% by weight of glycerol used.

1.

A process according to claim 1, wherein the primary alkyl glycerol ethers are

a mixture of mono-, di- and tri-alkyl glycerol ethers.
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