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ABSTRACT

The dehaviour of VAe, and EMA monomers in erulsion polymerisation
at 60°C with sodium lauryl sulphate emulsifier concentration
(6.3 x 10-3 M/LY, a constant initiator {potassium persulphate) ccncene
tration (8.3 x 10'“ ¥/L) was investigated. The percentage conversion of
EMA, VAe to the respective polymers and viscosity average molecular .
weight increased with time, . The viscosity average molecular weight
(Mv) of the PEMA obtained were higher than the FVAic cbtained under the
same conditions and time of polymerisation,

Enulsion copolynmerisation studies of ENA-TVAc matrix at £0°C have

been investigated using three copolyumerisation processes - batch, semi-

- batch and semi-batch cortinuous, semi-contimuous. The results suggest

that the semi-continuous process gave the highest percentage recovery of
the suspected 'ecopolymerisation product', The least percentase recovery
was from the batch process.

The recovery of the copolymer itself resulted in the isolation of
four fracilons from the copolymerisation procuct: the methanol soluble
i,e FVAce the methancl insoluble i.e TPEMA and the expected copolymer.,
the ethanol insoludle i.e. PEMA., the ethzncl soluble i.e the cepolymer .

| Melting points of the copeolymerisation products were found to lie
between those of the homopolymers and were found tc be composition
dependent,

Similarly, x-ray studies have helped to indicate that the percénf
tage ordering and crystzllinity indices of most of the copolymerigaticon
products were between those from the amorphous componhent ie. PVie and
the semi-crystalline coxponent, PEMNA. Eoth the oréering and crystallinity
indices were glso obsérVed to depend on the method and procedure of

copolymerisation.



vil

It is believed from spectroscopic studies that a methyiene tridge,
—CHZ-, between PEMA and PVAc resulted in a copolymer. Evidences
include the troadening of the IR band between 1200 - 1260 c:n-1 normally
present in PVAc but absent in PEMA, the disappearance of the band beiween
1620 - 1660 cﬁ"1 in the copolymer that is normally present in the wmonomers.
A model structure has itherefore bteen propoced.

Pinally, the optical microscopy have established the heterogeneity
in these copolymerisation products., The different processes of copoly=-
merisation give products with different morthelogies, the semi-continuocus
batch being wmore miscible than the semi-batch and baich. The morphologies
of the different fracticns from 'copolymerisation products' = methanol
inscluble, methanol soluble, ethanol insolutle znd ethanol soluble were

nore homogeneous thar those of the products from which they were derived.
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M8 - Methanol scluble frzctions The frzction of the 'ecopoly-

/v -~ Mass per voluze.
n.m.Trs = Ruclear msgmetic rescnance sgecircsecpy.
FEE, oo I‘EE‘.I Copolymerisation products' obtaineld froz sexzi-batch exmileion
o - 3 ~ 2
copelymerisation of IiA £ Ts 0\..., ) aad Ve (7.0cm’) for various

tizes of initial polycrrisation of VAc before 2L addition of

61 and L20 cirutes.

L

3‘-'. ‘50. 1(..\1, (.u-: 3-\-,

P2 -~ Poly(ethylnmethacrlzte) pelymer.
PM3B - " Copolymerisztion product cbtaired when equal volumes of A, 7.0&3

|
Vic (7.0cz”) comorozer was mixed and copolymerised in batch

at €0°C for 9 hours.
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PSB1.... PSBh: 'Corolymerisation products' obtained from semi-batch
certinucus erulsion cepolymerisaticn of Vic (T.Ocm3) in
batch for 30, 60, 120 and 240 =inutes before dropping EA

(7.0023) at a fixed rate of 7.Cc1%/hr.

PoMCMS 'Copolymerisation product’ obtzined from sexi-continuous
copolymerisation of EMA and Vic.

PVaic = Poly(vinyl acetate) polymer.

Vice = Viryl acetate moncuer.

V/V - Volume per volume.



1,0 INTRODUCTION

1.1 General
Emulsion pelymerisation of vinyl monomers has beer carried out fer
rarious industrizl and sclentific purposes. Clascical eaulsion pclyme-
risation involves the use of waler as diluent, water-insclutle coniner

(which is dispersed in the diluent), a water-scluble irnitiator an2 zn

(B

t

(X

o
-

ezxlsifying agent. When the reaction invelves cnly one nonczed,

referred tc as homcpclyrmerisztion (sicply pelymerisation) and the preiuct

as hozopclyzer or generally referred 1o zs polyzer,

(Bugcins znd Ferman 1953}. There are posgibilities of multicomponent

pclymerisztion in exvleion (Hazm, 1967). with the increzse in teshnsles

glszl zdvancenent, sclentific ond iniustria) Intercst in the fielld of
polymer oonthecis is shifding Irecreccinsly from hacpelymerisstices to

copolymeriszticn an? therefcre frop polymers tc copslymers,
Copolycerisation grectly inereuses the rnuzmber of pos: oL =3

s wich can ke forzuleted ani prosents excollent poesibilitiecs for

the preduction cf rcsins Post suited for par

exzamrle, ccpelyterisaticn may izpart 4o 2 gingle polyzer mclesule the

decired siructurz) gualities of tws differcrt honcpolymer gpecies,

icrarely achieved by z physical =ixture, that is a tlend of the twe

polyners. This unigue chezracterietic arises from the fact

(20

to zo2ify the preézerties of anctier paterdal thrwgh

zateria] can be 1 Ly

.
m

€
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copolymezigation, An elastomeric polymer could be used to make a plastic
flexible ©or a scft, rubbery polymer (e.g. polyvinyl acetate) could be
stiffened by incooperating molecules of rigid, brittle polyrmer (e.g.
polyethyl methacrylate) by this method, Other advantages of copolyme-
risation include the following:

(a) Unlike blending, copolymerigation provides an excellent means of
permenently binding short chaing of cone polymer onte short chains of
another by chemical bonds., It is also advaentageous over blending in that
it eliminates the shear and temperature effects which result in degradation
of individual polymers involved.

(v) Heterophase polymers muy be produced with improved misecibility and
compatibility different from polymer mixtures (QClabisi gj,g&,,1979).

(¢) Copolymerigation of one specie with another may impart gynergistiic
effect on some of the properties of both components, leading to improve-
ment on their reépectiva homoproperties, Synergism ig the enhanced

action between two o?lmore materials, e.g. polymers (Adeniyi 1986),

(d) Monomers which do not homeopolymerise at all or polymerige with
great difficulty are found to copolymerise easily. For example, maleic
anhydride which homopolymerises with great difficulty was found te copoly-
merige readily with such monomers as styrene and vinyl chloride
(Schildneck 1952), (Billimeyer 1970).

(o) The production of polymerswith tailor-made properties not attain-
able by other materials but through only copolymers is made possible

through copolymerisation,

1.2 Tyoee of Copelymers

A polymeric substance consisting of molecules with large number of

units of twc or more chemically different types in more or less irregular
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sequentce 18 a ccpolyuer, The relztive pucters of the different units
zay not be the sare in the éifferent proportions of = single mclecule,
(Buggins and Herdan 1952).Unlike other polyrer Lytrids (e.g. polytleris,
cozposites) the ccmpenents in copolyzer are lirked by sirong covalent
Yonds and nct secondary forces e.g. Vander Waals, dipsle iInteraction,
hydreger bending. Folyserisaticr. of twe moncmers may gpive a variedly of
producic, depending on the methoud ind conditicns of reazcticn, These
sibilities muy inelude or@incry mixteores of the two hRsmopelymers,

craft cr “lock copolyser. sowever, the ol ceczmen chexigal hytrids

gre discugced below:

14241 Polyrer Mixtures

These invclwve hozopulyzers with certzin intcerfacial bonding. The

= 1Y 344
;C..Sit-...'.n of

Rzndcz copolymers are the moet common trpe of polymer cheriezl

IS

hybride, znd are composed of randik arrangesent of say - ABRALIAPEAAL -

repeat units where L ang E zre 2ifferent ronczeric units, They oxe
gererelly charicterised Ty & staticiiezl placement of the comonomer repeat
units 2long the backbone of the chzine Random cepclyszers ave the zopt

- ") o

versatile, econonics) and easily grmthesized t7pc of c¢cpolymers.
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Al ternzting copolyzers are characterised by alternate arrangeuent
of - ABLRLBABAP - repeat units along the polymer backtone. They are
zostly obtained when ejuimclar quantities ¢f the acnomers are distrituted
in a regular alternaiing fachion in the chain, These types of ceopclymers

-

are relatively rare, due %o the rejuirerent that pairs of monouers mus

have kigh reactivitics znd that gpecial rcaction conditicon

1 4]
141
I‘
0
¥
m
(4]
'
2
[
*9
1

eguimolar roncmer cixtures are reguired (Johnestone 1973).

Generzlly, the major incentive for srrnthesising random .Jer alter-
nating copclymers is to ackieve houcgeneous systems that disglay proper-
ties reprecenting a weighted average of the twe repezt units, Yowever

o ¥ ’
the more easily prerared random copolyzer clesely zpprexioate this
r v rr

eituction gnd permits the attairment of averaged physical ard chex

L

preperties e,g. glass trancition texperatures, mechanicsl progertie
peraepbilits and chemical resistznce, Unifors rardsz copolymers can dis-
Play single rhase morphelogy which may resalt in optical transparency in
amorphouc g This cpuld e poseiltle If the gequentlz? rums present

~

in these compositions are usuzlly too short an hie' tetween ecch

1070

cther to induce miercrhase seperaticn. Fowever, Flatzer (1970) peintzd

3~ - . e £ - 1Y s
doz cepolyeers especisily

out that heterogenelity hos teen cbserved irn ran

if regctivity rotios of the comonomers zve far zrert.

1.2.3 Block Copolymers

These zve eapclyrsers consisting of long sezuevces, tlocks ¢f cne mer
(poly=zer unit derived frox crne of the cozoromers) follewed by long sejuence
of the gecond mer, For exanrle, if there zrethree menoreric units £,B,and C

with seguerce of = unit long, m units leng and p unit long respectively then
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several variaticns can exist 2z illuctrzted telow:

[An_] [PnJ e o o o @ @iblock or AR block
[an][Bm][cpJ . « o o a tritlock or ABC lock
L !—.n_7 [ Bn.j L :.P] e s oo ‘'seudvich' tritlock.

A stereoblock can be cbtained If the tlocks arc ccapoced of the saze
zcnomer unite in different steric configurztion. (Cowie 1972).
b TS

In generzl, tlock copclymers more or less recsemble pclytlends of

the hoxopolymers, especially when the tlocue are longs Inm roct coses,

they zay have long envugh honggencus crain secuence to exhilit ithe pro-
perties of bcth homcpelymers rather than intermediate values, Tis 1is

vhy Ylock ccroly=ers can @isplay certcin degree of incormpa

specizlly if the Ylocks are long eucugh to cazuse phase sepzoraticn, Fow-

P
1

ever, smd"‘ sk Blocks could enlesce coopatibility betweern cex,incnts
o abs ick tlocks of s e with tk isLprens O
the copclyner (e sandwich tlecc! f styrcne th eitker yYen: or
butzdicne produce g therccplacile elsstomer in whick the pe
lock acts as both filler and cross linkinc acent (Coxie
cuolymers csn usual e synthesised by the us 9% lyzers™!
cope 11y be symt d by the use of Miving po
and/or a polymer with an end group suitz*le for ra®ical recctisms,
Living pclymers zre pelyneds produced froxr gyetess In whisk #

gination is lacking. Since the terzinztion oter uesually imvilves transfer

to some cpecics (moncmer, pelyser, iniilztor

tomdn werly - — S - s o - A"
anionic or ectiozic pclymeriszticn witk corefully purified recfonts
- i - - . - - N epted -~ - T AT e -
lezd to systems iz which terzireticn 4z lachkins, The res:ltins species,

polyrerising styrene with godiun ng
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styrene - isoprene at -80°C in tetrahydrofuran using styrene (9.2g),
TEF (60 cn3). sodium napthalene (3.3 x 107k mol), isoprene (3.6g).
Kinetic analysis show that the polymer have an extremely narrow dis-
tribution of molecular weight and for all practically purposes be
essentially monodisperse. The living polymer can be 'killed' (stopping
the reaction) byzddition of a terminating agent e.g. water, at the end
of the reaction. The "living poljyrer' technricue offer:s the zdditiona
advantage in that the tlock size caz be controclled, Generally, block
copolyzers are thermoplactice since there are no crosglinks between the

molecules,

1.2.4 Craft Copzli=ers

These are macromolecules consisting of polyumer backbones with attached
polymer branches (or appendages). There are graft copclymers of various
chenical compositions either in the backbone or side chain, Considering
two different monomeric units A ané B, the following structures of graft

copolymers can exist,

Backbone Side Chain Structure
(i) Eomopol ymeric Hozopolymeric AARAAAAAA
B
B
B
(ii) Homopolymeric Cepolymeric AARAAARA
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Rackbone Side Chain Stricture
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(i21)  Copolymeric Copclymeric
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iv Copelymerie Bomepolyzeric
resy

A graft copolymer cannot be regirded zs a tlock cejolymer tesiause

the individuzl polymer segnts do net fors z linear chain.e Ther YNav:
2 linegy choin of one corpoment from which there zre side chains of
Aiffcrext cempositicns. It camrot 2152 be regurded as a branchel gely=-

per, although the mzjor differerce between ther ie that in 2 Tra:ch
polymer 211 parts of the macromclecule are of the same cherical rzture.
b grzft polyner is a miltiphzce systexm while a bronched polymer is 2
gingle phese,

Crefting is ithe only method by which cerizin properiies can teo ints

*ins its chief serfovs=s

- a—

"
Q
e
-+
ty
e ]
r
0

daced persmrently Izto a polyzer with

\ . . . - S
charsoteristice, Stanrett (19720 g424cd thnt in przotice, v; #c 755/ ¢f

LIS apsstn F F R
ancther polyzer cezn be grafted withvl =ffectins the zain ;roze
the other peiymers £ geoof exanrle of gsuch greft in which the prizerties

ente Rig. fdensity polyetiylene, The 2

21y sroat.emoed
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i

clvelkicue ‘were cgsert

.
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However, if the grafted polymer has very different properties it
might affect some other properties of the base polymer e.g. in the case
cited above for pelyethene-graft-polyacrylic acid, the modwlue and
softening point of the base polymer was raised.

Graf'ting can be initiated by free radical mechaniem where the active
sites are induced on an internal monomer unit. For example, the grafting
of ethylene onto polyvinyl acetate will give appreciable quantities of
graft copolymer (Caylord and Ang. 1964). This is known as transfer
grafting and involves hydrogen abstraction from the main chain in the
presence of gnother monomer which then grows frem this site as a branch,
For example, it has been found that chain transfer occurs on the ascetoxy

group of poly(vinyl acetate) to initiate the growth of any polymer (e.g.
ethylene) in the graft copolymerisation of ethylene onto polyvinyl

aceiate.

0COCH B OCOCH.
v 1 3

H i .
' 3 1 ~
Y o JRPE ¢ S - CH2 - CHQ
é é ﬁ ﬁ {ethene monomer)

(PVAC polymer)

H QCOCHz(ceah)n H ?00033 E  OCOCH,
-C-C C ~ C——==— C - C~
| ]

t 1 T
H C.B B E (C

o

QHh)n
PVAC = PE graft copolymer.

Chain transfer can also occur on the backbone carbon of FVaC. (Gaylord
and Ang 196L), The product of such z reaction often contains homopoly-

mers and urmodified chaing in addition to the grafted product, e.g.
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_ homopoly ethene, homopoly{ vinyl acetate}and the graft PVAC - PE.

Other forms of grafting include activation grafiing and chemical
grafting, In asctivation grafting, the polymer can be exposed to the
source of radiation before addition of monomer {pre-irradiation tech-
nique).

An  eoxample of pre=irradiation technigque of activation grafting is
of polypropylene in air to yield peroxides before the introduction of
acrylonitrile monomer 10 yield polypropylene-acrylonitrile gralt copo-
lymer (Ballantine,gg als 1959). The mutual irradiation technique has
been vsed in the graft copolymerisation of pelypropylene polymer-vinyl
acetate monamer mixture in the absence of air. (Ham 1984L).

