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CHAPTER - I

LITERODUCTION



Ion-exchonge meterisls eonsisting of 2 erosslinked
polymeric skeleton, eare insoluble in water ond all orgenic
solvents, This polymer skeleton serves as a earrier for
ion-exchange groups snd the sctivity of the resins depends
upon the number of exchenge groups per structural unit,

These polymerie meterisls earry an electrostatic
charge which is exaetly nullified by the charges on the labile
ions, These ioms ere cstions in estion-exchenge resins and
enions in anion-exchenge resins,

Presence of cerboxylic, phenolie, sulfonic, phoschenic
groupa result in cetion-exchenge resins, while smino, substi-
tuted amino/, queternary armonium groups result in snion-

exchenge resins,

Ion-exchange materisls are mainly of two types :
inorgenic snd orgenic, Inorgsnic ion-exchenge meterisls
comprise meinly of neturel products snd sorme synthetic ones.
Orgenic exchanrers ere essentially synthetic resins,

AR

W1'2 and 'lhman3 reported the phonomenon of
cation-exchange in soil mesrly 100 years ago and they
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esteblishbd that the exchense of cetions in the aoil waes

due to sluminium silicetes, In genersl, the minersl sub-
stences vers of no progiiesl value es ion exchangers but the
substaence named as glauconite having the empericel formule

¥ (Fe,Al) 31206 was usedé in lerge quentitises for meny yesars

for water softering, Finersles like ultramerine, spophyllite
netrolite, beidellite, montworillenite, prophyllite also
exhibit estionwexchange properties, However, one minersl,
spetite, & celeium phosghete of the formuls 3c;3(?o4).‘,ca( 'F,Cl)g
hes the property of exchanging anions,

In 1907, Gﬂla4 succeeded in gymthesizing sn inorgenic
ion exchenger by fusing alumine, quertz snd sodm ssh, This
product hed 2 low ion-exchenge velue but it wea inssluble in
woter, DBut this fusion process was lster superseded by the

precipitst 1005‘6 T-11

end peletion methods, Zy this method
sodium sluminium silicete wes prepsred by =ixing sodium
silicote and gluminium sulphete or sodium sluminete in order
to obtain 1t in 2 gel form or es e precipitete., The product
obteined was further processed to get the desired partiecle
size. Composition of this aynthetiﬁ; ion exchanger viz. Ra,0,
3\1203. 65102.61120 ressmbled closely thet of the nstural

zeolites,

Orgenic ion exchencers:

n 1934, it was dimdw"ﬂ

thet certain cosls
exhibit cetion-exchenge properties after trentment with hot w
sulphuric seid or with sulphur trioxide end fuming sulphurie |

scid, These substsnees were quite Stsble with acids snd |



alkalies, Catione-exchenge properties of these substences
were mainly due to sulfonic groups, but these exchangers
elso exhibited the exchange properties due to corboxylic
groups at high pH velues,

Leter Adams end Holmes'® tried to synthesize insoluble

orgenic cotion and en ion exchsnger by condensing polyhydriec
phenols with fomaldchydo_and by condensing polyamines snd
formaldehy’e respectively. The cation and enion-exchesnge
resins thus obteined hed low oxchang_!a capecities end were
active only st particulsr pH velues, )

Cation-excheange ruiu‘g of higher eapaecity were later
synthesizec by condensing phenol sulfonic acid or phenol
methylene sulfonic acid with ‘ormaldehyie and these resing

were found %o be more stshle them sulphonsted cgoml,

Anion-exchanre resins obteined either “rom srometie
or eliphatic emines were only effective during their contect
with strons acids,

A cotion-gxchange reaiu2° containing carboxyl groups
wes then prepared by condensing 1 ¢ 3 1 5 resoreylic seid,
phenol snd resorcinol with formeldehyde,

But the especities of the cation-exchenge resins obtained
by the condemsetion of phenolic derivetives and formaldehyde
were lirited by the faet thet & proportion of unsubstituted
phenol must be included to yield the erosslinlg, Attermpts
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were later made to synthesize the resin with higher capacities
by condensing bengeldehyde disulfonic acid with resorcinol

and gonversion of this produect to reain by resetion with
formeldehyde. This was the basis of Germsn Wofmtit K5 & ¥
um;eo.m

In 811 these resins it cen be ensily ssen that the
exchange group was already present in one of the subatances
teking part in the resetien snd the process wes only conver-
sion of thet subatence %0 & 30114 resin by condensation with
formeldehyde, DBut the resins thus prepered hed 6 limited
chemical stability,

These types of uuu?z ere now prepared by first
condensing phenols «ith formeldehyde to get 2 crosslinked
resin, which are further sulfoneted to get the desired product,

A noteble advence in the manufacture of ion-exchange
resins ocecurred in 1942 when D‘Alelia:?”a prepared 2 eroso-
linked polystyrene resin and then attached sulfoniec groups
to the skeleton by tmating it with fuming sulfuriec asecid or
chlorosulfonic seid, The crosslinking sgent used wes divinyl
benzene and the product possessed # higher concentretion of
sulfonic groups, snd hence a‘hieher ion-exchanre capescity
then any resin wmade hitherto, This cetion-exchenge resin
conteins one sulfonic group per benmmene ring, end the
exchange ceprcity was found %o de 4,7 to 5.0 meqs/gm of dry
resin, The best of the phenol sulfonic scid resin conteins
approximately five sulfonic groups in every twelve benzene
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rings end the especity is sbout 2,5 meqs/gm, These styrene
divinyl bensene besed unifunctional resins contain only
sulfonic groups and due to sbsence of phenolie hydroxyl rroup
they are very steble to high temperu@urea end to higher
concentrations of acids and alkelies, The styrene divinyl
bengene copolymer is prepared by suspension polymerization and

these resins are aveileble in bead form,

A unifungtional carboxylie roain25

copolymerising methaerylic seid with 8 crossliinking agent

was prepared by

like divinyl bengene, Styrene divinyl bengene resins
conteining - PG(OH)2 and -CHQPO(OH)?_ groups are elso aveilable,

" Mlelio later proposed the synthesis of snion-exchange

msh27'28

by nitretion of styrene divinyl bengem copolymer and
then reduction of nitro groups to amino groups, But now the
basic sroups have been muccessfully introduced in the styrene
divinyl benzene copolymer by ‘irst elﬂoromethy“lsrl::lng29".-"1 it and
then tresting with tertiery amines resulting in strongly basie
NSms.3?'33 Treatrent of prirmary and secondary emines to the
chloromethylated s'gyrena divinyl benzene copolymer results in e
weakl: basic rolin.%”s Development in 1on;oxchange resins
wes leter followed by the synthe=is o7 selective or specifie

3640 41-50

resins, redox resins, resins for the separation of

optical isomers’ \=2> end resins for catelstic purpoaal.“'s.,

Applicstions

Hegtural and gynthetic alumino siliecates were first used
for softening of water in the beginning of twentieth century



end it was only m short time later that these materisls were
found to be good catelysts, Catalytic sctivity of these
silicete exchengers resulted from their acidic neture enmd
also due to the presence in ther of menganese, iron, chromium
end tin,

z“uu")'B-ﬂ have been used in the oxidetion of
sulphur dioxide, benmens, toluene, phenscl, naphthsleme, anthre-
cene, slcohols, also for synthesis of ammonis end reduction
of nitrobenzene to sniline, It is slso reported that many
orgenic gompounds lie naphthelene ean be hydrorenated by
catelysts consisting of e mt-l such s copper, nickel,
pletinum on a weolite carrier, Seldon Compeny®: succecded
in the reduction of earbonyl compounds using *inorganie
zeolite exchangers', In the thermal ecracking of hy'.?ra-;
ecerbons over alumine-gsilice meclites, 2 hydrogen ion associsted
with the tetrahedrsl slunminium in the catelyst wes found to

be responsible for the catalytiec activity.63'66

Sechanen and 0'):011167 reported thet benzene or toluenec
cen be successfully alkyleted using activeted clays, Activeted
cleys heve 2180 been fo und to be the best catalysts for
alkyleaticn of phenole endéd naphthelene with alcoho s, ethers or
o].a:“ins.sa Synthesis of hexamethyl bensenc from phenol and
methanol using sctiveted slumine cetalyst is sl =0 roportod.69

Ion-gxchenge recins are used &s cetalysts for meny
orgenig¢ or inorgenic chemical remctions. This is true of gases,
liquids snd solutes, leactions of liquids end solutes
catalysed by Mhnnge resins are dependent on catalytie
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activity of the counter ions snd hence cetslysis by ion-
exchonge rcsi.u?o is considered to be mnalogous to homogene-
ous phese cetelysis by dissolved electrolytes. Ion-exchenre
properties therefore influence to ¢ lerge extent the cetsly-
tic ectivity of the ion-exchenge resin,

In the heterogeneous cetalysis of the resetions of
g2ses with ion exchengers, the resction occurs st the external
g1¢ the intemal surfece of the emtelyst end the resctents
get activeted by ndaorption.?o fgretions such 88 cracking
of hydrecerbens end hydrstion of olefins heve been mccomplished
over zeolite resin, The rerction mechenisa suggested by
different workers involves the formmtion of cerbonium ions ss
resction momdims.”’“ Stepwise reaction mecheaniem
for cracking of isobutlene over uolite365 is reported ams

followsg=



The chain terminetion is effected by

Tegeneration of the catalyst occurs with step ¥No.4.

The resction mechenism for the hydrstion of olefins’'
is explained 23 follows

Poth the mechenisms mentioned above involve proton
trensfer from the estalyst, which should be scidic to the
renctants,
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Isrger surfage oY the catelyst slways helps to increase
the rate of maction, Crystalline gzeolite exchengers are there-
fore used mas cetelysts for gms reactiona due to their porous
structure, But the conventional gel type ion-exchange resins
cannot be used since the polymseric matrix contrects end closes
the pores i7 they are not in conieect vith'the solvent, However
the latest macroreticular resins ere porous snd herce con be

utilised,

Catelytically active species in largg numbar of reactions
of liquids and solutes are H' and OH™ jons, It has been found
thet an hm material which contains the cetelytically _
active iom &s the counter ion can replece dissolved eleetrolytes.
The reaction occure in the pores of the ion-exchenge resin where
the sctive species are aveilrble, The pores of ion exchsngers
which are in contect with the resction mixture contzin soiwvent,
solutes end counter ions, Like homogenecous solutions, the counter
ions sre mobile end solvated, Hence the counter ions vhich are
catalticelly active in homogeneous solutions ere equelly sctive
in the pores of ths resin, Hence the mechsnism of heterogencous
eetelysis by the resine is similer to thet of homogerncous cote-
lysis by dissolved electrolytes, © This is also confirmed from
the some veluss of order of reactions end setivation energies
obteined in both the ceses, Catalysis of liquid phese resetion
by ion-gxchange resins is thquon ¢onsiderad to be a homogeneous
eatalysis in the pore ligquid,

The use of solid ion exchengers has the following ndvan-
teges over homogencous cetalysis by dissolved electrolytes:-



- 10 =

1 & continuous process in colurns is possible

2) in batch operations the cetalyst cen be rendily
removed from the resction produects either by
decentstion or filtretion,

s

it is possible to 1solste the resetion intermedietes
which eannot be obtelned in homogeneous eatelysis

4) ion-exchange resins can diseriminete between small
end lerge molecules, The grester selectivity of
the ion exchanger cetelyst will be adventegcous.

