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113#11313311111-*166 -66*1Consol i dat ed Specification A

PROCES NG ETHERI FI ED COVPOUNDS FROM

AL m@m I NVENTI ON 5 The present invention

is relate Lo an |nproved nmet hod to produce etherified

conpounds _ S|nply by reacting two diff aoasdlidatepSpedification

al cohol under influence of a catalyst. In nore

spec PROCESY ORI mwnuedemellmnlummlmE tE)N[BﬂIQ)NDBWROM

al kyl ether by reacting s. W th another

monohydric al cohol . 10 fsﬁé%&é&m OF THE | NVENTI ON

Etherified conpounds have been utilized for different
|cat|on S|nce decades ago and now becom ng nore

ET%Eé* to its function as fuel additive in

Bét Bxfé%'thﬁv?entlbﬁ ia8laRRE e §rhq rolv tm‘fﬂ]lll(&f tp% Sfake WiteRified

et herified conpounds like gly ero ers
qempaungs sirplb Hyovmqtmedwpadﬁfmmtttqufctfmicqhhleumdmmmtenmof a

kn s now a e
PRI PR SpEE R alEico RO FPRIERS oBsF RO R
rextip® polgisls mtbhn@themnmiobmm dldoboli spl acenent of al kyl
hal i des by al koxi des; el ectrophilic addition of
al cohols to al kenes and dehydration of alcohols. It is

BACGKGROUND QF THRNENVENTYONat i on of al cohol ,

RGP B e 27 e Sheri SRE e o

@ Shae betorhiBf Uhbre NBitcrddeing &hg AP O MeHeE6E s Uﬁl@le hdditive in
drastic condition, the yield of the etherifi

iR Fsa It hiap beem shoim: éﬁéldlf‘délhﬁm éﬁlihoPFhFrsﬁeémeWS like
élﬁ:‘é&‘ol Elkzt SR proletR mRh 16} cBftathHEnd gﬁéfrqﬁ@&ﬁ%uﬁﬂ i&ohol

forms the unwanted side products, olefin
approach is not practical in industry due to

t hel t
5 BR300 B HELETAET pRICTL UG 137 P 40

predukiben of offivsified campyindet $veh asynucm;)hlﬂmgd mia-'mmlentwof halkyl

I Th [ ..
h%ll&e% I'BS' alllo 1dte§l %{rg%hp i g(f Oélsof%%‘ccﬁ 1% ﬁlgfners §g$ g%}@ﬁ@gon of
a@@holnsllt 1soknodsatn| the aduhdt nighjldnﬁloprdfmolt Bspecially those aliphatic

easonabl e t a . ip this Euro n ent _as
RO il 51 SRR b A EH R R BB 5 o
rP@ligip the QeatO0 6kG0Rd th@érrﬂiﬁstla cORNHOMR Ghe! R 1PPMe RaHritifd

rodu0| gﬁ heno| aIkyI et her by reactlng pheno
RmPPES % lqohpk Jehydrationols sxHEwplytlpw. Instepd; dvigepestion of

thed @hlv@raRe |alioh(ﬂ f&ﬁﬁ@%vﬁhﬁa%lde-ﬁm&cts | dlefirsS SQ@]Vdp‘ﬁi‘bcacﬁ Rabt
the low yield of etherified conpounds from dehydration

PERCtigh! lbﬁ%ﬁwsw dPe bhevtrayegeasned thenwibsitaies. dgeaithelges, patent no
EEHOO¥ £73% N1k @ e FatBRt &N b Smar¥iak RhE Ohdthd® 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 yield of etherified
compounds from dehydration of aliphatic alcohol remained unsolved even the

abovementioned patents.
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2Consol i dated Specificati on SUMWWARY OF THE | NVENTI ON
The present invention ains to provide an inproved

net hod as a resort to resolve the low yield of

et herified conmpounds by dehydration of aliphatic

al cohol . Particularly, 52he present iGoneslidated Spenificayisn
at least two different types of al cohol which favors
the production of etherified conpounds instead of the