Chemical grafting involves redox reactions of pendant hydroxyl
vith metal salts such as cerium{IV) ions, Iron(IIl) salts or other
heavy metal salts. ZJecric aleohol complex has been used te produce
_radicals on poly(vinyl alechol) polymeric backbone on which acrylo-
nitrile monomer grafts. (Gaylord and Ang 196L). Tuicellert reviews iof

these techniques had been given by Ham (196L4), (Gaylord and Ang 1964L),

1.3 Rezctivity Ratios and Copolymer Comporition

The composition of any copolymer depends to a large extent on the
reactivitieg of the moncmers involved, For any two polymerisable mono-
mers M1, and H,é, two different types of active centres will exist and

the formation of copolymer is determined by the following reactionsi-

My o+ M, ——gllﬁ M; e ).
Hf‘ + H2 —Tw% Hé ----- (2)
o+ K -——9;1 M - -- - (3)
W+ N —_—22y, M,  ----- (L)
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where K11, K22 and K are the rate constants for self-propaga-

12* %219
tion and cross propagation for M1 and M2 respectively.

The ratios of the rate constantsk%1/x12,(r1) and K22/K21,(r2)
for a given radical adding to ite own monomer to that for its adding
the other monomer are known as relative reactivity raties. These para-
metezar1 and Ty are very lmportant since they characterise the copoly-
merisgtion behaviour of the two monomers, The relative reactivities of
the two monomers towards the two radicals determines the type of product
formed (Alfrey et al; 1952), Monomers with high reactivity ratios enter
ihe copolymer faster than those with low values. With the relative
reactivities ratios of monomers, the composition ef any copolymer could
be predicted,

Young and Mark (1966) have extensive compilation of reaciivity
ratios for different monomers. The different types of copolymerisation
depend on the value of ithese ratics. .
Copolymerigaticn can be classified into three main types based onl

whether the product of the two menomers reactivity ratios r,T, is unity,

lese than unity or greater than unity.

1,3.1 Zdeal Copelymerdsation T.¥, =1

4 copolymerigation ig termed ideal when T, product is urnity.
Ideal copolymerisation occurg when the two types of the propagating
species M} and Hé show the same preference for zdding one or the cther

of the two moncmers, Under these conditions,

K22 = Elg or r1 = ;1_
. B ST 2

and the relative rates of incorporation of the two monomers into the

r
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~ copolymer are independent of the idemtity of the unit at the end of the chain e.g.
the one imvelving methylmethacrylate r, = 10 and vinyl chloride T, = 0.1
at 68°¢ ( ¥ork andYoung 1966). DMost ionle copolymerisation {both

anionic and cationic) are characterised by the ideal type of behaviour

(Odian 1981).

1,3.2 £lternating Copelyrerisationr, = T, = 0

In this case, each radical preferes to react exclugively with the

other monomer, When T, = = 0), the two monomers enter

17 % 2

into the copolymer in equimolar amounts in a nonrandom, alternating

= 0 (and r,T

arrangement slong the copolymer chain, This type of copclymerisation

is referred to as alternating copolymerisation. The closer the product

r1r2 is to zero the greater is the tendency for alternating copolymer to

be formed. Msny radical copolymerisation show thisg aliernating behaviour.

4 typical alternating radical copolymerisationsshow this alternating .
behaviour, €.L. alternating radical copolymerigation 1s that of styrene

2

The behaviour of most comonomersystcrs lies between the two extremes cof

('ia1) & diethyl fumarate (Mz) (ry = 0.30 and 1, = 0.07) (0dian 1981).

ideal and alternating copolymerisation, i.e. 0 4 T, T, 4.1, the reactivity
ratio product lies between zere and unity. As the product r,T, decreases
from unity toward zero, there ig increasing tendency toward alternation,

Perfect alternation occurs when Ty and r2 are both zero. The tendency

toward alternation and the tendencey away from ideal behaviour increasses

as T, and r, become progressively less than unity.

2

KASHIM |
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1.3.3 Block Copolymerisation »,71, r2‘>1

4 and r, are greater than unity (and therefore, also

T, > 1), there is the tendency to form a bloek copolymer im which

If both r

there are blocks of both monomers in the chain., This requires that

each monomer tends to add selectively to its own type of radical. The
extreme case of both T, and T, being mich larger than unity - corres-
ponding to the simultaneous and independent homopolymerisation of the

two monomers - hag not yet been observed}except in the simultanecus
cationic homepolymerisation of vinyl carbaezeole and oxetane by Gumbs et al,
(1969), 1In this case, intermoncmer pelymerisaticn only occurs because

of r, and r, being far greater than unity.

2

1.4 Copolvmeriggtion Technigpes
According to Sandler and Karo (1974}, copolymerisation can be

carried out in bulk, solution, suspension aﬁd.emulsion techniques,

1.1 Bulk Copolymerisation

This technigue which is sometimes referred to as mass copolymerisation
involves only the two monomers and the catalyst if any, which is required.
It is the simplest process of copolymerisation technique with a minimem
of contamination of the product.

However, bulk copolymerigaticn is ¢ifficult td control due to the
characteristies of radical chain copolynmerisation, Chain copolymerisation
is highly exothermic¢, and with high activation energies, resulting in
gel effect which makes heat dissipation gifficult. Hence, mass

copolymerigation of any two monomers requires careful temperature control,
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The viscosity of the reaction gystem increases rapidly at relatively
low conversion (Odian 1981) and therefore need strong and elaborate
stirring equipment. The viscosity and exothermic effects make temper-
ature control difficult,

Bulk copolymerisation is not used commercizlly for chain copoly-
merisation because of the difficulties indicated above. This tech-
nigue is not extensively used for copolymerisation of vinyl monomers
especially the acrylic monomers  because of the difficulty of removing

the product from the reactor.

1,4.2 Solution Copolymerisation

The c0p61ymerisation which ig carried out in a liquid which is a
diluent for both monomers and the initlator is solution copolymerisation.
Most copolymerisation (block, gralt, random) are often carried out in
solventis which can dissolve the monomers and tlke copslymer produced.
Upon addition of a suitable nom-sclvent, the copolymer together with
the respective homopolymers should be precipitated. The solvent apart
from acting a diluent, also alds in the transfer of heat; produced by
the copolymerisation rezction., The s0¢lvent also allowy easier stirre-
ing, since the viscositiy of the reaction mixture is decreased, Thermal
control is much easier in solution copolymerisation compared to the
tulk cepolymerisation.

However, the presence of golvent may present new diffieunlties.
Most solvent;may enhance chain transfer which may lead to a decrease in
the rate of the copolymerisation (Guba et al; 1964).,  This may go

along way to affect the structure, molecular weight of the resulting
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copolymer {Guha and Palit 1963), Therefore, the solvent should be
chosen with appropriate consideration, so that chain transfer to
solvent in minimized, The purity of the copolymer may be affected 1f

there are difficultieg in the removal of solvent.

1.4.3 Suspension Copolymerigation

In this technique, the twe monomers are suspended in the aqueous
phase ap droplets being maintained by the suspending agent. The sus-
pending agent (e.g. polyvinyl alecohol) 1g being added so that the mono-
mer droplets will coalesce together for reaction. The copolymerisation
is carried out in a reaction medium in which the copolymer product will
be ingoluble, The copolymerisation reaction is effected in the globule
formed yielding a pearl or bead, Hence, suspension copolymerisations
are often Teferred to a8 powder or granular copolymerisations, because
of the formg in which the final copolymer products are obtained. There
is a better heat control in the aqueous suspension medium than in the
bulk technigone. The suspending agents act as impuritles anéd may give
Tige to products with inferior optical properties., FHowever, the suspen-
sion method of copclymerisation les not used with moncmers which are
kighly soluble in water or whose polymer hag too high a glape transition
temperature. This is because with appreeiably water-soluble monomers
(e.g. vinyl acetate) some of the copolymerimation reaction will take
Place in the soluticn as well as in the monomer droplete leading to

low molecular weight products {Odian 1981).
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Coagulation of the monomer droplets may cccur at low convergions if
the polymer Tg of any of the components ls lower than the texperature
of reaction as styrene-methyl methacrylate, vinyl chloride and vinyl

acetate has been reported by Odian (1981),

1.4,y Emulsion Copolymerisation

Emuleicn copelymerisation is an impertant industrial technique
for preparing copolymers from unsaturated monomers and yields a stable
particulate dispersion of the copolymer in an aqueous medium known as
latex, This latex can be used directly as an erulsion without prior
separation of the copolymer from water and the other components. Such
applications involves coatings, polishes, floor polighes and painte. A
distinguishing fezture of emulsicn 30polymerisationlwhich mzkes it of
great commercial interest is that high molar mass products are cbtained
without decreasing the rate of the reaction. This is because both the
rate of polymerieation regetion and molar mass depends on the number of
particles formed during the reaction. Other adventages includes:

(a) High rate of conversion of the comonomers to the copolymer can be
attained reaeonably gquickly,

(b) Efficient heat transfer due to the presence of a large gquantity of
water (Sandler and Karo; 197L).

(¢) Low viscosity of latexes at high polymer concentration and control
of the copolymer composition.

However, in the emulsion copolymerisation of any iwo monomers, it
may be difficult to remove the reaction components {surfactants and

modifiers), herce application protlems encountered,
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The reactivities of the monomers in emulsion copolymerisation will
depend on their melubilities in the aqueous medium, If the diffumion
of the two monomers t¢ the latex particles is sufficlently rapid to
maintain equilibrium, the copolymeripation reactivity ratios observed
for these monomers in emulsion should be practically identical with
thoge in bnlk copolymerisation. However, if one of the mcnomers 1s
more water-goluble than the other, the portion of the monomer which is
present Iin aqueoue eolution is not avallable for reaction, hence this
monomer will exhibit an apparentily lower copolymerisation reactivity inm
emulaion (11frey et a1., 1952). The copelymerisation of styrene-methyl-
methacrylate in emmlsion ghowed that the reactivity ratios were the same
aa obtained 1n bulk {(i.e. reactiviiy for styrene r, = 0.52 and reactivity
for methylmethacrylate r, = 0.46) at 60°C (Schildknecht 1952).

For pormal behaviour in emulsiﬁn c¢opolynerigation the two monomers
have to exhibit the Bame relative reactivitges that they would exhibit
in homogeneocus bulk or sclution copolymerisation, If one of the monomers
is quite water-soluble, ite apparent reactivity is reduced. It ie quite
posgible algo that monomers containing long alkyl groups could alse
exhibit reduced gpparent reactivities for a different reason, namely,
the low rate of diffusicn to the locue : of polymerieation (Alfrey et al.,

1952). Emlsion copolymerization apart froe being of industrial impor-
tance for the production of synthetic polymers normally give higher degree
of polywerisation between 25 - 60°C than those in bulk or suspenaion
(Schildknecht 1952). Thie techmigue is preferred to the bulk or solution
in the case of acrylic and methacrylie cster monomers because of easy
removal of the emulsion product latex urdike sticky product from these

later techniques,
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Mo comercial emuleion copolymerisation can involve bateh,
seml-batch, semi continuous and continuous processes of the addition
of monomer to obtain the desired reaction rate and temperature control
(Cooper 1974). Molecular weight of the product is algo affected by
the incremental addition of the two moncmers., Semi-continuous or con=-
tinuous additien of initiator and chain transfer agent is employed as
necessary to maintain a relatively constant initiation rate and molecular
weight. TFor the same condition and materials for the copolymerisation
in emilsion, the semi-continuous or continuocus addition of monomers will
lead to larger particle size than initial batch addition (Odian; 1981).

Hence, it is necessary to describe these processes of emlsicn copoly-

merigation and its application in details.

1,5 Emlsion Copolymerisation Processes

There zre three basic processes which can be used for the prepara-
tion of copolymer latex by emulsion copolymerisation, These bagie
processes are:

(a) Batch erulsion copolymerisation
(¥) Semi-continuous batch emulsion copolymerisation

(¢) Continucus emulsion copolymerisation.

1.5.1 Batch Brulgion Copolymerigation

This involves the addition c¢f the formulation components completely
at ihe beginning of the reaction. The producti of the copolymerisation
reaction is removed after the desired conversion,

In m typical semi-batch emlsion copolymerisation, some of the
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components may be added in parts but at separaie time intervals.
Emuleion copolymerisation of water insoluble monowers proceed in three
stages. In the first interval, nucleation of the particles occur until
micellar emulgifier droplets aTe depleted in the medfum, The second
interval is the period during which the particles are growing with con-
gtant rate of polymerisation. The third stages begin when the monomer
droplets are absent and the copolymerisation is mestly ithat of the mono-
mer meolecules in the swollen polymer-monomer particles {Harkin; 1950),

(Gardon; 1968),

1.5.2 Semi-Continuous Batch Ewulsion
Copolymerigation Process

Thig ig the process in which g part of the receipe.are withheld
from the initial charge to the reactor and added later in a programmed
manner. Iﬁ more cases, the later addition may involve one of the
mcnomers,hpart of the monomer charge, and sometimes other components
such as water, emulsifier, initiator and transfer ggents. This proceas
is the most versatile and widely used on an industrial secgle, The
process can be operated under two extreme conditions, generally described as:
(a) ‘'Monomer flooded' which describes a state in which the monomer
feeding rate (Ra) is higher than the
maxirum rate of polymerisation (Rp) max. (i.e. that of the equivalent
batch process). In this case of 'monomer flooded' the actual rate of
copolymerisation (Rp) is equal to the maximum rate of the copolymerisation
(Rp) mnax.
(b) ‘"Monomer Starved™: If the rate of monomer addition is less than

the maxinum rate of the copolymerisation reaction (Ep)} max, the system
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ig said to be operating under "monomer starved”
conditions, the rate of polymerisation is approximately equal to the rate
of monomer addition and the instantaneous conversion are very nigh,
usuzlly greater than 90%., Also monomer droplets are absent (Saleewan
1985) .

Semli-continuous batch emulsion copolymerisation proceesses may fall
into two categories (Bataille et alj 4978) namely:-
(a) Monomer addition (Madd) in which water, surfactant and part of the
comonomer {usually about 10%) are charged into the reactor and initiator
added to start the reaction, After a set tima, the remaining comonomer
la pumped into the reactor at a specified rate.
{b) Emulsion addition (Eadd): Part of the whole batch {water, eurfac-
tant, initiator, monomer . ) are charged into the reactor, the reat
ig fed gradually as monomer emwlsion into the reactor at a constant rate,
Both processes are very useful in copeclymerisation of vinyl monomers

becauge they give more homogeneous products,.

1.5.3 Continucus Emulsior Copolymerisation

In this process, the reactants are added at a constant rate while
' the products {copolymer) are alsc being removed from the system at the
Bame rate in the whole process. There are basically three types of
continuoue reactor systemsd

(a) a series of continuous stirred tank reactors (CSTR'S)

(v) continuous loop reactors.

(c) continuous tubular reactors.

Tubular and loop reactore are resiricted to sizple formulation and

also less flexible than the series CSTR's
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However, they are also subject to lack of control over particle
morphology. The properties of ithe polymer latex produced have been found
to depend on the process of polymerisation or copolymerisation {Krackeler
et al; 1969). The number average molar mase (Fn) for the polymers pre-
pared ugsing the baich process are higher than those of semi-continuous
under monoxer-gtarved condition, This 1s because there is higher mono-
mer conceniration within ithe growing latex particle for the bateh process
giving rise to a higher rate of propagation. Also another Important
property that depend on copolymerisation process is the particle size
and its distribution, This property is very important especially when
the latex is to be applied directly. Latexes obtained using the batch
processes have narrow particle size distribution while those of continuous
processes are broad. This éhould be 80, because in the bate¢h process,
all partiicles are formed easily with the game age and size, But there is
a broad distribution of residence time for indiyidual particlee in the
continucus system. |

Bataille et al; {1978) reported that polymers obtained by monomer
addition (Madd) technique had both a narrower particle size distribution
and smaller average particle than the emulgion addition (Eadd) polymer.

The comparative study of batch and monomer addtion (Madd) semi-con-
tinuoug batch esulsion copolyerisation ghowed the dependence on rate of
copolymerisation and melar mass on these technigues. (Yeliseyeva et al;

1965), The monomer addition technique gave a lower molar mass polymer
with improved colloidal stability of the latex.

