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. *159159* A PROCESS FOR PRODUCI NG ETHERI FI ED COVPOUNDS
FROM ALCOHOLS FIELD OF I NVENTION 5 The present——
invention is related to an inproved oduce
etherified conpounds sinply by rea mmwammwwwgmﬂferent
types of al cohol under .influence of a I n
nore specific, the disclosed method is abi'®to produce
al kyl ether by reacting pollyols w th another
no ~
A TROUES FOR TRONE IS FTAFRITED CbORT S Tiow
appl i cation since decaddkCQIdOL&d now becom ng nore
interesting owwng to its function as fuel additive in
autonobiles. It has been shown that diesel fuel with

FEINS OF IWENTIP}deS l'i ke glycerol alkyl ethers
produce much | ower contam nants after the conbustion.

THe5 pTdsente inventicre e rralatedetd -aknimprovast maxkoch dsw mpfb\hqeedthmﬁed
the field fo Iar e scal Qn of rified
copyatn el by et hRofieRint s s etefengsr g of a

cafdydt OBS ndye 8pdedid, dRS diRlIdRed hsthdd isCaiddb tpr@duc@falkyl ether by
al cohol s to al kenes and dehydration of al cohols.

repgfingmelyolnwith anether meraghydenglépheli on of al cohol ,
especially those aliphatic 20 al cohols, is apparently
not applicable in the aspect of i ndust ri al producti on.

BBGZS{COIR(IUNDKDEWHE INVENTIOMNCt i on conduct ed under

rastic condition, the yield of the etherlfled

6%‘3 gl FRIBPqUNG e e besncHised demdiffierent application singerdegades ago

ando I h d t C

ard ! PR o rRRGuIra oting 10" LR R CRldflive i
aw@potmitesh I banbten shaen ithatl duesellﬁmellmtlthy ethagfied compounds like
1 xtra %gagge ondthe s¥§strates. hbwgr l{hess at ent

& Pﬂ‘ber%‘ GG BY A OpaE ETarBiRaRs SS?IEEP g™
met hod of phenol al kyl ether by reacting phenol wth
al cohol in the presence of a catal ysts. The benzyl

Thareyqre savrali welltkmewp hegBlodh aowmaeplicdi ghélie fiski &aralsege scale
pr@@@dti%ﬁt of? )é{hQQBE@ ncoqﬂ)roluﬂgs tsl?éh RE or?u%?e%php%sdlsf)la&&nent of alkyl

halides by alkoxides; electrophilic addition of alcohols to alkenes and dehydration of

alcohols. It is know in the art that dehydration of alcohol, especially those aliphatic
alcohols, is apparently not applicable in the aspect of industrial production. Beside of
requiring the reaction conducted under drastic condition, the yield of the etherified
compounds from the alcohol dehydration is extremely low. Instead, high portion of
the dehydrated alcohol forms the unwanted side products, olefin. Such approach is not
practical in industry due to extravagance on the substrates. Nevertheless, patent no
EP(0781751 filed a patent on a manufacturing method of phenol alkyl ether by
reacting phenol with alcohol in the presence of a catalysts. The benzyl ring found in
the phenol has much higher resistance against oxidation during the process thus it is
reasonable to be applied in this European patent as one of the substitute. On the other
hand, Japanese patent no 2000103756 claimed a manufacture approach in producing
phenol alkyl ether by reacting phenol with low grade fatty alcohol under the influence

of niobic acid in gaseous phase. Thus, it is obvious that the low vield of etherified
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reasonable to be applied in this European patent as

. one of the substitute. On the other hand, Japanese
pat ent no 2000103756 cl ai med a nmanufacture approach in
produci ng 30 phenol al kyl ether by reacting pheno
with | ow grade fatty al cohol under the influence of
ni obic acid in gaseous phase. Thus, it is obvious that
the low yield of etherified *coOOO2* 2 conpounds
from dehydration of aliphat2c al cohol remained