§fﬁTngﬁ Jiﬁg Anot her object of the present
Inventl g(rﬁlfgﬂgél ]‘lﬂec EIQIS di sclose a sinple and
Mmeﬁls'thgtimyintsQo @bdva@de?}nfﬁh@%v@g gﬁdttlﬁi’d #Afa rfidﬁtfblrﬁﬂo?w the
co ngs reacting, di fferent, ypes of al cohols
e cquEoRN Pt dgherarions of elinbetic aloehelt Pasticularly,
the pretenBROERRK RIS bt Rhst 1S dRfeRHERbed Wa@éyhbpﬂhi@fa @ﬁg{/soche

di scl ose a nmethod to produce etherified conpounds
nredustiomef etfierified eqrepaupgreiasterd ofithedhyoprodusits hlefias no need
to be perforned under drastic environnment (high
tenperature and high acidic environnment). 15 Under
Aot | dieshrafi theopresant inenkiprovie diteated t toe diselnsst osiaiple and

. t . ? a | iKkel
BP0 pBraR 84 DGR o Ol M bRl Sy g rrem
types of alpohairolith the aidrofpatalysts byder hditapleeoadition.nvent i on, in
whi ch one of the enbodi nents of the present invention
conprises the 20 steps of reacting short chain polyols
Stillt enothen obigdir dfcthalpesstral isventiol AinPtoesiensse Dethdl ab Yysdduce
re.
elfmegi?lgd gcl)rgl\)/o%tnsg b)E ?ea t?nrga i ereent types of alcohol which has no need to be
performed under drastic environment (high temperature and high acidic environment).
Under drastic condition, it is known that the functional groups of both substrates and

products are likely to be damaged.

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 monohydric alcohol is crucial and preferably remained in the range of 1

to 1:1to 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.

Another important feature of the present invention is the use of catalysts characterized
by having strong acidic functional groups to accelerate the rate of the process.

Another important factor is determining the end products yield is the temperature of
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In order to achieve the optimumyield fromthe
reaction, the ratio of said short chain polyol to said
nonohydri c al cohol is crucial and preferably remined
inthe range of 1 25 to 1: 1 to 4 in nole of hydroxyl
group contained. In one of the preferCodseithiodSpaifiction
the short chain polyol used is preferably C3 to C8
tholeydtonmient fvhere thl @eavtion pgtfointedalic o brefiged émlbodiment the

referably is a.tertiary alcohol. 3Q_Another inportant
Pl FongocteR amc T R bt bofrcd 4570 1S Cof
catal ysts characteri zed by having strong a?ich
unctjonal groups,to accelerate the rate of the )
Qo8 o ks ther Alritsations e &1 PR Ge (eified
cEHEL fiBd Q%P‘b&mb{élﬁhgﬂoﬁl Bﬁ‘x_%aét%ﬁ;sﬁlﬁtég, Q:aﬁtysts and side products
3Consol i dated Specification the environrient where the

PRRERSSJhe pieps of regying fhe Ketalystest andrremowing awireasted sharechain
taligkhtil b
b e o G (R RIERN 1) Bper R
aghieye highyieldithedisgesed mediod may belsendngteidfundet higheiressuref | ed
et her conpounds from unreacted substrates, catal ysts
and si de products conprises the steps of renoving the
RETAIly PESCRARTION O THE INVENTI@N short chain pol yol,

[ b I 0l and b roducts to obtain the
O R 0P B ARGl B e e
tdcanl @s de abichadd obyinbke ads dmttﬁ%mg%ﬁk&ib@hk @:rvleagw e.
0 TAI L, DES PTI .OF THE ., ENTI ( ne skilled in
B8 S P T s B YENT: Ol L Ll
dnnivedtbpest thsinv&dtionadapt ed to carry out the objects and

obtain the ends and advantages nentioned, as well as
those inherent therein. The enbodi ment descri bes