In an emulsion copolymerisation carried out in the batch process,
the composition of the copolymer changeg with time becauce of the differences
in monomer reactivity ratios, and the presence of monomer resevolr, There

will be a high proportion of the more reactive monomer in the copolymer
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initiglly, with the final product comprising a high proportion of the
lesg reactive monomer, The semiwcontinuous batch process operated under
menoner-starved condition ylelds a copolymer of uniform composition,

It was found that the relationship between the free monomer composition
in the reaction mixture and the composition of the copoelymer was con-
trolled by the monomers feeding rate (Srmuparek and Kraka 1976). The
deviation between the comonomer and the regulting copolymer beccmes

smaller if the feeding rate wascloge to the rate of polymerisat.ion. Fow=

ever, the overall composition of a copolymer produced using the continuoush

reactor system does net change with time,

1.6 Effect of Process of Copolymerisation Rate

In any copolymerisation system, control ¢f the rate of reaction is
very important. The batch, semi-continqous batch or continuous processes
of additicn of the formilation should be aone to obtazin the desired reac-
tion rate (0dian; 1981). In the batch process, the rate of copolymeris-
ation is determined by the formulation used and the reaction condition,
It has been pointed out that the rate of reaction is often high and can
present great industrial problems with regards to removal of heat of
copolymerisation (Saleeman; 1985). Dne moiivation for using the semi-
continuous bateh process under monomer starved conditions is to obtain
control of the rate of copolymerisation and then of heat generation,

The rate of copolymerisation process is constant but may vary between
different reactions in a multiple reactor system. (Saleeman; 1985}, 4n
advantage of continuous process is that they are operated under steady-
state conditions with eaqh reactor requiring a constant rate of heat

rexoval,
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1.7 Separation and Analyeig of Heterozeneous
Polymer Systems

Heterogeneous polymersystems(e.g. block, graft, random copoly-
mers contaminated with homopolymers) may be separated based on
differences in chemical compesition and segment distiribution, Before
the characterisation, either the block or the graft copolymer needs to
be peparated from the homopolymere or random ccpolymers, The ease of
geparation depends on the ability of two ligquids, one acting as a
solvent and another as a non-sclvent for the specles to be extracted.

These procedureg which can be used to isolate g particular compo-
nent from its environment includes: solvent extraction, and precipitation

techniqueBGIohnson and Cantow 197%). Some of these procedures which
are described below could be adopted singly or collectively for a par-

ticular component,

1.J.1  Solvent Extraction

In this technigque, the separation of the components in the hetero-
geneous sysiem is based on the differences in solubility of each com-
ponent in a particular liquid (sclvent), The liquid which disclves g
particular component is a solvent for it, and that which cannot dis-
golve it, is its non-solvent.

Homopolymers can be extracted from the graft or bleck copolymer with
a solvent which does not dissolve either of the compoments in the copely-
mer mixture. Sometimes when polvent pairs are availzble such that each
solvent dissolves only one of the components (i.e. a non-solvent for the
other), then a good separation can be achieved, This is similar to the

selectivewelution technique employed ip many analytical procedures
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(Bikales 1971). Sometimes the eluting liquid consist of one com~
ponent cnly which 18 a good gclvent for cne of the species at high
temperature but becomes poor solvent at a lower temperature e.g. FEMA
wag found to digsolve in ethanol at terperatures above 30°C but remgzin
inscluble at temperatures below 20°¢ in our lavoratory, GSmets and
Claesen {(1952) achieved the separation of grafted copolymers of poly-
(methyl metharrylate)-poly(vinyl acetate) (PMMA - PVAC) from its homo-
polymers based on differences in golubility of the latter in hot and
cold ethyl alcohol.

Solvent extraction has the advantage over other methods of
separating polymer constituents (e.g. precipitation, selective elution)
in that it avolds the possibility of coprecipitation. TYhe selective-
elution technique gives a good systematie geparation of polyrer mixtures
into different components. However, one major disadvantage of golvent o
extraction ig that if the block or graft is particularly rich in one of
the homopolymers, it may dissolve partly or wholly in the sclvent, the

order in which golventis are used in the selective-elution technique way

affect the rate of extraction or may even inhibit the elution.

1.7.2 Fractional Precipitation Technlague

The separation of the component of heterogenecug polymer asystem
is often carried out on the basis of decreasing solubility of the com-
ponents with increasing molecular weight (Tompa; 1956). In a solution
of homopolymers mixed with either graft or block, the progressive addition
of precipitant will caﬁse ihe precipitation of one of the components

Bince there exist solubility differences between the homopolymers
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ahd the graft or the block copolymers. This technique is very effective
when a common solvent for the heterogenecus pelymer system has been
found (& solvent for the hemopolymer, graft, block copolymers) and
separate non-solvents for these components. However, one major die~
advantage here is that scometimes the copolymer segments may precipitate
along with either of the homopolymers., Sometimes the solvated segments
of the wmore soluble components can retain some segwents of the least

soluble one in solution, (Schielbel; 1965).

1.73 Selective Precipitation Technigue

This method can only be used when there is a sclvent-precipitant
system that preferentially precipitates only one of the homopolymers
at each stage, the others remaining in solution, Even when excess of
this particular precipitant for this homopolymer is added, the pre-
cipitation is only effected for this homopolymer in question, 4 mixture
of polysiyrene, copolymer of polystyrene-polyvinyl acetate and polyvinyl
acetate was separated by dissolving the mixture first in methyl ethyl
ketone-methanol (1.1) system., The addition of methanol precipitates
all the homopolystyrene. The remaining mixture was extracted using
methanol which removed all the homopelyvinyl acetate leaving the copoly-

mer as precipitate {Woodward and-Smgts 1955).

1.8  Analytical Methods for Sualltative and
Suartitative 3tndies of Copolymers

The gqualitative studies of copolymers arise from those chemical proper-

ties or the species tresent in ihe copolymer. The melting point Tg, the

functional group analysis, density and optical properties can be studied
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qualitatively. The quantitative studies help to determine the amount
of copolymer formed from the component polymers, Infrared spectros-
copy can be used both gualitatively and quantitively (Keossler; 1971),
{(Bovey; 1971}, Other quantitative methods include crystallinity index,
Saponification numbers, Acetyl number, Acid mmbers (Brauer and Horowitz

1962},

1.4.1 Spectrophotometry

Infrared (i,r.) and nuclear magnetic resonance (n.m.r) are the two
most imporiant physical-chemieal methods predominantly used in struc-
tural and analytical studies of both polymera and copolymers, The ir,
can be used in structural analysis of copolymer mixture to disclose the
gtructure by characierisation of the functiongl groups present and the
mode of their attachment to the polymer backbone. The aim of qualitative
analysis of copelymer xixtures, is to determine the presence of individual
components, e.g., in the case of copolymer it is to determine the presence
of individual moncmer unit . The sepctrum of a mixture is additively
components.

However, it is extremely difficult to distinguish between a mixture
of homopolymers and a true copolymer {Kossler; 1971)., In general’infra-red
spectroscopy can be used for the analysis of copoclymers, crystallinity
index , degradation of the components in the copolymer mixture,

(Koenig; 1980).

EMR gtudies yield qualitative and quantitative information that is
most often unequivocal for copolymers. The copelymer microstructure can
Ve studied easily by NMR as different chemical ghiftie can be associated

with copclymer sequences. The methyl methacrylate content in azerylonitrile-
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methyl methacrylate copolymer has been determined using NME (Chujo et al.,
1972). Whether applied quantitatively or qualitatively both i.r. and n.m.r,

remzin one of the foremost non-destructive tools for analysis of copolymers,

1.8.2 X-Ray Diffraction Methods

The physical structures of polymer mixtures can be characterised by the
chain conformation, the local order and the morphology. The x-ray diffrac-
tion pattern of polymer mixtures helps to elucidate the gross morphology of
the sample, The order (crystallinity) results in well defined sharp peak
whereas the disorder (amorphousity) give rise to broad peaks in the diffrac-
tion material (Billemeyer; 1970); Olabisi (1979). A typical semi-crystal-

line polymer such as polyethylene will show sharp peaks in its x-ray pattern,

\ crystalline polymer

Intensity ’

amorphous polymer

Diffraction Angle 20

ILLUSTRATION I3 X-ray Fattern Showing anorphous and Crystalline Regions
for a Typical Semi-Crystalline Folymer.

whereas an amorphous polymer, e.g. polyvinyl acetate, will show diffuse non-
coherent pattern as shown in Illustration I for crystalline and amorphours
polymers. If the two monomers which give a crystalline polymer and the
other an amorphous polymer are copolymerised, the composition of each of

these polymers in the copolymer can be determined by the X-ray method,
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Melting Pointg

The thermal behaviour of high polymers can be asgessed by the
melting pointa., Unlike simple organic and inorganic substances, the
welting point of polymers are meclecular weight and structure~dependent,
The influence on the thermal behaviour (e.g., melting point, glass tran-
s;tion temperature, softening poinﬁ) of molecular weight, branching,
copolymerisation, cross linking has been reporied (Collin€ et al; 1973).

Ibiyeye (198,) reported the dependence of melting pointg of poly-
blends of polyvinyl acetate-polyethyl methacrylate on the blend com-

position and molecular weight ratios,

Microscopy

Mieroscopic metﬂods (1ight microscopy, transmission electron
migcrosccpy, electron microscopy) can be ueced to ascertain the extent
¢f homogeneity or heterogeneity in polymer mixtures. (Clabisi et 21,
1979). Direct visual confirmation of the presence of iwo phases or one
phase ig a preliminary indication of the morphology of the mixture. 4
homogenecus morphology will either be attridbuted to the presence of
only one component or total miscibility of the polymer mixture, A4 two
phase morphology will suggest copolymer, mixture, partial or limited
migcibility of the components (0latisi et al; 1979). It is however, true
that phase behaviour observed with microscopic methods may not correlate
well with macrospic observation, In a copolymer, mieroscopic studies
cculd give an insight to the homogeneity and compatibility of the dif-
ferent components in ihe copolymer mixture, Microscopic methods can
also be uged to determine not only the presence but the connectivities

of the phases in the mixture (Olayemi & Yusuf '1989). Therefore, it is
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ugeful tool in probing the different phases in a copolymeric material,

149  Research Aims and Objectiveg

Blends of FPYAC and PEMA have been studied and the dependence of
some mechanical properties of these blends especially of low molecular
weight ratio (Mv)r PENA/PVAC less than eight has been established
(Clayemi and Ibiyeye; 1986). Those with wide molecular weight ratios
of § & (Mv)r £ 96 of the same PEYA/PVAC was reported by Olayemi and
Yusuf (1989). Both workers had reporied supériority in properties
-of these blends over ithe homopolymers with evidence of gynergistic and
antagonistie behaviour,

However, industrial YVlending of pelymers in rheometers reguire
both high temperature and shear rates. Thesme conditions have been
reported to tring about degradatlien of either or beoth homOpclymersl
especially if their melting temperatures are not comparable (Ibiyeye i98h).

Hence, in the case of blends of FEMA and PVAC, with wide raﬁge of
temperature difference (PVAC mpt = 125°C; PEMA mpt = 276°C), meltmixing
of the two polymers together at up to 276°C will lead to degradation of
the low terperature component,

It is therefore nececssary to seek for an alternative method of
permanently incorporating the molecules of ¢ne polymer to the other by
chemical bonds. One of the major altermative routefds copolymerisation
of these two monomers< vinyl acetate and ethyl methacrylate which is

the topic of this resegrch,

1.10 Scope of Present Work

The main aim of the present study is aimed at copolymerieing these

two monomers VAC and EMA usging emulsion ceopolymerisation techniques with
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different processes batch, semi~continmucus batch with a water-scluble
initiateor potassiumpersulphate (KESZOB) and sodium lauryl sulphate
(0252505031@3) emulgifier at 60°C. The properties of the prodvcts of

the copolymerisation reaction are to be fully evaluated,

111 The Approach

The research will therefore entail:
(a) Determination of the effect of time of polymerisation on the con
version of monomer %o polymer and viscosity average molecular weight (Ev)of
'the homoFVAc. and howoPEMA. -
(b) Copolymerisation of #MA and Vic. in erulsion under batch,
semi-bateh and semi-continuous batch protcesses with same receipe and
reaction conditlions,. . .
(c) BEvolving . suitable method- for precipitation of product of copoly-
merisation using suitable non=-solvent.
(d) Evalugtion of the above products by means of chemical separation
“based on differences in solubilities of the homopolymers in known sclvents.
(e} The quantitative determination of the portions of the homopolymers
in the products, hence the gquantity of the copolymer unier each process.,
(f}) The qualitative study of the producis and the separated components
of the reasttionfrom (e) above with infrered and nuclear magnetie resonance
spectroscopy.
(g) Determination of the percentage ordering and crystallinity index
of the pavples with those of the homopolymers,

(h) Studies of the gross morphology of the products by optical micros-

COpY.

{i) Determination of the melting points, if possible.
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2.0 LITERATURE REVIEW

2.7 General

Copolymerisation invelving acryllc and methacrylic esters as the
prinecipal components have been reviewed by Luskin and Myers {1965).

The mutual copolymerisation of methacrylic ester monomers (e,g. methyl
methacrylate) and other monomers such as vinylacetate have been found
to ﬁroceed.with eage. In addition, the monomers namely: methylacrrlate,
n-tutylacrylate, ethylzervlate and ethyl: methacrylate readily copoly=-
merise with all types of vinyl monozers {e.g. vinyl acetate, vinyl
chloride, styrene). Although both the acrylic and methacrylic es'ers
are readily incorporated to florm copolymer; with almest all types cf
xonomersy the very long=chain alkyl counterparts copolymerise with
difficulty (Schildknécht 1952). This behaviour of poor reactiviiy of
lorg~chain allgl esters in copolymerisation cculd be attributed f¢ the
steric effect, The tulkiness of the long chain alkyl monomers is sig=-
pected to e a major favior to the effect above,

The gynthesis of copolymers depend on the degree of interacticn of
the two menomers involved. The extent of interaction between these twe
monomers depend on the following factors:

{i) polarity of the gouble bond, which is determined by the groups
attached to the ethylenic double bond,
(ii) resonance stabilization of the monomer and the radicals produced,

The polariiy effect is enhanced if an eleciron withdrawing group
is attached ito the double bond w.ich will impart peeitive charzcter on
it., Schildimecht {1952) reported that steric hindrance, ccnfigurasional

effects and repulsive forces are the most important factors governing

30
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the interaction of monumers and radicals in copolymerisation, Also,

the reactivities of the mnnomers are affected by the type of initiators
and syster used e,g. wheither emilsion, golution or suspension

(Odian 1981). However, monomer reactivities in radical copolymerisation
were believed to be little affected by experimental ccnditions (0dian
1981)., For example, the reactivity is independent of feed composition,
conversion, solvents, regulators, source of free radicals used and even
the rate of polymerisation. Efforts to overcome the reluctance of moncmer
pairs to copolymerise have been very unsuccessful, but scme progress

has been made especlally in activaled systems {schildknecht 1952). 1In
the sume vein, the relative ease of copolymerisation for 1:1 mixtures

of acrylic and methacrylic monomers with some common monomers (e.g.
acrylonitrile, styrene, vinylchloride, tuta die:!e) have been extensively
discussed (Luskin and Myers 1965 ).

Many polymerisation technigues such as emilsion, sclution, sus-
pension have been used in the preduction of copolyters., However, come
mercial production of acrylic copolymers is largely confined t¢ seoluiion
and emulsion technigues (Luskin and Fyers 1965)., The emulsion technigues
is well recognised for its convenience, speed, control of temperature,

completeness of conversion and the reproducitility of product properties

(Saleeman 1985).

2.2 Copolymerissztion Characteristics of Vinyl acetate

Reports of copolymerisation as invelving vinyl acetate and acrylic
or methacrylic esters gbound in literagture. 4£lso a good nunber of these
copolymer have been paiented (Schilcknecht 1952), (Cdian 1981). Vinyl-

acetate has been known 1¢ copolymerise with acrylic esters and other
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vinyl moncmers - e.g. styrene,zethyl methacrylate znd methylacrylate.
However, the reluctance of vinyl acetate -t .
to copolymerise with these other monomers have been known to

industrial chemists for a good nunber of years (Schildknecht 1952).

Vinyl acetate copolymerisation characteristics has been extensively
reviewed by Schildknecht (1952). In this review, vinyl acetate is said
to be one of the least reactive monomers towards addition to growing chain
in peroxide - catalysed copolymerisation with a second moncmer. It was
also pointed out that the addition of vinyl acetate retards ths poly-
merisation of most other vinyl zoncmers. Kowever, the degree of
retardation vary from one monomer to the other., For example, at one
extreme there is a marked inhitition observed with styrene - vinyl
acetate wherees the retardation is reduced in peroxide-catalysed copoly-
merisation involving vinyl acetzte with wvinyl chloride or methyl metha-
crylate. On the other hand, vinyl acetate ir the review ¢f Schildlmecht
(1952), has been known to copcliTeérise readily with certain unsaturated
compounds which do not homopolyzerise readily e.g. maleic anhydride and
maleic esters. It has been clzimed that, to a copolymer chains having
vinyl acetate at the growing end, almost all other monorers add mcre
readily than vinyl acetate itself, The relative reactivities of soxe
vinyl monomers when copolymerised with vinyl acetate has been reviewed
(schildknecht 1952). These virnyl monomers include retlyl methacrylate
methacrylonitrile, styrene, acrylonitrile, vinyl ether, methyl acrylate,
isopropenyl acetate. The relative reactivities of these monomers were
found to depend on the structure and functional groups.