5) purity of the produets iz superior asince side
recgtions enr be completely elimineted or are less

Orgenic ion-exchenre resins are preferred to inorgenie
ion exchangers as cetelysts for liqui? phase resctions, The
resins ere superior to the inorgenic ion exchengers becouse
of the higher mobilities of thg reesctents esn? products in the
pores of the cetelysts, So a2lso the orgenic ioneexchange
resins ere more :teble towards mcida, However inorgenic
exchengers cen withstand higsher temperetures of operstion

while orgenic exchengers will be affeected st higher temperatures,

. The following tmble summesrises some of the numerous
reactions studied using orgenic ion-exchenge resins,



Ester Hethyl acetete - SO3H T2,73
hydrolysis
Butyl scetote - 50311 T2
Ethyl scetnte - 30.5}! T7°=T5
2thyl n-butvrete - 803!! 75
Bthyl n-ecsproste - 3’33H )
Hydrolysis Vellulose - 3031{ 76
Anides - 90,1 77, 78
Jinitrophenyl
gelatine - 30, 79
Proteins - 3033 B80-82
Cerbohydrstes - 503H 83
Inve raion Sucrose - 3035 84-39, 97
leetel n-butyl sleochol and ; - SOSH 90
formation pereformaldehyde
Glycerol and ) - 303‘!{ 90
pare formaldehyde )

Yethallyl alcohol ) - 30351 92
and methyl scrolein )
)

Penzaldehyde and %
n-butyl-, n-hexyl-, )
and n-heptyl sleshols

Sthylene glycol and ) - SJBH 93
pareformaldehyde )
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Renegtion
type

reotel
formetion (Contd)

Condensetion

Polymerization

Dehydretion

Hydratior

Resrrengcrent s

Epoxidetion

Alkylation

Dacomposition

hi-phonnl A

synthesis

Turfural end n-heptyl

eleohol
Fentserythritol and
cerbonyl eorpounds

Zhenol end sllyl
aleohol and
propionaldehyde

Styrene an? other
unsstureted
hydrocarbons
Aleochols (Cyelie)

Chlorotetracycline

isoolefins
Tertiery amylenes
Acetylenes

Hydrszobenzene
Qlefinic compounds

Phenol ethers
Fhenol
Alkyl bensenes

Pare-gresol

Cumene hydroperoxide

Phenol and pcetone

S

95

96

98, 104

99, 100
101

102, 103
105
106, 103

107
109

110
111-113
114
115

116

117
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Reection cetslysed by enion-exchenge resing

Reaction Reactants "esin form Re ference

type
Hydrolysis Bthyl acetnte : Zenk hase 118
Aldol Fetones and Yeek brnse 119,
condensation aldehydes and 120

strons bose
Enoevenagel Various aldehydes Strong and 119,
end ketone week base 121

Condensation Verious sleohols ) Strong base 122124

eyenoethylation end acrylonitrile )

Preparetion of 1-2 dibromoethsne ) Strong base 125
ethylene end 1=-2? dichloro- )
ethane )
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Egterifieation with ion exchanse resing:

Esterificantion reactions eatrlysed by ioneexchanse
resins hove received s gregt deal of mttention, Esters sre
generslly prepared by the sction of en sleohol on en orgenie
agid, in presence of 8 strong minersl eecid, Fut hydrogen
form cetion "= . .exchenge resins are found 4o de equrlly
efficient gatelysts ss compered to the minernl scids. The
reaction mechemise for the eaterificetion resctions cetnlysed
with ioneexchange resins e¢sn be explsined es follows:

R'COOH + H* R*C(0H),
R'¢*(0H),, RC* w0 s H,0
@ . +

R'C* = 0 + ROH R'COOR + H

Literature survey shows thet vorious investigstors
heve studied different esterificetion recctions in .resence
of different catelysts, A list of esterificetion resctions
cetalysed by ion-exchenge resins is given below.



B 1 telysed b xchange
resinsg
Reaetion Regin used eference
1. Bthyl eleohol Sulphonated styrene - 126-129,
end scetic esedd divinyl benzens copoly- 141
mer
2. Butyl aleohol Sulphoneted phenolie 173
end acetic seid (Dowex 30 )
Folymarie esrboxylie, 31
phosphonie
Silicone bamsed Woratit i34
SiAs 20
Sulphonsted cosl 130
Sulphoneted styrene - 131133
divinyl bengzene copolymer
3. “utyl alecohol Sulphonated cosal, 135, 136
and oleic meid sulpheoneted phenolie resin
Sulphoneted styrene - 137
divinyl benzene copolymer
4. Othyl aleochol Sulphonated phenolic resin 100
and cysnoecetie
agid
5. Lesuric scid¢ and Sulphonsted polysiyrene 138
diethylene resin
flyeol
6.(3thyl lsurate)  Sulphonmted polystyrene 129
from coconut resin
oll and ethyld
aleohol,
7 2<butane and Phenol-formeldehyde resin 140
acetic scid with 2 methylene sulfonic
group
Sulphonated styrene-divinyl 148

bengene gopolymer with
magroreticuler structure
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2.

9.

10.

13.

14,

15.

16.

17.

18.

19.

Meleic anhydride
with verious
glyeols

Sthyl sleohol and
chloroscetic acid

#11yl alcohol end
phthelic snhydride

Putyl saleohol end
phthalic enhydride

Adipic ecid with
n-butyl, n-hexyl
and n-octyl alcohol

Fhthelic gnhydride
and ethyl aleohol

/11yl sleohol with
egetic ncid

Fentgerythritol
end 5-3 fatty eceid

Disproportionated
rosin, prehydro-

gengted rosin
ic seic

dihydro-abiet

erd leurie peid with

penteerythritol end
leuryl s=leohol,

Methyl end ethyl
aleohol with
chloroecetie,
tarteric, adipie,
meleic aeid,

Methyl elechol
with selieylie
acid

Rdipic aecid with
ethylene glyecol.

Sulphoneted styrene -
divinyl benzene copolymer

Zeokerd H
(Sulphonated coal )
Sul fonsted phenoliec resin

tmberlite 1N 120, Dowex 30,
sul fonated coel.

Amberlite IR 120, Dowex 39
Sulfecerbon i, S,
Julfocerbon &

imberlite 1R 120, Dowex 30
Sulfoneted coal

Amberiite IR 120

XU 2 sulfonated styrene
INE copolymer

fetallic resinstes

Sulphonsted phenolie
resin

Sulphoneted resin

fmberlite IR 120,,.I1IRC 50
Tulsion 14, Zeokerb 15

135

143

133,

144

13%

133

145

146

147

151

149

150




In the present investigetion, detailed study of the
efficeey of four cestion-exchange resins as cotalysts has been
cerried out, Though they sre sll ertion exchengers, these
resins have different physico chemicnl cheracteristics, Te
esterification resactions studied were

1. Putenol-oleic seid,
A 2-2thyl hexenol-phthalic evhydricde

Se Adipic scid with ethylene, diethylene end
propylene glycol

4. Sebacic acid with ethylene, diethylene ond
propylene rlycol

Esterification resctionsiios, 1 and 2 are usuelly

l,;ﬂrrud out in the presence of strong minersl seid, Esters

med in resctions lo.1 end 2 are butyl oleste and di-oct l

: ,_ te which are used as plesticigers for vewvious

Hence for this use the plasticizer should be

free of minerel acidity, Yor this ivnson, during
psterificetion of butenol-oleic aeid and 2 ethyl hexenol-

¢ snhydride, the finsl product formed has to be weshed

".Qutd. This washing process is time gonsuming and

“ ' of lerge volumegof wash water,

i lgo. 3 end 4 are usually eerried out above
Mt‘o under reduced pressure to remove +he >




water formed during the resction, substences which estnlyse
simple esterifigstions ( reactions lios, 1 & 2 ) eatelyse
polyesterification resetions ss vell,

In general, scidic substances sre used in most lerge
scele operstions, Pera toluene sulphonie acidﬁ"’ seems to
be the most populer catelyst in the merufacture of polvesters,

Other compound a’”

which heve found favour ns cetalys+s
for polyesterification ars hydroquinone, geseous hydro-
chlorie eeid, tennic seid, Pyrogeliol, sodium hydrogen sulphe‘e
and grometic amines such as sniline end phenylene dismine.
Alkeli metel silicaton’“ are also sugges+te’ as cetalysts

for polyesterification,

#ith catalysts like sulphuric acid, sodium hydrogen
Sulphete and ginc chloride, the resction between unsstursted
acids end unsatursied slcohols becomes too violent,

An inmportent considersetion in the choice of cotalyst
for polyesterificetion resction is the esmse of its removal,
If the catelyst is not removed properly, its: presence hes
adverse effects on the properties of the polyester, Caseous
end¢ highly volatile compoumds gre preferred es catelysts
8ince the’ csm be eamsily top ed off, Thermally uns+teble
eatelysts are destroyed by heeting,

In this laborstory, investigetions were carried out to
prepare polyesters needed for the synthesis of polyurethene
foems by usi g ioneexchange resins ss ca+a1ysts.15° - olyesters



used for making flexible foems were free from acidity, which
was the additional adventage in using ion-exchenge resin
catelysts, In the sbove communicstion > the suthor claims
that although ilon-excharge resins ere costlier them the
ninersl scids, their use will be quite economicel for the
polyester prepsretion due to following remsons,

1. fesins ¢on be essily sepernted from the polyester,
?. Tesins can be reused,

3. Polyesterificetion can be achieved st low ftesperatures
in shorter time snd et stmospherie pressure,

Taking irto considerstion a8ll these edvertages, it wes
plenned to study the recctions listed eerliesr with different
typee of ertior exchangxzrs and assess their suitebility,

The resina studied for their esmtalytic effect in these
resctions were fmberlyst 15, Amberlite I7 120, Zeoenrb 215
end Tulsion 14,

Iite nture dmte revesls that Amberlite In 120707 144.150
hes been used as & eetalyst for different esterivicetion
reections but Amberlyst 15, 2 newly merketed produst has not
been utilised for easterificetionm resction,

Tulsion 14, on indegeneously eveileble resin hes been
compered with Zeokard 215 of similer exchesngs cspacity in the
esterificetion reactions, Preliminary deta showed its
use Aulne =a, R4
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Effects of eatalyst coneentration, perticle size,
temperature and retio of resctants heve been fully investi-
goted sand reported, PFesults obteined heve been discussed
to reveel the utility of these ion-exchenge resins for the
entelysiz of esterificetion resctions,



TER ~

MATERIALS AND METHODS
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MATER AND METHOIS

Butsnol - This was purified by drying over anhydrous
sodium sulphete end wes then distilled,
Boiling point - 117°%C

Oleic egeid - Oleic acid wes purified by distillins it
under reduced pressure,

Boiling range - 282°C st 100 mm,

Cetion-exchange resins:
1. Amberlyst 15
2. Amberlite IR 120
3. Zeokerb 215
4, Tulsion 14,

2, 2=-3thyl Hexenol-phthalic anhvdride resction
Rew materisls:

2 Bthyl hexanol - Chemically pure ? Ethyl-hexenol was
purified further by distilling = at 181°C.

Phthelic erhydride - Anslar grede phthalie enhydride

m.p. 131%C was used without any trestment



Benzene - Tensene wes weshed free of thiophene,

dried over eslcium chloride and distilled,

Toluene - It was weshed free of thiophene, dried

over celeium chloride end distilied,

Xylene ~ It was washed free of thiophene, dried
over cealecium ghloride end distilled,

vation-exchsuge resinss
Amberlyst 15,
Amberlite IR 170
4gokerd 215
Tulsion 14.

Adipiec meid - This wes mensler grade produet ¥, 7. 151°C

Sebecic aecié - This was smeneler srade product
M.P. 174,5%.

Bthylene glycol - B,D,H,Crede wes distilled at 197°C
under dry condition and used,

Diethylene glycol - Cheriecelly pure produgt - wes
distilled under dry condition at 245°%C
and used,



Propylene glycol - Chemicelly pure product, was
distilled under dry condition at
188°C and used.