TH pdsentiiSveRBbn isrbBQiﬁﬁx%Qecﬂﬁle{hiomté AlobRRS18N efhBecRFRREQf l()]y

the invention. 15 The present Invention i's an Inprove
thipstens P f repchindoehestechain pplyotst widh mepehyduie elcphadgiinigye pivsence of
. - . i
R0l LR Ry RI0EL AR ek TP UG o
etl@rrpe ta ¥ fpeof thithshodi cheinaedédlsmesethold is snpmithe tb be poeduba the

0% of hort chaj I .
tﬂeg%élg e:r:rﬁ %EiFégﬁ%bEa?rgﬁbé o?tié%,e g&%gi%st lﬁag)ne}hep sﬁa%!rXteo efc’npyosy"g&j 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
: 1-1 in mole of hydroxyl group. It should be mentioned that the ratio provided herein
in the disclosure is directed to the object of optimally converting the substrates to the
etherified compounds; any of the substrates in fact can be employed in excess though
it may end up to be converted to unwanted side products and affect the yield

percentage of the etherified compounds.
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20 types of end product obtained, alkyl ether, depends
upon the substrate enployed in the reaction. Besides
of this, the anount of polyols and nonohydric al coho
used is crucial in order to achieve the maxi numyi el d.
The amount of nonohydric 4l cohol enpl @ypasblidste® Specification
relative to the hydroxyl groups contained within the
short chain polyols used because the reaction to

rodu e the eth r|f|ed conpounpds |nvolves the reaction

1p atsRERchiPdhoRig ferablfembagdiment. ghe shokt chpin Rohy@lswsers to any one

o lc6h Binhi@h arfmpuwammﬁgwarmtm&b@f oD ROHN I &b smzalme
use conpare to the yols is nmaintained within the

B bio G8 pplyoly V{Eﬂlie An %m@SbPrefwad expedigerughyceral is utilized
a3 Wih@rtb:ﬁalﬂ%woﬁr‘@q thd Gthert lQi%d It 'IrQ)nQﬁ}ngl'c %?th&edrpSh&i #AGhe
in the disclosure is directed to the o
pwpmtrmvmov@ dnpreferablia tiertiary eohelawhich tlfocmhel ot the iprdcesscfor

; f b [ t. can

T n’pl og“fgé | ert]}?egiigg ch]'n?ﬁlglrjdgh%{t %{r}gﬁole ﬁ dIlS%S 1{1 f’ﬁ rgost preferred
fmﬁnd@ﬁmbd to unwanted side products and affect t he
yi el d percentage of the etherified conpounds.
4Consol i dated Specification In accordance to the
Ip iebLirajpdrante b beNethat catdlyses hoiet readiidh nto gﬁbdﬂ.ﬁbb sthé etiRfified

e or .co n 0 havi ng car bgn

chilpfifs o ey BT 2Rt 30 rBt e REBHE. I ik fenep oo e

p%mpzorley@ivs sitéstfod t@e hidohdiEtoFORt with @f B%ﬁ&eﬁg}h@\dﬂl R directly
cerol is hllze 5 as the short chain polyols. On

eﬂﬂ%wst% Fatg, &ﬁd € {56190 HEMGAIOPEY-alne exlsr tod,sahan@rd thenrepefion,

cBfaBS@Rked 41¥ PRifErably icSntlinh Rl QErBRY Xc@c e ctib@i % rd'%lpceﬁrgjentlonal
which is crucial in the process for producCin