Reactivity ratios in copolyzerisatior are not sinrly related to
crnly rates of hoxopolyrerisaticr but also derend on a number of other

factors (Schildknecht 1952)., These other factors include the effecct of
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one monomer on one another, the system (i.e. emilsion, suspension

and solution), the texperature and concentraticn of monomers (Conn
and Neher 1950), Alsc Ham ("1,961‘). had presented an excellent treatise
on the effect of some of these factors on the copolymerisation of
vinyl monomers. In copolymerisstion, the most reactive monorers may
be converted to radicals or macroradical chains of low reactivity or
vice versa.

Although vinyl acetate has been reported to be one of the less reactive
zonomers in vinyl copolymerisation (Schildknecht 1952)- but viryl
ethyl ether has teen fcund to have a lower reactivity ratio (r1 = 0.0)
than vinyl acetate (r2 = 3,0) during the copolyzerisation of these tws
monomers, Thne acetate group in vinyl azcetate is presumed tc be rore
reactive than cxygen ator in ths nmclecule of the vinyl ethyl ether
(Tewari et zl., 1976).

Generally, witk acrylic esters snd some viryl halide monorers
(e«g. vinyl chloride, vinylidene chleride), vinyl acetate coroly-erises
comparatively readily, Among the methacrylates, ccpolymerisation had
been carried out mostly with the methyl methacrylate and vinyl acetate
while few patents of copolymerisation of vinyl acetate with ethyl
methacrylzte have beer reported (Schildkrecht 1952). Cther studies on
copolymerisation involving methacrylates anc vinyl acetate have alsc
been reported in literature (Nair ané Muthana 1961), Tris study revealed
that methacrylic ester chains in n-butyl methacrylate and isotutyl
methacrylate prefer 1. add to its own monozer than virnyl acetate,

The anzlysis showed tiat the methacrylate content was more than vinyl

acetate in the resulting copolymer.
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Several experiments carried out by Smets and Claesen (1952)
confirmed that the solubilities of poly(methyl methacrylate) and poly
(vinylacetate) are independent of molecular weights, They also cleimed
that at 26°C only poly(vinylacetate) remains in sclution while poly-
(methylmethacrylate) precipitates cut as a solid., 4 modification of
this method was employed in the separation of poly(ethyl methacrylate)
and poly(vinylacetate) in the 'copolymerisation products' ir this

research as described in chapter 3.

2.3 Graft Copolymerication of Some Vinyl
Monomers with Vinyl Pelymers

Studies of a number of graft copolymerisation involving a series
of different monomer—polymer systems in berngene with benzoyl peroxide
initiagtor at ?O?C had been carried ocut by Smeis and Claecen (1952}.
Some of these monomer-pelymer pairs formed gralt copolymers while others

met with failure, The report is shown in table 2.1

Table 2,15 Graft Copolymerisation Invclving Monomer<Folymer Pair

at 70°C,

Monomer Folymer Whether Grafted of Lot?
Vinyl acetztde Poly(methyl;mEthaC?ylatg) Grafied

Vinyl acetate : Polystyrene Not grafted
Vinyl chloride Foly(methyd methanrylate) Grafted
lLethyl.zetbacrylate Poly(vinyl acetate) Kot grafted
Yethyl methacrylate  Poly{vinyl. chloride) Yot grafted
Styrene Poly{methyl methacrylate) Grafted

Methyl mathacrylate Polystyrene Crafted
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Formation of graft copclymers have been known to be enhanced by
the macroradical and the pclarity difference btetween the monomer and
the polymer, High stability of macroradical and a large polarity
difference favours formation of graft copolymers while low stability and
small peolarity difference leads to formaticn of no graftbut homopolymer
nmixtures, For example, homopolymer mixtures of poly(vinyl acetate),
polystyrene were obtained from vinyl acetate - pclystyrene system with
benzoyl peroxide, Similar experiments with vinyl acetate = poly(methyl
me thacrylate) yield graft copolymer. On the other hand, the failure cf the
wethyl - pethacrylate - poly(vinylacetate) systezm to graft was based
onn the fact that the decradation of poly(vinylacetate) in the presence
of benzoyl peroxide being slow leading to little or no reaction in terms
of grafting. IMHowever, this behaviour of pcly(vinglacetate} and cther
methacrylzte menomers (e.g. ethylmethacrylate) with other initiators
such as potassium persulphate has not yet teen investigated (Smetsgungaen 1952,
The degradation of vinyl pclymers in the presence of initialors
enhances thz feasibility of grafting (Smets and Claesen 1952), The
order of variation of degradation of some vinyl poclyrers in the precernce
of benzoyl peroxide at 70°C rerorted by Smets and Claesen (1352) follow
the seguence pclystyrene > poly(methylmethacrylate) > pcly(vinyl acctate).
This is reflected in the results from these authors in Table 2,1, For-
mation of graft copolymer by chain transfer mechanisc is linked with
the degradation of the polymer to form a macroradiczl. If the degsra-
dation is slow, the rate of grafting will be slow, since few macroradicals
will be present for the grafting reaction., It means that the 'foreign’'
monomer (added monomer) will attack the few available macroradicals at

the reactive sites to prodice the graft copolyrers. Although ths
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using azobisisobutyronitrile (4IBN) and di-tert-butyl peroxide (DTEP)
initiators at TOOC. This observation could be attributed to the

inferior capacity of the resonance - stabilized isobutyronitrile

radical Me_ = C - CH, in compariscn witih the C6H5 and csﬂscoo‘ radicals

Py
to engage in chain transfer reaction. The statility of these radicale

follow the order Me, = C — CX> R Ceﬂscﬁd,--ﬁence benzoyl peroxide

2
can enhgnce grafting more than the other twe initiaztors. Eowever,
the effect of potassium persulphate in grafting had not been rerorted

in literature,

2.4 Emalsion Copoclymerisation of Vinyl acectate
with n-butlylacrylate

The copolymerisation of vinyl acetate and n-butylacryleste using
batch and gemi-continuous balch processee have been investigated
(El-sasser and Vanderhoff 198Z). The area of inlercst was focused on
the exanination of the effect of comonémerhpomposition znd the emulsion
process on polymer and lalex properties, The kinctics of copolymeris-
aticn wus examined in detail =2nd the copolymers fully characterised,
The result clearly showed that ilhe process had a direct inflivence on the
polymer znd the latex properties. Copeolymer latex with a more uniform
copelymer coxpesition was obtained from the senmi-continuous batch than
from the bateh prucess, They concluded that homogeneity ir copclymer
cormpesition depends con the process of enulsion copelymerisaticn between

these two monomers (vinyl acetate and nmbutylacrylate).
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2.5 Emlsion Copolymerisation of Methylmethacrylate
with Vinvlacetzte

The emulsion copolymerisation of methyl. ®ethacrylate (MMA) and
vinylacetate {VAc) has been investigated by Saleeman (1985). The
investigation was pimed at determining whether poly(vinyl.acetate)
poly(methylﬁethacrylate) copolymer latex of uniform copclymer come
position could be obtained using either the batch or semi-continucus
batch process. The copolyxmers formed under these two processes were
fully analyeed and characterised. It was found out that semi-cone
tinuous bateh process gave a copolymer of uniform composition despite
the wide disparity in the comonomer reactivity ratios and water
solubilities of Q.07 and 290 for Vie and 22,0, 150mM for ML respecw
tively (Immergut and Brandrup 1975). Attempts 40 cast films from the
bateh copolymer latex met with failure suggesting a non-homogeneous
composition of the copolymer, whereas films of good quality were formed
fror the semi-continuous batch copolymer latex, It could be suggested
therefcre that in order to obtain a ceptlymer of uniform composition
between monomer pairs of wide disparity in reactivity ratios, the
semi-continuous batch process could be exployed. 4Although the work of
Saleemzn (1985) centred on the composition of the copolymers, it is
also believed that the properties of the copolymers lormed undexr the
bateh and semi-continuous batch processes, would defirnitely be
different. However, thg uniformity of ccpolymers between poly{vinyl
acetate) and poly(methylmethacrylzte) therefore depernd on the tyre of

emilsion copolyumerisaticn process.
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2.6 Review of Methods for Synthesis of Bloek and
Graft Copolymers

Intengive activity in the synthesis and characterisation of
block and graft copolymers is a recent development which has been
reviewed by Burlent and Hoffman (1965). Many ingeneous methods have
been devised over ihie years for the synthesis of copolymers. Scue

of tiese procedures are discussed under the following:

2+6.1 Transfer Processes gnd Long Lived Radical Process

The most frejuently used methkod for the synihegis of block or
graft copolymers involves a process in which the second monomer is
added to an emulsion of z polymer fopmed by the first monomer., Some-
times the second monomer is added to a prepolymer of the first monoxer
before it has been completely converted. Hughes amd Erown (1961 dis-
cuczed the emulsion polyrerising of one moncmer in the presence of a
preforted pblymer of a different typs of monomer as & two-stage poly-
merigation, When gz monomer is polymeriged in the presence of z pre-
formed polymer emulsion, Teneirstion of z sccond monocmer into the
polymer matrix occurs if the polymer is swollen by the monozer. There
is a possibility of an outside layer rich in the pclyrer ¢f the second
stage mcnomer (i.e the added monamer) because of the new hcmopolymer
being forzmed especially at high emulsifier concentration. Al so Hughes
and Brown (1961) had pointed out the variation in the scheduling of
moncmer atdition in emulsion polymerisation to produce polymers with
substantial alterations in cherical and physical structures. In a
particular instance, monomers may be charged simultaneously intc the
reaction mixture which will lead to the production of a homogeneous

copolymer. Agzin, in a related example, moncmers may be charged
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sequentially to prcduce polymers of greater hetercgeneity. The
'copolyrerisation products' may contain mixtures of hozopelymers/or
graft copolymers. There is the possibility of these products consisting
of isclated regions such as concentric shells of the hozopolymers. It
is expected that the products obtained uncer these conditions showld
have several structural possibilities, including extrezely hetero-
genecus random, graft or block copclymers. In most cases, evidence is
alwzys lacking for an uneguivocal distinction beiween thepe several struce
tural pessibilities. The determinaticn of such structures may indeed
be a formidable task. An excellent treazatise on the synthesis and
characterisation of block and graft copolymers have been presented in
literature (Ceresa 1965). Radical chalr transfer prozesses have teen

used for the grafting of siyrene, ethylacrylate and butylmethacrylate

to backbones of poly{:cthyl;ethacrylate} and poly(ethrlacrylate) have

been reported by Gluckam et al., (1959).

2.6.2 Graftinc with FPrefcrmed Initiatin~ Cites
cn the Folymer Backbones

Prefermed or natural polymers can be treated chexically or
irrzdiated toc forr sites on the backbones which are capable of gub-
sequent initiaticn of an added monomer (Woodward et al,, 195L). Most
of such processes involve oxidation to hydroperoxides cr percxides
which are then dispociated by heating into macroradicals in the preserce
of monomers. Woodward et al., (1954) prepared block copolymers of poly-
styrene - poly(vinylacetate), polystyrene - poly(methyl methacrylate)
using phthalyl peroxide -~ a polyperoxide in tenzene at 100%. They were
able to produce tlock copclyzers because of the initiating sites created

on the polymer backtone by the peroxide radicals, Cthrer polyzeric
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éubstrates susceptible to thece procedure of peroxide initiztion are
polyolefins, natural and synthetic rubbers, starch, vinyl and acrylic

pelymers (Luskin and Myers 1905).

2.6.3 Photochemices]l Grafting

The initiation of grafting by chemical initiztieon by photolysis
is well known. Photolysis is the cgbsorption of elecircmagretic radia-
tion in the visible and ultraviolet region to cause rupture of chemical
bonds giving rise to macroradicals in polymers. Tnis is particvlarly
applicatie tg polymers with photosensitive groups e.8. vinyi acetate
with the -C—E—-SH3 being photosensitive . Copolymers of methkylmetha-
erylate and vinyl methyl ketone hzve been grafted on vinyl acetate
unsing photochemical means (Ham 1954 ). In photockemical grafting,
photosencitizers are euployed for the photoinitiation of the whole
process. Fhotosensitizers are mclecules eépecially dyes, which are
affected by light. 4 dye molecule when phetoexcited atstrazcts a hydro-
gen atom from the polymer to yield a grafting site., Irradiation with
photosensitizers yield grafts when it is with polymer - monorer mixture
ae a result of formation of free-rsdicals on the backbone pelyrer
derived from the photesensitizer. Anthraquincne dyes are tyrical
pﬁotosensitizers that have been erployed in the grafiing of acrylo=
nitrile, methylmethacrylate, vinylasetate cnto polymeric films such as

poly{vinyl aleohol) ani nylon 6,6 (Glaylord and Ang 1964 ).

2.6.& Fechanical Frosesses

Copolymers can be produced by a mechanical process such as willing,
grinding or kneading, When a mixture of two pclyzers is sutjected to

an applied skear, a mixture of block and grafi copolymer are produced
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(Claylord and Ang 196L). The radicals from chain rupture can initizte
polymerisation of a rmonomer pregsent in the polymer teing subjected to
the shearing force. Crafts are also formed because chain transfer
reaction can take place which lead to the location of the free radical
in a non-terminal position on the polymer chain, Foly(vinyl zcetate)
agitated in the presence of vinyl chloride produceda block copclymer
(Caylord and 2ng 1964) of the sequerce

Cl1

'
~
2-CH-032-—:E-

CrCC'!CH3 C‘-.,{',‘-C.'.I-l3

Mastication of poly(methylmethacrylate) in the presence of styrene
produced blcck copolymers of 85 yield (Luskin and Myers 1965). Several
other monomers masticated with poly(methylmethacrylate), the rates of
polymeriszticn have bteen found to very in the order of methacrylic acid
tethyl methacrylate) acrylonitr le 2 ethylacrylate » styrene D vinyl

acetate (Lustin and ¥yers 19¢5). The composition and structures of

these products are in most case, ill-defined,
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3.0 . BESEARCH PROCEDURES

3.1 Homopolvmerisation of Monomers

3e1s1 Ethyl Methacrylate

The ethyl methacrylate was obtained from the British Drug
House Ltd. (BDH)., It was stripped off its hydroquinone inhibitor
by washing it repeatedly with 2% sodium hydroxide solution in a
separating funnel, The organic¢ layer which contained the monomer
was washed several times with distilled water to remove traces of
the alkali. The {nhibitor-~free monomer was dried over anhydrous
sodium sulphate before distillation at ?9°C'1mder reduced pressure
using water pump at a pressure of 0.15 millibar, The purity of
the distillate was ascertained by treatment of a small quantity of
the purified monomer with agqueous scdium hydroxide which did not
produce yellow coloration in this aqueous layer. The purified

monomer was stored in a brown bottle Iin a refrigerator until needed.

3.1.2 Vinyl acetate

Vinyl acetnte(BDH) was treated in the same way as described
for ethyl methacrylate in Section 3.1.1 above except that 5% sodium
hydroxide solution was used in removing the hydroquinone inhibitor,
The distillation temperature in this case was at h6°C and a water

pressure of 0,15 millidar.

L3
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3.1,3 Initiator and Emulsifier

The initiator (potassium persulphate = Kzszoa) and emulsifier
(sodium lauryl sulphate = 012H250803Na) obtained from British Drug
House (BDH) were used as received. The initiator was of analytical

grade whilst the emulgifier was reagent grade.

3.1k Ritrogen Gas

Pure nitrogen gas was required to create an inert aimosphere
for the polymerisation. To completely get rid of oxygen from the
commercial nitrogen (NQ) gas gupplied, the nitrogen gas was passed
through Fieser solution prepared by the procedure of Fleser and
Fieser (1967) to absorb the oxygen. The oxygen - {ree nitrogen was
then passed through three other wash bottles containing calcium
hydroxide teo remove any trace of carbon dioxide, concentirated
sulphuric acid to remove water vapour, saturated lead acetate
solution to remove hydrogen sulphide inpurities in the nitrogen and
finally silica gel before the reaction mixture to dry the gas.