:iolnnt; - Lgngene, toluene, xylene. All the
solvents were weshed free of thiophene,
dried thoroughly over cmlecium ehloride
and then distilled,

Cation-gxchange resin cstalysts:
1. Pmberlyst 15
2. Eimberlite IR 170
3. Zeokard 215
4. Tulsion 14.

Ion-ezchrnme resin estelystsg:

1. Arberlyst 15 + ( e sulphonated styreme divinyl benszene
copolymer )

tnterlyst 15 1is a strongly acidic resin and is in bead
forrn, This resin has been particulerly deve loped for hetero-
reneous catelysis in nonsqueous media, It hes also been
reported to be more effective for cetelysis in non polar medie,
This resin has been used for the removel of certein impurities
in ron-aqueous systems, This resin is reported to heve some
speciel sdventages over the conventionasl sulphonic seid
cation-exchange resins for e¢etelysis in non-aqueous medis, It

possesses a porous structure sometimes referred to gn &
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macroreticular structure, Due to this structure, the

resin perticles possess a high degree of por 8ity which
#ives rise to m lerger surfece area and high catalytie
ectivity, The pores in the resin perticles esre very rigid
and gre fixed within the resin beesds, This mecroreticular
structure in the resin permits resdy aceess of liquid end
geseous reectents to the hydrogen ions present throughout
the resin which is not possible to schieve with conventional
pel type ion exchenre resin, Amberlyst 15 heas a formel
resemblance - to the conventio~al sulfonic acid estion —
exchange resins due to its besd form srnd high concentrestion
of hydrogen ions, Amberlyst 15 has excellent resistsnce to
various types of pttrition, Its polymer structure offers
very good resiastence to strong ecids, alkelies, arommtic and
eliphatic hydrocerbons, sleohols, ethers snd other solvents,
Amerlyst 15 is sensitive only to high concentretiors of
chericel oxidants end withstends prolonsed use ot terpere-
tures upto 150%C., Desulfonstion takes place at higher

57
terperstures, It is menufectured by ¥/3 Rohm & Hass Co. USA.

sSome of the properties of Amberlyst 15

Appesrarce - Herd, gspherical, derk brown perticles.
Particle sige -16 +’50_U.3.3tanﬁard screen
True depsity gm/ml - 1.4

Hydrogen ion conecentration
gn dry resin - 4.9



2, Lmberlite IR 120

Amberlite IR $20, a sulfonoted styrene - divinyl bensene
copolymer 1is a strongly meidic resin, Amberlite IR 120 hes @
few outstanding properties such s high exchenpge capscity,
good chemicsl resistence end stability et higsh terperstures,
This nuclesr sulfonic seid type cetion exchenger hes s high
deneity snd 18 produced in the form of attrition resistent
bernd like pertiecles, Isborstory tests simuleting unusuelly
severe process conditions heve shown thet Amberlite IR 120
is en extrerely stsble product,

in addition to high exchanre gepeeity ond good physicel
end chenicel stebility, the unifunetiomslity, high density
snd particle size uniformity of Amberlite IR 9120 heve resulted
in widespresd mceeptsnce of thiy exchenger for meny 8peciality
use3 such as water softening, demimeralisation, sugrer
processing end gatelysis, It is menufectured by M/5 Rohm &
Hess Co, U.3,.A,

Exocerties of IR 120
Appearsnce - Heord, spherieel, reddish brown perticles
Perticle sisze - 16 to 50 mesh ( U,3,3tandard sereen)

True density gm/ml - 1,27

Hydrggem ion concentretion
neq/gm - 4,8



Zgokard 215

Zgokarb 715 is clessified s a sStrongly seidiec resin.
It is = sulfoneted phenol formmldehyde resin, TJeing m
polyfunctionsl resin, it exhibits more exchange cepeeity
in slkeline pH due to phenolic hydroxyl group, It is
produced in a gromular form snd has high density and pood
ettrition resistance, This resin is thermally stable upto
50%C end gredunlly loses its exchense empacity when hested
et high temperstures, In the form of sulfonste selts, the
resin is stable st somewhst higher temperstures,

The rusin when treeted with seids, slkelies and solvents
like aleohol, scetone imports brownish ecolour to the solutions
in the initiasl :steges.

It is mereted by ¥/S Permutit Compeny, London,

Zroperties of Zeokarb 215
Apoesrence | - Hard, bleek grenules with a2 red tinge,
Pprticle size - 16 %6 50 mesh U,3, Stsnderd sereen
Trua density gm/m1 1,3

Hydroren iom concentratien - 2,6 meq /& of the resin
meqs/gm dry resin et 7 oH and
5.0 maq. /rm of the resin
© @t 10 pH
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Zulsion 14

Tulsion 14, e sulfonic eeid getion exchenger is e
strongly acidic¢ rezin snd is eveileble in grenuler form,
This resin is obtained by sulfonstin~ the ceshewnut shell
liquid formsldehyde polymer a* 100°C, It shows a varietion
in exchange capacity from neutral to alkaline pH, I¢ is
@& polyfunctioral resin, Tulsion 14, as furnished in the
sulfonic acid form, withstends tempersture upto 50°%C for
prolonged use, Uradusl desulfonstion resulting in the loss
of exchange copeeity is observed above 50°C, 1In the form
of gulfonste salts, the resin withastends somewhet higher
temperstures, It hes 2 pood resistance to verious type of
sttrition, ZPeing propared from e plant meterial, resin
throws colour with solvents, acids end alkslies, It is a
completely indigeneous product end is menufactured by
¥/5 Tulsi Industries, Poons, 88 per the patonts?g released
by lational Chemicel Leboratory,Poone 8,

Exoperties of Tulsion 14

Apoecrence - Hleck, herd grenules
Perticle 2ize - =16 to 50 mesh (U,3,stenderd sereen)

Hydrogen ion concentration ?e” meq/gm of the resin
meq/sm of the resin et 7 pH
4,0-4,1 meqe/rm of the resin
at 10 pH,

True density gm/m1 - 1.3



L rocedurg for the determingtior
ougentration of Amberlyst
ulsion 14 and Zeokerb 215,

Fefore the determination of hydrogen ion eoncentretion
of the resin, the resins rust be pretrested with hydrochloric
e¢id or with nitrie scid or sulphuric acid +o eonvert the
recin to the hyirogen form, Unless this scid trestment is
eerried out properly, the results obteined will be mislesding,

In order to obtein reproducible results, 2 litres of
esch reain semple wes trested with seid, T™he resin semple
wes pleced in s 4 inch diameter eolurn ( fitted with g
sintered disc and m stop coek ) and dack washed ot 100 percent
bed expsnsion until a cloer back wesh effluent was obtained,
The resin bed wes then allowed %o settle. Spch reain ssmple
wos then treated with four litres of 5 ¢ hydrochloric meid,
ixeess acid was then washed out with deionised wnter and the

resin was dried in an oven st 40% for twentyfour hours,

Datarniagtion a7 maiad camts-155

In cese of Amberlyst 15 snd Amberlite IR 120, sccurs*ely
weiched 2 t0 3 gms of the hydrogen form resin wes dried st
110°C overnicht to determine the solid contents. DBut in esse
of Zeokarb 215 @nd Tulsion 14, the resins were dried gt yoom
terpereture over PZOS'

lecuretely weirhed ome grem of the sbove trested resin
wes teken in e dry 250 milli litre erlenmmeyer flask, 200 milli-



litres standardised 0.1 N sodium hydroxide solution prepared
in 5 percent sodium chloride solution wes added to the
erlemeyer flesk, Jtoppered semple was allowed to stand
overnight, 50 millilitres sliquote of the supernatent liquicd
wes titreted egainst 0,1 N standerd seid to the phenolphthelein
end point, The cetior exchenge cspecity was ¢alculeted

as follows:

( 200 x ¥ NpoH )} = 4 ( Millilitres acid X ¥ acid )
Semple weicght X percent eolids/100

Milliequivelents estion-sxchenge ecapacity
Gram of dry hydrogen Torm resin

Seterningtion of partigle sigze:

In the present investigations, resins o+ ¢irfer-ent
particle sizes are used ss cetalysts, rlesins of different
sizes { -16+20, «20430, =30440, =40+450 ) were obtained
by fixing U,5,5tendard sieves (16, 20, 30, 40, 50 ) one above
the other on the sheker end resin was pleced on the 16 mesh
sieve. JSheking wes carried out for two hours,

The procedure adopted was siniler to thet reported
by Benesi g% gl."!  semples { 1 %o 2 sms ) coateined in
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small weighing bottles ( 15 x 20 ) were Tirst dried in an
oven st 130°C for two hours or over phosshorus sentoxide or
Seven deys. Jamples were then weighed and with 1ids removed
were transferred to @ 16 cm vecuum deseicetor conteiner

€10 =1 of eerbon tetrachloride-centame mixture, The desci-
cator connected to & cold tra;, menometer and vacuum pimp,

was ovecunted until the corbon tetruchleride boiled, After
testing the leeks, msbout 10 ml of cerbon tetrachloride wes
veporized end collected in the cold trep in order to flush

out all the eir from the descicetor. The contents were el lowed
o equilibrate for 76 hours st room tempersture, Air weas

then slowly admitted to the desoicnter. The desciortor cover
wrs removed, the weishing hotiles were stoppered as repidly

es poosible and the resulting semples waore weished, Pore
volures were calculeted from the gein in weight of the samples
and the demsity ofearbon tetrachloride, The rein in semple
weirht was first corrected for the weizht o enrbon tetra-
chloride wvepour -ntrnpot.! while stoppering the weirhing boettle,
This correetion was evelustes by meking & pareliel ceterminstion
using en empty bhot+tle,

Aecurately weighcd sample ( shout 1 gm, ) was dissolved
in 50 eces slcohol~bsnzens mixture { 50 1 50 ) and titreted
ageinst 0.1 ¥ sdlecholic potassium hydroxide selution <o
neutrel end point,
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Acid number weas ecelculeted ng follows:

56,1 X N KOH X titre reading

Weight of the semple

It is expressed as mgms of KOH/gm of the substance.



CHAPTER ;I' 1

EXPERIMENTAL
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XPER IMENTAL
Iutenol-oledc scld reogtion

Butanol { 1 mole ), oleic seid { 0,75 mole ) and
resin catelyst were teken in a 'thru necked flask, fitted
with a mercury sesl stirrer , double walled condenser, @
water seperstor snd a thermometer, The resction mixture
wes quickly heated to refluxing temperature using a heating
mantle with a countrol, [feflux tempersture was found to be
120°c.  Zero time wes taken as the time when refluxing
conmrenced, Ssmples ( approximetely 1 gm ) were removed
fron the reection mixture and‘analyaad for the acid number
at definite intervals of time, Samples were collected in
coniecel flasks with stoppers end ghilled 1mdiertely, The
conieel flasks were weighed before telking the sample, After
chilling for 10 minutes, semples were brought to room
terverature and the conicel flesks were sgain weighed,

Semples were snalysed for the secid vealue by the method des-
eribed earlier,

Different runs vere carried out with Amberlyst 15,
Amberlite IR 120, Zeokerb 215 end Tulsion 14, [Keeping the
molar ratios of the reactants end the temperature constent,
concentrations of the sbove mentioned catalysts were veried,
Feeping the eatalyst concentration and temperature constant,
exyeriments with varsing perticle sise raaging from -16 to
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+50 mesh of each of the sbove described estelysts were
carried out, The deta obtained is gZiven in Table lo0s.1-6,8,9.

Fesins Amberlyst 15, Amberlite IR 120, Zeokard 215
end Tulsion 14 were anelysed for their exchenge cspecities
by the method deseribed in Chepter II.

Resins once used were mgein washed with ethyl eleohol
and dried thoroughly, Exveriments were earried out using
the thoroughly dried resins end results obtained are
tebulsted in Table Yes, 7,10.

