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"A PROCESS FOR THE PREPARATI ON OF PRI MARY ALKYL

GLYCEROL ETHERS USEFUL AS BI OFUEL ADDI Tl VE FROM
WORMCHEROY Field of the invention The present POI/EY082000144

relates to a process of the preparation of biofuels or

bi of uel additives fromglycerol. Mre particularly, it

4 RBdCE SR THE %ié%h@%%%%ﬁ%ﬁféﬁ%@i;%EROL
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i nvention ycero IS a by-produ e manu acture
of bi odiesel by transesterification of triglycerides
th£ | cohol s. |ike nmethanol. In this process, a |arge
! Bﬂ SIVEVOR 01 is produced that is not utilized as

a parte: fesbhﬁmbeﬁt‘mkem@s t@faeﬁl%%bss of ¥eeprebafatidfsof biofuels or
blg&gl ications only in very small volunme products in the

} additives deam ighesel; Morey, mlc@adm,elt uslatesoto | gr@@eaas for the

B 4 s e By TG ol LB gohol usin

sofidetideatalyets. producti on of bi odi esel can be

significantly inproved if neM/uses of the | arge anount
of glycerol produced are found. is desirable to

ﬁ;g% H@Fﬁ%ﬁﬁ%&ﬁubhat convert gI ycerol - cont ai ni ng

fromthe transesterification of vegetable or
ani rialyceriol s-is ntao bypipeoddtu einadited nmanafacallret oofl nhiodiesel by

trazﬂhs%(gér cati cmsf gﬁ%;bl ooy 62\54% A t‘t’(q:g}g a rfn' this %ﬁ'ocess a
fla@F}AMSéﬁﬂ &Qﬂycﬁe‘i’ohb P IEECHEP R Wotitilized BY Y Fart bkehe biofuel. At
gasoline or diesel is one attractive option in-view of

present| @bg:erwlefmapphca@@a only riai vy ssnalbivelunse poeddets in the

P ERds ﬁcigf&aﬁi'i%fa%@#%?%Eﬁ've'éré'”ﬁa%%ﬁ'%@‘@‘wﬁt@amma'

mamrel talfoemi & fdtiligire ast .miking Witk feéd dorl amimals. cmheeeebnomncs of
ycerol has to be converted into a product boilin

présictinogt biadigtieh CaRbe ISITRIAYOPTVRA T new| uisseof fhe large’

Ot RIS protCo B RTlER i K AeBdolLr pfditesses tha

coneed @yberolsmmﬁaimnga stteainsufiomothet trardesterficaliah raf nfegetable or

aryBgLelnta rire el Mt b Bitud st BofoR S biodiesel

-r@@&&lo\sst ConvERsid¥R CbF yg@béiﬂongmi@t Bchﬁﬂt Rtifer8NWiich can find
gl ycerol phase contaihing, nainl (_:i( ycerol and sone
e

appéedtions| -agebleading. cmmoogegtseﬂmfuels 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 biqdiese‘l. 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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phase was passed through a strong cationic ion
exchange to renobve anions,resulting in a neutral
w@e@dacioyo whi ch was flashed to renove net hanol PERIN2008/000144

then, reacted with an olefin, |ike isobutylene or

i soanyl ene, in the presence of a strong acid catal yst

to, produce t erol et her
restioc e aedirak Sicgluch ek i tosferp\rapenang) and then,

retictad ARhah GIBRA qm%ds&\ﬁﬁleﬁéfar |sdén$y|eﬁét iAlthe PrédgeticRoF a strong
descri bes reacting pure glycerol wth isobutylene in

acid @apalvetetnmo@tﬂcemlyeerodje 2 The glyneeol etherp iase then added back

T TR T R Y

5 Ws@maaeymbess«ebuﬁué Pire iglyicetblawitk dsaslsutylBAe in the presence of
etherlféﬁ% agent. Since triglycerides are obtained
Yy

an @gid wa nNea éwpsphqs?kr@agti?%l t@éﬁ'ﬁdﬂw m?ﬁﬂ’ mdéi ang fe-tertiary
ofdlycerdN9n HEMH é@? ngFn e%%qyehlgsogytylene

r;butgP&ﬁ‘é
| ene”ar e obt ai ne eca |c cracki
*lspelalmed uasf thec iettearifyingt agent. Smceotnglwmldeabbse tabtaimed from