Methanol (BDH, LR), dipotassium hydrogen phosphate (BIH,
AnalAR), hexane, heptane, methyl ethylketone, ethanol, acetone,
ethyl acetate, chloroform were purified by standard methods before

Use,

3.1.5 Polymerigation Studies of the Monomers

The polymerisation of both ethylmethacrylate (EMA) and Vinyl

acetate (VAC) was independently carried out using a one litre
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S -necked flask maintained at constant temperature of 60 + 1% in a
water bath., The reaction mixture without the monomer was charged
into the flask to attain the temperature of the bath. Prior to

the addition of monomer, purified nitrogen was bubbled ihrough the
mixture for a period of 30 minutes., The monomer was then added
via a dropper for a peried of 15 seconds., OSamples for the visco-
sity average molecular weight (Mv) determination were pipetted out
at different time intervals of 30, 60, 90, 120, 165, 210 and 240
minutes reepectively. A fixed aliquot of 2Scm3 of the mixture
withdrawn during the course of the reaction was poured Into ice -
cold methanol for PEMA and sodium chloride solution for PVAC,
recoveries respeciively. After stirring, the svlid which separated
out was filtered, and washed thoroughly with distilled water to
remove traces of water - scluble contaminants like the initiator
and emulsifier. The preduct was driedkto constant weight in a
vacuum pressure oven At hOOC. The percentage éonversion from the
monomer was calculated for each sample., Thegse samples were kept
for the viscosity average molecular weight detemination. A common

receipe used for the polymerisation study ie shown in table 3.1.

Table 3,1: Receipe for Polymerisation of EMA and Vie
Fonomers
Components Quantity
Monomer 7.Ocm3
Potassium persulphate 0.225g
Sodium lauryl sulphate {SLS) 2.0g
Buffer solution (dipolassium hydrogen phosphate) 10.0cn>

Distilled water 2.33cm3
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3.1.6 Viscosity Average Molecular Weight (Fv) Determination
of PEMA and PVAc Samples

The efflux times for the polymer soclutions were determined in
Ubbeholde viscometer at 30 + 0.05°C for PVAc in methanol and 35 +
O.OEOC for PEMA in ethylacetate solvents. The liniting viscosity was
determined from the linear plot of *715p/c against concentration by
extrapolation to zerc concentration., The viscosity average molecu-
lar weight (Mv) of the polymer samples were determined from the
intrinsic viscosities /Q / using ihe Mark = Houwink = Sakurada egqua-
tion K = Mv®, (Brandrup and Immergut, 1975) The K and a constants
were 31.4 x 103 cm3 g7 and 0.60 for PVAc in methanol at 30°C and
8.6 x 10™3 cm3 3'1 and 0,72 for the PEMA = ethylacetate system at
35°C respectively. These constants were used for the calculation

of (Fv) from the intrinsic viscosity /f /.

* gp = specific viscosity

concentration

[ 2]
it

3.2 Pmulsion Covolymerisation of EMA and VAc Monomers

The copolymerisation of the two monomers ~ FMA and VAc was
sarried out at 60°C in a one - 1litre five - necked reaction flask
immersed in & water bath. The methods ¢f copolymerisation employed
were the batch, semi-batch, semi-continous batch (semi-~batch

continous) and the semi~continous emulsion processes.



L7

3.2.1 Semi-Batch Emulsion Copolymerisation

The reaction flask was charged with potassium persulphate
(0.225 g) - the initiator, sodivm lauryl sulphate (SL5)} (2.0 g) -
the epulsifier, distilled water (1?Ocm3), the vuffer - dipotassium
hydrogen phosphate golution (10.0cm3) for one hour after the flask
had atiained the {emperature of the bath., Stirring at a preselec-
ted suitable rate which began at the on-set of the experiment
continued until the end of the experiment. To ensure an inert
atmosphere, pure nitrogen gas was allowed to purge the reaction
flask for thirty minutes, After allowing the contents of the flask
to attain the bath terperature of 6000, the vinylacetate monomer
(7.Ocm3) was then added in batch to the reactor via a drepping
funnel for 15 seconds. The polymerisation of VAc was allowed to
proceed for a period of 30 minutes before the addition of the ethyl-
methacrylate (T.OcmB) in bateh via a dropping funnel, The reaction
was then allowed to proceed for a perioed of 9 hours. The above
procedure was repeated but with different time intervals of 60, 120,
21,0, 300, 360 and 420 minutes for initial polymerisation of vinyla=-
cetate prior to addition of ethylmethacrylate into the flask., The
different initial time of polymerisation of VAc prior to EMA

addition and the different samplee obtained zre shown in tzhle 3.2.
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Table 3.2: Initial Time of Polymerisation of Viec (batch) and
Time of Copolymerisation after addition of EMA
(batch) in Minutes

Initial Time of

Sample( a) C:F fo ]:\?F;lce rpi: f :: 01? o Cop OI'I;}:BTr.iosi.‘at io'n c;ri‘ot:elactti?:n
ImMa a.c‘id ition in A%ﬁr iiddmljj;;r; s.m in Minutes
Kinutes
PBB1 30 £10 SLO
PBB2 60 180 540
PBB3 120 420 L0
PBBh 2L0 300 Lo
PEB; 300 240 51,0
PBBS 360 180 cL0
PBB7 420 120 540

PBB means product from batch - batch copolymerisation and
numerals 1 - 7 represent the different samples with initial time
of polymerisation of Vac (30, 60, 120, 240, 300, 360 and L20

minutes) prior to EMA addition. v

3.2.2 Semi=-batch Coniinous Emulsion Copolymerisation

The experiment was carried out as described in Section 3,2.1
for the semi~batch process except that the second monomer ethyl
methacrylate was added at a predetermined constant rate of ?.Ocm3
per hour into the reaction medium via a dropping funnel, This
giveg rigse to a series of products referred to as PSB, meaning

product of semi-batch continous 'copolymerisation products'., The

detzils of the experiment is shown in table 3.3.
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Table 3.3: Initial Time of Polymerisation of Vic (batch) and Time
of Copolymerisation after dropping of EMA (continuous)
at a fixed rate of 7.0cm3/hour in Minutes

Initial time of

Polymerisation of Time of
Samplet®) Vic (bateh) prior Copolymerisation 2fta1 F&?e
F to dropping of EMA  After addition in % ;ﬁa°t1°n
(continuous) in EMA in Minutes in Minutes
VMinutes
PSB1 30 510 510
PSB3 190 420 €40
PSB) 240 300 54,0

PSE means semi-batch continuous copolymerisation products and
numerals 1 - 4, represent the different samples with the various
initial time of polymerisation of VAc (30, 60, 120, 240 minutes)

prior to dropping of EFA,

34243 Semi~Continuous Emulsion Copolymerisation

The experiment was perfommed with twe variation in the manner
of adding the comonomer mixture (mixture of ENA and Vie - v/v) as

described below!

Monomer = Starved Addition:

The flask was charged with the potassium persulphate initiator
(0,225g), sodium lauryl sulphateemulsifier (2,0g) and dipotassium
hydrogen phosphate - buffer (10.0cm3) and 107, of the comonomer
mixture of EMA (?.OcmB) and Vac (?.0cm3) were then added to the
reaction flask before the dropwise addition of the remaining 90¥ at

3

.a predetermined rate of Tem” per hour. The 10, comonomer mixture

was added 10 seconds before the 90 and ,the copelymerisation proceed

for ¢ hours. The sample was coded as PSMCM3 - meaning product from

genji=continuous monomer starved reaction,
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Mixed Monemer Dropping:

In this method, the comonomer mixture of EMA (7.0cm3) and
Vic (7.0cm3) was introduced into the reaction flask at a predeter—
mined rate of 7.001:13 per hour., The sample obtained was coded PSMC

- meaning product from semi-coniinous mixture,

3.244 Batch Emulsion Copolymerisation

In this method the experiment was carried out as described
for the mixed monomer dropping in Section 3.2.3, except that the
comonomer mixture of EMA (7.0cm3) and Vic (7.0cm3) was added to
the reaction medium in batech at once. The product from this
experiment was labelled PMMB + product from mixed monomer in
batch,

A common receipe used for all the copolymerigation processes

from section 3.2.1 = section 3.2.4 1s shown in table 3.k.

Table 3.4: Common Receipe for Copolymerisation of ethyl
methacrylate and vinyl acetate monomers

Components fuantity

EMA Monomer | ' T.Ocm3

VAc Monomer 7.0cm3

Dipotassium hydrogen phosphate 3
10.cm

- buffer
Fotassium persulphate (initiator) 0.225g
Sodium lauryl sulphate 2.08

Digtilled water 226cm2




51

3.2.5 Prelimipary Investigation of Precipitation of Copoly=-
merisation Produet using Various Nen-Solvents

The product of each copolymerisation reaction was isclated
from the reaction mixture by dropwise addition of the non~solvent
to the mixture with vigorous stirring. The volume of non=-solvent
in each case was Lt1 in ratio of non~solvent to the reaction
mixture. The precipitated solid was washed several times with
distilled water to remove water - soluble contaminants such as the
initiator (K S, Og) and emulsifier (Cyz Hpg 0SO3 Na)s The solid
sample was dried to constant welght in a vacuum pressure oven at
40°C. The following liquids were tried as non-solvents in order
to select a suitable non-solvent for this system (poly (vinylace
tate) ~ poly (ethyl methacrylate)): me thanol , methanol/sodium
chloride solution (v/v), scdium chloride solution, hexane,
petroleum ether, heptane. The recovery of the ‘copolymerisation
product’ from each non-solvent and the appearance of this preduct

obtained from each of these non=-solvent are shown in table 3.5,

Table 3.5:  Recovery of same 'Copolymerisation Froduct' from
Various Non-Solvents

Percentage Coposlymerisa=- HMelting

Non=Solvent Recovery tiom Product Appearance ?ﬁi;;
Methanol 77.30 PPy white ,powdeTry 235-036
Me thanol/sod ium
Chloride solution S5Le57 PP, ggﬁégréess 235=2136

(v/+v) :
Sodium chloride - nar_
<olution LO.5l PP3 dull, milky 235=236
Hexane 71.10 PP& fine,ppwdery 205-210
Petroleum ether £9.92 PPS dull, fine 205-210

Heptane 70,50 PFg fine,powdery 205-210
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The removal of the 'copolymerisation product' from the sodium
chloride sclvent was met with difficulty as the product was 'milky!
with no sharp demarcation between the precipitate and the super-
natant, The other non-solvents (tadle 3.5) presented no difficulty
as the sodium chloride solution in recovering the *copolymerisation
product' after precipitation. The percentage recovery was calecu-

lated from the formula:

Percentage conversion

= weight of solid precipitated {g) 5 100

volume of EMA volume of VAe (g) 1
x *density M *dengity €
%density of EMA = 0.917 gmen™
*density of VAc =  0.93} gmem™3
3.3 Preliminary Investigation of the 'Copolymerisaticn Product'

From the Various Non-=3Solventsg

3.3.% Solubility Test

The solubility test on all the samples (table 3.5) was
carried out according to the methocd described by Brauer and
Horowitz (1962), The powdered sample (O.1g) was placed in a test
tube with the solvent (1.Ocm3) at room {emperature, The test tube
was shaken for every 15 minutes and the mixture observed periodi-
cally for one hour, The nature of the soclution cbserved for each
sample in the following solvent: chlorofomm, benzene, chloroben=

zene, toluene, Acetic acid, Butanone, acetone,cyclohexanone,
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methanol, ethanol, All the copolymerisation products were soluble
in all the solvents except methanol and ethanol in which they were
partially soluble and insoluble respectively.

Subsequent ‘copolymerisation producis' were recovered from

the reaction mixture uging hexane,

3.4 Methanol Extraction of PEMA, PVAc and Their
Physical Mixtures

Wocdward and Smets {1955) adopted a methed in separating a
graft copolymer of polystyrene — poly (vinylacetate) from the
'copolymerisation preducts' by dissolving the product in cold
methanol to remove pure poly (vinylacetate)s Similar method was
used by Hayes (1953) for the extraction of poly (vinylacefate)
from the copolymerisation product of poly (vinylacetate) = poly
(methyl methacrylate) system., The principle adopted for the
methanol extraction of the physiscal mixture of PVAc/PEMA was

based on these two procedures.

Methanol Extraction Procedure:

A known quantity of the PEMA, PVic homopolymere, the physical
mixture of these two polymers 0.5¢/ 25.0cm3 were taken into sepa-
rate conical flasks containing cold methanol, The nixture was allowed to
stand for LB hours and shaken mechanically for 3 hours., The
dissolved portion was recovered from the solution by concentrating
the solution ¢f the methanol extracted portion in a weighed wash

glasses The undissolved portion of the mixture {methanol=insoluble-
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MIS) was removed by simply decanting the solution, washed several
times with small portion of methanol. Both the methanol insoluble
(MIS) and methanol soluble (MSS) were dried to constant weight in
vacuum pressure oven at hOOC. Quantities of PEMA and PVAe

recovered from methanol are shown in table 3.5.

Table 3.6: Methanol Extraction of PEMA and PVAc
Polymer Quantity in Quantity of Folymer Perceniage
Sample  Methanol (g) Recovered (g) Recovery b
PEMA PYAc
PYac 0.50 - 0.L95 99.00
PVAc 0,50 = 0.496 99,20
PEMa/PVAc®  1.0/1.0 1.00 0.98 100/98.0
PEMA/PVAc 1.0/0.5 1,00 0,49 100/98,0
PEMA/PVAc 0.2/0,2 0.200 0,195 100/97.5
a = obtained by physical mixing of polymers (w/w).

b = percentage recovery

Fercentage = Quantity of polymer after extraction{g) 100
recovery x ==

Quantity of polymer in methanol (g)

Since methanol is a solvent for PVAe whilst at the same time
a non-solvent for PEMA, the undissolved portion that is the
methanol insoluble (MIS) recovered by simple decantation is the
PiM4, The i.r spectira of the sample before and after the extrac-—
tion confirms this fact., The dissolved portion that is the

methancl soluble (MSS) which is the PVAc was recovered by
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concentrating the solution in a wash glass and evaporating the

solvent to dryness, Also the i,r spectrum of the sample before

and after dissolution in methanol confirmed this to be FVic,

3 het Ethanol Extraction of PEMA and PVAc

The method of Smets and Claesen {1952) was modified and used
in this study. Trial experiments were carried out on pure PEMA,
PY¥Ac and their physical mixtures in different proportions. This
method is based on the differential sclubilities of PEMA and PVic
in hot and cold ethanol. According to Smets and Claesen (1952),
at a reflux temperature (BOOC), the ethanol dissolve the two
polymers. However, when the temperature was reduced gradually to
20°C, only YVAc remained in solution while PZMA precipitates out.
They alsc claimed that the quantities of these two polymers

recovered were independenti of molecular weight.

Ethanol Extraction Procedure:

The polymer sample, the physical mixtures (0.5g) was introdu-
ced into 10%cm3 - capacity round bottomed flask containing ethanol
(10em3). This was refluxed for 2 hours on water bath at 80°C, 411
the samples completely dissolved on refluxing for this periocd. The
temperature of the flask with its content was gradually reduced to
room temperature and finally to 22°Cc, At this temperature, a white
solid precipitates out. This precipitate was collected by filtera~
tion and washed several times with small quantities of cold ethanol.
The solid was dried to constant weight in a vacuur pressure oven at

KASHIM 18
AHMAD; -'F?,H M LIRRARY
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)
LO"C, The supernatant was poured intc a weighed wash glass and

concentrated {o dryness. The resulting solid was treated as for
the precipitate above. 7The percentage recovery in each case was

calculated using the formula below:

weight of sample recovered (g) 100
x
weight of sample in ethanol (g) 1

Percentage recovery =

Details of the ethanol = extraction of the PEMA and PVAc are

shown in table 3.7.

Pable 3.7: Ethanol Extracticg of PEMA and PVAc by Refluxing
for 2 hours at 80°C.

Polymer Quantity GQuantity Recovered Percentage
PEMA FVic
FEMA 0.50 0.495 - 99,00
PEMA 0,20 0,195 - 98,00
PVAc 0.50 - 0.492 98.4L0
PVAc 0,20 - 0.195 98.00
PEMA/PVACY 0.5/0.5 " 0.498 0.495 99.6/99.0
FEMA/PVAc 0,5/1.0 0.495 0.98 99.0/98.0
PENA/PYVAC 0.2/0.2 0.498 0.195 99.0/96.0
a = obtained by physical mixing of polymers {w/w).
b = as given in the expression atove,
3.4.2 Kethanol Extraction of 'Copeclymerisation Froducts'

Based on the procedure described in Section 3.4  for the

methanol extraction of PEMA, PVAc from the physical mixture, a
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scheme of procedure was developed for the separation of tihe
‘copolymerisation product! into methanol insoluble {(MIS) and

methanol soluble (M5S) portien,

*Copolymerisation Product?
or solidq

+ Methanol (25.Ocm3

1 1
Fethanol Solution! or
ingoluhle Methanol
or solidz Soluble

+ Methanol {25.0cm3)

L i
¥ethanol Solution? or S
insoluble Fethanol B
or solidj Soluble =
E
+ Methanol (25.0cm3)
il ]
Kethanol Solution3 or
insoluble Methanol
or solidh Soluble
i.r, and n.m.r. i.rs and n.m.r.
Fig, 3.1: Schematic diagram for separation of 'copolymerisation

product’ into Methanol insoluble (MIS) and Methanel
soluble (MSS) portion.