ceialyétr appiiedyfor gleplaln dehydméipr isvditegied to stsong@emis |S¥I1cht dyesulpbstic
ef, e a h
oPHOE R SPUCHRP e, 1n ol phefbfed bmbARAEA HeohBle B Fmeric
catalysisi 4rf exgeds ohseru s lubiehpolpmpriio yetelyeiatasd yagiseetesl polymers,
y [ rovi de
P Joff Ehentpeyrelif, 1lforb it 8 Wigle BhRTlop " Yo e
aeenmwgomreueially tmiulsbleh Repedsentatbreieamaplet re Analheelystf Appl&ation
action. tremend ous rder, tq enhance the :
o BB EAERURAR s bl % KBk e RGO Bnpensunes casier
aﬁhrr ’(hla geeﬁt‘ibrdlbﬁ:t ﬁludﬂ aiakesihb reicioip mokOsvse Bifdctinebs fese catalysts
B gpglled for al cohols dehydration is directed
‘?% %Fﬂ&ﬁb L OPYETOUY EACtBS-s Yyl phuric acid, nitric acid
and the like. In the preferred enbodlnent i nsol ubl e
ynmeric_ catal ysts are used. These |nsoluble
Ibdbfy feveptiongl 5109%&1% defvdratinpimtkade diglo feppsragure is one of the
ac fgﬂe@mré‘mén@d“ memaatagﬁoa@caltne eRBGHQN &fnpYuhds. Nomag/ the
[

ic functional groups which are now comrerci al
teroRaratens| used hégﬁle@eqﬁmaﬁhevaéc@nbmpn B QP& At 8F0°¢s Under such

dBRAL b t'icﬁn thggpr&iuc% Igﬁlehﬂ o%mﬁ)sot!ex&rw b ﬁl%glal))y é&éd into
not only rénders the puri ICtIOﬂ proceadur es easi

tlzef wravanted @lefmaeadingnto lbwityiedd shthereitesifitcheonipeands in nhermamon
I—Fo%vsﬁz\e/?rgghfseeac isclo V%Gd r%%tht hesﬁlecp?ésgrlltxg\t'e%tlgna Qan ee éo%du&ee m a much

lower temperature from 185°C to as low as 45°C, more preferably within the range of
60°C to 100°C. By performing the reaction under such low temperature, over-
oxidation of the etherified compounds can be avoided. Moreover, the present

invention is possible to be conducted in an environment where positive pressure is
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In the conventional al cohols dehydration nmethod, high
tenperature is one of the 25 primary requirenents in
order to produce the etherified conpounds. Nornally,
the tenperature used for dehydrating the al cohols can-
up to 250C to 350C. Under5 such drasti €Coaoidated Specifidation
produce etherified conpounds tend to be further

appﬂhedl Zte positice pressuttnauntied caicedtiafing eiediubgirdtes inOhe YéaRtich
E@ therl ed conpounds in the reaction. However,

t@ﬁée tggﬁ8§éﬁchethod in the present invention can be

conducted in a nmuch 30 | ower tenperature from185C to

as low as 45C, nore preferably within the range of 60C

I i§ patgoiedly BpPesEant iorbsi f’fﬁ’&’dtth"é th@éﬁ@d@%ﬂ\ﬁfh@é ucsgssiin proxiding a

hﬁéﬂﬁ@lﬂﬁ:g%&hod)gﬁétherﬁ?%'d%Hpgﬁhcﬁfbyt xlagctﬁ% AN %glely is due to
n

conpou s can be avoi d Mbr eover resen
clastrenie inatwre andrhysical] sruetgrenef tho polyels edd |tlr¢ manohydric alcohols

usel IItr ? Wlnmea{r?ﬁh 'dI:rlﬂ?‘lelerc?r%? ; 5t§nce§he éﬂ%g ?1%3 a

pecification applie Ve pressure ac
at 6rst protvcsd iaﬂglelpﬁmastmsdlrcatnebe feactidnebut éaemiwned th fierm oﬂaﬁh

148, BEbE Bt A bt ARt AR v
alcohols are themselves nucleophilic thus can react among themselves to produce
ethers and water via dehydration reaction, while drastic condition has to be used to
accelerate the rate of conversion which in turn lead to the production of olefin.
However, the etherified compounds produced in the present 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
Rule. 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
of the glycerol used. Attention now shall be drawn to the fact that primary and
secondary monohydric alcohols are applicable in the present invention though higher
temperature is required to dehydrate these alcohols that may lead to higher yield of
olefin. Using of polyols like glycerol in the reaction is because of its chemical and
electronic nature which is more resistant to further oxidation to olefin at the acidic site

through alkoxide pathway.