RN Yoo B SL RS A s B o e
_fas?@@%@r@ %&'nSB&hV&néo'ﬁé’nﬁﬁfﬁnéJ‘aﬁoﬂ Qh@%aﬁa%fcc Qfacking of

fossil fuels can truly be called "bi of uel

- peirolewme fractionrsi ltaulllcberpnor&jsieecmba to rupet tas teamrifyyng agents,

o TR e B AR GO S SR oy
“blbéi@%é%&ﬁﬁmlrﬂ_{ Blenh@ing c’ﬁirﬁﬁ@lﬂérﬂg Hateark vt %bQ&Séd from fossil fuels

cont ai ni'ng primary carbon atons, |ike ethanol,
cajy traib lbeocaliasd: @pg"@(lﬁ yiMereques sharaical §ﬁm§>9élﬁd5 contammg the

teﬂké?ghacﬂgﬁt g@ﬁﬁs gtc% 3, ﬂ@&%bugﬁ&% ﬂ& tﬁ pre é@gﬁ"’?f\ﬂe from

oleﬁmsrah&e abomhtglenev\/or ﬁuboarlsnywneo aeallés}sblbmhdegnaladal’ﬁe 1|Eh§!r10 those
i ndus such as et hano etherify the cerol

oA, Sily PR carbamatoms. e Sthanal; Puianp) drheralvcery ethers

mgaﬁ ?Fdnfl istieh Il HORA GtHePO 3s, IHR VhBSd %rcé’g%éecﬁﬁet\nﬁch enables

eri fying agents are m)re ifficult to acco
thehase of @ primtasy eileohul andwpreefenahuseai mamealeolh@r mhjcgs also

' [ t fj.cat ol.Vi
aighleteomtn® Bk MeyBry FoFEA gReL BP S inG Blgre
t han|gt owell Udiodh M & Qre opAhYiRIatibA that @thérffication reactions
produced as a co-product. Mre particularly, the water

inyQvingcalaehols @sithe atherifyiagtagents ase mme@mcgis ita gacemelish than
'th?ge dw‘f\' [@ﬁ Y&?’l'n ha?e Cy &f 5’§t{h © e?theﬁfﬁlsnfg qué?lgs gartlcular

ransesteri IC& Ion reaction.

ethetifidations, involvingc elefins .arecless gsubjecti mequﬂIbmhnallmltatlons than
quite effective in the etherjfication with ol efins,

thdse ysiag alfanals and WREREIAI Wales| & Braduced %@ co-product. More

Hﬂéh{ yﬂhgg\gré%ggbﬁned @uﬁﬂﬂ'tﬁb%&ns@%@rlﬁﬁﬁdﬁ caf "Pigon He acid
sntes which are the active sites for the transesterification reaction. As a
consequence, those catalysts, like cation exchange resins, which are quite
effective in the etherification with olefins, are less effective when alcohols are

used as etherifying agents. In addition, continuous removal of the water formed

. during the reaction is also beneficial in driving the reaction to the product side.

Carrying out the etherification reaction at temperatures higher than the boiling

point of water (100°C) is also beneficial since above 100°C, the water formed
2
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during the reaction is also beneficial in driving the

reaction to the product side. Carrying out the
wetdeniforcat i on reacti on at tenperatures hi ghePCT/m008/000144

the boiling point of water (1000C) is al so benefici al

si nce above 1000C, the water fornedcan be conti nuously

enoved from the catal dra ack _of catio
%r@@tmeevﬂx Fespoy rornot:hq r?aéa ¢ {Pnefirayback of cation
begyee e [
eXchRRbe RSO R Hy“%ﬁﬁ%%bﬁ STBHICRPOIRRIKAS "OyETIOOT:, is that
theee polyrernie regins are stnustusakly BDSMbt&IBthQleOUbG@Ot-I 1320°C and,

abovethesete ctlvsof the,inyv :
e Fnre SR PIIS situef el FERiRosrchdvirineS® nb8Fhtures.
provi de a process for the preparation of glycerol
_derived ethers and used thereof as biofuels or
Objestivesofithednventivn. Anot her object is to provi de a

sin tep .

o ot o oBE6 S Y el RG] oy B Blege for e
preparationrsfeyceroll d@‘aledoéthef's ang asaditisereof as @ﬁtﬁfuelsl oreddditive in

fats. Yet another object of the present invention is
\b'Qfé'elﬁ oduce glycerol ethers by etherification of

gly I [ ' ;

