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{TRODUCTION

Although polystyrene is & relatively new aenmoreigl plag-
tie, it hes been known to science far over a hundred years,
Polystyrene is s polymerized produet of the basic fundamental
unit or monomer, styrene. In defining the soope of this work,
the term polymsrization should be vtll~dnt1nod.k

The fundementsl polymerization resetion was formerly con-
ceived as the self-addition eof molecules oapable of such a re-
action wherein primary velance forces are involved in the unionm.
The word polymer was introduced by Berzaliuys (4) nearly a een-
tury ago to recognize the fuet that two compounds may have the
same chemical composition but different moleocular weights and he
elassified polymerism as a special type of isomerism. BEut re-
oently with the advences in the field, the above definitionas do
not satisfy rational minds, ItV is more practical and useful and
élso more consistent with actual usage to define polymerization
as any chemical combination of & number of similar molecules to
form @ single molecule (4). Th&ra'aro numbersof 4ifferent ways
of polymerization,

The styrene which becomes polystyrene on polymerizetion
falls within one of these groups of pelymers, It is subatitue
tion of S hen yi in the ethylene group.

Like other eovalent compounds, the polymer has molaculgr
wedlgght and if the molecules are very large, it is a high
polymer. The high polymer in & pure foram is not known though

the importance of the substances is inoressing very rapidly.
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Both the natural epd synthetie high polymerio substances are mix-
tures (Z1);individual molecules may &iffer in size; that is, in
the number of repeating monomer unite which is often called the
degree of polymerization. It also differs in shape apé some~
times in ch»ndeal composition. The system of the high polymerie
substences mey, however, be homogensous in all respects but the
molecular size, But the very heterogeneity of the polymer is of
utmost i:portende. The peculiar properties of sueh aubastances
which meke them, as & oclasa different from nrzlinlltan homo-
goneous materiels, are due to the heterogeneity of the moleoular
weight. Gince being non-uniform, they ere infinjisely variable,
The molecular welght distribution of & high polymer for example,
may very from ssmple to sample; with natural products it depends
on the source of the meterial, with synthetics on the method of
preperation, &and with both on previous treatment such es purifi-
eation, bleaching or milling. Therefore, in the interpretation
and use of & measured velue of any property, that ig a funetion
of moleculer weight such ss osmetic pressurs or solution yise
cosity, it must be cleerly recognized that tvwo samples giving the
same volue mey yet be very differesnt in other respeects because of
a differ nt molecular size distribution end that a "molecular
weight” caloulated from such @ value will be merely an average
velue., As many of the industrially importent properties of high
polymers likewise depend on the shape of the distribution curve,
it is highly importent that methods be aveilable for determining
the moleocular vweight distribution in the heterogeneous material

without necesserily separating it into homogeneous fractions and



for vrepering fraotions at lesst approaching homogeneity with re-
spect to molecular weight, in order to meke it possible to deter-
mine the trus relsation betwoen a given property and moleculsr
weight., OSueh fractionation methods, fortunately, have deen and
are being developed. One of the most widely used methods now
for the fraotionation, is the frectional precipitation method.

It wvas used for purification of rubber but now {t is being em-
ployed on natural ss well as synthetic polymers for thelir separa-
tion into different fractions acecording to their degree of
polymerization., There are geveral different methods of earryying
out the freotional precipitation. The ome that was used during
this work ig based om the prineiple that the distribution oo~
efficient depvends on molecular weight. In the method the heter-
ogeneous polyﬁnr, polystyrene, was completely dissolved in a
suitable solvent ané then partially preeipitated with a suitable
non-solvent. The precipiteted phase, which contained the high
moleeul ar weight frection, and the supernatant solution were
séparated by decantation without centrifuging; more of the poly-

mer wes then precipiteted, and the procedure was repeated,



RISGTORICAL

The idea thet high polymeric msteriels might be hedero-
geneous is not new Farly in the 19th century, natursl
rubber vas believed to comslst of tvo Compounds, onée soluble
an® one insoluble in orgenie solvent (32) It was separsted into
fractions by the method of exirections,

Fractionsl precipitetion is one of the most widely used
methode today for the separation of synthetic polymers into
different frections accordéing to the different degree of poly-
merization in the semple., It was first used for the purifice-
tion of the polymer, and became very populer in the fleld of
eellulose, Lster it wss taken up by Steudinger end his ¢o=-
workers and wses spplied to @ number of different synthetie
polymers. In 1999(29ﬂa reported s fractionation of poly-
gtyrene thet is of specisl interest becsuse the precipitation
was effacted by an excess of solvent. Later on about 1930,
*hitby(30)desoribed the fruactional precinitation of polystyrene
from benzens solution. He used the concentration about 1,5 per
cent and used ethanol as non-snlvent, By this method, he was
able to got six freetions., The ides behind tie work carried
out by "hitby #am to (rove that polystyrene is rubber-like snd
beterogeneous, The moleculsr weight of the sample used by “hisby
varied from 4400 to €00, After thet, in 1004, a study of the
fraetional preeipitetion of polystyrene was made by Danes (7.)
He tried to messure the yiscosity of the fructions in order %o
determine the degree of polymerization, He smphasired the tampere