From figure 3.1, to remove the methanol soluble (M3S) fraction
from the ‘'copolymerisation product', a known quantity of this

product (0.5g) was taken up in methanol (25.Ocm3) in a stoppered
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conical flask., This was allowed to stand for LB hours at foom
temperature and later shaken for 3 hours., The undissolved solid
that is the methanol Inscluble (MIS) was removed by filteration,
washed several timeg with methanol, this procedure was repezted

on this same sample for three times giving rise to sclidy,

solidB and finally solid), with a constant weight., All the
regsulting solution that is solution 1 ~ 3 were combined together,
The solvent (methanol) was evaporated to dryness in a clean
weighed wash glass to obtain the methanol soluble (MSS) fraction,
In all cases, the fourth extraction giving rise to solidy, the final
weight of the methanol insoluble (MIS) fraction showed no decrease
from what it was during the previocus extraciion of solid3. Both
the methanol insoluble and methanol soluble recovered were dried

to constant weight in a vacuum pressure oven at hOOC.

.

3.Le3 Ethanol Extraction of 'Copolymerisation Product’

The method adopted for the ethanol extraction of the physical
mixtures of PEMA and FVac (Section 3.&.1) was applied in the sepa-
ration of the methanol inseluble (MIS) portion into ethanol
insoluble (EIS) and ethanol soluble (E5). By refluxing the
methanol inscluble portion (MIS) at 80°C in a water bath for 2
hours, the two fraction:obtained are ethanol insoluble (EIS) and
ethanol soluble {ES). A schematic diagram summarising the analysis

is ghown in Figure 3.2 below,
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Methancol insoluble
{MIs)

Hefluxed in ethanol

Ethanol inscluble Ethanol soluble
(E18) (E8)
|
ier. and n.me.r. l.r. and
analysis n.m,r, analysis

Fig. 3.2: Schematic diagram for separation of methanol
insoluble (MIS) portion into ethanol inscluble
(EIS) and ethanol soluble {ES),

3.5 Characterisation of FPolymers

3.5.1 Melting Point Determinaiions

The melting points of the varioug samples obtsined were deter—
mined using the Reinhert hot stage microscope at a minimal heating
o
rate of § /min., Three determinations were carried out on each

sample with the readings in a very close range.

3.5.2 Infra~red {IR) Spectroscopy

Infra-red spectra of the various samples in chloroform were
recorded on Perkin = Elmer 7T10B IR Spectrophotometer in the

Chemistry Department, Ahmadu Bello Univereity, Zaria.
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34503  Nuclear Magnetic (n.m,r.) Spectroscopy

N.m.r. spectra of the samples were recorded at 60 MEZ on a
Perkin = Elmer Variant T - 60 NMR Spectrophotometer using solution
in deuterated chloroform with tetramethylsilane (TMS) as an

intemal reference,

3e5.h  X-oray Analysis

The X-ray spectra of the samples were recorded on an x-ray
diffractometer PW 1?30/10 from the Centre for Energy Research and
Training (CERT} of the Ahmadu Bello University, Zaria. The peaks
in the spectra were found to be independent of the guantity of the

sample introduced,

3.5.5 Optical Microscopy

Thin films (0.015 + 0.02 cm, thick) of the samples cast from
solution in chloroform were examined under an optical micresccpe,
model LEIT2 Orthelux 2 Pol By, in the Geology Department, Ahmadu
Bello University, Zaria, A magnification of Sixty-three was used
for all the samples. The optical micrograph of each sample was
obtained from snapshots of its film, taken by means of a mounted
camera. The snapshots were developed for investigation of each

micrograph,
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4.0 RESULTS AND DISCUSSION

4.1 Emleion Polymerisation of EMA
and VAC

Le1e1 Influence of Time on Percentage Conversion
of FMA, VAC to their BRespective Folymers
and the Viscosity Average Molecular

Weight fﬁv).

Pigure 4,1 represents the result obtained from the kinetic

study of the emulsion polymerisation of EMA and VAC, using the same
volume of monomers (?.OcmB), same concentration of sodium lanryl
sulphate emulsifier (6.30 x 10-3 H/L). a constant initiator concen-
tration (8.33 x 10'h ¥/L) at 60°C. The plots obtained are straight
lines showing 5 direct relationship between the percentage comversion
of the monomers to their respective homopclymers with time of poly-
merisation, The lirearity in these plota are in agreement with EHarkin's
(1950) prediction on the kinetics of emulsion polymerisation of VAC.

and to some extent with Ibiyeye's (1984) report on emulsion polymeri=-
sation of EMA in ocur laboratory. Also.the percentage conversion at

a given time of polywerisation prior to 100n of the former increases
with time for EMA-PEMA system up to 75% and 85% for VAC - FVAC system
respectively, Again this result agrees with that of Itiyeye (198L)

who reported linear conversions of these iwo monomers to pelymers from

as low as T -« 30 conversion when low emulgifier concentration was
employed. It was generally observed that for a mgyimum time of poly-
merisation of 2,0 ming, the percentage comnversion for VAC (85.2%) was
higher than that for EMA4 (75.25%). But below 150 mins of polymerisation,
the conversion of VAC to PVAC was lower than that of EMA to PEMA. This
observation is in general agreement with Harkin's (1550) predictiorn

that for inscluble and partially ingoluble monoxers (e.g. styrene) the
61
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reaction in water is slow at first but changes to rapid with time
whereas the reverse is the case with water-soluble monomers (e.g.
vac.) .
Figure 4.2 and Figure 4.3 represent the pattern of relationship
between the viscosity average molecular weight (¥v) and time of
polymerisation for PEMA and PVAC respectively. The plots are linear,
11lustirating the increase of the vigcos{ly average molecular weight
(-}—”v) of the PEMA and PVAC respectively with time of polymerisation,
The observed increase is in agreement with the reports of Ibiyeye
(1984) and Olayemi and Yusuf (1989) in our laboratory both on the
enulsion gpolymerisation of B4A and VAC with sodium lauryl sulphate
concentration below the critical micelle concentration at 5000. e
following argumenis explain the increase in (Mv) with time of poly-
merieations

{( 1) the fact that polymér particles are large below the eritical
nicelle concentration with increzse in acceleration of the polymerip-
ation lezding to high molecular weight procducts (Harriot 1971).
(ii) the number average degree of polymerisaticn increase with time
of polymerisation while rate of initiation remain almost constant

{ Dunn and Taylor 1965).

The above discussion therefore cuggestbthat with the same con-
dition of polymerisation, increzsing time of reaction lezds to increame
in both the percentage conversion and the viscosity average molecular

weight (ﬁv) for both BMA and VAC respectively,

Le1.2 Comparative Study of EMA and VAe in Erxulsion
Polywerisation at 60°c.

Comparing the results in Fig. L.1, 4.2 and 4.3, the Vhc polymerises

Taster than EMA leading to FVic polymer with lower vigcosity average
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moleculaf weight (Mv) than PEMA polymer obtained under the same set

of experimeniel conditions (e.g. temperature, medium) and time of
polymerisation, The differences in behaviour between VAc and EMA
moneomers in emulsion can be explained by the fact that Vic is water
soluble whereas EMA is partially water-soluble. This explains why

the Vic monomer diffuses completely into the growing polymer particles
very early in the reaction, This would agree with Fleischer (1975)
who reported that VAe has higher water-golubility as compared to the
partially water-soluble EMA. This predicticn is in agreement with Pastiga's
et al., (1960} study, who reported higher rates of polymerisation
of VAc compared to a partially water-insoluble monomerglike styrene.
Furthermore, the differences in the sigzes of thesge two monomer mole=-
cules (Vic and EMA) could alsc affect the rzte of polymerisation, The
BMA is a bulkier molecule due to the ethyl group than the VAc with g
less bulky methoxy group. Steric effect arising from the differences
in gizes of these two groups has bteen reported to affect the rate of

polymerisation (Schildknecht 1952).

4.2 Emileion Copolymerisation of EM4 and
Vic. at 60°C for 9 Hours

The emulsion copolymerisatiOn of EMA and VAc monomers carried out

for all the processes as descrihed in sections 3.2.1 = 3.2.2

Laetot Preliminzry Investigation of the Recovery
of Some Copolymerisation Product.

Samples of the same copolymerisation product of the VAc and EMA
monomers were recovered from the reaction medium by precipitation using
different liquids as non-solvents. The result of tatle k.1 summarises

the experimental conditions and the result obtained from the various
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Table L.13 Recovery ¢of the same copolymerisation product
from the reaction medium by precipitation in

different non-solvents

Non-Solvent Copolym:risation Percentage Appearance HeltiTgC
Product Recoveryb Point O~ )
White,
Methanol PP, 77.30 powdery 235-236
Methanol '
Sodium chloride PP, S4.57 dull, 235-236
(v/¥) powdery :
Sodium chloride duell,
solution PPB 4o.54 powdery 235-236
fine,
Eexane : PP& T1.40 povdery 205-210
: dull, fine, —
Petrcleum ether | PP5 69,92 powdery 205-210
A fine,
Heptane h PP6 70 050 powdery 205—210

a: all copolymerisstion preducts obtained by polymerieing Vac (7.0cm3)
for 30 wins before addition of EMA (7.0cm3), the whole reaction

completed within 9 hours at 60°C

FP: = ‘Copolymer Froduct

vt of cepolymerisation product recovered (g}x 1008

b:  Percentage recovery = CoRTIEE M + volume of Vic
* #
x dersity x density
* density of EMA = 0.917g on >

2
* density of Vic 0.Bgm cm ~
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non-solvents used for the recovery of the same copolymerisation
product, The percentage recovery of the copolymerisation product
from the various nensolvents tried ranges from LO - T7%. A relatively
high yield (JF.l = 77.30%) was obtained from methanol as non-sclvent

and relatively low yield (PF3 = 40,5L%) from the sodium chloride (W/V)
non-solvent. Thnere is no clear understanding to suggest the reason
for the relatively high yield from methanol and the relatively low
yield from sodium chloride (w/v), except to refer to the ease of
recovery of the product from the methanol and the difficul ty encoun-
tered in recovering it from the later non-sclvent. The yields for the
hydrocarbons-hexane, petroleum ether and heptane with the copolymeris-
ation product FIL = T1.10¢, PPS = 69.9%, PP6 = 70,50% were close to
each other but higher than those cbtained from methanol/sodiun chleoride
(w/v), PP2 = 5L.5T% and sodium chloride solution (w/v) P}B = 42.51f

The melting point ranges of the products recovered from methancl
(PP,), methanol/scdium chloride solution (v/v) (rf=2). and sodium
chloride soluticn (}PB) were similar -(235—235°C)whi1e those from the
hydrocarbons; hexane (PPh), petroleun ether (?PS), heptane (}Pé) were
the same with 2 melting point range of 205—21000. These results
suggest the effect of non-solvent on the quality and guantity of pro-

ducts recovered. This effect is not yet understood.

Solubility test carried ocut on the copolymerisation products
showed thex to be soluble in chloroform, benzene, toluene, acetic acid,
cyclohexanone, butanone, ethylacetate, acetone with exception of methanol

and ethanol in which they were partially scluble and insoluble respec-
tively, Also the melting point results and the infrared spectra con-
firmm the similarities in chemical behaviour of all samples recovered

from the hydrocarbons (hexane, heptane, petroleun ether).
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L3 Recovery of the Products from the Enulsion
Copolymerisation of ENA, VAc Under Different
Processes

All the golids were recovered by precipitation from hexane
(sections 3.2.1 - 3.2.2) as non-solvent and the percentage recovery

calculated based on the dernsities and volumes of the twe moncmers

(Vac, EX4), according to eguation L.3.

Percentage - weight of solid precipitated (g)

Tecovery Volume of EMA (cma) , Volume of Vic (cma) x l%g eer (B2
x *density x tdensity
* dengity of EMA = 0.917 an cuf3

+ density of VAc = 0.934 gn cm-3

The details of the experiments and percentage recovery with the
initial time of polymerisation of Vie (7.0 cm3} before additon of EMA(?.OcmB)
for the different processes are given in Appendices I and II, illuse

trated graphically in Fig. L.l.

L.3.1 Effect of Initigl Time of Folymerisation of
Vio (7.0 cm’) Before Addition of A (7.0cr3)
on Fercentage Reccvery

Pig. 4.4 shows the variation in percentage recovery of the copoly-
merisation of VAe prior to addition of a definite amount of EMA (7.Ocm3)
for the batch, semi-batch, semi-continuous batch and the semi-continucus
processes. The curve for the gemi-gontinuous batch was above that for the
semi-batch indicating that the percentage reccvery from the former
procese was higher than for the later under the same set of experimen-

12l conditions (e.g. time, tewperature). Similarly,the semi-continuous
process gave the highest percentage recovery (91.0%) while the batch

wvas the lowest of 58.40%, (Appendices I andII ). This result iz in
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agreement with the report of Yeliseyeva et alj (1965) vho attributed the low

¥ield from the emulsion copolymerisation of styrensz for the lack of time of
growth of the pelymer chaing in the batch process, The generazl trend for this
result for both the semi-batch and semi- continuoug baich jrocesses ghows that

the higher the initial time of polymerisation of yic, the lower the percentage
recovery, although the regovery for the initial time of polymerisation of Vie
for 60 ming prior to addition of EMA ig higher than that for 30 mins, In
gummary, these discussions suggest the fact that the time of initial polymer-
igation of Vic before addition of BMA ig invergely proporticnal to the
| percentage recovery in both the batch and semi-bateh processes. This is
probably due to the reduced rate of diffusion of monomer into the FVAc matrix
as time of polymerisation increzses.

The semi-continuous process of polymerising 1050 of comonomer wixture {v/v)

priour to addition of the remaining 90 at a rate of 7.0 cmBhrr1(sample PaNCS)
gave not only the highest percentage recovery ameng all_the processes but was

at the same time higger than the recovery for the seml-countinuous process of poly~
merising 1004, comonomer mixture {v/v) at the rate of 7.0 cmBhf'1 { sample FSMC)
with a recovery of 87,76% (AppendixII), This result is in agreement with the
report of Snuparek and Krska {1976) on the effect of mode of monomer gdditien

on the semi-continuous copolymerisation of styrene and butylacrylate, They
claimed that the percentage recovery of the copolymersation product depend on
the mode of monomer addition particularly for the gemi-continuous process. In
gummary, the percentage recovery apart from being time-dependent for the
semi-batch and semi-continuous batch processes alsc depend on the process of

emul sion copolymerisation., The order of change being semi-continucus geri-
contirdous batech  semi-batch  batch processes. This mizht be altributed 1o

the increase inhitory effects of EVA on Vaic polymerisation in the gemi-contimious

semi continuous batch semi batch batch ccpolymerisation (€onn and Neher)1950)
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L.l Solubility Studies of the Copolymerisation
Products.

Solubility tests for all the samples in various solvents showed
them to be soluble in chloroform, benzene, chlorobenczene, toluene,
acetic acid, butanone, ethylacetate, aceione, cyclohexapone with the

exception of methanol and cold ethanol in which they were partially

soluble and insoluble respectively. This implies that the nature of

bopds and the constituents in the 'copolymerisation products' from ail

processes are similar,

L,5 Analysis of FPhysical Mixtures of PEMA, PVAc
and the Copolymerisation Products,

Preliminary solubility test on the two homopolymers {PVAc, PENA)
ghowsthat PVAc is soluble in methanol whilst PEM4 is not. This was
also found for the physical mixtures (commercial grade) of the two,
The recoveries of the 'pl.lm PRV A and PVic were 99,60 and 99.0% respec-
tively whilst the recoveries from the physical mixtures were 99% and
98% for PEMA and PVAc. Detailed resulis are snown in table L, 2,

With the guantitative recoveries c¢btained, the method was used
to separate the unbound P¥Ac from the copeolymerigation product. A
similar experiment was carried out on the homopolymers and physical
mixtures following the method reported by Smets and Claesen (1952),
In the method, their synthesised 'copolymerisation products' were
refluxed in ethanacl for 2 hours at 80°c. Quantitative recoveries

were obtained for the homopolymers ani their physical mixture also,

Detailed results are shown in table 4.3.
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Table L.28 Percentage reccvery of PEMA, PVAc, Physical Mixtures
by Extraction with Methanol.