Y} v ] Y,
colfBRRCERE R L ice” R AT MEhoPLingd FMNETIeSE the
abavemenpiooadephteres.hod as a resort to resolve the |ow

yield of etherified conpounds by dehydration of

al i phatic alcohol. Particularly, the present
SUMWEQR'YOOFWE‘IMTi@ﬁSt two different types of

al cohol which favors the production of etherified .
The grrgrennuis entimst avd to pravinde byumromd:mthocilaefal msortl® resolve the

Anot,h bj . of th d t
loae B sk R somma b B ey Sl het st bR gHEy.
thdPprebdr® rﬁn@ﬁu&t BﬁFlofy!; adlceQMO tam@esremyﬁ@&qtanmoﬂwhfcﬁ 8 Yrs the

s with the aid of catal ysts under

égfes of al coho

ctiem peetheniferd ¢ommpousds insteathof the by wispdusts. elefinhe
present invention ains to disclose a nethod to produce
15 etherified conpounds by reacting different types of

Arltlep hobjemhbf thé q&eMt I’lﬁeﬁltﬁ)ﬁ ke dirpaed ao neidcluseder simple and
. drastic enV|ronnent gh tenperature and high acidjc
InGRGPS Bhvah {9 oblafigh patruamf @thfsﬁeﬁi £PmRoUnds by Jeachiggdlifferent

el alBFoll WL hORRlor g5 aHRS &ﬁa hoifisubstiiales and

products are ely to ast one of
t he precedlng objects is net, |n whol e or |n part, by

es i.nvention,.in mhlch one,.o
Sti‘n%’g'? "s“ &f tP%QreﬁF’&s‘EH‘fnqoﬁv‘”’éﬁ‘P|t8rf“i° ‘%Fﬁr'“} §’§§‘°th8 produce
cthhigiRg cBpbeREIHyRa&hRr diffeRat RpRo by AlcshoM wHICKRAORY HEddCto be
al cohols in the presence of 'catalysts under el evated

petfermest endgr drastiGenviropmgat (high tgmpeaiee ardhigheridismnyirengent).
e he rat.i hort [

P DE AR A0S0 B0 B BB O fosacsan

pr@&fs@frﬁbk@dyﬁ@h@dﬂﬁ@gedn the range of 1

At least one of the preceding objects is met, in whole or in part, by the present
invention, in which one of the embodiments of the present invention comprises the
steps of reacting short chain polyols with monohydric alcohols in the presence of

catalysts under elevated temperature.

In order to achieve the optimum yield from the reaction, the ratio of said short chain
polyol to said monéhydric alcohol is crucial and preferably remained in the range of 1

to 1 : 1 to 4 in mole of hydroxyl group contained.

In one of the preferred embodiments, the short chain polyol used is preferably C3 to

C8 polyol. In fact the monohydric alcohol used is preferably is a tertiary alcohol.
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tol: 1to 4 in nole of hydroxyl group contained. In
. one of the preferred enbodi nents, the short chain
pol yol used is preferably C3 to 30 C8 polyol. In fact
t he nonohydric al cohol used is preferably is a
tertiary alcohol. 3 Another inportant feature of the
present invention is the use of catalysts
characterized by having strong acidic functiona
groups to accelerate the raBe of the process. Another
TR HEPDad B o R AT Al T DA FEAIREL Tofrcfood
byr haong ciropgrdcatiarednctionalt peoups eb exceeldragsriviod i Irate rttf theeprocess.
react.i on |sfgondu3$ed under the te erat bet ween

Anpiher igpprant fagige isyfelgraunag thyiendepriodug wzﬂ Fa?mn@ﬁture of
th®@hifbEALdt ORhSE &RS rER1ORt Mrfbrinbe Hlume Pf?eqlerre%t E‘I%Bbcﬁxhx%ﬂt the

et her conpounds from unreacted substra catal ysts
rezotidn 3§ dmdpetedundes thoompeiases of beawsereps'Cab 186HDVI ng t he

catal ysts; and renoving unreacted short chain 10

pol yol, aliphatic al cohol and by products to obtain

OrteN6f B bfb6dinhisYinvElBE Furtidr lPubiichtfon Sepd &Y bR he purified
yield the discl osed net hod may be conducted under high

etfgw@@d ugteer canEppangs mscmnmapt@m SOPStRYES, (caNiNNEl @d Gde products
h t ate th
cofppbbehe S, by SR aBPOLES) 8 Suf OB g

plenjl eﬂipﬁalﬁmaic@hﬂ ahd by peodrreso @Bthnﬁdié%ﬁh&'@& S1k¥E Bihen Miching to
as_  those |nherent therein. The enbodi nent

aclapég%hsgbaéelﬁ&}eéilwlw meathadmay, Beepnsicted wpderthighharessre.