Pursuant to another embodiment of the present invention, additional steps can be

taken for purifying the etherified compounds from the unreacted substrates, catalysts
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5 high yielding nethod of etherified conpounds by
reacting alcohols solely is due to electronic nature
and physical structure of the polyols and the
nonohydri c al cohols used. It is known in the art that
under normal circunstancesthe etherifiGdsdidapdSpetificition
at first produced as the primary product in the
use:dam\ivdhas theiside prodocts e @uiification lepd, &f short] mcRide @i 3ps of

the etherified oynds. It is. well
rPRoVRE P Bl e rediovi vareaiRd AT PyRcf LTS alcoho
aﬁuaiyepm&mdts fo biiaia tﬁarpuﬁﬂamalkﬂrrane DRparehpedStht Qypes of the
duce rs and ter via dehydration reaction,
RIS “a?dg ffegent ampvgsﬁchqés aéepteﬁfoag%ovvreﬁ i drom B¢ migure.

Thhespe@tte tef preferé@ lembOMmehi which 'ﬂltlhi’ers Nndofite B&yﬁt@t@c catalysts
production of olefin. However, the etherifie

hawing dhergidiqfupetinnalerpypsanchopadeandhas thmeéatrtmte.fw theyrsaction,
aaglﬁlpi%bﬁl@ﬂaﬂ&{j stéhd H)ag'sfavag rtﬁ@% @Qéét EoPbolV&RGLAO0F zﬂacigfsec?ﬂke
dehydration solely as i conven |ona
srrtftmfowd Unharay farm the lavien peitiion Fretbetmlswre ewisig g lite hydrophilic
I I h p uc
ﬂgﬁl ft&ﬁ 1§ ro%é?sl%g?] eostlpel\f nﬂygrg)?l\ébd %9% %q[p%tufds d agCL (?ramed
aley drom\the dottam of the miiktarey Stll,abérelare xﬁarfyouvg'ssm sm:pthehiuq)ose
o.the elinnation .re as .t he er. ol ec can,
b SIS oG T b e ! e P el B et Beston in
this Iaghttl Qhalﬂtb@ntan Iwiﬂhliﬁ fhe BEHE A tHeCinven€ion. MM eeBN R, witleproduced
%ert E&P qﬁ % n the present i nvention is 20
retipn 2 s figanolscap O amiaver, b e beHpRsPReTmghod
allﬁ’cbeLike\&L‘sE | tﬁ@oﬂh@ﬁdr%ﬂﬁ@éﬁeﬁt@ntggt@h a§%h§é§(§é’cﬁ§ﬂblsl¥ate bX¥olefin side
pol yol s used in the reaction referably ycerol, are
Rrofiitsy g theniemgveh from e Mfyemfgﬁdnéemzoq@t h@qcorﬁrrtgpenethelr
différeni@ it bk Jebdnre 2ORE bF AR HAGRIe bfiRoRhe: t%fse arate the
catal ysts to produce etherified conpounds, nanel
okish gntegeted @rgapicifam gleyatkardied spmppundy s subjdeling leymixtue to
rbRRAE Rl O VSR HE hRaLOF ABONCH B o3¢ bBGK DiGTaitln
if amthttrmlactqgall appropcia psreﬁydhd athyrlfmh ohmeiunds by cefacdtimg the
l.icable.in th entiopn thou
Plo 8 i 8yl g R o e R Pt Rt Bl o G e
phbtﬁd:al rany dhemdtat tprd’plegi&erofwﬂﬁlrlﬁed)fcoﬁipelﬁﬂdﬁ anngﬂhagldI:f products
olyols. lik | ycerol in the reaction is becau
FPt e it e SRS GF St . S i b " e dne present
1ﬁ\e:$t16d ®IMimit §ppﬂ1Uz{tIoh%lf o¥r slaificivntRoRberes Ekp?dltlﬁé"'l‘ﬂe Bfopetities
&% e %? af gh al koxi de pat hway. 6Consol i dated
Hedredue WB @sed as well as the side products. The
purification steps, in short, include the steps of
renpvi ng the catal ysts; and renoving unreacted short
ThsaioHowiae yespmplg| s pfended ol fursihes|illestretenthe grysation, svithput any
1ﬁ’t@ﬁt5fbxnth£ bR eidhitd | b& ﬁmg!e(}(%l t?cfegég'ﬁc e%@cﬁﬂlgntg H%erﬁihetgé%ﬁes
of the catal ysts use [ rent approaches can be
adapted for renoving it fromthe mxture. 5 In respect
é%%ﬂﬁ%%preferred enbodi nent which utilizes insoluble
pol'ymeric catal ysts having the acidic functiona
C@VW}!‘J&@%@OMDH@@) ovasichargsd infea a0l Btreck-soiind Hoaomtftuek and
ti,on e filtration steps serve the )
G e I8 orch ) e, Py U SH LAk PRy vt
Aaﬁlbeﬁil,ysﬂ 15 (Aw6g). fTOE Wikl Wavifred Aithial haihelidstirRe afd Whilhdited.
Wi N Q0 its @gl|lc roperties in oppose to ot her
Tﬁ&? W%O%fr%%ﬁ €8his rFEts“ hAeurcaRd wrs mpinpinedyatif°C to
away fromthe bottomof the mxture. Still, there are
many ways to attain the purpose of rennving cat al ysts;
one skilled in the art shall appreciate that any
nodi fication in this aspect shall contain within the
scope of the invention. Mreover, water produced from
t he dehydration of the al cohols can be renpoved by the