Folymer (a) Quantity in Amount Fercertsrse recovery®
sample methanol (g) recovered (g)
PEMA FVhc FEM& PVac PEVA FVic
PEMAS 0.500 0,498 99,60
0,500 0.496 95,20
PVic: 0.500 0.L95 99,00
0. 500 0.4,96 99.20
PE[XTURES('b}
FEMA/PVhe
1.00 1.00 1.00 0,98 100,00 93.00
1.00 0.500 1.00 0.49 100,00 93,00 °
0.200 0,200 0.200 0.19% 100. 00 98.00

{(a) = commercial polymers from BIH,
(b} =  obtzined by physical mixing of the two homopolymers (w/w).

ihree replicate determinations.
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Pable L.3: Percentage Recovery of PENMA, FVAc end Physical
Mixtures from Ethanol a.t_BOoc.

Polymer Quantity in Amount Percentage
sample {a) methanol (g) Recovery (g) recovery *
PEMA PVie PEMA PVic PEMA FVic
PEMA: 0.500 0.495 99,00
0.200 0.195 98.00
PVict 0,500 0.492 98 .40
MI XTURES .
PEMA/PVAC
0.500 0.500  0.498 0.495 99.60 99.00
0.500 1.00 0.498 0.980 99,60 99,00
0,200 0,200 0,198 0.195 99,00 98. 00
a = cormercial polymer samples from BDH

obtained from three replicate determination,

H
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MIS portion decfeases as the initial time of polymerisation of Vie
increases. The curves in Fig, L.5 falle from its maximum value at

time = 30 mins to itsmipimum, value,time = 240 mins. This result is
complementary to the previous kinetic study {gection L4.11) in which

the percentage recovery of the PVAc was found to increase with time

of polymerisation, However, a salient characteristic of all the gazples
irrespective of the precess obtained, is that the methancl insoluble
(¥IS) are greater than the corresponding methanol soluble (MSS). This
is not unexpected since the MIS is supposed to be composed of the
unbound PEMA and the expected copolymer, This has been confirmead by
both the i,r., and n.m.r. spectra of the methanol ingoluble and methanol
soluble (Fig.L.1 . and Fig.h,19) with bands characteristic of FEMA and
PVAc respectively. The melting point studies also ghow that of the MIS
to be higher than that of the MSS, a fact which supports the idea of

MSS being unbound FVAc and the MIS - unbound FENA and the copolymer.

L.6.3 Composition of Copolymerisastion Produgt and the
Frocess of Emulsion Copclymerisgtion

From the results in Fig. k.5 and Fig, k.6, the curve for the
methanol insoluble (MIS) for the semi-batch continucus lie above that
for the semi-batch process. This implies that the MIS for the semi-
batch continuous process is higher than the semi-batch process., Also
by comparing these two figures (P.g 4.5 and L.6), it is evident that
the MIS for the semi-batch and pemi-batch continuous processes decrease
with increasing initial time of polymerisation of VAc prior to addition
of E¥MA while the MSS fraction increases. This variation in composition

of the copolymerisation products in terms of percentage MIS and MSS is
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.gffected by the effect of time on the conversion and the molecuvlar
welight development of both EMA and VAc during the copolymerisation,
This effect on the individual monomers {EMA, VAc) have already been
discusged, However, during the emulsion copolymerisation, the reac-
tivity ratios of these two monomers have been known to be influenced
by the rate of diffusion inside the growing PVAc polymer matrix

( Snuparek and Krska; 1976), Hence the decrease in the composition of

MIS composed of PEMA and copolymer with increase in initial time of

polymerisation of Vic.

L.7.,0 Ethenol Extraction of Unbound PEMA from
the Copolymerigation Product

The result in table 4.4 show the percentage composition of the

methanol insoluble portion of the copolymerisation products in
terms of both the ethanol insoluble (EIS) and the ethanol scluble (ES portien
The percentage composition of the EIS and ES were calculated based on

equation 4,7 and 4.8 respectively,

ziizzziage - mass of ethanol insoluble {g) 100 - = = (L7a)
insolubie mass of methanol insoiuble (g) ~ 1
or

Copolymerisation product (g) l%g - == (L4.)

Percentage mass of ethanol soluble (g) 100
ethanol = x - - = - (L.8a)
soluble mass of methanol insoluble (g} 1

or 100 - — —
Mass of copolymerisation product (g)-J%- (4.8v)
Generally, the percentage of EIS fractioens were higher than the
corresponding ES portions for all the samples. On the basis of the
procese of copolymerisation, the trend in the variation of the percen-

tage ethanol soluble (ES) is semi-batch > semi~batch continous ;>

batch while that for the ethanol insoluble is the reverse. Thus the
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Table L.hs Percentage Ethanol Inscluble and Ethanol Soluble
fraction of the Methanol Insoluble (MIS) fraction
of copolymerisation products determined by Ethanol

Extraction. .
2 -
Methanol Ingoluble $Tercentage “Percentage Fercentage
(MI8) of Ethanol Ethanel Copolymer in
Copolymerisation Insoluble (EIS) Soluble (ES) Copolymeris-
Product. ation Froduct
KISFEB, 92.0 (66.0) €.0 6.0 (4.0)
MISPEB, 88.0  {(54.0) 8.0 8.0 (5.0)
MISFEB, 85.0  (49.0) 10,0 10.0 (6.3)
FE[SPBBh 82.0  (43.0) 14.0 L0 (8.0)
MI SPSB, 91.0  (71.0) 4.0 4.0 (3.0)
MISPSE, 90.0 (58.0) 6.0 6.0 (k.0)
VISP, 84,0  (42.0) 12.0 12,0 (7,0)
MISPSCMOMS 90.0  (81.0) 6.0 €.0 (4.0)
MISPMMB 9%e0  (83.0) 2,0 2.0 (1.5)
a -~ The values reported are averages from 3 replicate determinations.
* o The percentage Ethanol Soluble is assumed to be equal tc the

percentage copolymer because the unbound PEMA had been removed
a8 Ethanol Ingoluble (EIS),

( } - Percentage of EIS, ES caleulated in terms of the whole "'copolyme-

risation product' ae:

% EIS or ES = __;f_q_.:o of athar~) inmaluhle ¢cr ethanol solutle {£) 00
' Kags of copolymerisation product (g x 1
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composition of the methanol insoluble (MIS) and copolymerisation product
in terms of EIS and ES depend on the process of emulgion copolymerisation.
The ethanol inscluble fraction would be the unbound PEMA while the ethanol
soluble is the expected copolymer since the unbound FVAc have presumably
been removed during the methanol extraction, This has been confirmed by
the i.,r. and n.m.r., spectra of these fractions (Fig. L.14 and 4.19).
Hence it can rightly be argued that the percentage copolymer depend on
the process of copolymerisation. The result from the batch process (with
only 2% copolymer) agrees with the report of Smets and Claesen (1952)

who observed the absence of a ccpolymer from the copolymerisation of
methylmethacrylate and vinyl acetate in benzene at 10300 using benzoyl
peroxide in batch., The formation of copolymer as shown in table L.L for
the semi-batch, semi-continuous batch is feasible due to a chain trans-
fer process between the EMA monomer and the PVAc matrix. The chain
transfer hypothesis presuposes the formation of a macroradical (from PVac)
which decomposes into smaller radicals which later adde to the 'foreign
monomer' i.e. E¥A (Smets and Claesen, 1952), (Gaylord and Ang 196L). The
macroradical in this case is the acetate ion from the FVAc matrix poly-
merised 'insitu' while the ¥oreign monomer' is the added EMA molecules,

On the whole, the semi-batch (sample PBBh) and the semi-continuous batch
(sample PSBh) gave 1% (B8.0%x) and 12% (7.0%) copolymer higher than from

other samples (Table L.L).

4L.8.0 Melting Point Studies of the Copolymerisatior
Products, MIS and MSS Fractiong

As reference, the melting pointe of pure FEMA and PVAc (both of
commercial graies, BDH) were determined as 235-239°C and 120-125°C res-

pectively, The melting point of their physical mixtures 50:50 PEMA/FVAC
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was 190-21000 which is between the melting point values of the homo-
polyrers. Tnis result is in agreement with the report of Ibiyeye

(1984) who observed that melting point of PEMA is lowered by the presence
of FVic, while that of PVAc is being raised by the former polymer,

The results from tables 4.5 and 4.6 show the melting points of
the various copolymerisation products with the percentage composition
in terms of the MIS and MSS respectively.

It could be cbserved that the melting pcint of the copolymeris-
ation product increases as the percentzge of MIS increases and decreases
as the percentage of MSS i.e. FVAc increases, except for samples }382,
P532 and PSB3 with MIS = 62r, 66 and 64% respectively where the melting
point remained within the range of 210-215°C. Eowever, the batch sample
(PME) had the highest melting point of 230-234°C while the semi-batch
continuous saxples have melting points higher than the semi-batch,

The results from tables L.5 and L.6 show that the melting point
trend amorg the three components is methanol imscluble 'copolymeris-
ation product'> methanol soluble, Thus, the melting peint of each
copolymerisation product is affected by the percentage corposition of
either the MIS or the MSS fraction, The higher the percen-
tage methanol insoluble (MIS) fraction, the higher the melting point
of the sample and vice versa, The fact that the melting point of the
methanol inmsoludble (MIS) > ‘’copolymerisation product' >» methanol
soluble (MSS) supports the idea earlier stated that methanol insolubdle
(MIS) is made up of unbound PEMA and expected copolymer while the
methanol soluble (MSS) is the unbound PVAc, Also the more the initial
time of polymerisation of vinyl acetate prier to addition of ethyl
methacrylate, the more the poly(vinyl acetate) in the 'copolymerisation

product' and the less its melting point. The fact that the melting
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Table L .G Varlation of Melting Points of Copolymerisagtion
4
Products with the Percentage of Methanol lnsoluble
and Methanol Socluble,

Percentage Percentage Melting Point of
Sample Fethanl Insolubtle Methanol Copolymerisation
(¥1s) Soluble (¥SS) Product (%c)

Corolymerisation
Froduct
Seri-Batch
Preduct

P3B, 70.0 28.0 225 - 230

PBBQ €2.0 36.0 210 - 215

PBBB 58.0 Lo.0 209 - 215

PBBh 52.0 L0 190 - 195
Sexi-Batch
Cecntinuous
Product

PSB1 78.0 20.0 227 - 230

PSB, 66.0 32,0 210 - 215

P5133 64,0 34.0 210 - 215

PSBh 50,0 L6.0 155 - 160

PSMCHS 8C.0 1.0 227 « 230

Batch Preduct
FMMB 88.0 8.0 230 - 234,




8L

Table L.6: Melting Point Range of Methanol Insoluble (MIS)
and Methanol Soluble (MSS) from Various Copoly-

merisation FProducts.

samyle e ionohtine fotnt
Product Range ( C)

¥ethanol Insoluble

(MIs)

M EPBB, 70.0 230 - 235

MISPBB2 £2.0 . 215 - 218

HISPBBB 58.0 210 - 216

MISPBBh 52.0 195 - 198

¥ethanol Scluble

(¥ss)

xSSPBB1 2840 135 - 140

HSSPBBz 36.0 125 - 128

RSSPBBB 40.0 120 - 123

xsspBBh Li. 0 . 115 - 118
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peints of the copoclymerisation products are in between the values for
PEXA = 235-239°C and PVac = 120.125°C suggests that with copolymeris—
ation of the vinyl acetate znd ethyl methacrylate at 60°C, an optimum
temperature for processing of the product can be achieved. During processing
e.ge welt mixing, poly(vinyl acetate) has been found to degrade
before poly{ethyl methacrylate) melts ({Olayemi and Yusuf; 1989), 1In
processing these two polymers {PEMA, PVAc), they are subjected to high
tenperature and high shear forces which could cause degradation, except
if the forces binding their molecules are strong permanent forces e,g.
covalent bonds, Covalent bonds can only be introduced into the mole-
cules of these two polymers through a chemical reaction e.g. during
copolymerisation of the monomers or if a third monomer could be SYTr
thesized from the first two monomers. Olayemi and Yusuf (1989), while
conducting extensive studies on the blends of PVAc/PRMA concluded that
the degradation of btoth the homopolymers and ihe blends is Ly chain
scigsion. Degradation of the blends also depend strongly on blend
composition and the ratio of the molecular weights (Ev)r of the homo-
polymers, It is expected that the copolymers of these two polymers

should withstand degradation effects more than the blends if formed,

L.9.0 X-ray Studies of Fomopolymers, Physical Mixtures
and 'Copolymerisation Products'

The X-ray spectra of zl1 the polymer samples were printed by an
autcomatic electronic recorder orn an X-ray chzrt as a plot of angle
(28 from o° - 650) as abscissa againet relative intensity as ordinate.
The XY-ray spectrum of the FEMA (Laboratory grade) was observed as the
wost crystalline with a peak at 28 = 43° while that of the PVic {Labo-

ratory grade) as the wost amorphous of a1l the samples. (Fig. L.1Caand L.10b
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Fig. L.10b: X-ray spectrum of PVac (LR)

. fe m.a-.]. 1 SR St bt s T I - 1 -
1 i i e _
M \ . “‘ | ._ 1 { _. “ i i ” )
_ Rt R Pkl il L i | | _ : |
m- “rd “ l AT ARt ! _ " ! i _ # ! i _ \ " _ ! H
‘ “p i H “ i i | i " { 1 H
R P A [ i 0 S R " | | _
! ! [ ! i | _ : !
B e e e e e e s et e Rl L S . : w . i
2t | i 1 | 1 | 1
_ . | | * — : : | i . i ! | i
i | _ i | m i i " : _ i {
i R [ ! . ! .} . ' t l . f
{ ! ” i : i ! w ! _ } ! ! | | | _
AP P B I Pl : : : . . | i _"
B e o o T e e e R S I O N
| ! | { i _ 1 . i _ _ | : | H
i i
I DS e i _ ] “_ | {4 ! “ i i
Pr=t=5eih 5 i e e | | | J __, _ w .M | _.
' L] ! ] ! [
s e R R L T B
£ M B el LTI AATES (Ot P SON R, LM 8, O L i e N T (PO A 1 T
il [ ! | BRI | | Lo | |
t b . N S boo | P ._
et et e e e el - et S g = | <} 44
| ! i i ! _ i | .
ML friih it _ oy | | _ " | | w |
i ' : i ¢ ! |
. YT (p—— - ey — Y. TV — N (W ' |tm. -k e B = 1 of et o 4
‘ | i ! _ i ! |
| bt _, _ | __ | _
! : | : _ i _ : "
1 i | i et _ i :
: | I | i { !
: ! ST ' _ i |
| SR ol A - ” o .
U BT TR _ m
L |

!
1
ﬁ

] by oyl _ |

! i H BE. ! _ [ ' Ele ! [ . !
LR SR ES 083 (540 RN 1T 13001 1TH Mmes a0t 813 | TR SEAR] GERTS CUN, W
¥4 P

|

=

|

E
e
l

-

|

—- -
|

|

|



regpectively, This cbeervation implies that there is some degree of
ordering of the atoms and chaing in the FEMA whereas little or none
exist in the PVic. The ordering in PEMA ig attributed tec the bulky
ethyl acetazte eside group which has a more steric hindrance than the
methoxy group in FPVic molecule. However, x-ray patterns of polymer
moleculers also depend on the stereochemistiry, presence of preferred

orientation, ftacticity and chain entanglement. (Alexander; 1969).

Le9.1 Percentage Ordering in the 'Copolymerisation

Products!

All the 'copolymerisation products' were first evaluated for the
degree of percentage ordering in each. Since all the samples were
found to posses the characteristic peak of PE¥A at 2@ = hBD, the

percentage ordering was calculated based on the area under these peaks

using equation L.9.

;zz& under  _ Height x width at half height - = = = = = (4.9)

Hence, the percentage ordering was then talculated using equation L.10

Percentage Area under peask for sample jmz) 100 = - {L.10)
ordering - Area under peak for PEDE.(mE) *

The details of these results are given in Fig. 4.7 with Appendix IV,

The plots in Fig. 4.7 show the curve for the semi-batch con=
tinuous product lying above that for the semi-batech products. This
implies that the percentage ordering in the semi-batch centinuous
products were higher than those of the corresponding semi-batch products,
There was no ordering at all for the batch copolymerised sample PMZ with
zero percentage ordering (Appendix IV }. Copelyrerisatipn products frcx the

semi « batch contimuous process wére move ordered in the arrangezert of

atome and chains
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in the products more than the other processes.