the scope of the invention. The present invention is
an i nproved nethod to produce al kyl ether
DEBAUad)%(ERHﬂHQN (mTﬂHﬁINVEpél‘IﬁfN reacting short chai n

IE ﬁf §§£IC al.co ?%%n t he. presence dapted
‘“v\ﬁ‘r{ H“ Teé‘ BRPTEEA aé Héese?h@ IR RO ] ¢ apte
to Uﬁ‘i’}h@ﬁ’t th§ objette ah@ o@tramﬁ@ end ddladv iRk midtibRed! QY@ as
the short chain égis used. It is 1nportant to be

theRg iRlRprer alaerflneThq gpeadigentedescries herstn ismehinteaded ag lupitations
cmqhggg 4 ngg%m%B n the substrate enployed in the

reactron; es of this, the amount of polyols
and nonohydric al cohol used is crucial in order

The present invention is an improved method to produce alkyl ether characterized by
the steps of reacting short chain polyols with monohydric alcohols in the presence of
catalysts with elevated temperature. The disclosed method is able to produce alkyl
ether up to 70% of the short chain polyols used. It is important to be noted that the
types of end product obtained, alkyl ether, depends upon the substrate employed in

the reaction.

Besides of this, the amount of polyols and monohydric alcohol used is crucial in order
to achieve the maximum yield. The amount of monohydric alcohol employed is
relative to the hydroxyl groups contained within the short chain polyols used because
the reaction to produce the etherified compounds involves the reaction between
hydroxyl functional groups. In the most preferred embodiment, the ratio of

monohydric alcohol used compare to the polyols is maintained within the range of 1-4
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to achi eve the maxi numyield. The ampbunt of nonohydric

. al cohol enployed is relative to the hydroxyl groups
contai ned within the short chain polyols used because
the reaction to produce the etherified conpounds
i nvol ves the reaction between 30 hydroxyl functiona
groups. In the nost preferred enbodinment, the ratio of
nmonohydri ¢ al cohol used conpare to the polyols is
mai ntained within the range4of 1-4 4 1-1 in nole of

.1h I ]

IO SRR oI plouf 10Ul B FRALO QR Bl WoliBhd Reren

in diej disdlosuire pditenred|ty tleoshient boff ngtitbky sarbettingt ths stisstialts to the

RS LS CoTERUNSE 0L e, SIS R 8 120k
it m\/gﬁ& %9 {ObHNMRVERY & dEwhhRdUs c%es gﬁﬂﬂct@f gxﬁcgffgaletr}]le yield

yield 5 percentage of the etheri compounds
percentagel ahtbe ethprifiae cpmpderdabl e enbodi nent, the short

chain polyols refers to any one or conbination of the

pol yol s havi ng carbon nunber of 3 to 8 as it carbon

In RECHKOARE to t%%?@ﬂekb%&@ocﬁ%eﬂohﬁé%h&t CMIh |p%1)10[b Ite?&s Eﬂ)ﬁy one

preferred embodi ment glycerol is utilized 10 as
or spbinatiprch theatoyxstls havine earbomnwmbertafridto & #reit nmboh;bdqtkhone

nagll féﬂ'ﬂ?'t ﬁ@%loly%?s 'vﬂn%hg t}1e ?eé e::/\ffli Cd\rgeergbodo RehtS Ycelr%l 18 thzed

fera tel’tlar I'S Crucl

as m@ﬂ&%GcHaﬂf polpﬁl@dOﬁlth@oihhﬁhﬁidh el hbsshyafioReRGISapplied in the
Tert-butanol is used in the nost preferred
PrEsEBiodY AN, 15 Pseferablys a dertipnypalpehohtwhieh Kasraciphin the process for