2=Ethyl-Hexanol - Phthelic snhvdride resction

2 Ethyl hexeno! ( 0,25 moles ) end phthelic emhvdrice
(0,112 moles ) with different smounts o” resins snd 190 ecs
of toluene were placed in a three necled flask, Titted with
2 mercury seal stirrer, thermometer and a water separstor with
concdenser, The reection mixture waes rapidly hested to the
boiling tempereture of toluene, with the help of 2 mentle
and control, This was done in 10 minutes,

Commengerent of refluxing wes teker ss sero time,
Samples ( approximetely 1 gm ) were removed from the resetion
nixture st regulsr intervals in 20 m. capacity round bottomed
fleeks vhich weve initislly weighed, /11 the samples were
subjected to hemting under reduced pressure to remove 21l +he
solvent ( tolueme ), This wes done till +he flmsk conteining



the resction mixture gave m constant weight, Sawple wes
then dissolved in 25 ml, d4ry bensene-alecohol mixture (50:50),
transferred to 2 107 ml coniecnl flask end analysed for its
acid number by the method alresdy deseribed in Chapter II,

Experiments with the veristions es mentioned in table Nos.

11-22 were carried out,

b Qe a r & regetion

#dipic meid ( 0,25 mole), glycol ( 0.313 mole ) tolu-ne
( 100 c.c.)end the es*elyst were taken in & three necked flask
with & stirring arrengement, *+hermometer end @ weter sepsrstor
with condenser, The vhole resetion mixture wes quickly heeted
to refluxing temperasture by meenz of heetins mantle supplied
with 2 econtrol, It was possible to bring the refluxing
temperature within ten minutes,

Zero time was teken fror the time refluxing started,
Samples ( about 1 gm ) were drawn fror the recction mixture
from time to time in 20 ml round bottomed flask, Solvent
toluenc was removed fronm the semple by heeting it over weter
bath under vecuum, This was continued till = constent weight
of the flask conteining the semple was obtained, This was *o
confirm the complete rermoval of the solvent, Zemle wss then
dissolved in 25 ml dry benzene 3 alcohol mixture, trensferred
to 100 ml. erlenmeyer flask end enelysed for its acid number
by the method deaseribed in Chapter II.



Experiments using adipie seid ( 0,75 mole ) with
diethylene glycol ( 0,313 mole ) end propylene glyeol
( 04313 mole ) were earried out in the seme fashion,

The same experimentsl procedure wes adopied for
sebacic eeid ( 0,1666 mole ) end glyeol ( ethylene, propylene,
diethylene 0,208 mole ) resction elso,

Table Nog, 23.30 shows the veristions of experimentsl
conditions in the sdipic seid - glycols snd sebacic seid -
glyeols resction with all +he fou;' resins end the results
obtained during these experirents,
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ZIable No,1
Butanol-oleic meid resetion

Particle size -« =20 +30 mesh

Terpersture

- 120%

Resin used - Amberlyst 15,

Time feid value Unrescted

mgms KOH/gm eeid

k

Rt e e e e e -

of the
sub starge
n (4

1 hr 69030
? hrs 46,31
4 hrs 16,72
5 hrs 9.50
6 hrs 6,06

fgain co ntretion

1 hr 56030

2 hra 5-91

3 hrs 11.8%

3 hrs,30 min 3,87
fHesin congen n
30 mu'. 70.9?

1 hr, 41,50

2 hr 15 mins 8,09

3 hrs, Yo 152

0.7%45
0,1090
0.0439
0.0249
0.0159

0.1478
0.0680
0.0210
0.0233

0.1862

0.10%0

0.0212
0,0098

Degin concentration ( dry basis ) 15 meq

20 min 70,62
1 hr 40,74
2 hrs 5¢99

2 hrs 30 mins 7,696

041854
N. 1056
2.0156
77270

lor une 09,0000
rencted log une
ecid rencted
acid

Y.3701 09,6299
1.0374  0.9676
2,6425 1.7575
7,%969  1.6021
7,2017  1,7983
1.1698 0.830?
2.8325  1,1675
$.4922  1,5678
2.3692  1.6300
11,2

1.2700  0.7300
1.0374  0,96%6
7 .2271 1.6779
T.993%8  ©,0066
1.7679 0,620
1.0238  0,9762
2.1937 1,863
T.8500 2.1500

0,00417

0.00625

0.0796

7.0119

1
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Teble Ng.' 2

Sutanol-oleic aeid resction

Moler retio 1 : 0,25 Temperature - 120°C

Fgsin used - Amberlyat 15. Resin econcentrastion

( dry basis ) - 15 meq,
Time feid velue Unrescted log 0.0000 k
mgms KOH//m ecdd unreacted -
peid unrengted
acid

fgrticle size = -10+450 mesh
30 mins 43,77 0.1149  1.0600 04,3400 0,01760
45 ming 22,43 2.0588 3.7700 1.2%00

1 hr, 12,98 0.,0366  7.5642 1.4759

1 hr,%0 mins =,.81 0.0190 2,0700 2,000
fertigle gizg = -30+40 mesh

%0 mins 60,40 0.1585  1,2000 n,8000

45 mins 76,38 0.0955 Z.0809 1.,0000 1146
1 hr, 26,87 7.0705 2.9485 1.1515

1 hr.30 mina 7.6 £.0199 2,175 1.8745
farticle size = «70+30 mesh

) ring 70,62 0,1854 1.2679 Ne6371

1 hr. 40,24 0,1056  1,0738 0,9762 0.0119
2 hrs, 5495 0.,0156 241957 1.3063

¢ hra,30 mins 2,69 0.0070  %.8500 2.1500

Eartigle sizg = «16+420 mesh

1 hr, 53,80 0.141%  1.1500 0.8500

2 hrs 21.94 0.,0576  2,7604 1.2%96  0,0066
3 hrs 9,57 0.0257  T.4000 1.6000

4 hra 2,56 0.,0093 3.9715 2,0285
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Teble No,3
n id
Molar retio - 1.0 3 0.25 Tempersture - 120°C
lesin used = Imberliite IR 120. Particle 8ize - ="0+30 Mesh
Time fcid velue Unreected log 0.0000 k
mgms of KOH/ peid unrescted -log
gn of the acid unrengted
substnnee gcid
Hogin concentration (dry bmsis ) - 7.5 meaq.
2 hrs 46,15 741212 1.0875  0,9165
4 hrs 16,27 140426 3.6294 1.3776 0.70782
6 hrs.25 mins 4,43 0.0116 7,665 1,93%5
Regin goncentration (dry bassis ) - 15 meq
1 hr 56432 Ne 1475 7.1688 n,8312
2 hra 27.14 0,0712 72,8528 1. 1472 ~.00476
% hra 11.24 0.0295 ?.4701 1.5799
4 hrs 5,80 70197 2,082% 1.7167
© hrs 7,59 0,0094 3.9747  °.07°5%
m;'n congentrati d ) - 22
1 hr 51.76 0.1721 7.07258 747642
2 hrs 17.04 0.0447 2.6506 1.3494 0.00729
3 hrs.15 mins 5,68 0,0149 2.1741 1.8259
4 hrs 2.5 0.0065 Z.8171 2.1829
1 hr. 47.9% 0.4258 1.0997  0.9003
2 hre 13.99 0.0367 7.5651 1.4%45 0,.00833

% hrs,?0 mins 2.17 0.0057 Z,7574  2,04%6
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Ioble No.4
Futenol-oleic acid reesction
Moler retio - 1 : 0,25 Tempereture - 120°C
Fesin used - Amberlite IR 120, Resin econcentration
{ dry besis ) - 15 meq

Time feid value Unrescted log 0.0000 13

ngmg of ecid unresctad -log

FOH/gm of reid unreected

+he eeid

subgtance
farticle size - -40+50 mesh
T hr 50,19 0.1°70 1.1767  0_%67=
2 hrs 28,66 0.0562 2.7500 1.7500 0.00675
3 hra 9,891 0,07%9 ?.4147 1.56%7
4 hra 3,582 N.0094 %074 2,0266
Yertigle sige - ~30+40 mesh
1 hr 54,79 0.1472 1.1679 N.8721
2 hrs 25,60 0.,0672 Z.8274 1.1726  0,005%
3 hrs 10.92 0.,0°86 7 AST3 1.5427
4 hre 5.4% n.0142 2.1538 1.8462
Zerticle gize - -20430 mash
1 nr 56,32 2,147 7.1683  0,9312
2 hre 27.14 0.,0712 2.8528 1.1472  0.00486
3 hrs 11.24 0.0235 2.4701 1.5299
4 hrs 5,80 0.,019°2 2,287 1. 7167
5 hrs 7,59 0,0094 3.9747  2,0253
Lerticle 8isg - =16+20 megh
2 hra 47,27 0,1561 1.1974 N.8066
4 hres 27,75 0.0728 2.362% 1,127 0,017750
6 hrs 14.79 20,0332 2,5891 1.4109
8 hrs 3,20 00215 2.3532 1.6668

- L~ -



Tgble No,©
Zutanol-gleic scid resgtion
Holer retio - 1 3 0,25 Toemperature = 120°c
Resin used - Zeokerd 215 Perticle size - =20+4%0 mesh
Timo Agid velue Unrescted log 0.0000 k
mgms of acid unrescied -log
EOH/gm of aeid unrescted
the agid
subhatence
n ns §) - 9%
30 mins, 66,50 N.1746 1.2420 0.7580
60 mins 27.67 0,0725 3.8697 1.1%97 0,0145%5
1 hr.4% mins 6,70 0,0165 2,0185 1,7815
2 hrs 240 7,089 %.9507 2.0793
"eain conceatrations (dry besjs) - 1,375 .
20 wins 53 .54 0.1406 7.1481 0.2519
60 mins 18,62 0.0439 2,.6893 1.3107  0.01759
1 hr.30 mins 6430 0.0165 2.2185 1.7315
1 hr.50 ming 2,56 0,0067 %3287 2,1713
30 mins 30,06 0.0789 2.8371 1.1029
45 nins 5416 0.0398 2.6000 1.4000  0.01835

1 hr.15 mins 4.86 0.0127 72,1058 1.2942

1 hr.3%0 mins 1,43 0.0057 =, 7501 2.2399

2 hrs 1.4% 0.0057 3,761 2,2399

~Hesin congentrefions (dry besis) - 7. meg.