4.9.2 Percentage Ordering and Initial Time of
Polymerisation of Vic Before Addition

of EM4

Cemparing the twe curves in Fig., 4.7 the percentage ordering was

found to decrease with increase in initial time of polymerigation of

Vic. prior to EMA addition. This is not unexpected since with increase

in time, more PVic is formed leading to an overall decreasing order as

PVic in wholly amorphous with an ordering of zerc. However, the gemi-
batch continuous product obtained with the imitial time of VAc poly-
merisation for 240 minutes (PsBk) wae found to have highest value of
percentage ordering (50.82¢), next to 100% of the pure PEMA. Thege results
also suggest that thg thenomenon of ordering in the copolyzerisation
products, does not depend on the quantity of the PEXA, but is connected
with other factors such as arrangements of atoms, tacticity and over-

all stereochemistry (Alexander; 1969),

k.9.3 Comparative Studies of Percentage Ordering for
Physical Mixtiures and Copolymerisation FProducts

A calibration curve showing the relationship between the percentage
ordering in the physical mixtures of FEN4/PVAc with the percentage of
PEMA in the mixture (commercial grade polymers) has been shown in
{Appendix V.). The percentage ordering in the physical mixtures
decrease with iﬁcrease in the percentage PVAe in the sample, However,
at 20 PVAc in the mixture, the percentage ordering of the physical mixe
ture, (PEMA/PVAc) was drastically reduced to as low as 11,04,

This observation suggests that the presence of PVAc in the mixtures

leads to a reduction of the ordering while the PEMA enhances ordering.



A

Table L.7: Comparison of Percentage Ordering frox calibration Curve

Fercentage
Sa@ple * i;ﬁientage ggzggration gigsigggff:§m
PBB, {66.0) " 11.0 32,0
PEB, (54.0) 10,0 17.0
PEB, (3.0} - 9.0 15.0
PSB, (71.0) 12,0 37.0
PSBy (s8.0) 11.0 19,0
PSR (L2.0) . 9,8 51.0

% Percentage PEMA 18 the same as percentage EIS in terms of
copolymerisation product in tabdle L.).
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. Also, the result from table L.7T show the percentage ordering from the
calibration curve ito te lower than those oblained from the experimenw
tal determinations. The discrepanclies between these two results suggest
that there are interacting forces in the 'copolymerisation products!
which are absent in the physical mixtures of the commercial polymers.
This feature also buttresses the evidence that these 'copolymerisation
products' are not physical mixtures but may consist of other cocmpcnente
with stronger bonds between the molecules of PEMA and PVic (e.g. covalent

bonds) not present in their physical mixtures.

L.10 Crystallinity Index from Differential
Intensity Measurezent

The crystallinity index is a ratio of the crystalline content to
both the crystalline and amorphous contents of the sample (Young 1981).
The crystallinity indices of all the sarples were caleculated with the
modified form of the gquation by Alexander (1969) for the determination

of crystallinity indices for cotion cellulose as given in eguration L.11

26 = 45°
¢; = 1s - IPAc

20 = 38° :

-------- - (L.11)
26 = 45°
IPEMA - IFPVAC

20 = 380
Ci = crystallinity index
Is = intensity for the copolymerisation product.
IPEMA = intensity for the pure PEMA
IPVAe = intensity for the pure FVic.
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The crystallinity indices of ell the cojﬁlymerisation prodﬁcts
were below that of the pure PEMA (C; = 1.0) while most of thew have
C; above that of FVic (Ci = 0) Appendix VI,

However, the batch sample PIMMB was found to have a crystallinity
index (C] = -0.07) which was below that of the pure PVAc. This implies
that the arrangement of the atoms and their packing in the unit cells
for thig sample is more irregular than 3D the pure PVAc. Statton {1963)
obtained some samples of poly(ethylené terephthalate) with negative orys-
tallindity index C; which was due to the higher content of amorphous

portion relative to the crystalline portion.

Le11 Effect of Initial Time of Polymerisation of
Vic on Crystalliniiy Index

Figure 4.9 showsthe variation of crystallinity index (Qi.) of the
copolymerigation products with time of VAe polymerigation for the semi-
batch and semi-batch continuous processes respectively. The two curves
in the plots are characteristically a 'U' shaped with a minimum value of
erystallinity index (Cf = 0.025) at time = 120 minutes for the Bemi_baich
a minimup erystallinity index (G = 0,10} for the semi-batch continuous
sanple, The maximum values of crystallinity indices were obiained for
the semi-batch at time = 30 minutes (Ci = O.L5) and for the semi-batch
continuous product at time of 240 minutes (Ci = 0.72) respectively,

Generally, the crystallinity indices for the semi-bateh continuous
products were higher than those for the semi-tatch products. This suggest
variationsz in the chains of the FENMA or PVic being grafted onto one
another in these copolymerisation products. 4part from this fact, the

seni-batch continuocus process gave rise to products with more ordered



(Ci)
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Initiol tima of polymerisotion of VAC (Z0cm) prior 1o
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FI16.4.9; Variotion of crystaliinity index (Ci) with [ninal

time of polymerisatrion of VAC prior to EMA

oddifion for semi- batch continous (D) ond sgmi-
botch (@) copolymerisation products.
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chain arrangement than the semi-batch, From these discussions, the
process of copolymerisation (batch, semi-batch, semi-batch continuous)
affects the etructures - in the products which in turn affect
the crystallinity. The degree of crystallinity is important industrially

ag it affects the mechanical properties, swelling, dye absorption and

generzl chemical activities of the polymer.

L.12 Infrared Spectroscepy Studies of Monozers
Ecmopolymers and Copolymerisation Froducts

4 detailed summary of the important infrared bands for the EMA
(Fig.bat1a), Vac (Fig.ba11b), PRMA (Fig.h,122 ), PVAc (Fig. L.12b),
physical mixture of PEMA/TVAc (Fig. L.13a), copolymerisation product
(Fg. L.13b) with the various fractions (Fig. L.14a - L.15b) have been
shown (Appendix VII),

The disappearance of the bands between 1620-1660 c:m-‘I due to the
vinyl stretch (-C:CHQ) in the monomeys from the spectra of the peolymers
confirm the fact that polymerisation has taken rlace to a high degree.

A critical study of Fig.h.11a,h4.11b,4.12a and 4,12b ehow cther observe-
able differences which involve the shifting of the band at 1320 cri:f"I |
due to the ¢ ~ O - C stretch in Vac to 1380 cr” ' in the PVac
pelymer. This suggest that the inerease in molecular weight in the
polymer might cause shifts of some bands to higher frequencies, Also
the band at 1140-1180 cm-1 due to CH~bend in the two polymers (Fig. l.12a
and 4.12b) were absent in the spectra of both monomersﬁ"ig. Le11a

Laoyt). The band between 1720 = 1740 cm-1 due to the C = O stretch in
carbonyl compounds is common to both polymers and monomers. 'This is an
evidence thal polymerisation does not affect the functional groups but

is through the vinylic bond., Corparing Fig. L.12a and 4.12b for the i.r.
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Fig. L.12a:

H.m.

specirum of Fure PEMA
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Pig. 4.12b: I,R, spectrum of Pure PVAc
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Fig. L.13b:

I.R., spectrum of a typical copolymerisation product
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of FEMA and PVAc respectively, a broad band at 3500 cm'1 due toc the
CHJ-stretch was observed in FVAc but found wezk in FEMA while the band
at 1360 t:m-1 due to C = 0 - C stretch in PVAc was completely absent in

1 -
s 1140-1180 em L were present in

FPEVA. The bands between BL0O-860 cm
FEMA but completely absent in PVic. The presence of bands between 1360-
1380 cn” ! with the absence of the one between B8L0-860 on~! with the broad
band at 3500 cn” ! are characteristic of PVic (Fig. L.12p) while the
splitting of the band between 14E80-1500 ol and 920-960 c.m"1 characterise
only PEMA (Fig. L.12a). PFig. L.13a for the i.r. of the physical mixture
(PEMA/PVAc) show that more bands are split in this gpectrum (e.g. band

1

between 1460-1480 em ', 1140-1180 cm"1) than in the homopolymers (Fig.L.12a

and Laqop).

L.12.1 Analvsis of Infrared Sryectroscopy Studies of
Copolymerisation Froducts

Fig. L4.13b is a typical i.r. spectrum of the 'copolymerisation
product’ and the detailed analysis of all the spectra (AppendixVII) show
that these spectra are identical for the batch, seri-batch and the serci-
batch continuous prcducts, The bands at 1420 m-1 in FVic spectrum
(Fige Le12b) was shifted to 1L4L0-1480 cx ! while the one between 1480-
1500 an'1 in pure PEMA spectra (Fig. L.12a) was alsoc found at 1LL0-1L80 ——
in the specira of the copolymerisations product but were completely absent in the
spectra of the mixture . The fact that the sharp band between 1200-

1260 cl:i'1 due to "CH:? - CH2 - interaction in the physical mixture and
homopelymers becomingz broad in the spectra of copolymerisation product and the

absence of the band between 1620-1660 czr."1 due to = C = CE2 stretch

suggest the formation of a covalent btond. The quantitative analysis
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Fig. Lei4bs I.R. spectrum of a typical methancl soluble
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(section 4.60-4.70) of the copolymeriesation product had established the presenc
of three components namely the unbound PVac (KSS), the unbound PEMA (EIS)

and the third one as ethanocl scluble - the expected copolymer. Also the

i.r., spectrum of the ethanol soluble (E3) in Fig. L.15b showed it to be
different from that of the unbound PEMA (Fig. 4.15a) and the unbound

PVic (Fig. L.14b), Thus the i.r. spectroscopy studies had established

the presence of a copelymer in the 'copolymerisation product' apart from

the unbound PVAc and unbound PEMA.

ke12+2 Analysig of T.R. Speciroscopy Studies of
Various Fractions of the Copolymerisation
Produects

The copolymerisation products were separated according'to the scheme

in Fig. 4.29. The i.r. and n.m.r. of these fractions were studied.

. _ [ Copolymerisation Froducts

LY

+ methahol

-

methanol [ nethanol

insoluble (MIS) scluble {¥s5)

+ Ethanecl
Ethanol Inscluble Eihanol Soluble
{E18) (ES)

Fig. 421t Schematic diagram for the separation of copolymerisation
products,
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Comparing Figures L.13b and Pig. h41ha,typical spectra for the copoly-
merisation products and methanol insoluble (¥IS) fractions, showed the
bands between 144,0-1480 cm—1, 1360-1380 ‘::111""I and 1200-1260 cm-1 are
splitted in the MIS wheress these bands are single . in the copolymeris-—
ation products. This suggest that the methanol inscluble {MIS) fraction
comprisesof more than one component. Solubility test, melting point and
X=-ray studies had earlier confirmed the fact that the methanol inscluble
(r18) ie composed of the unbound PEMA and the expected copolymer.

However, the spectra of the methanol soluble (MSS) fraction
(Fig. lye 1) closely resemble that of the pure PVic spectrum (Fig. L.12b ).
All the bands {at 1480-1500 cmr1, 1140-1180 cur1 and BLO-860 cm—1) nissing
from the spectrum of the FVic were also abzent in those for the MSS frac-
tions. This implies that methanol was efficient in removing all the
unbound FVic from the copolymerisation products.

The spectra of all the ethanol insolutle (EIS) fraction (Fig. L.15a)
closely resemble that of the pure PEMA (Fig. L.12a) while being different
from those of PVAc and M35 fraction respectively. For example, the bands

-1 1

between 14L00-1500 cm and 11L0-~1180 cm-1 were found gplit

y 1200-1260 cm-
in the spectra of FEMA and EIS fraction respectively. This is an evidence
that ethanol had extractied the unbound PEMA from the methanol insclublé
(MIS) fractions leaving one other fraction — the ethanol soluble (ES).

The spectra of the ethanol soluble (ES) fractions (Fig., L.15b) while
resembling those of the copolymerisation preducts show presence of bands
characteristic of both FEMA and FVic respecltively. The fact that the
band at 1360 cm‘1 with a weagk band at 24,50 cnf1 and the split bands between

L and 84,0-860 e | which are characteristic

14,80-1500 ca~ !, 1140-1180 ca
bands in PVic and PEMA respectively suggest the formation of a covalent

bond in the ethanol soluble (ES) fraction. Alsec the disappearance of the
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bands between 1620-1660 cm'"1 and the broad band between 1200-1260 cm-1

in the spectirum of the S {Fig. L4.15b) confirms the formation of a

copolymer.

Le13 Nuclear Magnetic Resonance Studies of Monomers,
Polyvers, Mixiures and Copolyrmerisation Froducts

A detail analysis of the n.m.r. peaks from the spectra of the
monomers, polymers, mixtures and copolymerisation products with the
varicus fractions have been preéented in Appendix VIII,

In the spectrum of ethyl methacrylate (EMA) monower {Fig. L.16a),
four distinct peake are cbserved whereas three pezks are found in the
spectruz of vinyl acetate (Vic) monomer (Fig, 4.16b ). The absence of the
peaks at LeO - 4.5 & due to the vinmylic (-G=CE12) proten in both monomers

from the n,m,r. spectra of PEMA {Fig., 4.17a) and that of F¥ac (Fig.L.17b.)

© . is attributed to the fact that during polyrerisation, the vinylic chain

dfsappears in the polyuers.,

Phe nuclear magnetic resonance of PEMi (Fig. 17a) shows
four peaks while that of PVic (Fig. L.!7&) showsthree peaks which are
singlets, Comparison of n.m.r. spectira of FVic and FENi with standard
n.,m.Y. spectra of TVAc reported by Bovey et al., {1963), Ritchey and
Knoll {1966) show FVic to be whelly amorphous while the FEMA is syndio-
tactic. The x-ray stuldies had confirmed PYic to be wholly amorphous

while soﬁne degree of ordering had been reported for FENA.

Le13.1  Analysis of the K.M.R., Spectira of the Physical
Mixtures and Copolymerisation Products.

Fig. L.18b with the details in Apperdix V1Ilshow fewer pezke for the

cepolymerisation products than in the homspolymers (Fig. L.17a and L.170)
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Pig. L4 .16a: N.M.R, spectrum of FEMA monomer
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Fig. L.16b:

N.M.R. spectrum of VAc wonomer
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Fig. L«17bs

N.M.R. spectrum of Fure FVAc
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and their physicsl mixture. This implies that there is hindiance

of coupling of the protons in fhe copolymerisation products, which is

a strong evidence for the phenomenon of copolymerisation process
{Hummel 197L). For exauple, the peak at 2.0 =~ 2.1 & due 1o the ester
proton is more reduced in the 'copolymerisation products' than the phy-
sical mixture or homopolymer. Ancother evidence of copolymerisation
with the formation of a covalent bond is the disappearance of the peak
at L4eB - 5.2 § found in the spectra of monomers due 0 the methylenme
(aCHz) protsn frar that of the copolymerisation product (Fig. 4.16a

Lk J6bana LJ8b ). This has already been inferred by the i.r., stulies of

these samples and the quantitative analysis (section 4.6 and L.7 Y

L.13,2 Analveis of the N.M.R, Spectroscopy of
Fractions of the Copclymerigsation Pragdusts

FPigure 4.19a which is a typical spectrum of methanol insclubdle
(MIS) fraction shows a triplet peak at 1.0 ~ 1.5 6 not well-resoclved
as in those for the corresponding copolymerisation products (Fig, tl. 181
With other peaks (singlet at 0.7 « 0.9 § , doublet at L.2 - L.k &
singlet at 1.8 - 2.0 S and singlet at 2.0 - 2.35 ), the presence of
both PEMA and PVAc in the MIS fraction can be inferred.

On the contrary, the spectra of all the ¥SS fractions (e.g. Fig.L.1%)
were similar to that of the pure PVic (Fig. L.17b) with all the peaks at
different positions being only singlets. This implies that methancl had
extracted probably only the umbcund PVAc from the copolymerisation product.
Similar evidence had earlier been observed during the i.r. studies,

It is note worthy that the specira of all the ethanol inscluble
{EIS) fraction (e.g. Fig. L+20a) were similar to that of pure PEMA

{Fig., hL.17a) with all the characteristics shown in Appendix VIII,



Fig. L.18a:  N.M.R, spectrum of mixture of FEMA/PVac
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