O g8icbel PBREL PP BIAAE3, Roltfob eSSy R Aspion o
glycesol ettiersafrainythie, glpterobfitactaneofctbhediroduacts imtlie transesterification

reac n tinmes. Summry of the invention Accordingly,
oftvr?ge{ﬂbggg{lﬁapa@gﬁp@ {%rovi des a process for the
Pr epastadidiReObbiett BRthe phdeeht %bé‘hﬁbﬁ'ls % 6éud@b%erol ethers
co rises reacting a primary al cohol gycero
f

rficatiani of oglypﬁerqlraffgctmrb odained i yther arisrsstelﬁlécatlon of

veg%?%%éll c?r fattv9 heﬁ‘p% at S?Spﬁﬁ?l;e v‘égﬁg%olgdf 5%% )?s(gagf Hwoderate

condflidns a‘rﬂrsl'ﬁ)rmrre@chdﬁt"ﬁeg hrs in a continuous stirred
tank reactor or at a weight hourly space velocity of

about 0.2 h 1 in. a fixed bed reactor and separating

Sﬁrﬂﬁrﬁ%ﬁtﬁg .ﬁ{,gﬁﬁg.ql ethers fornmed fromthe above said

Feactfon m xture known nethod. In an enbodi nent of
t heApmmdirgly,ltheq:Tesem inkentiorn prowdes acp'robesssfm‘ the preparation

sel ecte m the group,consi sti.ng of nethanq
of BiHizTH Alon st st B romprSes (st hBomian alcohe! with
glﬁé@olﬁ 1) Qﬁélal’ Féﬂﬁi‘bf Qﬁnbﬂﬁa%ahéftor@%é}opfn el r@hbé of 3:1to O:1,
al co | ycerol is preferably in the range of :
in the @rﬁencg of a solid acid catalyst, at a temperature in the range of 60 to

300°C, for a period 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 : 1t0 6 : 1.

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

the group consisting of alumina, aluminosilicate, silicoaluminophosphate, solid

(V)
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In yet another enbodi nent the solid acid catal yst used

is selected fromthe group consisting of alum na,
w@bkwwitmms? | i cate, silicoal um nophosphat e, PCT/IN2008/000144

sol i dphosphoric acid, sul phated zirconi um oxi de,

sul phonic acid or thiol-functionalised silica and

cation exphang}g resin. In yet another enbodi nent the
phasphprioarid, stipbatesbeironiuejaxide; guirhomia aeid @ré@sl-functlonahsed

. | $1.1 : beta, zeolite Y and nordenite.
S"%f%%%%ﬁ e %lgr?ent the cation exchange resin
uselh yet andtbet Lemmd]:ﬁenl th@/aturmnoslheatee\mmmsnwealeuefrom the .
reaction. te e used fera in the range
grgwp 6ngistpg 62 ‘ﬁ ta, W@SY dﬂ?'ﬁgﬁﬁet he react or
usefh |t SFAREF 8 gﬂﬁﬂéﬁme%étm Shctfdtig®] simdséld is Amberyst-

_continhuous stirred tank reactor, reactive distillation
1&.eact or and contl nuous-fl ow fi xed- bed reactor. In yet

b5 SRR, S B I Eo o TSk el R hprerably

| théeﬁﬁjélsfgo.qsbogr fat wth alcohol. In yet another

enbodi nent of the invention, the glycerol-containing

f eckisyeicanaibenemhedimentdhe reaetor ysgje selsctedsfoay theogroup of
cog%gg{; oﬁ%fng&gtﬁgﬁﬁﬂoéﬂtlré@ 13k % Fc{q'?y\‘@écq@@o&@ﬁﬁat{o# reactor and

conversi on O

‘ zcohaﬁawsiﬂoﬁﬂixaﬂ%dmyreaetoght In yet another enbodi nent

the yield of ce obt |ned|S|nth_era e of y
50- :{‘OFM% BQOW@?%F 9}? iment the glyerrel; usedis; @ terol obtained as

Yge c E‘Lﬂ\@"tr&fsefs%ﬂc?%ﬂ FQ &BS eoélPéref&E gtﬂ‘éf?éBHdP”

S a process ftor t acture (0] ycerol :
et hdnsyetn@nother pmbodinént [of , trteo |mqntlonestbef gtyceﬂ:d—containing

ufacture af glycerol ethers r|f
fegitccpmtpiany SAHGRIP auiats Bsfé St abbaral 2R SR 1 scias.
The ||ﬁ’ lyBE 8AStheP BRI ot AeALINe %! ddHersith b\‘ gly%eﬂfl iglin the range of
pri mary al cohol and a glycerol containing feedstock

60:P%% by weighti catal yst in a reactor at a tenperature in

and ' §88Fnhef SritBaiief LR e JidRaI G anedis I ehoe of

501007 thyeweight of glgcevokused. The gl ycerol cont ai ni ng
feedstock can be conveniently obtained fromthe
products of the transesterification of the