ature dependence of the solubility., Iliis solvent was benzens and



precipitent was a mixture of methanol and acetone. Schulz (Hea
in 1936 , obtained fractionation of polystyrene using ethyl
methyl ketone &s solvent and methanol a&s the pracipit#nt. He
was able to obtein seven fractions. In the same year, Dobry

and Schwab(8) fraetionated polystyrene with mothanol from.
various solvents. The idea was to get fruetions for ossgmetrie
and viscometric study. In 1943, Alfrey, Bartovies, and Mark (1)
fraetionated polystyrene for Qamatio pressure and viscosity
measuremants., The temperature dependence was csarefully observe
ed during the process to get equilibrium conditions during pre-

oipitation. This gave homogeneous fractions.



THECRETION

Folystyrene, discovered about & hundred years ego by uimon (29C)
has aequired considerable technical importance in recent yssrs
becnuse its dielectric properties are superior to those of any
other natural or gynthetic resin. The initiel substance, styrene
(phenyl ethylene or vinyl benzene), is prepared commercislly :
from benzene and ethylene whiech unite to form ethyl benzene in
presence of s catalyst, aluminum ehlartdc}]ﬁék s higher tempera-
ture ethyl benzene may be decomposed in the presence of suitable

contact cutalysts into styrene and hydrogen

Celle T Cally —  Cgfig CHyCH;

Cgliy CHiCH, + Hg

Styrene, C HgCH = CHg, Polymerizes in the derk, more repidly in
the light end at higher temperature, to form the ehain-polymer,
polystyrene. Thie seems to be invariably emorphous, slthoucﬁ
¥atz (16)reports that stretehed polystyrene shows 8 trace of Xeray
diffraection pattern. The virtusl ebeenge of an X-pay pattern
suggests that the eompound heae an irregular structure whiosh may,
perhaps, be represented in the following way (where R is a phenyl
group)

-CHR~CHR-CK30CH -CHR-CKR~CHR~ 1.

2
rather than by the formula

T %% - - -t Y - )
::Iﬁ {;ﬁz m*}it’i an w}:{ﬁ Cf’ig 2.,



igainst this sseumption is the faet digoovered by Ctaudinger (28)
that, during deeomposition by heating ("eracking”), only frag-

mentes in whieh CH,- end CHR-groups alternste arc obtaimed, for

b
axample,

JHR = CH~CE8H or CHg = ?R-Cﬂa

but never fregments iun which phenyl groups are attasched to adja-
eent carbon atoms. This argumant is not conclusive, however, since

it 1s oconceivable that linkages of the CHR«-CH_ type are more

2
stable than those of the CHR-THW type, s> thet the latter sre the
first to be destroyed in eracking. The irregulasr struotuie is
ascuned by Jtsudinger to be due to the irreguler distribution of
opticel antipodes slong the chuin. It is impossidle at the pre-
sent time to decide 1in favor of formmle 1, or 2, snd the ques-
tion whether or not polystyrene is a true hounpolynaf muat bo‘
left open,

High-polymerioc polystyrene (molecular weight "00,000-300,000)
softens st temperatures up to 180° C. and may then be worked into
shape by molding or casting under pressure., The product is parti-
cularly useful for electrical purposes owing to its great roatut-
ance toward chemicel agents and its hydrophobic naturs. PFurther-
more, the valusble dieleotric propsrties, resulting from the abe-
sence of polar groups, the isotropiec eleotricsl character and the
absence of inhomogeneities of texture render it suparior to
erystélline substances. It would be difficult to obtain material
eupsrior 10 polystyrene in this resspeet,

The above type of polymerization i.e. that of polystyrene
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falls in one of the two ma jor types of polymerizations, the
first being condensation polymerization The general class of

eondensation polymerization is remrssented by the oquetia&x

o - - " - - - - v -ﬁ-z Bﬂzﬁnﬁ (‘)

In the formule X-R-Y is a bifunctional redicsl and X end Y are
functional groups vapable ef reacting with each other to form

the known funetional group Z. Thus if X s -HO- and Y {is

~C90H-, 7 will be -C0-0-, The compounds X-R-Y are called bi-
funetional compounds snd their reactions are bdifune tionsl reactions.
Reactions of the type =R~ «~ Y=-R'=-Y- product, may de inecluded

in this class.

The other type of polymerization is addition polymerization
of unsaturated eompounds. Thus Cohen (B) states that "the preper~
ty of undergoing polymerization is peculiar te unsaturated com-
pounds, from a natural tendency to saturate themselves.,"” So far
as the formation of meterials of high moleeular weight is coneern-
ed, such reactions are much less elear-cut than bifunetionel con-
densations, for ths latter involve oniy the applieation of the
known reactions of typical funetional groups, anl the genersl
structural plen of the nroduct mey be inferred 4ireectly from the
structure of the starting matsrial."” Folystyrene falls in the
Vinyl type of polymerization. “ubstituted ethylenes of the type
CHQ= CH-R, in which R is & negative group, polymerize more readily
than does ethylene itself, The behavior of styrene may be taken
88 typical of this group. The polymerization 1s carried on as



explained in the beginning.