y n t her e

iR B chighte RACLARD S BARRGE LI 18081 bbefhetres

emgotlimagity i n the reaction but rather provi de reactlve
sites for the alcohols to react with at | ower energy

| evel, thus directly enhance the rate of the reaction

It & gﬂﬁﬂlﬁgﬁﬂtyto hdVeOthd €datdl Pst€ M ARE Sedchbn M6 FTHARR: the etherlﬁed
catal ysts used are preferably containing strong acidi

compaendsohbt egpoypd caalysie soinoh aivop@ astively ys theappdtiondbuf oarther
préa&l &8 ng‘(ﬁve se1t|3¥ gor%fle glcohcﬁ I regc 91 atl gogn%rre%lg%qu ﬁqhthl’lf‘l glrectly

enﬂe{tﬁé ethé &dteE‘BfOﬂ'w f@ﬂﬁon ltrBﬁn@hcﬂthisBl ﬂﬁ| Q8 tL enlgeRtal thé tréaction,
are used. These insoluble polyneric catalysts are

caigly§isrsed ats prsfeyaRly sontaiging wyonB| agidic Fungliensa gERIPy £9pyentional
ca@RRDRBHLd bt DeSidiOBhy ARG fittBGEd A& on8 1R Sud e fuphuric

acid, nitric acid and the like. In the preferred embodiment, insoluble polymeric
catalysts are used. These insoluble polymeric catalysts are engineered polymers,
preferably ion exchange resin, anchored with strong acidic functional groups which
are now commercially available. Representative examples are Amberlyst. Application
of the insoluble polymeric catalysts not only renders the purification procedures easier
after the reaction, but also makes the reaction more cost effective as these catalysts

can be re-used for numerous reactions.

In the conventional alcohols dehydration method, high temperature is one of the
primary requirements in order to produce the etherified compounds. Normally, the

temperature used for dehydrating the alcohols can up to 250°C to 350°C. Under such
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-are now commercially avail abl e. Representative
. exanpl es are Anberlyst. Application 25 of the
i nsol ubl e polyneric catalysts not only renders the
purification procedures easier after the reaction,
but al so nmakes the reaction nore cost effective as
these catal ysts can be re-used for nunerous
reactions. In the conventional alcohols dehydration
met hod, high tenperature is5one of the 30 prinary
drgs%%%ohglgfgﬂt ﬁo p@oﬂcg E}ﬁ;‘ﬁeﬁ 8&1%%&45&?3@ E(;; g% f@xjtheeq oxidized into

th@l ehwahted ble@inti&erlind tbolbol WeldasT the etheriR&DorhpoundO @ therekation.
uch 5 drastic condition, the produce etherified
H‘b‘ﬁ??‘ﬁb&hﬂglsﬁl@ﬁ%fi mi5thod in §he PrEseT iR YFmbeR cith Pe condygted in a much

lo&%%@%t&le o1 8284519 14 ab 9%y Infdd Pe{%‘agls VAR ik cff fafigk of

conpounds In the reaction. Howéver, scl ose
60A@t too dl0G°a. tBbe pprfemnmg theveattion uoder mhcmvduahpﬁauure aover-
r erMUrefromJB Ct w as 45
oxpEn P O AT L FTAPIES g Be Gvoiero TS OO ATE pesent
inR&fiba rlEanQsﬂSlQ L 'b%%haﬁ)cﬁedlﬁﬂﬁﬁ eRUSChr QWY W1REP séﬁﬁw sressure is
over- oxidation of the etherified conpounds can

apahcd dehe. posiisrvsopressure hess hike soneentiating the su’oSIrstep@tsshdoteectlon

th q_ § eﬂequgp in an environment where positive
fﬁgg rersY pplied. The positive pressure acts |ike

concentrating the substrates in the reaction thus

| ead to better yield. 10 It is patentably inportant to
It iepagrsttably trhmrtatnh@ ki e iettheeiselnged methwd $upgess in providing a