Dthiloh HREHBO G ReIRIehEBR Veget abl e

The present invention describes a process for the manufacture of glycerol
ethers ‘ahd 'more particularly, to :a process for the manufacture of glycerol ethers
by -etherifying :glycerol -with :a -primary alcohol using solid, acid catalysts. The
iprocess -comprises -contacting -a ‘mixture of a primary alcohol and a glycerol-
containing feedstock with a solid catalyst in a reactor at a temperature in the
range of 60 to 300°C and a pressure of 1 - 10‘bars and separating out most of
the formed glycerol ethers 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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oils. The tranesterification of glycerides with

nmet hanol to yield biodiesel is wellknow in the prior
w@ead/1®oal |y base catal ysts |ike NaOH or KOH BPCEINPOESA00144

in the liquid, honpbgeneous phase are used. There are

several drawbacks in the use ofsuch catalysts: (1) If

free fatty acids are present in the trlg_ycerldes (and

swq’qbgatalyétqm(é)slé free; fﬁ“W@@tds 3re presentdn the friglycasidespad they are
pfds ﬁ{ i ﬁ\B tpéll ﬂ?e\feﬁtg A1k 'oﬁg){, lyodh r?énérf#é%@\ﬁtlﬁh%s to be

ou 0 ne |ze nce her vi

C&I’ﬁéﬁl mgt o trieumdz@Iethﬁm wirice, tdtberbﬂs% ﬂmyﬁlmmmc@mtgﬂé with and
The, so IUW]IOHS In the ctio roduct ave to
deactivaiethe base eawm#mﬂ VM&PP%#%&Q%F%?WO" product have

to?pkdr élﬁH\‘)écf" ?Sé‘r‘i'é’rmr%tnﬁ{ér{tél Wn&hﬁﬁaefo?goa%?& -nlitralisation step

acid ud ges or an expensi renoval cati1 on
(invalviag gdisposalmof (acid-studges)adr dins pxpansive remosaidumm cation

exchanba v B S itaL AtpRSaCHr 1 SO . "Sotid catalysts,
wRiRReddrt hetomplish B Bandestdrifi éﬁlo&nréﬁhaﬂt walP Bb' mghlyqﬁé?nef cial.
2722/ DEL/ 2005 and 1561/ DEL/ 2005 descri be such

‘Ogf oceaPending he'W%lhseQﬁtﬂﬂtfl @pplieatiass: ve@@?&@@gppﬁ and
T YBEFERBUSHpL Plocdis ol e rabRBeCliestidt of (Eltable

oilsawith a&bha&em@mg b@ltﬂ ‘catalysts det ai-l in our above
ment_i oned_co- pendi I ndi an patent applicatiaons:

15617fmefﬁmt ERm dherepsestbnisaion: 8l egetaple oils over solid
2 {i rﬁvggsﬁpﬂ{&glﬁtéilqv'dﬁr é\"ﬁhﬁatﬁ't’m‘?'"gr'"d'a"

er confal ni.ng maln
paiehlylapphsatm oTSGHEEiLéZQQB ared dé?ZZ/lEL&Qﬂﬁ eoatains two, non-

miscihie, SPasae JRHEER e, Boiater Aaribhn e cobiRg marly the
all1 §ridthA oF @thﬁﬁé’stél@@hﬁbfﬁ@ﬁ béiUQ i(tHe 6|b§@sbpﬁactﬂi?i) &ndefipolar,

after renoval” of the biodiesel fraction, by
heayisintiquit olayer wontainingl glyceeat, and tunreactedt atsehok (methanol or

ot i, olyeBEE <ff NS ceifiaTdedond Roaip EF Gef femova of

the Micdleseldtactibn, by decantatibh dfor @ka ,Scdn) %ﬂ@ﬂdddﬁloh fef alcohol,
caustic alkali in the transesterification st age a

if ineegrd. igonstitutes, & suifahle mméﬁmthg PIAgeas efaﬂa]tpresent
. 0

.‘m@%}ﬂﬁnnglihggs%e%ég%fd% g?g‘ge%%}?céértgﬁ%{szﬁgar# gfcm? caustic
alkals in dhegeansesterificatior pstage | @s) tadghthin guy cabave mentioned co-
PG 1GR3 PUENE ARISaRNSa: 21 A bUALEoBRd 16§ UPEL/2005 has

sellﬁﬂhé't%H' e tlRdaksohed dausit Yrefidial B radiditwasH Q.st s in the
above 4, 1If needed, is next contacted with a soli