Polystyrene is not s definite materisl having s constent
set of properties. By whatever method it is prepared it ean
be separated by fractional extraction or precipitation 1nt6
fractions having the same ohemical eomposition but different
proverties and molecular veights, The lower members are readily
soluble in ether and the highest members are cuite insoluble,

The apparent molecular weights range from 1000 to 35,000 or

more (perhaps as high as 700,000). 4ll these rraotiong are
selublé in benzene and the viscosity of the solutions increases
progreseively with increasing moleoular weight. The avcraét |
molecul ar weight of the crude polymer depends upon the oonﬁitiéna
of its formation. Those formed very rapidly,e.g. by the actién
of heat at high temperature or by the action of stannioc ehlorid.
at ordinary temprerature, have relstively low moleocular weights,
Those forme: more alawly.e.gv by spontaneous peiymorizatinn

8t room temperature have much hig¥®Rolecular weights.

The polyastyrenes having molecular weights above 10,000 show
c¢olloidal dehavior; they swell before dissolving and the viscos~
ity of their solution is very high., Nevertheless, there is con-
siderable evidence to show that these zolutions are true molscu-
lar dispersions, and tha# the molecule und the ocolloidsl parti-
cle are 1dantinal.(ag)

Chemiocally the polystyrols ars completely saturated. They
do not decolorize permangenate or absorb bromine. Under drastio
conditions they can be campletely hydrogenated without eny sig-

nificant chenge in moleculsr weight (77). ©On being heated to



about 320° C. they revert to the monomer styrene. It is doubt-
ful if this reversion is ever quantitative.

The polymerization of vinyl compounds is enormously
susceptible to catalytic and anticatalytic effects. Heet also
accelerates the polymerization, and in general the more rapidly
the polymer is formed, the lower is the average molecular weight
of the product. Oxygen and peroxides are catalysts, and antio:~
¥idents are inhibitors, Light, especially the shorter wave-
lengths of the visible spectrum, accelerstes the polymer izses iom.

It geems that polymerizetion is not a furwation of erystal-
line substance with uniform molecular weight, but is the repeti-
tion of the monomeric unit to form a long chain polymeric umit.
Cf course, such & formation cannot be uniform and as a result
the polymer is & nom-uniform hetergeneous product of long c¢hain
molecules not &ll of which have the same molccular weight. In
order to separate the chains of the desired molecular weight
frections, it ia necessary to devise ani investigate suitable
methods for fraectionation of the sample into the fractions having
the same molecular weight of the same degree of palyniriz‘tlea.

The methods used ur $o the present tire for the fractions-
tion of such polymeric substances are, in general, six.

These divisions are very broad and some of the methods are sub-
divided. These methods (§a)are:

(1) Moleculsr distillation

(2) Ultrafiltration through graded membranes

(3) Chromatosraphic adsorption

(¢) Ultracentrifuge
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(8) Bate of sslution method (diffusion into a single solvent
{6) solubility method

Moleeulsr Disvillation

The basie prineiple on whieh the separution is ocerried out
in this method is that the lurger molecules sre less volstile
than the smeller ones, The muthod is in more popular ussge for
purificstion of high polymer, that is, the removal of lov-mole-
eular-veight meterial, than for the separction of high-meoleculsr-
vaight fragcticss, In eny polymerization or polycendensation re-
action, hovever, moleculee fror &ll the vay from uareseted mono-
mer up to those in the high-moleoulmr-veight range are formed,
and, in a senss, the removsl of the lovw-molecular-wsight muter-
ial is & frsctionution, (Su]

Y¥oleculs distillation is essentimlly a distiiietion at
very low pressure 10~ or :LO---‘3 mm, of mercury. The distance bee
twveen the distilling pen snd the colleoting plate is szhorter than
the meen free puth of the uvaporsting molecules, 50 thet they
suffer (on the eversge) no collisions while in the vepor state,
Under these oconditions, even very slightly volatile substances
cen be <istilied without decomposition. Horecver, the diffusion
veloeity of s molecule is inversely proportional to the square
root of the molecular weight, =o that the lighter wmolsculen
distill off first, leeving purified residus. The method mey

alsc be used to rrove the hatsrogeneity of substances,
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ULTRAFILTRATION

it is often pussible to separate particles of different
sizes by ultrafiltration through carsfully graded esliulose
or aitrogeliuvlose nembrenes, This seperstion is based on
sleving aotion; trne pure sizep ure ohosen in such & way that
perticles up tw & certein size cen pass but lurger onua esanol,
This 1s satisfectory enough with sphericai particies,even
though compliestions mey occur when the msmbrene interacts
with the solution and passege through the rembrune take place
in woys other thsn by sleving uation. The metrod (20) %8s
not very setisfactory for chain polymers ard it is too alow,
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chromatogrephio adsorption