15 ming 47,95 0.12%4 1.10m0 0,907

30 mins 19,61 0,0515 2.7112 1.7832 0.07500
45 mins 6,76 0.0177 2.2500 1.7500

60 mins %46 20,0030 7 ,9586 7.0414




Tab i
Zutanol-oleic acid reagtions
Moler retio = 1 & 0.25 Temperature - 120°¢
Resin used - Zgokarb 215 fesin concentretion
( dry basis) - 7.5 meq
Time reid velue Unrescted log- 0.0000 k
mgms of acid unrgacted -log
KOH/gm of acid unreacted
the peid
substance
Rarti = =163
15 mins 67.66 2.1778  1.2500  0,7500
%0 mins 44,81 0.1176  1,0705 0.9295 0.01350
1 hr, 16,07 0.0421  2,6250 1.3750
1 hr.30 nins 6,76 0.0177  7.2500 1.7500
ferticle sige -  =20430 mesh
15 mins 47,95 0.12%9 1.1000 0.9000
30 mins 19,61 2,0575 72,7112 1.2882  0.02570
1% mins 6,76 0.0177  2,2500 1.7500
1 hr, 3,46 0.0090 7.,95236 2.0414
Perticle size =  -70+40 mesh
15 mins 28,10 0.1070  1.0000 1.0°09
%0 mins 10.64 0.,0279 7 .,4461 1,5539
45 mins 2,81 0.0100 2.0000 2,0000 0,07920
60 mins 2.40 20,0062  3,7993 2,2007
ferticle size = = 40450 mesh
10 mins 41,30 0.10584 1.0350 0,9650
15 mins 21.5%5 0.0560 2. 7485 1.2515 0.,038%5
30 mins 6.70 0.,0176 2.2455 1.7545
40 mins 2.9% 0.0079 %,9000 2.1000




Molar retio - 1 : 0,25

Fesin - Zeokard 215 ( Reused )

Temperature - 120°¢C

Time Aeid velue Unreseted Log 00000 k
-l S
substence neld

Qepacity - 1.4 meg/gm dry resin ( Selt breeking )

%0 mins 64,66 0.1637 1.2233 0.7702

1 hr 23,86 0.0992 2.9969 1.0031 0,00741
2 hre 14,00 0,03676  2,5654 1.4746

3 hrs 4.60 0,0129 2.0821 1.9179

4 hrs 4,60 0,0120 2,0821 1.9179
Cepeeity - selt bresking 1,1 meq/sm dry resin

1 hr 51.92 0,1363 T.1746 0.82654

2 hra 24,60 0.0646 2.8102 1.8980 0,00563
2 hrs,30 mins 15,24 0,0399 2.6020 1.4080

3 hrs 11.50 040301 2.4798 1,5202

4 hrs 4.81 0,0126 2.1020 1.8980




b
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Butenol-oleic¢ agid reegtions

Moler retio - 1 3 0,25 Temperature - 120°C,

Rgsin used - Tulsion 14 Particle size = «20+30 mesh

Tire Acid velue Unreseted Log 0,0000 x
mgme KOH/gm ecid unrescted =log
of the acid unreacted
substance acid

15 mins 67.55 0.1409 1.1491 N.8519

25 mins 35,90 0.0942 2.9743 1.0757

30 mins 25,36 0,0666 3,.n0%0 1.1762 7,52773

45 mins 12,04 0.0%16 2.49957 1,503

1 hr 5¢37 0.0140 2.1464 1.3536

Hesin concentration - 5 med. _

15 mins 47,90 0.1257 1.0993 0.9007

30 mins 23,93 0.,0628 2.7982 1.2018 0,0283"

45 mins 6.77 0.0177 22,2498 1,7502

1hr 2,77 0.0072 T.3625  2,1375

BSesin goncontretion - 10 meq

5 mins 63,87 0.1676 1.2242  0.7758

15 mins 23,50 0,0739 2.3748 1.1252 0,02890

z0 ains 7.32 0.0192 2.2842 1.7158

40 mins 3,02 0.0079 %.8990 2,1010

Dgain congentretion - 1% meq

10 mins 35,96 0.0944 2.9750  1.0250

15 mins 21.40 0.0562 2,7493 1.2502 0,04800

20 mins 12,05 0.0%16 2.4999 1.5001

30 mins %98 50,0104 2.9190 1.3210
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T !
B a n
Moler retio - 1 ¢ 0,25 Terpersture - 120°%¢
Resin used - Tulsion 14. Tesin concentration
( dry besis ) - 15 reo
Time Agid velue Unrescted log 00000 k
pgns KOH/gm sadd unrercted <log
of the acid unrescted
subsg* ence peid
P -]64
5 mins 75.10 0.1972  T1.2949 047051
15 mins 38.60 c,1014  T.0060 0.9940 0,07964
20 mins 15,57 0.0408  2,6112 1.3890
45 mins 520 0.0136 7,111 1.8650
Pertigle size = ~20+70 mesh
10 mino 36,96 0.,094¢  2,9750 1.,0250
15 mins 21,40 0.0562  2,7498 1.2507 0.04900
20 mins 12,05 0.0%16  2.4999 1.5001
30 mins 534 0.0124  2,0190 1.9810
Zgrtiele sige = =30+40 mosh
5 mins 52,60 0,182  1,140° 0,8%95
19 mins 2n, 20 0.0739 ?.8692 1.1308 0,05420
15 mins 15.20 0.0397 2.6709 1.3971
25 mins 4.25 0.,0111 2 ,0487 1.,951°
Porticle gize = -40+50 mesh
5 mins 44,50 20,1168  7,0675 0.9%2%
10 mins 19,93 2,05%4 3,7198 1.2802 0,0666"
15 mins 903 0.0237  2,%749 1.6751
20 mins .80 0.0099  3.9990 2.,0010
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Teble No,10

Putenol oleic weid reaghion
Moler rotio - 1 1 0,25 Tempereture - 120°C

Tegin -« Tulsion reused,

Ting feid value Unreceted log 0,000 3
mgmg FOH/gm ecid unrercted -log
of the acid unrepcted
substance acid
Capacity - 0.9 meg/pm dry rogin ( selt dresking )
70 mins 675440 0.166% 1.221% n,779%
1 hr 26,16 0.0749 7. ITT4 1.0726 0,07046
2 hrs 5,79 0,0152 2.1820 1,2180
3 hra 2.74 0.0071 3.8574 ?,1466
4 hra 2,74 0.0071 3.85%4  2,1466
6 hrs 2.74 00071 T.08524 2,1466
Cepecity = 0.0 moq/gm dry vesin ( selt breeking )
1 hr 43,20 0.11%4 7.0548  0.9457
2 hrs 13,05 0.0484 2.6758 1.3242 0,00611
% hrs 7.17 0,3188 2.2748 1.7252
4 hrs 3,33 0.0087 59423  2,0577
Covpeity - 0.7 meq/sm dry resin ( 821t breaking)
¢ hra 22,10 0.0606 22,7829 1,217
3 hrs 12,02 0.,0%15 7.4991 1.5°09 0,00476
4 hrs 6,02 00,0158 7.1996 1.8014
5 hra 2,10 7.0031 5.9707  2.0%93

6 hrs 3,10 0,0081 35,9107  2,0893
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1. Butenol-oleic sgid reaction
The data gollected in this inveastigation has been
utilized to follow the course of reaction between butsnol
and oleic acid using Amberlyst 15, Amberlite I? 120, Tulsion 14
anc¢ Zeokerb 215 hydrogen form estion-exchange resins as
catelysts, under differont experimentsl conditions,

By plotting the log unrescted scid concentration ageinst
time under the wverious experimentsl conditions studied, it hes
been found thet the condensation resction follows pseudo
first order rate law with all the four resin estelysts, 3By
changing the catelyst concentration end particle size of the
cetelyst, the resction followed pseudo first order reate law.

In case of Amberlite IF 120, the entslyat concentration
was changed from 7,5 meq to 0,0 meq., Although the cetslyst
concentration was incressed four times, k varied from
“.82 x 107 %0 8,3% x 10, This shows only a mrzinel effect
of the variation of the ecstelyst concentrations on the rete
of esterificetion, VWhen the catelyst concentration of
fmberlyst 15 wes chenged from 3.7 meq to 15 meq, there was a
considersble veristion of k from 4.17 x 10~ to 11.9 x 10~
which shows thet k is directly proportiomal to the cetalyst
concentration, #Amberlyst 15 is 2 mecroreticulsr resin
especially recommended for use as & cptelyst. Hence the
veristion with incresse in cetalyst goneentretion ean be
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anticipated, Though Amberlite IR 120 and Amberlyst 15 sre
unifunctional nucleer sulphonic scid resins, the strueture
of Amberlyst 15 is different from the gel type structure of
Amberlite IR 120,

in cese of Tulsion 14 end Zeoksrb 215, both phenol
sulphonic seid type ecation exchangers, the catalyst conecentre-
tion was chen-ed from 2,5 meq to 15 meq. snd from 05,9375 meq
t0 7.5 meq respectively, Chsnge of catalyst concentretion had
remsrkable effegt on the values of rate consteat in both the
ceses, A linesr reletion between the rate constant end
cetelyst coneentration for Tulsion 14 end Zeokerb 215 4s
reveeled in Tig,No,1.

Pesults in Tebles Hos. 1-10 eleerly show thet with
Tulzion 14 end Zgokerd 215, the esterificetion is completed
in much short time as compared to Amberlyst 15 and
Amberlite IR 120.

It is also found thet Amberlyst 15 eni Amberlite IR 120
do not exhibit any chenge in exchenge cepacity end their
catalytic performsnce was the sameeven after repested use

without any regeneration,

But Tulsion 14 and Zeokerb 215, being polyfunctional,
are susceptible to higher temperatures end were found to
desulphonete with loss in exchange espacity. However it was
of interest to study the used resin g8 preliminary studies
hed revesled thet once used resins could also be nund.'”
Used Tulsion 14 end Zeokarb 215 were weshed with alcohol and
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dried thoroughly and again utilized for similer experiments,
There wes a2 gradual 1oss in the exchange capacities of Tulsion
14 and Zeoksrb “15 during repeated use, It is very clear

from these experiments snéd the data given in tebles Nes.10 & 7
thaet although Tulsion 14 and Zeokarb 215 lost their exchange
cspacities from 2,1 meg to 0,5 meq and from 2,5 meq to 1.1 meq,
‘rnpoetivoly. they are more effective in tho_duulphoutod
forms than Amberlyst 15 end Amberlite IR 120,

vhen the desulphonsted resins (Tulsion 14, Zeokarb 215 )
were used a8 catalysts in the butenol-pleic scid resection, the
order of the resction was unaltered, A straight line wes
obtained by plotting log unreacted scid apeinst time, which
indicrstes thet even with the desulphonsted resins, the reaction
follows pseudo first order rate lew,

The following table indicates the e ffeect of loss of
exchenge capecity on the rete of resgtion.

W s MR R R e R R R A wE R e MR e R maE W SR e W e e e ae R e e

Salt splitting Order of k
cspecity reecgtion
meq/gn dry resin
Zeokard 215
2.5 First order 0.025
1.4 wQue 0.00741
1.1 -30- 0.0056%1
Zulsion 14
2.1 o F; . 6.948
0.9 GO 0.00946
0.5 -l Qu 0,00611

0.3 -dﬂ- 0.0"47‘?



- 49 -

Resulis obtained eclearly show that Tulsion 14 end
7eokard 215 are more effective as catelyst then Amberlite
IR 120 and Amberlyst 15 even though Amberlyst 15 and Amberlite
IR 120 heve hisher exchanre cepmeities, Therefore it cen bde
concluded thet the pherolic hvéroxyl smd residual sulphonie
groups in the polyfunctionsl resins Tulsion 14 and Zeokerdb 215
are resporsible for the higher catalyst efficiency than
Amberlyst 15 and Amberlite IR 120,

Putanol-oleic acid esterificetion was studied in presence
of the sbove mentioned catalysts of differept particle sizes,
Keeping the catalyst concentrstion constant, the effect of the
following particle size of the cetalysts was studied

(n - 16 + 20
(2) - 20 + 30
(3) - 30 + 40
(4) - 40 + 50

It was found thet rete of resction was eccelersted by
reducing the perticle sige of resin cetelyst end this was true
for Amberlyst 15, Amberlite IR 120, Zeokarb 215 and Tulsion 14,

In Fig, No,2 the vslues of rste constent k are plotted
eguinat the surfece eren of the catelyst, The surface srea
was calculated assuming the catelyst particles were either
cubes or spheres, In the FTigNo,?, a straisht line is obtesined
for all the four resins showing 2 linear relationship between
the rote constant k and surfsce ares of the catslyst,
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Although Amberlyst 15, Amberlite IR 120, Tulsion 14 and
Zeokerb 215 beheve in g similer fashion as catelysts with the
increesse in concentration and surface erea, it esn be coneluied
from these results that Tulsion 14 and Zeokardb 215 are more
efficisnt as catalysts for butenol-oleic scid egterifiecation
than Amberlyst 15 and Amberlite IR 120, Besides surfesce ares,
the porosities of the catalysts studied were determined as per
procecdure described earlier, Results presented below show that
Imberlyst 15 ( 8 meeroreticuler resin ) exhibits the highest
velue and this velue is in agreement with the velue reported
by ¥/ Fohm & Hass & 60.57 |