abovenenti oned nethod al so. Likew se, the other
organlc eIenents such as unreacted substrate and

o I I A . o
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The follow ng exanple is intended to further

illustrate the invention, without any intent for the
invention to be limted to the specific enbodi nents
descri bed therein. EXAMPLE | 30 dycerol (92g or 1
nol e) was charged into a B00nL 3- neck-Constidated Spevification
flask and then tert-butanol (296g or 4 nole) was

sShafges howrs.t Tie gaderolfdigsked Qg&gthﬁfcan\ﬁd Hﬁklr@me MeMsg prdcess
The m xtu s stirred with a ghetic

o bircdiR (LG BamoSEs Biser WAl doFBeRS fdrproduct

dafig RtredcBoBRéFiod MTHe fRo&tEssanid mmgordB vt Eiced at 80C to

7Consol i dated Specification 85C for 5 hours. The

gl ycerol dissolved in tert-butanol during the heating
maoagess2and etherification occurred in honbgenous

hase. Water fornmed as a by-product during the
'15'@&@?1% Feapléan praduct s eparapfe d swasvidltsradonisenaratel theicatalpsiCThen

tmNPaltéE (pﬁ'oaﬂ?ﬁ &Qg&@fgd "§ argﬁlh\%’] widfef %H& tunﬁe%ﬁte@ )fgl'ﬂ%tgno]t The

was filtered to separate the catal yst
crudet glyieesol( pkydetber) wey ap‘uccatcb(cb G realpsie andtthe camdrsion of