Chromatogrephice edsorption is a useful method for separating
mixtures into their components; even closely related substances
heve often been succeesfully separuted (Da). The method con-
gists in filtering the solution eontsining the =mixture to be
separsted through e column of or adsorbent, "developing™ the
chrometogrsm by weshing with pure solvent end eluting verious
perte of the column seperstely to recover the adsorbed meterisl,
The principle on whieh the separution is based is preferentisl
adsorption; the components preferentisily edsorbed are found in
the upper pert of the column, those mare poorly edsorbec are
found in the lower pert, those most poorly adsorbed in the filirate.
Xlution reverses the proces= of sdsorption, that is, it causes
the substance to pass from the adsordbed layer into solution again;
it can be earried out either by filtering the elutant through
the column end collecting the filtrates in a seriss of contsiners
or separating the column into bands and eluting eech separately.
The method is quite seatisfactory in the vase of the gellulose
derivetives but it iz not widely employed for the fructionstion

of chain polymers,

Ultracentrifugstion
This method is based on the nrineiple that sedimentution
veloeity increaces with the molzoular weight., (Sa).
An ultracentrifuge ia an instrument in vhioh sedimentstion
in esntrifugsl fielde ean be messurede- quentitatively; the

centrifugal filelds employed are often nuite strong, and the appara-
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tus for producing them is rather complex.

An ultracentrifuge can be ussd in two different ways
(&) to measure sediventstion velocity, thet is, the rate of
 settling of particles in s given centrifugal field, under standard
:canditions; {v) to mnasuré sedimenta iion egquilibrium, that is.
lthe concentration gradient vhen equilibrium between sedirenta-
tion and diffusion hes been established. The second method is
used for molecular weight determinstions on high polymers; the
first method can be used for molecular-weight determination also
but its chief value is for the measurement of heaterogensity.

Singer and Cross (Sa), in 1934 performed ultracentrifuge
measurements on polystyrene. They encountered a difficulty due
to the "matting”™ of the molscules, that is, chain entanglements

which prevent molecules from scting independently.

Rate of Solution Nethods

The method involves placing the polymer in contact with a
solvent, removing the supernatant solution after a definite
time interval, reniacing it vith fresh solvent, =nd repeating
the procedure until the de~ired number of fractions hes be:wn
obtainodﬂs‘ka vould be expected, the smeller molecules concentrate
in the first fractions and¢ the larger ones in the last, for the
smaller molecules diffuse more rapidly and sre, therefore, first
extrscted.

In 1930 ¥hitby (31) extraoted polystyrene with each of the
solvents ether, and diethyl o x a la te The method has besen

applied to other high polymeric substances too.



golubllity Method

The golubility method is one of the most widely used
methods for the fruoctionetion of netursel &nd synthetie polymers.
The basic princinle of the method is the decrease in no;uhllity
with the incrsase in molecular woight.(5!¥ depends on the
greater solubility in a given liquid of the lower-molecul ar-
velght species, and on the fact that the solvent power of &
binary liquid mixture (of solvent and non-solvent) depends on
the proportion of the two components. If a non-solveant or a
precipitant ig added %o & polymer solvent system, as in frection-
al precipitation, or a polymer is added to a solvent-non-sol=-
vent mixture, as in fractional solution, two phases are obtained
at equilibrium, if the proportions of the components are properly
adjusted., The upper layer is a solution in whiech polymer is
present in low concentration; the lower layer, or "precipitated”
Phase, is either a swollen gel or a very viscous liquid, and
conta ins a high proportion of polymer. The material of higher
molecular weight tends to conecentrate in the vreeipitated phase,
that of lower molecular weight in sﬁpernatant liquiad.

The first theory about the solubility fractionation was put
forward by Brgnsted (5.). In chemically similar materials the
potential energy of the molecule is proportioned to its magni-
tude. Onvthe besis of this assumption, the relation between
molecular magnitudes and distribution in different equilibdrie
is digoussed.

The equation 1
In¢ /C «aPM/RT



was set upy vhere C &nd C'lare the concentrations of polymer
in two vheseg st equilibrium, ¥ is the molecular weight of the
pelymer <nd N is & constant charseteristiec eof the polymer-
solvent system but mdepondmt of M,

Sehulz (24) devaloped these ideas further by assuming
that in the case of binery liquié mixtures X is & lineer funetion
of the liquid composition and showed that the equatien

*
Y= 4&a <+ B/M

adequatsly expresses the relation between ~ the oritiosl liquid
composition et the precipitstion point, and the molecular veight,
M, of the polymer; A &nd B are empiricel constants.

The Brdnsted-3chulz theory was remarksbly succeasful in
presieting the solubiiity behavior of highepolymer sclutions,
However, it vas soon suspscted thet the entropy of mixingof
rolymer and golvent wxoleculeg was &« faotor of importance and
should not be neglected in davaloping the theory of solubility.