Jasin Porosity wml pore/ml bead
Amberlyst 15 0;?53
Zeokerd 215 0.0495
Tulsion 14 0,00848
tmberlite IR 120 0,00648

It is very interesting thot among the two phenolsulphonic acid
resins Zeokarb 215 exhibits higher porosity than Tulsion 14 but
the cetelytic performence of Tulsion 14 is superior 4o that of
Zeokarb 215,



- 57 -
9 Ethyl hexanol - phthalic anhydride reaction
Teble lo,11
Molar retio - 0,25 : 0,118 Temperature - 117°C

Catalyst - Amberlyst 15 Particle size - =20+30 mesh

Time reid velue Unreected log un- 0,0000 k
mgms EOH/gm eeid rescted - log
of the ' pcid unrescted
substance

- wEE W W W R WS mE AGMEE M R R MR W AR R R e R R W e S S e m e e s e e =

: o
o -

30 mins 135,60 7,1130 7.0531  0,9469

1 hr 126,50 7.1054 1.0229  0.9771

1 hr 45 mins 113,00 - 0,0982 72,9921  1.,0079 0,1N70T3
4 hrs 93.60 0.07TT9 72,7915 11,1095

6 hrs 77.90 0.0649 7.8172 1,1878

Fesin goncentration ( dry basis ) - 19 meg

1 hr 123,80 0,10%0 1.0128 0,987°

2 hrs 106,20 0.0884 3,9465 1.,753% 1,07096
% hrs,?0 mins 86,86 70723 7.3591  1.1409

5 hrs 72.16 0.0601 2.7789 1,221

o - 3

30 mins 123,90 0.1032 1.0136  0,9364

1 hr 112,30 0.0938 2.9722 1.,0278 0,00119
° hrs 95440 2.0794 2.8998  1,1002

3 hra 76,60 0.0670 Z7.8261  1.1729

Besin conceutration ( dry basis ) - 30 meq.

30 mins 120,20 0.1001 1.0004 0.9996

1 hr.15 mins 100,00 0,8333 2.9206 1,0794 0.002328
2 hre 87,70 040697 3.8432 1,1568

2 hrg, 30 mins 76,60 0,068 2.7%44 1,1656




Table Ng;]?

2 Ethyl hexenol - Phthalic enhydride
Moler ratio - 0,25 : 0,113 Terperature - 117°C,
Catelyst - Amberlyst 15 Resin concentration
( éry besis ) - 15 meq

Time Acid value Unrescted log un- 00,0000 k

mgms KOH/gm aeid reacted -log

of the acid unreacted

substance acisd

1 hr 126,40  0,1055  1.0233  0.3767
2 hr,15 mins 112,60 0,093  2,9713 1,0287
3 hr.15 mins 102,20 0,0851  2,9299 1.,0701 0.07055

4 hrs 95.04  0,0791  2,8982 1.1013

7 hrs 74,50 0,0620 2,7924 1.2076

P - -0

1 hr 123,80  0,1030  1,0128 0.9872 .

2 hrs 106,20 0,0884  2,9465 1.0535 0,00096
3 hr,30 mins 86,86  0,0723  2,8591 1.1409

5 hrs 72.16 0,0601 2.,77179 1.2°11
Zarticle sige = =30+40 mesh

45 mins 117.00 0.0974 2,986 1.,0114

2 hrs 90,67  0.0755  2.8779 1.1221  0,00172
3 hrs 20,50  0,0670 2.8261  1.,1739

3 hrs.45 mins 71,11 0.,0591 2.776  1,2234
Perticle size = 40450 wesh

30 mins 112,70 02,9938  2,9722 11,0278

1 hr 98,92  0,0824 2.9159 11,0841 0,00707

1 hr.30 mins 86,20 0.7718 7.8561  1,1439
2 hrs 73.35 0.,0611 2.7360 1,2140
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Table No.13

2 Ethyl hexenol - phthalic smhyiride reaction
¥olar retio - 0,25 : 0,118 Catalyst - Amberlyst 15
Perticle size - «20+%0 mesh Resin c¢oncentration
( dry besis ) - 15 meq
Time Acid velue Unreacted log un- 02,0000 k
mgms KOH/gm @cid reacted <log
of the ecid unreacted
subgtance acid
? reture - 85°
1 hr. 170,80 0.1088 1.0367 0.3633
2 hrs, 127.70 0.1060 1.0253 0.9748  0,000°3
3 hrs 123.80 0,10%0 1.0828  0.9372
4 hrs 113,10  0.0941% 2.9733  1,0262
6 hrs 106,70 0.0588 2,9486  1,0514
ot ..
1 hr 123,80  0.1030 1.0128  0,9872
2 hrs 106,20 0,0383 7.9465 1.0525 0.07736
3 hrs.30 mins 86,86 0,07°3 3.8591 1.1400
5 hrs 72.16  0,0601 3.7789 1.2211
Tempersture - 140°¢ '
1 hr 110,90 0.09°% 32,9652 11,0748

1 hr,30 mins 100,50 0.0890 7.974%  1,9757
2 hrs,20 mins 21,90 0,068° 7.8%18 1,1662 0.001%8
3 hrs.45 mins 70,60 0,0588 7.7694 11,2706
4 hrs. 61,40 0,0511 2.7084 1,2914
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Teble lNo,14
2_Bthyl hexenol - phthalic anhydride resction
Moler retio - 0,25 3 0,118, Temperature - 117°C
Catslyst - Amberlite IR 129, Perticle size - <20430 wesh
Ti{ima Reid velue Unrencted 108 U 0.0"—OO k&
mgms XOH/gm ®eid reacted ~log
of the neid unrescted
substance acid
Cate + go nt ion {d b -
1 hr 128,00 0.1150 1.0677  1,59793
2 hrs 130,00 0.102" 1.0774 n.9666 8.,300737
6 hrs 104,60 0.08T1 72,9400 1.0600
8 hrs 94,20 0.,078" 2.8943 1.1057
at n i dry basis) - 12.3 meg.
1 hr.30 mias. 124,00 0.10%1 1.0176 01,9364
2 hrs 119,70 0.0937 2.9999 1.0012  9,0004902
4 hrs 104,20 0,0856 2.9375 1.0625
5 hrs 98,35 0.0819 Z.91%4 1,0866
6 hrs 51.69 0.0762 2.8820 1.1120
Catalvgt conceniration (dry basiz) = 15 meg.
2 ars 11570 0,0962 2.9836 1,0164
7 hrs 105,70 0.0380 2.9247 1.0552 0,07°065%6
4 hrs,30 mins 92,66 0.0771 2.3271 1.1129
6 hra, 21,87 0,0682 2.8%38 1.1662
Catalyst concentration ( dry basis) - 27,5 meq
1 hr, 120,00 0.0999 2.9597 1,0007
2 hrs 107.720 71,0835 2.9509 1.7491 2.NN0R%7=
% hrs 95,25 0.0793 2.8994  1,1906
4 hrs 25,39 0.0711 2.8519 1.1481

5 hrs 75,64 00670 2.7994 1,2006




Jeble Ko 10
£ 2thyl hexaenol - phthelic gnhydride reection

- 55 =

Moler retio - 0.,°% 3 0,118
Catalyst - Amberlite IR 120

Tempereture - 117°C

Tesin concentrotion

( dry basis ) - 15 meq
Time igid velue  Unrescted log 0,0000 k
mgos EOH/gm eecid unrescted -log
of the sceid unreacted
substance acid
P -t
1 hr 128,80 0.1073 1.0304 0.9696
4 hrs 106,30 0.0884 2.9467 1.0533  0.0004855
5 hrs 99,40 0.0827 2.9179 1.0821
6 hrs 9%.96 0.,0776 %8304 1.1096
8 hrs 81,80 0,0681 2.8%334 1,1666
Zerticle sigze - =20+30 mesh
2 hrs 115,70 0.09630  2,9836 1.9164
% hrs 10%,70 0.0889 2.9447 1.055%  0.DO06576
4 hrs,30 mins 97,66 20TT1 2,8871 1.1129
6 hrs 81.87 0.0682 2.a738 1.1662
Ferticle size = ~30+40 mesh
1 hr 124.70 0.10%1 1.0176 0.9864
2 hrs 106,90 0.0890 2.9494 1.0506 0.000877
3 hrs 96,50 7.080% 2.9047 1.0953
5 hrs 75.40 0.0628 2.7930 1.2020
Particle size - =-40+50 mosh
20 mins 127,00 0.1058 1.024% 0.9757
1 hr. 116.80 0.0973 2.9887 1.0117  0.001274
2 hrs 99.00 0.082% 2.915% 1.0841
% hrs 87.40 0.0694 Z.8417 1.1583
3 hra,30 mins 75,50 0.0628 2.7980 1.2020
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Teble 0,16

© 2 Bthyl hexanol - phthalic snhydiride resetion

Catalyst - Amberlite IR 120 ‘esin concentration
( dry basi:) - 15 meq.
Farticle size « «20+30 mesh
Time Agcid velue Unreected log 0.0000 k
- - S
substence acid

Tempergture - 85°C
1 br 140,00 0.1165 1.0665  0,9335
2 hrs,30 mins 134,40 0.1120 1.0492  0.9508 0,0002374
6 hrs 117.28 0.0975 2,9%94  1.0106
9 hrs 108,70 0.0904 2.9566 1.0479
Tem t - 11
2 hrs 115.70 0.0962 72,9936  1,0164
3 hrs 105.70 0.0380 2,9447 1,055 n,076536
4 hrs.30 mins 92,66 0,971 2.8971 1.1129
6 hrs 21,87 0.0687 7.833m 1,166
Tempersture - 119°Q
1 hr 121,80 0.1014 1.0060  0,9940
2 hrs 106,80 0.0889 2.9490  1.0510 0,000926
3 hrs 93.20 0.0793 2.8998  1.1002
4 hrs 86,68 0.06965  2,8429  1,15T%
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Zeble No,17
2 5thyl hexenol - phthalic snhydride reaction
Moler retio - 0,75 3 0,118 Terperature - 117°c.
Catelyst - Zeokerb 215 Particle size - <20+30 mesh
Time Acid velue Unrescted log un- 0,0000 x

mgms XOH/gm ecid reacted <log

of the acid unreected

substance acid

e e W e e e A S R e R W e e R R G R R e W e MR R R e e e e e

Rag ngentretion - 75 _meq

2 hrs.%4 mins 129,40 0.1077 1.0324 0.9676 ,
4 hrs.30 mins 120,30 0.1001 7.0005 0.9995 0.0702%44
6 hrs, 5 mins 116,10 0.,0966 7.,9852 1.0148

10 hrs 101,40 0,0844 2.9763%  1,0737
n &, v
2 hrs 126,60 0.1054 1.0729  0.9771
4 hrs 110.0 0.0916 2.9619  1.0381  1,000422
6 hrs IR, 35 n.R19 2.91%3%  1,0867

8 hrs,30 mins 84,30 0.0707% 7.8470  1,1520
Zesin concentration - .75 meq

2 hrs 117,80 0.0981 2.9917  1.,0083
6 hrs 90.40 0.0753 2.8768 1.1232

8 hrs,30 mins 76,40 0.06%6 7.80%5  1,1365

fesin concentretion —» 7,5 meq

2 hrs,30 mins 113,20 0.0942 2.9744  1.0256

4 hrs 98,20 0.0817 2.9125 1,0875 0.0006616

5 hrs,30 mins. 84.50 0.0708 7.8500 1.1500
8 hts 68,70 0.0572 2.7574 1.2426
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Moler ratio - 0.5 : 0,118 Tempersture - 117°C
Catalyst - Zeokarb 215 fesin concentration
{ éry besis ) - 7.5 meq
Time feid value Unreascted log une 00,0000 k

mgms ¥OH/gm aeid rescted -log
of the acid unreacted
substence . gcid

Plnk;g !1‘. - ' 16 +m E!ﬂ!