s ut.anaq er ol kyl . et h
R P TAT T TN
G M raphlysie. drom ethel G€|—M§| aedlysts, @S paibmant cﬁﬂﬁfbne'ﬁhse were
odu also su ted t 0
BB R B B OBV ooy Snd g Rl b TheretEre,
thhspmﬂmmmd andixalre WE AU BOZAhbialkyl blye&b DEth&t 44ar 1089 dialkyl
égak¥l cherol ether. Therefore, the product was a
‘&FMF@ Tof about 60% nonoal kyl gl ycerol ether and 10%
di al kyl glycerol ether. 15 EXAMPLE 3 The experinent as

exanpl e 1 was repeated. O her reactions paraneters
tifedl the sane except the acid catal yst used was

m%érirﬁe@lt hfexhdPld PRhEReRLd. @fmrréa\éﬁﬁns];éram% mn&%ﬁtthe

obt ai ned was treated as exa ana
Sgrngwpt the asisheatalyst @ﬁedowaSgAmberﬂlm IR-02Qingtsed of Aaiblcglyst 15.

c t f
o A el e 08, BaRCE 197 (R0 oS oBedlone
cenveagion piXglyPurel 0 dywerd atiey] eﬂpsrwaﬁeattout/\ﬁs%r @hxeatoddct was a
m%(gl?erotr 61 @Crtnlor%)o%ﬁ(yp glycqulte%{e‘? arrlcF {‘3% gla y& gl?lcc?cfglng%her.

EXAMPLE 4
The same experiment was repeated. Other reactions parameters remained the same
except the acid catalyst used was Montmorillonite K10. The product obtained was

treated as example 2. The conversion of glycerol to glycerol alkyl ethers was about

64%.

EXAMPLE 5

The same experiment as example 4 was repeated by using p-toluenesulfonic acid as a
catalyst. Other reaction parameters remained the same. Water and unreacted tert-
butanol were removed from the reaction product by using rotary evaporator. The

conversion of glycerol was about 67%.



10

except the acid catal yst used was Montnorillonite K10.
The product obtained was 25 treated as exanple 2. The
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Cainms 1. A nethod to produce nonoal kyl gl ycerol

et her conprising the step of reacting glycerol with

tertiary nonohydric alcohols in a mxture in the

presence of an 5 insoluble polyneric catal yst having

strong acidic functional 9Qroup, wher eiQontdiidated 8p¢difi@tion

step is conducted at a tenperature of 60C to 90C under

@eiRtsi nuous stirring to produce 60 to 61% nonoal kyl

gl ycerol ether in the m xture. 2. A nethod

according to clains 1 further conprising the

W infekaat to Qo dilce RFondhIkHOgly ol aHé}Vdoﬂq)rifsiﬁF,tH@ts@b Yot tracting

and (b) remgvi ng unreacted gll ycerol, tertiary

gt yWith dertiary ognohydide ¢laekels bip- Hrrejuives dn tthe prasenca efhen

. i vl o s ‘ i

B SALRY ot sy A HIRILATONY Wity

reasting stey isi®nduntesihat drieropeattoshufl60/G t0190°@ underrpohtinuoudlstirfing
[ ' ein.said catalyst is

tr %\gged&)g@%? ?"Iﬁ%ﬁ%&gﬁél%eml%th'gmiﬁ?rgt"ﬁ%ra' according to

claim3, wherein said unreacted glycerol, tertiary 20

dric alcaohol. a b roduct s are .r.enoved by. an
BN e e B Y bR B HS S aE G BERGR P m
(@) rembeingite cafabysisnadl ubl e pol ymeric catalyst is
(‘&”E%%L%E tunr]égctc% gl')%gr)ﬁ,r tlelrtltaxey rlncl)qﬁo]h%/gr'ic alcohol and other by-products
to obtain the purified alkyl ether.

3. A method according to claims 1, wherein the ratio of said glycerol to said tertiary

monohydric alcohol is 1: 4 in mole.

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

5. A method according to claim 3, wherein said unreacted glycerol, tertiary

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

6. A method according to claim 1, wherein the insoluble polymeric catalyst is
Amberlyst 15 or Amberlite IR-120.