;prapar@tlpato&ltlyasg!ycgrm feeds@tﬂdm thenetherificatiomprocess.
, ' eaGItHig aly%SR)q 'a%'d%édf?Mtéﬁﬂ\J %redstock, 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 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 cérried 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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the etherification reaction. W have found that

tenperatures in the range of 60 to 3000C, depending on
wo b@onatoay e of the triglycerides, are very suipebine0dsnoo44

this reaction. The reaction is carried out at the

aut ogenous pressure of the alcohol at the reaction

tenperature. The reaction zone can be constituted by a
resigenceudime fi abeudt 3aheours et corecwar) agequateomheigasisin the

cé%tﬁﬁ@%‘%}ﬂ(eﬁw actd alWEighth @?&8%@98!‘6&& n\f@hée\;' (defined as

our s or noré was ade u ereas

tfmnéllghtlmgrah%@fdgt?deédépaswdhthmm thietrebotar Iper hpacper gram of
i efi ned as.the wel n gra
C"Etélyéﬁ ?f)é%‘&o‘ﬁaé/s?e ttﬁr‘iﬂibaleﬁéomé%@ B ofibie glyesr OEEQ the various

- mighah &t _aﬁattﬁ%ﬁﬁ;ée gp CeﬂMeTﬂe%ekfi%t o OftiBhSdfF the tree ethers

conversi on o rol to the vdrious nono-,
cmnbetoqnémﬂed bydhe gmqlaeraiios oftthe raidadiol taeglycerbr Highnratios led to

iy B8 5. e i SRR BefdestPpuiP ook . The
cHidie @f théattdhol walgasaewhinba BPHREEAG -Sus OF e BRicefoladther: If

| ower ratios. The choice idf the alcohol was

- theeglyearahaihesyist tosbendsed @sea dilending gapapenentdnhiediesel, then,

m%ﬁ’?ar%l 4 r&ha@él%rgstgﬁtpqgﬁgréﬂsﬁg?ﬁ& rh‘ee d&hﬁﬁl was the alcohol

onen
ofvghoice ifitharglyberol ethers avarelts behised ax:buanmlncnas Phienary alcohols

al cohol of choice )if the; eer ol ethers were ta
WeE preferisdo pysh |5§‘a'ﬂ'ﬁ‘1.arYP?F‘gra¥3 iy cJpehals oy ¥ieyr of eﬁ?‘i'fel’ea'ter

%bleﬂégrtagl‘raﬁgiﬂﬂ S’E épg s NS ringF Tﬁ[l%/ el%?l%ﬁor‘l %f‘{talglsﬂﬁeglia id'8he target,

gre bilTity o or Imer .
mpthaohot taroethahobwadi ased bdhtlhetheatrgasesteﬁﬁdamol asrwell as the

etherfishion Factisne, Ofide dber Fahils IR Presliehd of Rigflbricants is
thBaAsin difn, thén, RIceshdt Wahusdid for %HbeeCl%%bﬁoh§ It hRayBe ﬁkl)ted that

alm t hen, octanol was used for both the reacti ons.
m@mmtmedmpmmn@b@d@ﬂmtervmh@aﬂm @A728/PRki29AS and

1 %@‘é@ﬁi‘/ rpg@g'gg n%o r&g ééé%{j u@l%|5 olﬁ% gyétgl odé es eétﬁggé using

meﬁharmllamdmn@kublhbﬂcéntgrushhgvlndnmbc@ﬁt@omasnmentranﬁéstenfyung
octanol as the transesterifying al cohol. The solid
aleghql| yst used in the process of the present invention

can g f:éel'ahgt 85ed in W @fbcEQé‘BﬂHéspr%%Qﬁf ﬁ%h%? can be any

am)unts W’s or Brnste Id sites on t sur
~s<ﬁxiaaqnd! enhloh cen@nssahbsiaaha!dﬂnmunts oﬁéewisml Begnsted acid sites on

fluo |de aIu chlorid o)

the $itass EARmPIS off ool arls Hbide SUBTHA cifarded alumina,
chiéfddd Sluﬁwmgeéﬁlomﬁ&kdﬁﬁé&ﬁumi@'é&mRﬂfd% RBAE idcRE zeolites like

si li coal um no phosphates, dival ent netal -contai ni ng
zegliteriYhobeleo gphedtesite, suedime ore rzeslitesm siligoduraing 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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aci d-washed clays. The primary al cohol used in this
invention is selected from nethanol, ethanol, butanol,
wap@ncioanol , preferably agro-ethanol obtai nedP€T/aNmo8i@0144
fermentation of agro products |ike sugarcane and
contai ning significant amounts of water. The solid
catal yst used in the present invention is a solid acid
catal yst, preferably aI um na, silicoalumna, an
al U”Tﬂ@%r'a'cﬁ@é “of ee tsl'n@ ftior? is illustrated with h the following
si | i coal 'um nophosp ecu ar sieve; acld-wa
examplesswlhlaﬂ\ arleosmih ailustraa\te ih natuse Iafndt&lrubuid nobtu _Iwmonstrued to
|de The ractlg f .the resent invention is
'"'f‘ Itrﬁg??%?eegrﬁi‘t?ﬁ pHEeARYS RN g exanpl es, which are
only illustrative in nature and should not to be
construed to limt the scope or extent of the
i nvention. Exanple 1 Thi SE)@(E t illustrates the