2 hrs,%0 mins 118,00 0.,7982 73,9921 1.0079
3 hrs,?0 mins 112,40 20,0936 5.,971% 1.02 0,0003243%

$ hrs 99,10 0,087% 2.9167 1.,09%7

9 hrs 86,21 0.7718 ¥.8561 1.14%9

10 hrs 80.5% 1,0686 2.8%66 1.16%4

Particle sige - 20470 mesh

2 hrs,30 mins 113,20 0.09428 2.9744 1.0256

4 hrs 98,20 0.0817 32,9125 1.0875 0.0006616
5 hrs,30 mins 84,50  0,0708  2,8500  1.1500

2 hrs 68.T0  0.,0572 2,7574  1.2426

forticle 8ige = =~30+40 mesh

% hrs,15 mins 100,20 0,083  2.3212 1,0788

5 hrs 84,60 0.0709 Z.3509 1.1491 0,000746
6 hre,30 mins T1,70  0.0597  2.7760  1.2240

11 hrs 43,54  0,0362  2,5591  1.4408
£article sige - 40450 mesgh

3 hrs,”0 mins 92,10  0,0767 2.8248  1,115°
4 hrs,45 mins 72,00 7.0649 58122 1.1872  0,00085T1
6 hrs.45 mins 62,70 0,0522 2. 7177  1.252%
10 hrs 43,00 0,0358  3.55%9  1_4461




Molar retio - 7,75 3 0,118
Pesin concentretion (dry besis ) - 7.

Particle size -~

«204%0 magh

% meq, Resin used -

Zeokarb 215,

Time Acid velue Unrescted

mgms ROH/gm eeid

of the

substance
Tempgrature - 85°C
1 hr 131,60 0,109%
¢ hrs 126,40 0,1082
4 hrs 119,70 0.,0999
5 hrs 114.90 0,0%9491
Tempersture = 117°¢
4 hrs 93,20 0,0817
5 hre, 30 mins 84.%50 6,0708
8 hrs 68,70 00,0572
Temperature - 140°C
2 hrs T2.26 0.0601
4 hrs,10 mins 49,22 0.04097
7 hrs, 26,62 0,02215
10 hrs 12,51 90,0104

log une
rengted

7.0795
%.0220
2.99%6
2,9773

2.9744
2.9125
2.8500
2.1574

7.8489
7.6125
ERTET
7,017

60,0000

0.9605
0.9730
1.0004
10227

1.02%6
1.0875
1.1500
1.2426

1.1511
1.3875
1.6546
1.9930

k

N.170”60%

0.00726616

0.00174




Zable 10,20
- rd
Molsr retio - 0,25 : 0,118 Temperature - 117°C
Catalyst - Tulsion 14, Perticle size = =204%0 mesh
Time teid velue Unrescted log un- 72,0700 k
ngmg KOH/gm ecid rencted -log
of the acid uarencted
substence acid
Besin concentrption (dry besis ) - 5 wee  *
¢ hrs 119.60 0,1994 7.9978 1,0022
4 hrs 193,50 0.0865 2.9370 1.0630  0.000735%
8 hrs 67,75 0,0564 2.7515 1,748%
10 hrs,30 mins 57,94 0.0441 7.6444 1,3556
Besin concentration (dry besis ) - 11,3 meq
2 hrs 110,90 0,093  2,9652 1.0348
4 hrs 86,70 0.0721 2,3535 1.,1415 0.00125
é hrs 57.61 0.04792  2,6805 1,3195
9 hrs.30 mins 32.09 0.0267 2.4265 1,57%5
fgsin concentratiop (dry basis ) - 15 meg:
2 hrs 102.40 0.0852 7.9305 1.0695
4 hrs 64.49 0.0537 Z.T300 1.2700  D.001667
6 hrs 39,77 0.0%31 23,5198 1.4802
9 hrs 19,36 0.0161 2.7074 1.79%6
b } 3 ] -
1 hr 119.90 0.0%62 7,9932 1,0168
? hrs 8%,%5 0.0694 7.2414 1,1586 0,0075
4 hrs,30 mins %3,36 0.0278 7.443% 1,5567
7 hrs 13,20 0.0115 7.0607 1.979%

2 hrs 10,51 0.,0087 %,9420 ©,0580




Table No,21
2 Ethyl hexenol - phthslic anhydride reagction
Molar ratio - 0,25 : 0.118 Temperature - 117°c
Cetalyst - Tulsion 14, Catelyst concentrstion
( dry besis ) - 15 meq
Time Acid value Unrescted log un- 00,0000 k
mgms KOH/gm acid rescted ~log
of the acid unreacted
substance acid
2 hrs 108.30 00,0902  2,9552  1.0448
4 hrs 7%.90 0.0615  2,7389 1.2111  0.001339
6 hrs 48,00 0.0399  2,6019 1.3985
8 hrs 28,20 0.02%4 2.3705 1.6295
Particle size - -20+3%0 me sh
2 hrs 102,40 0.0852  2.9705 1.0695 .
4 hrs 64.49 0.0537 2.7300 1.2700 0.001667
6 hrs 39,77 0.0%31 2.5198 1.4802
9 hrs 19.36 0.0161 32,2074 1.7926
Particle sige - ~30+40 mesh
1 hr 113,50 0.0945  2.9757 1,0243
3 hrs 60,05 0.0500  2.6993 1.3007 0.007°083
5 hrs 37,52 0.0%12 35,4949 1,5052
6 hrs 24,61 0.0205 7.3118 1.6882
8 hrs 10.00 0,0083  %,9201 2.0799
farticle size - -40450 mesh
2 hrs 87.38 0.0578 2.7613 1.2381
3 hrs,30 mins 36,4% 0.0%03  2.43814 1.5186 0.00277TT
6 hrs 14.84 0.0123 32,0917 1.9083

7 hrs 9.81 0.0081 3.9125 2.0875
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Moler ratio « 0.25 3 0,118 Particle size -« «20430 mesh
Celalyst - Tulsion 14, Catalyst concentration
{ drv basis ) - 15 meq
Time feid velue Unreseted log un— 0,0000 K
mgms KOH/gm aoid reected <log
of the sedd unreacted
substance ecid
Tempergture - 85°C
2 hrs 154.00 0.1115  1.0475  0.9527
4 hrs 128,30 0.1092  1.0383  0.9617 0.0002777
8 hrs 108,00 0.0901  2,9%47  1.0453
12 hrs 91,30 20,0758  2.2798 1.120%
m tUre - 11ZE§
2 hrs 192,40 0.0852 2.9705 1.0695%
4 hrs 64,49 0.,0537  2.7300 1.2700 0.001667
6 hrs 29,77 0,331 2.5198  1.4807
9 hrs 19,36 0.0161 2.2074 1.7926
Temperature = 119“0
1 hr 60,39 0.0502 2,701 1.2989
2 hrs 27.53 0.0229  2.3598  1.6402 0.005555
* hrs 14.74 0.0117  2,0692  1,9308

4 hrs 6,92 0.0057  3,7604

2.2396
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2. 2=Bthxl-hexanol - shthalic emhvdride

Egterification reaction of Z-gthyl-hexsnol and phthalie
anhydride in presence of acidic substances proceeds in two
steges. One molecule of 2 ethyl-hexsnol reects with phthelic
anhydride %o Yorm & monoester which further rescts with one
more molecule of ? ethyl-hexeno! to Torm a diester

In the present investigation the sbove resction has been
studied in presence of Amberlyst 15, Amberlite IR 120, Zeokarb 215
a1d Tulsion 14 resins under different conditiona,

From the results in Tebles Nog 11-22 it wes found +thet
the values of log unreascted acid were linearly proportional to
time indiceting the first order resetion as wes observed esrlier
in the cese of butanol-oleic acid resction, At the same tive,
this reaction was found to be independent o the tyre of eatelyst
and veriations of congentration of the cateslyst and temperatures.

fesults in tables Nos 11-22 ghow that under different

conditions, in the first eight hours of the reaction, the acid
velue did not drop below 70 mgms KOH/gm of the resetion mixture
with Amberlite IR 120, Zeokerd 215 and Amberlyst 15, However
Tulsion 14 reduced the acid value of the reaction mixture below

70 mgms KOi/gm very emsily in the seme interval, This ll;an

that the formetion of monoester occurs in s shorter time with
Tulsion 14 23 compared to the other resins studied., It mey 2lso
be poscible thet the monoester formed mey be quickly rescting

with another molecule of “-Ethyl hexenol in presence o® Tulsion 194,



- 64 -

On chenging the catalyst concentration from 7.5 meq to
23,5 meq with Amberlite IR 120, it was observed thet this

change had little effect on tho k velue ( 'hblo No, 14 )
hich wes in the remge of 3.97 to x 10~ te 8,33 x 1074,

On the other hend in the case of Amberlyst 15, when
the concentration of the catalyst was chanpged fronm 7.5 meq to
30 meq, the k velue changed from 7.,% x 107 4o 22.°8 x 10"‘,
thus confirming the utility o the resin for use as cetalyst,

Catelyst concentrations were maintained between
1.9775 meq to6 7.5 meq for Zeokarb 215 end between 5 meq to
25 meq ‘or Tulsion 14 resins reapectively, It can be seen “rom
Tebles Nos.11 & 20 that for equel cetalyst concentration of
15 meq the k value for Tulsion 14 is hirher than the velue for
Amberlyst 15, For equal catalyst concentretion of 7.5 meq
( tables [¢s5.11,14,17,20 ) the efficiencies in deecressing order

for these catione-exchange resins can be given as follows:
Tulsion 14 Amberlyst 15 Zeokardb 215  Amberlite IR 120

In the studies on varistions of the rate constant with
particle size ( Tir.4 ) it wes observed thst the rote
constants wers proportional to the area of the cetalyst surfece.
These results cleerly support the idea thet perticle size of
the resin is one of the rate controlling fectors ‘or the
esterification resction,

Particulerly in ease of Tulsion 14 ( Perticle size -
-40 + 50 ), the scid velue of the resction mixture wes reduced
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to 9 mgns KOH/gm indiceting thet the remection had proceeded
elmost to completion, However in the same time interval,
Tulsion 14 ( =16 + 20 mesh ) could not achieve the seme reduction

at the same catalyst concentration an? temperature,

Fesuits in taebles 13, 16, 19, 22 showed thet the rate
of esterificetion resction was greatly increesed with increase
in tempersture, Although at hisher temperstures of 140°C,
Tulsion 14 endé Zeokarb 215 lost their cepacities dus to
desulphonetion, this did not interfere much with the cetslytie
effeet of the resins,

Activation erergies for 2-ethyl-hexanol - phthalie anhydride
reaction ir presence of Tulsion 14, Zeokerdb 215, Amberlyst 15

end Mmberlite IR 120 were calculeted from the Arrehenius equation,

Activetion energies reported by other au‘thc:rs"?’7’13:‘,’14?’”'FS
in the literature for verious esteri‘icetion reactions in presence
of ion;exchanm resins vary in the range of 10 keal to 16 keals
which is observed in these investigetions also, The activetion
energies obtsined for 2 ethyl-hexmno! - phthalic anhydride

reaction were s follows:

Amberlyst 15 7.997 keal
Amberlite IR 120 6.854 keel
Tulsion 14 16;37‘ keal
Zeokerb 215 10.78 keal

It csn be concluded frowm the results obtamined in this
catalysis study that Tulsion 14 resin, which is indigeneously
availeble, will be very much useful &s a catelyst for 2 ethyl-
hexanol - phthalic anhydride reaction,
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@ — Adipic acid-Diethylene glycol.
O — Adipic acid- Ethylene glycol.
® — Adipic acid-Propylene glycol.
Resin used-Amberlite IR 120.
Temperature —107 °c.

|
Plot
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vs t.