Yuch rork has been done on the thermodynamie properties of
the solutions by Flory (12 and, 13,, Meyer and Huggins (34). In
care of binery solution (l4) the activity of eomponent f1 of a
solution is fsmtad by thermodynamics to its partial molal heut
of mixing ( Ll ) and entropy of mixing (Aﬁl) sccording to the

equation  lne, = Ly . a5y

- evm— P — a ie se - - -
_FT - ( Y activity) 1
for com- lnags b2 - A4y (A, 18 attivity)e-—_-2
& il
ponent ;2 RI R

The rest of mixing depends on the reletive attraction

energies of like mnlecules snd of unlike moleoules in the solution
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.1th the aid¢ of certain reasonable approximations, ene can
deduce the equations

P Y T T kb a

La : K ;2 vl - W e - W - o - - - - ‘

where ?1 and,§2 are the volume fractions of the cemponents and
¥ is a constant whose magnitude depends on the nature of both
compounds,

Entropy is a measure of randomn.'. . The simple case of
a solution composed of two kinds of molecules, Both gpheriocal
of the same azize and alike as regards their attractions snd re-
pulsions for other woleculess, can be treated by the methods of
statistical mechanios. The xm@amn of ﬁoasible distributions
of the two molecular species among the availeble sites can de
computed &s a function of the composition., Assuming ell thefy

alternatives toc be eyuually probable, the entropies of mixing

are computed to be

I R 1A K. cococcmwme= B
A.S1 = F 1ln Kl

b o - D g D g S D A S i O e B 6
A SE pod R 1n Ng
The substitution of (1) and (?) gives for L, and L, equal

to zero

This represents Raoult's Law. GEmpirieslly, this law is

d to hold t : ¥ i
foun old true (approximately) for ™0y Yinary solutions for
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there is little or no heat of mixing. But for the solutions

of long chain compounds these equations do not hold at ell well.
The quantitstive caleculations of the sntropy of mixing for

such solutions has been carried out independently by Flery (13)

end by Hugzins (185).

lne, = 31pw X (1 -E ) Vg -+ A
Nz
and relation betveen 1 & ke

Ve S ue W

AL My are e proximately constant, independent of the solu-
tion, and V, and V, are partial molar volumes of solvent and polymer,
In practice AL if found to vary with temperature accord-

ing to the ecuation
Sa
=t PIT oe)

vhere A & P are constant

The asoludility methods oan be furthor divided:
1. Fractional preoinitation
(1) By ad!ition of nrecivitant

(11) By eocoling

2., Fractional solution
(1i1) Solvent of verying composition

(iv) Varying temperature

*, Distribution betvean two immiscible solvents
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Fractional iTecipitation sﬁcnntaél

Fraotiona)l precipitetion procedures are those in whieh
the heterozsneous polymer is completely dissolved in a suitable
liquid ant then nartially preecipitete?., The precipitsted phase,
vrhieh containe the high moleoular weight fraction, ané the super-
nataent solution are separated by decantation with or without
centrifuge; more of the polymer is then pracipitatoé;§§%ggpo
procedure is carried on until the maximum amount of ~
is taken out,
There are two ways in vhioh praecipitation can be effected,
and these will be deelt seperstely
(1) By sddivg & precipitent
(i1) By lowering the temperatur:
and s combina ticn of both the methods could be as well used,
In this work, a combinetion of both the methods has been used
vhich will be explained later,
In the sctual fractionation the choice of solvent and
precipitnnt {s veyry important as has been recently obntirueﬂ
by Morey and Tamblyn (Pl). They hare carried out the fractiona-
tion of oeiluloaa acetate in different solvent-non-solvent
systems., The conclusions they have drawn are:
{a) The effect o initisl concentration on the effi-
ei2noy of the frseticnation by nracinitation is minor.
{(b) The choice ~f the solvsnt and precinitunt is ine
saparability.
portant and ean lead to very marked differcnces in 7

The reletive solvent and precipitating powers cen be deter-
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mined by titrating a solution of the polymer in the solvent
*ith the pracipitant, the end-point being indicated by the
sudden appearance of opalescence or turbidity (2, (10). The
larger the emount of precipitant needec to reach the end-
point, the greatsr is the solvent power of the solvent or the
smaller is the precipitating power of the precipitant, Ebring‘
(9) compared the precipiteting power of the satureted
sleohols from methyl to octyl, on polystyrenes dissolved in
ethyl acetzte, beetyl acetone, carbon tetrechlorid, ehloroform,
methyl ethyl ketone, bhenzene, xylene, tolvene &nd monomerie
styrene, |

(1) Practional preciritation by the addition of the preeci-
pltant,

In thie method fractionation is sffected by adding to
the solution of the polyme~ & sulteble amount of precipitant,
enough to cause separatiom inte two phases, but not emsugh to
cause preciritation of_all the polymer present; the phases are
then ceparsted, and the supernatant liquid again treatgd in the
seme fashion until all the polymer (monomer may remsin in the
solution) has been precipitated. Various modificetions of these
fundamentel principles are possible. The work done on the
polystyrens Ly this method hesg alrecdy beon ﬁiseusmeé in the
historical cutline,

(ii) Frectionsl precinpitation by cooling.
The effliolenscy of the frectionsl precipiteticn very
markecly depends on the temoersture szs hee bsen pointed out by

Alfrey enéd “ark (1), Dene's (8), and Flory (11'. It eeems thrat
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careful control of tempersturs during t;:o process is very necesse
ary. In thias method, after the polymer is dissolved in a prbyu
solvent, the tempercture of the sclution is lowered and allowed

to resaln for a fixed time and the grecipitate is removed in the
Bame way &8 above ani yrocess repeated witi the supernatant liguid.