D8R i Sk 15 S OB g ove

g@nthay ayurainal catalysé Wbatypidail ippeparation ethariob dehighderol, in a
with eam‘ra al um na cat al yst (5% wt of the total

mplagsaligRt i xh yere heated with gammaralémnina:catalyshRie wiaf the total
et - ml»gh?e?% i skl aLFtBEIQW sdt 10 §|HHUr§‘aTH€ZSohd acid,

procured Trom commerci al sources. Before use In
catalyst + gacaha alumisacasprocuned frofm cbmatemd:mtsﬂ;oumes Before use in

d d 5000C b
RS ACHID PERGRD. tE Soyd Catabiar as, PR Pesgd, S0 astvated at

SR B PREGI choriterBel bl tnk RS! dhauabptien and well

kreawre te thesecskillgdim theel aftt dvhtheeendhob &ciads gthecsola catalyst was
a conbi nation t|on

t | t j t
reiver) 0N SReToL S Selemskpatated i e i acledl Ghvcerol,

wél%@'éf?&@ld&%oﬂ%? & BIhate R RIf YextfatcBon | (Wlt?l Waté‘r) @fﬂ”&isﬁllatlon
illTustrates the preparation of glycerol ethyl ethers

(l«

- preveduresollhe products wereepslyzed ibyigas/ cliramategraphy,

surface area = 550 n2/g, size = 0.1 - 0.5 mcron). .In
a typical preparation, ethanol and glycerol, in a
mol ar ratio of 5 : 1, welExamplec2l Wi th zeolite beta
(5% wt of the total reactlon mxture) in a

Thisexample ilwstratasatherRieparatign of Q'YF}%O'sQihV'oe@staP‘{ﬁJtZ%E,e -beta
C th

cafsh (GRaF R X240 Ve SRS, 580G 53 2105 micton.

Inea Hypisalhprepasatian, aethdnélr and tdiyceral, dac exblgt yatio of .5 : 1, were

ATy PR R EbSln TR RCFE BB Rl BRR ' Bosec

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'fro.m the unreacted glycerol, water and alcohol by a
combination .of extraction (with water) and distillation procedures. The products

were analyzed by gas chromategraphy.

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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wer e anal yzed by gas chromat ography. Exanple 3 This

exanple illustrates the preparation of glycerol ethyl
wethenssoover zeolite-Y catal yst (silicalal um nBCEINZ008/000144

surface ara = 420 n2/g). In a typical preparation,

et hanol and glycerol, in a nolar ratio of 5: 1, were

heated with zeoljte-Y (5% w of the total rea tjon .
oirihe tatal) reactian i) iniRoeloged atoalgwe @tr10°6 et hours. The

sd| Eigg%gly)ifw%% ﬁéﬁ%%t%@?ﬁmﬁl gcéa(a%@ica té'tl’éé‘a%hp%f?ﬁe reaction, the

cdtalyst ewas amlncww ghpdethel glyderols etiesre wapar eémi‘afédJ rfrom the
t he unreacted ycerol . water and al cohol
urar@aﬁterqiaslv'a@robw%ﬁf and @jcahof Wtarmm@'easloraﬁa &Xtraction (with water)

aﬁjdagfslct:I Lértg;r#aé%g raphy e vgg z’m‘m&ﬁ wﬁ?lg slé ?\"g bg ﬁ?&@ﬁ%t&%raphy.

the preparation of gl ycerol et hyl et hers over

silicoal um no phosphate t al éiset In a typical
preparation, ethanol and% 04 in a nolar ratio of

THis1 exaipié 'ilﬁ:%ﬁﬁﬂasw' the tﬁ@pﬁ?ét@nyséf (g'i)?@é%l othiyh eethersC over

total reaction mxture) in a closed autoclave at 1000
silicral@ninoupRosphate catalystcln al typicalpeeparations gthanol and glycerol,

i el ' T el e GacahF (SBAE &P s b reaction

mﬁﬁm@zm atclbsedatiivelaver s2100°C @ir)&ﬁo@ds. Twetsolidagatalyst was pre-
| cohol a conbi nati on of extraction (wWwth water)

treated @cbvaﬂngaaﬁ H0°6r 44 dbe ead of the reactigncthe gatalyst was removed,

S

aleoiss! Byraecdriibinatidd® of aixtraation (wth owatees and (d$§tﬂletldh Yorocedures.
acidic, macroreticular resin with sulfonic acid