— Time hrs. —
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@ — Seébacic ocid- Diethylene giycol. 2 : " /
SR Sebacic acid~Propylene glycol. - A /
. @ — Sebacic ocid- Ethylene glygoi. : ', /
Resin used.- Amberlite IR 120, /
Temperature =107 ' /‘
y ) g /7
Plot —== v . /
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80

® — Adipic acid-Diethylene glycol.
O — Adipic acid-Ethylene glycol.
S0 ® — Adipic acid-Propylene glycol.
Resin used - Zeokarb 215.
Temperature =107 °c

30+

10 (-

Fig.16 — Time hrs. —
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O — Sebacic acid- Ethylene glycol.
® — Sebacic acid-Propylene glycol.
® — Sebacic acid- Diethylene glycol.

Resin used - Tulsion 14 .
Temperature - 107 %

l
Plot — vs t.

24— 4P

-1 i Juireip
+
— T
0 | | 1 | |
(0] 4q 8 10 |2 |4
Fig.19 — Time hrs.—
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5. Polyesterifigation:

High polymers are formed by continuous resction of
simple molecules, The molecules thet tske part im these
reactions leading to the formation of hirh polymers must
poswess certain charecteristics, P.H.Kienle °0*179 yhose
work on alkyds contributed grestly to an understending of the
formation of high polymers, proposed the functionality t eory,
fecording to this theory only molecules which contain et
leest two metive centres, can reset to form a polymer,

A dibasie scid nay reset with & dithydroxy alechol +o form a
mocromolecule of a polyester of the structure. .

0 0

HOC - (CH,) = COH + OH = (CH,) - OH
0 0 0 0

HOC~(CHy) ) = C0=(ClL,) =0C ~(CH,) €O —m + HyD

Thus, a polyesterificetion resetion can be defined
28 polycondensation between a dicerboxylic acid and a dih - droxy
aleohol, The literature of linesr polyesterificetion resctions
conteins a veristy lr.f_oonclusions and opinions of the kinetie
order of the resction, The kinetics of polvesterifiestion
were studied extensively from verious sncles by P.H,Tlery 00¢161
end his co-workers,
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In the present investigetions, esterificetion of
adipic seid with ethyleme glycol, propylene glyeol and di-
ethylems glyeol were corried out st the refluxing tomera-;
ture of toluene, To study the effect of temperature and
to determine the activetion energy, the resction of ethylene
@lycol - adipic eeid and ethylene glycol - sebacic acid
were also cerried out 2t the refluxing temperstures of benzem
en’ xylene, lesetions were cetelysed with the help of the
four cation-exchenge resins in hy'roren form viz, Amberlyst 15,
imberlite IR 120, Zeoksrb 215 and Tulsion 14,

It was found during these investigetions that the
reegctions of sdipic secid with disthylene glyeol and s:bacie
acid with diethylene glycel in presence of the four resins
studied invididuslly et 107°C followed the 2nd order rate
law throughout t:e courss of resgtion, Figs, 12=/79 show
thet straisht lines were obtained by plotiing 1/1-p against
tine,

From the results reported on simple esterifications
end from the observetions on the influence of the added meid
catalysts on simple end polyesterificetions, Flory'®! noticed
that the resctions were acid catalysed, In tho absence of
any catalyst, a second molecule of aclid acted ns a getalyst,

Tlory therefore sucgested thet the rete of polvesteri-
fication process without pdded catalyst should be written as
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-S40 w(eoom?(om)

as

If the esrboxyl snd hydroxyl zroup concentrations are
equel and of & goncentration C, then the form of the

equetion become s

«d { COOH)

m—— e m———— e

as

%t = 1/02 - congtant

A factor p,celled extent of mwsetion, represents the
fraction 3¢ the functional groups reascted in time t, It was
further introduced in the given equation 28 follows:

Then € = ( 1 = p )Co where Co is the initial con-
centretion of functional! groups, Hence the equation becores

2Cokt = —1—-{- - constant

(l=g)

Flory thcrofan'pnmtcd his results by plotting
‘I/'(1---p)2 sgeingt time,

But when the reaction wes cetslysed by escié cetelysat
viz, p=-toluene sulphonic seid, the kinetie equation is that
of second order reaction,
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~d(COOH)
e = k{COOH) (OH)
at

Cokt = 1/1-p - constant,

In the uncetalysed condensstion of exsctly equivrlent
smounts of adipic seid and diethylene glycol et 166°C, it is
reported by Flory o'
the third order rete law, QResults obteined by Tlory for
the resction of adipic eeci!,diethylene glyveol in the
presence of pare toluene sulfonic acid at 109°¢ are plotted
28 & second order reesction, where & streight line is
obtained by plotting 7L aeminst time. Tlory'®' slse

reported that the rate of resction was greatly scclerated.

thai_: +he condensatisn reaction follows

In the present investigation, the polycondensation
reactions of adipic meid, with diethylene glycol as well es
sebacic mcid with diethyleme glycol have been observed to
follow in the um way as mentioned by Flory in the presence
of ion-excharge resin catelysts,

Flory' O hed studied sdipic seid - diethylene glyeol
reactions in presence of para toluene sulfonic scid without
eny solvent, In the present investigetions the resactions
of sebecic meid snd edipic meid with diethylene glyc_:ol were
carried out in presence of toluene and the ecatalyst, As the
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results obtained during this investigetion are sgreeing
with the results of Flory in terms of the order of reactions,
it cen be understood that dilution effect ( due t0 use of
solvent ) is not involved in the reaction,

In the cese 0f adipic acid - propylene gZlycol and
sebacic 2eld - propylene glycol esterificetions, it was
observed thst the resction did not obey the 2nd order rate
law in the beginning but fellowed ;\I.n the later stages, It
can be seen from Figg 12-19 thot redes of esterificstion of
dibesic acids with propylere glyeol are very much lower than
those obteined in the reaction of dibasic ecids with disthylene
&lycol.

In the polyesterification studies of adipic scid with
ethylene glycol and that of sebsecic mei? with ethylene zlvecol
it wes observed that these resctions obeved the secon’ order
rete law during‘tho final stages in presence o Amberlyst 15,
Amberlite I" 120, Zeokarb 215 and Tulsion 14 resins. Second
order rate lew was not followed in the initisl stsges. The
same behaviour was noted by variestion of tempernture, cute-
Lvl'i concentration and using different moler retios of the
reactants,

Fesults in tableslos 23-30 indicete eleerly that for
all the resin catelysts, increese in the cstelyst concentre-
tion incrossed the rete of remctior between sdipic seid -
ethylens glycol and between sebacic meid - ethylene glyeol
proportionately,
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It was revealed from these results (Tig.12-19Tebles 23-30)
thet *he retes of polyesterificeti on reasctions of edipie
scid and sebecic mcid with diethylene glycol are much
higher then those obtained in the esterificetion reactioms
of adipic scid and sebseic 20i? with ethylene end proprlene

glycols,

By changing the moler ratiss of adipic aeid end
ethylene glyeel snd ssbscic acideethyleme glyeol, it was
found thet the rate of resction incressed with the incremse
in the glyeol concentration, Amberlyst 15, Amberlite IR 120,
Zeokarb 215 end Tulsion 14 resins present the seme behaviour
on ghenginrg the glyecol concentrations,

In the sadipic scid « ethylene glycol resction,
cotslysed with Tulsion 14, Zeokerd 215 snd Amberlyst 15, the
rete constents are lineesrly proportional to the su-fece
eren 0f the catalyst, indiceting the dependence of the
activity on the avsilable surfece srea of the catalyst,

However with Amveriite IR 120, this effect was not
noted after & surfece ares of 60 ug, cms, The walue of k
tended towmrds seturstion showing that the increase in
surfece arge produced negligible change in the setivity of
the cataelydt system, (Fig.No.7 ).

In the sebacie acid-ethylens glycel series, except with
Tulsion 14, surface area above 60 sq.cms levels off the
variation of k value.( Fig.No.10 ).
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From results in Tebles 25-30 ond-Fies it is
evident tha-E with all the resin catolysts, the rate of poly-
esterification of edipic scid - ethylene glyecol anéd sebacic
acid - ethylene glycol incremsed considerably with the inererse
ir the resction tempersture. tetivation energy for the
resgtion of adipic seid - ethylene 'glyeol and sebecic ecid -
ethylene glycol wes emleulsted from the Arthenius equetion
and following velues have bsen obteined,

Fesction studied Catalyst used Activetion energy
Adipic scid - Amberlyst 15 2,047 keels
ethylene glyeol Avberlite IR 120 .01 leels
Tulsion 14 5.484 keals
. Zeokerb 215 8,57 keels
Jebacic acid - Amberlyst 15 5.795 keals
ethylens glycol Amberlite IR 120 6.286 keals
Tulsion 14 4.57 kesls
Zeolkard 215 2.38 keels

It eppesrs from these values which sre ir the renge of
3 keal to 9 kesl, thet the resction phenomencn is the ssme
for sll the resins and the lower value of activation energy
suggests mostly the physical adsorption on the ion-exchsnge

resin,

It can be concluded from the sbove investigation that
Tulsion 14, an indigenaously aveilsble ione-exchange resin can
be efficignﬂy used as a cetelyst in these polycondensstion

reections,
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D COLCLUSLION

(1) In the butenol-oleic mcid esterifiestion resction, it is
found that at constant catalyst concentration and tempersture,
the rate of resction is dependent on the surface area of the
catelysts,

(2) In the sbove resction, reuse o the polvfunctional resins
which heve been desulphonated wes found to yiel? slmost the
same results as obtaired with fresh unifunctionsl resins, Thus
the presence of sulphonic groups aleone is perheps not entirely
responsible for the catalytic behaviour,

(%) vwhen 2 macroreticular resin of the type useful for
catelysis is employed, it is found that its usefulmess increcsed
with increesing concentration employed,

(4) The effect of surfece area has been shown significent
in (1) Butanol-oleic acid resetion, and (2) 2-gthyl-hexesnol -
phthelic eanhydride reaction with all the four catalysts studied,

(5) In adipic mecid-ethyleme glycol reaction, the effect of
surface aree is s:lsnif:lennt only with the resin Amberlyst 15,
Tulsion 14 and Zeokarb 215,

(6) In sebacic meid - ethylene glycol resetion, the effect
of surfece ares is significant only with Tulsion 4.

(7) Higher temperstures sre shown to hasten the retes of
esterification ecatalysed by ion exchange resins,
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(8) The polystyrene besed sulphonic meid type cation
exchengers are ssen to be uneffected by the temperature of the
reaction, while polyfunctional resinz lose their exchange
cepecities with 1loss in their catslytie activity.

(9) Values of activetion energy determined for 2-athyl hexanol -
phthalic anhydride reaction sre slmost equ-1l to the velues
obtained for other simple esterifiemtion reactions reported in
the litersture,

(10) The order of reaction for all the resins as determined
graphiecally were found to be

(a) Butanol-oleic acid resction - Pseudo first order
(b) 2-ethyl hexanol - phthalic
yéride reaction - TFirst order
(e) Adipic meid - ethylenme glyeo! - Second order in
last stages.
(2) Adipie secid - propylene glyeol - -do;

(e) Adipic eeid - diethylene glycol - Second order
(f) Sevecic meid - diethyleme glveol =  —dow

(g) Sebacic aeid - ethylene glycol - GSecond order in
last stages.

(h) Sebaecic acid - ‘Propylene glyeol -l Ow
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