2. Fractional solutioa.

in the fractioual solution procedure, the polymer is placed
in gontact witl solventenon-solvent mixture, and the system is sllowed
to come to e uilibriun; aﬁer the supernatant sclution {e decanted,
the residus is trent d wiih a fresh mixture, richer in solveant
than the first, snd this process is repeated until the polymer hes all
diseolved, or until no mnore will dissolve. In this way the lower

molecular Iractions sare extracted firet, the high mé ecular ones the
ieat.

3. Distribution between two immiseible solvents.
This method depends upon the faect that the distribution co-

efficient is a function of the molecular weight.

in precipitation and solution methods, the solvent end noa-
sulvent are completsly miscible; only the presence of polymer osuses
a seperation i.to two phases., It is also possible, however, tc use
e solvent zystes yoa2 !s kelerogeneocus even in the absence of
polymer; and the distributicn of polymer molecules in such a
system depends on mélecular weight. .. fractionstion can,
therefore, be accumplished by varying the composition of one of

the phases. This methbod has not been in much use with the polymexr.



Comparison of frectisuel precipitation and fruetionsl solutionm
methods.

Rogovin end Glazmenn 32 have pointed out thst in the
process (1) the overlapping of fractions occurs because the
longer molscules pull the shorter ones down into the precipi-
tate vhile the shortsr keap the longer ones in the solution by
entanglezent and Sthar forms of intersction. 2  that the
roproduetivity of the results is not good. <&, that a limited
number of frwetions only can be obtained in ons run, so thet
refractionaticn i=s neceasary and 4. that fractionation is
affected only «ith respect tu the degree of chemicul substitu-~
tion.

But most of the objections to the frsotional precipitation
me thod diseppear when the soiution is made suffielently diluted.
rrecipitation "en bloe” occurs only when the solution is concen-
trsted ecough to éllow interaction betwvean thes molecules; more-
over, thera is no reason why chain entanglements in the solid
ssmple should not csuse 8 similar difficulty in the solution
proceszs., It is true,however, due to the slowness of the solu-
tion method= the ejuilibrium conditions ere better mainteinsd than'®
rrecioitation methods,

SJpurlin 268 refeoted the fraetional solution method in
favor of the nprecipitation bLaesuse the former wmethod does not
so rewnily rormit fefractionation.

Kemr ard Jaters 17 huve mede a compnarison of several
procudures anpliied to rubber.

Very recsntly Vadorsey snd Straus 18 have done high-



vacuum pyrolytie freetionation of polystyrene. .amples of
polystyrene of an svsrage molsculzr weight of about 230,000
and welghing 28 to BO mg. were pyrolyZed in a vacuum i lﬁ'p
mm. of mercury at 3500 - iEOQ C. The time of pyrolysis varied
from .5 to 4,0 Bours. The following results wers obtalned:

.1 4 solid residue having sn averaie molscular weight
of 2182,

o
b2

.« waxlike fraction coneisting of & mixture of & dimer,

e,

trimer and tetramer of styrene, with an aversgse molecular weight
of 264.

{2 A liguid frection cornsisting of 94.0 mole %styrene,
G.86 mole %toluane, and tracee of ethyl benzene and methyl
styrane,

‘4 4 geseous fraction conelsting msinly of ¢wurbon monoxids.
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Ume of the -ost strikine proparties of solution of high
molecular weight substances is their high yiscosity. For many
years wiscosity hss been applied e&s an empiricsl but useful
guide to the quality of many materials, so that e whole series
of standsrd technical methods for its measureszont have been
devisec, (i8a),

in 19D, _teudinger (98] who as esrly es 1978 had drawn
atvention to the rslationship betvuen moleocular veight and Visoose
1ty of homologous polymer is proportionsl to the molecular

*eight. accorcing to empirical ejuation
Nsp/c & K ¥

in solution of low conesntration. Froam this, knowink ™w, the
molecular weight ¥ = 2 Nep/ime
may be ealeulstsd, For this purpose the relniive visocosity Nrel
that ia the ratio of the solutinn to that of the pure solvent,
is determined, ubtracting unity, thae spacifie viscosity Nep

ia nbtainad
Hap = Nrl - 1

The viscosity is measured in dilute solution, in which cweoe,
according to Ltaeudinger, Nsp ies proportional to the concentration,
so that Nsp/o is constant.