Th%ﬁtqq'-'é‘fﬁa‘r"ﬁ%/a"ﬂy%ﬁq By, gas chromatograRty.cal prepar ati on,

et hanol and glycerol, in a nolar ratio of 5 : 1, were
heated with anberiyst-15(5%wt of the total reaction
“mxture) in a closed aut &dammples 1000C for 5 hours.

T S0 i SaRiscie gt B3y aER R Blert R Amberyst:

15 Bé‘ﬁéﬁ eRchdryR fé@»‘rﬁ{s‘(ﬁn WesciHRTPYRYoretitdiaf fﬂ@snﬂ'vy ges@bonic acid
ethers were separated fromthe unreacted glycerol,

fungtionalify Aldrich Ho0.).bin @ typisl rereparation, ethaned tansh alyseral, in a
il o 3F8, | held PR SRASHTBE B3 51 BUABIHE i Fenctin
mixture) in a closed autoclave at 100°C for 5 hours. The resin was pre-treated
with 3'M H.SO4 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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This exanple illustrates the preparation of glycerol

et hyl ethers over solid phosphoric acid. In a typical
w@e@parare on, et hanol and glycerol, in a nol ar PCEIN2008x00144

5: 1, were heated with solid phosphoric acid (5% w

of the total reaction mxture)in a .closed autocl ave

_at 1000C for 5 hours. oAt the end of the reaction,
incarcipsest auteciavedlctPo Gn@rt%é\omcéf dhe gnekbpf twérrgactlon the

AR B, ettt B8 gfcely SRR W erilftod, from the

uraedcted glyddral, matepand altohekby a Iwnphmdmmt of exdraction (with water)

an] ftfndirofadurss e SAF TR Nog 58aVrd by s Yo BRIodTaphy.
gl ycerol and agro-ethanol (water content 5% over

zeolite-beta catal yst (silical/alumna = 40; surface
area 50 n2/g, size =0, 1Exampler cron). In a typical

t h I t 5o d.
1 ¥l Bt B P RpatplRin”er SRR pitdie 'y givgsrol and
ag?@@ithérﬁ:l k(ﬁia@er( Sonteht %) tdver, tz@bﬁtb—ﬂi@té%étﬁ?sﬂ"(@ﬂtdﬁéihnﬂrﬁa 40;
L cl osed autoclave at 100C for 5 hours he solid

U(Efépﬁi%@@ Skpe0 i . tsizant i1 ac@-PvmicroRy)- i ayeical prepatation, agro-

| et QluatdiCcd RaAt 500 ard GyERR 44 oIS EARPUPE.: 2ol feated

€ separated from e unreacté€

wutﬁ zeelltelbetavs(sw waof ‘the dotad Irebigtion ovixtore)aini anm:lcm‘ed autoclave at
extractlon (vvlth vvater and distillation procedu

10fne foF achrurs. ke soligh {ab@@vw U&stf%ﬂper?éiltd@‘i'%ﬁ9450°c At the

erit 8 @h%fé%&fﬁff' R, WAt . A MR EoCERls were

separdted drarh Lthenmreaétﬁd glycdral vatee ard &lcOhailby a sombmatlon of
ation ut an

.1 - 0.5 mcr i ca r
exgiagtion Juih ovatef g atlletarh praeshiad THe pltiusthuare analyzed
by‘%ﬁ%ﬁr@ﬁ‘ldt&@’a%ﬁ a (7.5%w of the total reaction
xture) 1n a closed autoclave at 600C for 8 hours.
The solid catalyst was pExamplat8ed activating at 450C.

T 5y Rleatsp Sk Risiardflon oL GyERLT Bl e/ S 488ite beta

catdlystaelliesd/aimiRr £125; vaiface arsh &l 580'&%/d))size equhi-nets fiicron).
of extraction (wth vvater) and distillation

In 5 &crieR]r Rrepatation, ibyianpl s gicsrale it amAlgr Elic9f Jas 1, were
eI TP EENBbels D i ATl YIKGRUCR, o o
;auwdlave/at GOSCIfoc@/ ablum ﬁ’ae=sdlﬂ catalysh wasaprstreatedOactivating at
‘450°Cg#\t ‘the %nd gf the reoac%orr1n %r{eo?:%talyst 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 "gae chromatography.