hl@{ g‘gﬁﬂh%%e@hodﬂé%c Xﬂlﬁé&j{:&g%(qﬁtdp%glrg%ctﬁylﬁ@ho es%]e]y is due to
elelt@aicr miture amdtphyelcalndrmhys iof alte mlyulstaud &h@fndhbbydrlc alcohols

| yol.s and t.he ric alcohols used known
usgﬁg Ifﬁémaw Ip mﬁarh \HYG%& PRl GITF%‘H%‘%%HE%C‘PFF@C“S compound is
at %m%%éulc@&am A hl%d&é lﬁt&hefﬂeaaionpslﬁdye&guﬂéd Echﬁ)rm olefin
primry r oduc inthe reactlon but is consuned to

latep pmby| ydratwrapétheoerthmﬁededwmoands; At sfwelhknawth ey thejagidthat
n the. art

S GPER HE etk Teeny s n o Aomo Blmn i B pibauce

etlide BBEMaGS \11@ d@lﬁ)@l‘ﬂéﬂcﬁl re@étH@ Svhald diri¥tic &Jonditidn has to be used to
dehydration reaction, while drastic condition has to

acpeleigifothet ite A€ cONEsTEIOR Whish rint @y eadoioy thesProfudiioncef plsfin.
H&Héd}rl &1@ tflé}lﬁelaec&ﬁ;%:iﬁﬁﬁg p%]du%gd cﬂl qf‘lé I?m:sent invention in fact are

obtained with different route of reaction instead of dehydration solely as in the
conventional method. Under E1 elimination reaction, a single molecule alcohol by
itself can dehydrate to produce olefin or alkenes in accordance mainly to Zaitsev’s
Ruie. Moreover, tertiary alcohol is more susceptible to the elimination reaction as the
water molecule can be easily removed by increasing the temperature slightly above
room temperature. For example, the tert-butanol employed in the present invention is
converted to 2-methyl-propene when the temperature of the reaction increased to
80°C. Subsequently, the polyols used in the reaction, preferably glycerol, are then
reacting with the newly formed 2-methyl-propene through electrophilic addition

under the aid of catalysts to produce etherified compounds, namely mono- and di-

~alkyl glycerol ether. Tri-alkyl glycerol is hardly produced due to the physical structure
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20 However, the etherified conpounds produced in the
. present invention in fact are obtained wth different
route of reaction instead of dehydration solely as in
the conventional nethod. Under El elimnation
reaction, a single nolecule alcohol by itself can
dehydrate to produce ol efin or alkenes in accordance
mainly to Zaitsev's Rule. Mreover, tertiary al coho
is nore susceptible to the él|n1nat|on reaction as the
cuyl [ e
of i W Rhol e MEREATRRS SRELLY cRSTTYE e ool B GAELY anc
seevndaryl @pndHydrit ealdohblﬂtaﬂmqiphemmte ay € prasehhmvpiitaethbugh higher
i nvention is rted to 2-nmethyl - propene, when the
teRGRUFGiSfeguiggd E%%e??’é‘é& FL"G lﬁeleﬂégga njay legdhee higher Yleld of
O P e el o FF RE 20 R P chsmmiep) ond
elefccpmdlalzlrcmﬂlmhl is proopenstanhrodughersdxad4tioo phplefio aathei acidinsite
tmgo un@ e aid of catalysts to produce etherified
C8EH8 ﬂ@gepﬁ ¥&¥y nono- and di - al kyl glycerol ether.
Tri-al kyl glycerol is hardly produced due to the
physical structure 6 of the glycerol used. Attention
Pupsanis npnother embediment ohghef ar@tsenﬂ haverppnnﬂthlmadi steps can be
ri-¢c.al cohol a t he
tal?erggggﬁ?ﬁ r{k‘é&?l puaL tf <(i) ﬁaﬁlpﬂ S om tt}(leér)rp E%rr %?jj %ubs ates catalysts

uséeaweR ds the siddhyrddadte Mq&@ﬁah&‘&hﬂé}ﬁs inhédortiB¢lddearke teps of
hi gher_ yield of olefin. Usin yol s like

ol
rerapyﬁeé o] ot VstReandamenor g wea@ge@mg <pin; palyelnaliphatip alcohol
an?urls't ﬁro%'u@tgttB oJHté:m Nl lﬁﬁﬁﬁ%ﬁ‘ ﬁ§/ et e?ob(é?égl%sﬁﬁ(}na{hte IryBes of the

er oxidation to o e ac SIt
catahystugedadikfercnt eppradchesyan Buadupeedtfot eenarvirigdhifrom the mixture.