staudinger gives values of Nap for soe-celled busal wmoler

solutions, that ie, for solutions containing one molecule of the



]
[55]
14
1

of the polymerirsd structural unit in one liter of solution
for excmrle, tha velght of & styrene residue in the casa of
polystyrene eand refars to the constent mentioned sbove to
this emeentration. The eopstant X for & given homalogous
polymerie seriss mey chenge =il tht*:aaolvmt and temparature,
Yglue 5f the constant used during the investigetion of work

is

Bn oz 1.8 % 1o = (09 b) (17a)



TXPERIMENTAL

The literature search shows that thare has not been much
work done on the actusl freectional precipitation of the poly-
styrene except soms work for the messuremsnt of the viscosity
of the polystyrene fr.ctions. But the literature search gave
an idea of the factors influencing the process. These factors
are:- |

1 Temperature .
e Concentration.

Choice of solvent-non-solvent systenm.

ea

4 The cycle of time,

As far as the temperature was concerned, it was brought with-
in control during the entire work by working at 2500. and allow-
ing the precipitate to settle at 15 - 16° ¢.

The concentration is not very important within certein
limits and for the convenience of the work, was chosen to be
2.5%.

Ag to the choiee of solvent-non-solvent system, quite a
few systems were studied, basing the experiments on data from
the works of various suthors and finally two of the systems seem-
ed to offer promise. These systems were chosen from the stand-
point of the recovery of the solvent and non-solvent so as to
avoid economic waste. There are many systems but the question
of recovaery of the solvent and non-solvent makes the list rela-

tively small. The presence of poisonous fumes from certain



orgenic solvunts and non-solvents eliminate some of the
systems. The only method left was to work by trisl and error
and working in this way, it wes found that in case of the
polystyrene (commsreiel), the system of ethyl-acetate as
solvent and scetone as non~sclvent votk. satisfactorily.

The cycle of time all throughout the vork was kept between

20 hours snd 24 hours.
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ACTUAL EXPuRIMENTAL PROCEDURL NO. 1

CHuMICAL Uuilsi= (1) Polyetyrene ~- (solute)

AVPTARATUS 1=

ROCEDURT t =

(commercial grade » Lustron”
by #onssnto Chemieal Corporation)
(2) Bthyl acetate -- (Solvent)
Commerecial 2olvents Corporation (Technical)
(3) scetone (C.P.) == (Non-solvent)

Cornmercial Solvents Corporstion

No speeial anperatus was used, The general
ordinary apparstus like beakers, flasks,

wer:e used.

An accurately weighed (dried) gquantity of
polystyrene, (orystalline pleces) was dissolved
in & weighed guantity of ethyl-acetate to obtain
the desired concentration. It was sllowed to
dissolve at 286° C. and after complete dissolu-
tion and eyuilidrium, the sample was kept at
18° ¢. for about 20 -24 hours. Then for the
ssparstion of the freoction; (i.e. precipiteta);
the supernatant liquid vwas decanted and weighed.
The preecipitete was dried on wnt0r~3a;h

and removed vith the help of distill watsr.

The fraction var dried (to remove the vater)
until constant veight. Fromw this welight, the

parcentapge weaight of the frection was caleulated,



RESULT 1=

To the weighed supernatant liquid a weighed
amount of non-golvent, acetone, was added to
get the second fractiosn. The procedure as
sabove was repeated.

In the same way other fractions were

obtained.,

The results were tabulated and a curve of
percentage fr.ctions versus the ratio of the
non-solvent/ solution was drewn. In the
ratio the solution was taken to be 100

80 the ratio was on percentage basis.
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SXPERIMENT NO. 2

TITLZE: DITERJINATION OF VISCOSITIES

CHY#ICxsLy USED:= 1 Fractions of polystyrene obtained by

APTARATUS ;=

"ROCE™IRT 3=

CALCULATIONG 1 -

the procecdure descrited,
' Benzene (solvent)

Commercisal Solvent Cornorstion (Technicsl!

Ostwald?sviscometerswere used in thermostatical-

ly controlled eonstent tamperature water-bath,

‘n accurately weighed quaentity of eaoh frsction
vas discolved in definite volume of benzense,

An equal volume of each solution was allowe
2d to run throuch the viscomseter and the time
for euech run vas noted by an eleaetric timer,
Oreat care was %aken to keep the tempersature
of the bgth constant,

In the same way the procadure vas repeated
to get the time for the benzene (solvent) to run

through the same wiscometer.