Example 9
This example illustrates the preparation of glycerol butyl ethers over zeolite-beta
catalyst (snllcalalumlna 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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In a typical preparation, butanol and glycerol, in a
nmolar ratio of 5 : 1, were heated with zeolite-beta

w@ 2009a3a079 of the total reaction mxture) in a BCDRE008/000144
aut ocl ave at 900C for 8 hours. The solid catal yst was
pre-trea activating at4500C. At the end of the ,
reaction, the catal yst was renoved, and the dlycero

430%erAt ther end @f Aha treaction rthe Heatalistowas damave elaad the. glycerol

<HBRENAT AR i Iné IskdBebolly Sl ol 478 ARSI by 2

cmbmhanbns ofeextractiony pwith byatgf)s andr distiltatiohapiocediitess. The liquid
results of the etherification reaction with various
produgispuere analyzadiy9as CRIGIAFMOGERPNY. 9 are listed in
Table 1. Table 1 Exanple dycerol Yield of glycerol
et hers, Conversion, w % w % of glycerol 1 60 50 2 92
85 3T l&g r&hlt& of the éhérificd@tbn7®@a6tidd with variqusttatalysss tiescribed

vagy. _d'flc ng substitutions and
'"3%?9 FBHS gfargﬁé% r'@séh? Tnvention are possible and
apparent to those skilled in the art. The present

i'nvention can be practiced other than specifically
described in the ex'BﬂiﬂBe‘ls and should be limted in

***** ed—clains. W claim
E;EaEEEiEA %" 5 S €13 i mary al kyl
gl ycer aComidrsion; wh%hm%"@frglwé‘mreactl ng a primry

al cohaol with gl \/marnl in a mlar ratio of primry

1al cohol6@ o0 gl ycerol i®0the range of 3:1 to 9:1, in the

2 Preseng of a s soli dsgm d catalyst, at a terrperature
in the Tange of 60 to 3000C, for a period of 5 - 8 hrs

3in a c@ninuous stirr@d tank reactor or at a weight
hourly sszace vel ocity ?f about 0.2 h~1 in a fixed bed

4. eact 0r®and separ at i n t he
5 83 76
6 . 74 . 69
7 70 85
8 93 100
9 66 100

Many modifications, 5substi'tutions and variations of the present invention are
possible :and apparent to those :skilled in the art. The present invention can be
practiced fother-ihan specifically described in the examples and should be limited
in scope:and ?bfeadth only by the appended claims.
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desired glycerol ethers forned fromthe above said
reaction m xture by knownrnethod. o 2. A process

wa@ewontionyg to claiml, wherein the primary al cPODIN206s2@0144

is selected 'fromthe group consisting of nethanol,

et hanol , butanol and octanol. 3. A process according

to claim1, wherein the nolar ratio of primary al cohol
CfMcerol is preferably in the range of 4 : 1 to 6 :

1 . c Lng:. 1o gl ai r i :
st A, HoBERC 960 e reBaRtion” of |ty AR Gydbrblathers which
cpPsbmqugsQfeagtimgﬂm@rinwrylmlgolsd;]ll witht glycerol, ig’a molar ratio of
silicoal unm n sphat e, .sol i osphor | c_aci,

Sul prTEsH SIGaeD i Blvesal 43 he Galdo AT 3 Lia 8 i the presence of a
thi ' it SQH 2Stdnt i 10 C r @ 8hdm

G 301 s a0l oSlamigalie e R prBOe’ 360, for a
al uperiod iof iSc-o8 brauineal costinuguscstisted taminreaetogopapa weight hourly

congisting of zeolite beta,.zeqglite Y and nordenite. .

6. " 3P Bl et i Adelioe PRBGtRE 2R epfrating the
exclaasigsd igfoefolusthidrs SorWERE Froys ithd bole £ni@’1@8686n mixture by
according to claim1, wherein the reaction tenperature
uselinpwnpnethedably in t e range of 60-150 OC. 8. A

B O PRo@REORAIIOS B 3y WHEIH] Tt GNP Sihol used s

used y~a glycerol al ne

t hestleatete$ioa ithe cgioupncofmsistintp tafbinethrdol 0 etiariol wbtitanol and
al cohol . 9. A process according to claim1l, wherein

t he®St@8hver si on of glycerol is in the range of 60-95%

P e, Pyt a3 AR Skl or PSS Aot

of tDglycesd isyprefergbly intherange of 4 udda 6 : 1.

4. A process according to claim 1, wherein the solid acid catalyst used is .
selected from the' group consisting of alumina, aluminosilicate,
silicdaluminophosphate, 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.

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 % 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.
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