enbodlne t of .th ent |nv nti.on, st eps
In SEH P8 PBHORE] %EIP imeph Ethf utdzgs erilseﬂ@ie B@Mﬁ*&ﬂﬁ Fatalysts
hal irn?mhé R&did |m%hﬁ%&gﬂ%él%r€c§ on Gk StayticdQieUdLhe @8action,
as the side products. The purification steps, in

a gmple filtration udepst mey §@I@psth©fpurm$9vF¢rgsqlmt dmeabgzsatglysts like

B I e R e

pr&iehids. inDeosel tol ptitr thyerdpliplis drhardid @ompabimdsysidScansBeél drained
di fferent approaches can be adapted for renoving it

avgay §rAnt He bateruplethe miktupe SHidle theroare faanyremisrte gdjain the purpose
rSERS PR 0 S ML O SRS b, orin
thialas;iiuat gdhlloonidin asthinhihe cedpel oftthe irsiethgorf. (Mox’ebw&zrl \eatet prduced
from the dehydration of the alcohols can be removed by the abovementioned method
also. Likewise, the other organic elements such as unreacted substrate and olefin side
products can be removed from the etherified compounds according to their
differences in boiling temperature. One of the available approaches to separate the
other unreacted organic from the etherified compounds is subjecting the mixture to
rotatary evaporator to vaporize the unreacted alcohols and side products. Distillation
is another practical approach to purify the etherified compounds by separating the
compounds in the mixture at different stagés of heating. Bearing in mind that the
physical and chemical properties of etherified compounds and the side products

produced rely on- the types of substrate use, thus it is not the intention of the present
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a sinple filtration steps may serve the purpose. For
. solvent type of catalysts like sulfuric acid, it may
formthe lower partition in the mxture owwng to its
hydrophilic properties in oppose to other hydrophobic
organi ¢ conpounds and can be drained away fromthe
bottom of the m xture. Still,. there are many ways to
attain the purpose 20 of renoving catal ysts; one
skilled in the art shall appreciate that any
. | . . . | 0 . . .
infEA0h 08 ik Hichich b BuRE R AcEOf blo AL ALIIANAOLR ilifertie
ofttieeprddtnedrpadduets. of t he al cohol s can be renoved by the
abovenentioned nethod also. Likew se, the other
organi c el enments such as unreacted substrate and
TH%' ﬁ)fll'o!&riﬁé gfam;ﬂé qgliﬁ't%ﬁdéaafb ﬁﬁth@lemggtefﬂhgqh{/é}ﬁon, without any
etherified conmpounds according to their 25 differences
inient fooithel ingentionpe batimited tCrhe spécifihembediiments|described therein.
approaches to separate the other unreacted organic
fromthe etherified conmpounds is subjecting the
EXiMpureg to rotatary evaporator to vaporize the
unreact ed al cohols and side products. Distillation is

GlpgphéR2gmracmoks wasppetegd intoa R 3 -negle-rensebatiome fask and
th& d'?g?tggolb%ﬁ%g PG’ ffltrln&g}lé&g?i ch%Pg'égolH”%ﬁ dathe! H%ﬂ%&ﬁe? with

a eren ages 0 ng.° Bearing 1 n mnd
AmmBe130 1911y 55 dhe amidned aas eddredowip @mhagstiobtigérimdivwdsadated.
conpounds and the side products produced rely on the
Theyigmpergture resstiram ambigat tq RYE ing! heurpgd Vt’a}ﬁem?lﬁéé'}?fiiaéﬁo Cto
8506 fgpg HOuES & %? cerQVENLIRA iBQellt-'bmatnoﬁHBJiﬂ%iﬂ{e' }%rétiﬁé process
of her "purificat on procedures exploiting the
andr @peifidagen ceturtrdtk i hodchwgebusr mdse t Watef Herrhed laowi bygproduct
exanple is inte d to further illustrate. the
auFing 4B Searfion FREu] NERIPEReE® P RARIHED -G nvent i on to
be limted to the specific enbodi nents descri bed
therein. EXAMPLE 1 dycerol (92g or | nole) was
EXtMP4ER i nto a 500nmL 3- neck-round bottom flask and

t hen,tert-hbutanol (2969 0 nol s charged in..the
eIk BB P Ple D RREB eSS et ren
then fitirate (py@tucy t dvap&@ted fohreind@gwekt @nd hunfdacted af-Bidsol. The

heated. The tenperature rose fromanhient to 80Cin 1
cridsu glygare! vidley! nether #iapettbigetedole £6 apdsis andsthp gggnyersion of

gl &?olgéogé:lgée%l Qk?lsgthé(resé'ag Bodif r?*()"/pult'l%nﬂjodw r\i/&galgchgubjected to

eatin rocess
GC-MS  analysis. From the GC-MS analysis, two primary components were

determined which were monoalkyl glvcerol ether and diakyl glycerol ether. Therefore,
the product was a mixture of about 60% monoalkyl glycerol ether and 10% dialkyl
glycerol ether.

EXAMPLE 3 _

The experiment as example 1 was repeated. Other reactions parameters remained the
same except the acid catalyst used was Amberlite IR-120 in.stead of Amberlyst 15.
The product obtained was treated as example 2. The GC analysis showed the
conversion of glycerol to glycerol alkyl ethers was about 75%. The product was a

mixture of 61% monoalkyl glycerol ether and 14% dialkyl glycerol ether.
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and etherification occurred i n honogenous phase. Water
. fornmed as a by-product during the reaction period.
The progress was nonitored via TLC. 15 EXAMPLE 2 The
cool ed reaction product for exanple 1 was filtered to
separate the catalyst. Then the filtrate (product)
evaporated to renbve water and unreacted tert-butanol.
The crude glycerol al kyl ether was subjected to GC
anal ysis and the conversi on8of 20 glycerol to glycero
al kyl ether was about 70% The product was al so
subjected to GC-Ms analysis. Fromthe GC-Ms anal ysi s,
EXAMPPE4Mary conponents were determ ned which were
nonoal kyl gl ycerol ether and di akyl glycerol ether.
Thersemer Gipsrimentwas) 6&6@5- @3&“ dRbY Pg’a{ﬂeteé% 6‘?1{13‘8%51;/(}}‘6 Same
ex[‘%ﬁ]q}% k¥h c&lta)f%g@éd Slab WoRRrliIBRRA KK Y he PHbNRELBlained was
ether. 25 EXAMPLE 3 The experinent as exanple 1 was
treped eatexdmplet hefher amytismmsofpgly carelt tor gy cczotadlkdoethére was about
ca5AMe except the acid catal yst used was Anberlite
'R-120 i nstead of Anberlyst 15. The product obtained
was treated as exanple 2. The GC anal ysis showed the
30 conversion of glycerol to glycerol alkyl ethers was
EX4AMBLEDPS% The product was a mxture of 61% nonoal kyl
T kBRI o B Pl 2 B8 by Blyoftspipic ac s @
cafaBRE€t OMRE r@Rfiongiaedrsetére eina@d tthe samer Waxceaid uhitacted tert-
acid catal yst used was Montnorillonite K10. The
bugangh yere sapaysdetiomadie 15a¢toBaproduesbye uaiRg| ratapy eyprorator. The

oo A S O Bl AR B E IS 2o exper ment as. exanpl e 4
was repeated by using p-toluenesulfonic acid as a

EXAMPLE 6

The same experiment as example 5 was repeated. Other reaction parameters remained

the same except the sulphuric acid was used as a catalyst. The conversion of glycerol

was about 74%.

The present disclosure includes as contained in the appended claims, as well as that of
the foregoing description. Although this invention has been described in its preferred
form with a degree of particularity, it is understood that the present disclosure of the
preferred form has been made only by way of example and that numeroﬁs changes in
the details of construction and the combination and arrangements of paris may be

resorted to without departing from the scope of the invention.
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10 catalyst. Other reaction paraneters renai ned the

. same. Water and unreacted tert- butanol were renoved

fromthe reaction product by using rotary evaporator.
The conversion of glycerol was about 67% EXAMPLE 6
15 The sane experinent as exanple 5 was repeated.

O her reaction paraneters renmai ned the sanme except
the sul phuric acid was used as a catal yst. The
conversi on of glycerol was9about 74% The present

Cl%ﬁ&losure i ncludes as contained in the appended
C

arns, as well as that of 20 the foregoing
description. Al though this invention has been
described jn its preferred formw th a degree. of

par tA arAtard o profce; alkyliRersRoprIsINgle @ ¢rieading short chain
di s m}%g{ @/itﬁfmérﬁlaﬁydrmdaqéﬁ{oﬁsqq thOpia s ﬁpseaalrgfade only

by exanpl € an at nunerous changes’in the
details of construction and the conbi nati on and

cpdh S Fosmidimio e ab | R pRE ST B 4 Aot te
1. Acsi®inbQtbphdder RelicRrmlred kerBhd@reCEMBPC 8 NE5Che st ep

of reacting short" chain polyols wth nonohydric
al cohols in the presence of a catalyst. 5 2. A nethod

23 gjo% gllllﬁt %gférldiarl}gggg%laluﬁgs rlts{}‘e Lz, 8}?}1’% rih g}i}egr_%aéet[}%, s?népﬁfé ézggducted

t enpgidet kigB pafssu#®C t o 185C. 3. A nethod according to
clainms | and 2, wherein the reacting step is conducted
10 under high pressure. 4. A nethod according to

clyai 3 . rd i i, £ ' .
S Mindp by RS TR, S8s LBBBMGL P i s
remft ng unreacted short chain polyol, nonohydric

al cohol and othqr b&; products to obtain the purified
Ry figthe Satalyst drd

(b) removing unreacted short chain polyol, monohydric alcohol and other by-

products to obtain the purified alkyl ether.

5. A method according to claims 1 to 4, wherein the ratio of said short chain

polyol to said monohydric alcohol is 1: 1-4 in mole.

6. A method according to claims 1 to 5, wherein said short chain polyol is C3 to

C8 polyol.

7. A method according to claiins 1 to 6, wherein said short chain polyol is

glycerol.

8. A method according to claims 1 and 4, wherein said monohydric alcohol is a

tertiary alcohol.

9. A method according to claims 1-4 and 8, wherein said monohydric alcohol is

tert-butanol.
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5. A nethod according to clains | to 4, wherein the

;ratio of said short chain polyol to said nonohydric

al cohol is 1: 1-4 in nole. 20 6. A nmethod according to
claims 1 to 5 wherein said short chain polyol is C3

to C8 polyol. 7. A nethod according to clains | to 6,
wherein said short chain polyol is 25 glycerol. 8. A
nmet hod according to clains 1 and 4, wherein said
nonohydric alcohol is a tdftiary alcohol. 30 9. A

nmet hod according to clains 1-4 and 8, wherein said
nmonohydric al cohol is tert-butanol. 10 10. A nethod
atk o ehetdgdt xcoldigm® daiand 2nd Mehatin sid chtdgdtab yhdracterized
characterized by having strong acidic functiona

gr oy haging ptrong ﬁ‘éti’l‘hfﬂn“g’@%lr%’% to clains 1-2 and 6,
wherein said catalyst is insoluble polyneric

catalyst. 12. A nethod according to claim2, wherein
shl.cA oatladdys¢cording eorolagds By2 fnd ©r sthiesn said GatkByst As insoluble
netho? according to claim2, wherein said unreacted
shoPPRELISERNS 0l | nonohydric al cohol -and by

products are renoved by an evaporation process.

12. A method according to claim 2, wherein said catalyst is removed by filtration.

13. A method according to claim 2, wherein said unreacted short chain polyol,

monohydric alcohol and by products are removed by an evaporation process.