The concentration of the solution vae very low
and there was very little difference between the
densities of the solution and the solvent,

The viscometers were cslibrated for the

solvent first. 1The ratio of the time required



- 3y -

SEINYTr {eontd) - in seennds for the flow of aolution

ts tre flow of the solvent through the
seme espillary of the viscometer geve L:2
relative viscosity of the solution., The
specifie viscosity vyas oblsined from these

by subtracting unity.

t2dp = Nrel
tltz
where: ( £, = tize in sooonds for the flow of solution
tl = time in seocaonds frnr tie Tlow of solwent

d 1 and d » a&re corresponding dernsities,)

Eut tie denslities are nearly equsl,
trarefore unity

t g g Trelative

ir -l e Nep

cubstituting in Stsudinger's equation

Nen . .
2L 0z Xm t %
[ 44i1

whare: hsp ® spoeiflfe viscosity

C8% ® concentrution {in busal mols per Liter

4
“m ® constant

1.8 ¢ 10»’4

¥z solecular vWeight
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TITNT T IY eYOEQTEEND:ie

The temperature »as kart 2onstant g 34,9 -- 38,28° =,
Tha regults obtsinsd ure tadulisted [Jor esch sazrple in the

Tables 2; I; 4; and 3.
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FRACTIONATION OF POLYSTYRENS

Table No. 1 ==~ Curve No.l

the polystyrene taken

%eight of the solvent (ethyl acetate)

Coneentrastion of the solution
Nonesolvent used

Temperature of working
Temperature of precipitation

Time sllowed for proatpitgto to

8.0 B
198.0 g.
2.8 per cent
Asetone
Q
2 C.
18° c.
settle 20 « 24 hours

Kumber Sample Sample Sample 'Samplo ﬁitio of
of the 1 o bl 4 &. Non-
fraetions %t of ¥t of ¥t of %t of solvent
fruoctions fractions freoetions JIraetions
in in in in 100 g. of
per cent per cent per ocent per cent solution
1 22,02 20,042 20,046 22,226 0
2 7.14 6.404 10.47 2.754 .03
3 16.504 17.62 15.344 14.82 .06
4 11.864 11.88 11.378 12,76 0,22
5 16,85 14.984 12,62 15,042 0,85
6 7.28 10.03 8.808 10,18 1.0
7 1.99 2,98 1.84 7.9 1.6
by

evaporation



~aignt Oof the polysiyrsue taksn
~elght of the solvent (2thyl ecstute)
Concentraticu aof the solution
Non-go.vent use.
Temperuture of ¥*orkiang
Temperature of precipitation

Time allowed for precipitete to settle

*RACFICNATI. N 3F

;LY oiYnalis

Lazple ¥o. 1 Table No. 2

5.08 3,
195.0 g

2.8 per ¢
acetone

78 G.

18° ¢,

ent

20 - 84 hours

D. P, determined by ggg_, Kn x M ® = 1.8 x 10’4
& 104 at
38° o,
Number of Tt. of Ratio of  Om, Relative Degree
the fraetions fl of agetons for viscosity o
fractions in 00 g.of solventviseosity t2/%1 pol
per cent determin- merisa-
N ation tion
1 82,02 0 3.13 94.8/ 1296,
54.63
2 7.14 .08 1.636 70.48/
 B4.83 994.9
3 15.504 .08 1.582 66.66“ as 778.3
4 11.688 2 1.142 61.35“ 63 528.4
S 16,5 85 1.04 59.836‘ 68 449.9
& 7.28 1.0
1.816  67.8/gq gz 268.7
7 1.9¢9 1.6 (Eoth the fractions coxbined)
8 12,1 infinity 1,084 6.58 :
Recouvered ‘4.63 128.8
by

evaporstion



Samnle No. 2 Table No. O

%eight of the polystyrone taken

“eight of the solvent (ethyl acetate)
Concentration of the suvlution
tNon-solvent used
2Temparature of working
Temperaturs of precipitation
Time allowed for precipitate to scttie

DeP, determined by M8p = xm X M

$.08
198.0 g.
£.,5 per cent
acetone
2s° ¢c.
18° c.

0«24 hours

4
Kme 1,8 x 10—~

Cegm ITe¢ 3t
35° C.
Nuaber of ¥#¢.of Ratio of Cm, Relative Degree
the freaetions g, of scetone for visgosity
fractions in 100 g.of solvent viscosity ¢2/%1 palg
per cent determina- 28~
tion on
1 20,042 0 ”.178 55.35/1“ , 1302
»
bo! 17.6820 .06 1.308 90.00/59’34 766.4
4 11.86 . 82 0.670 03.3/59.34 552,56
5 14,964 .56 1.258 66.2569.3‘ 588
6 10,086 1.0
l.82 66.7 é
” g.gﬁ 1.6 ’o 28 304
(Both the fractions combined)
&8 11.20 infinit 1.10 6l.2
Recovered ¥ /59.34 158,93
by

evaporation



a@é-

FPRACTIONATION JF POLYSTYRENE

Sample No. 3 Table

welght of the polystyrene taken

Weight of the soivent (ethyl acetsate)

Concentration of the solution

Non-solvent used
Temperature of working
Temperature of precinitation

Tire allowed for precipitate

No. 4

5.08
196.0 g.
2.8 per cent
acetone
25.° c.
15.° c.
to settle 20-24 hours

D.P. determined by BRammY M Tnx 18X 10~4
en at
252 C.
Number of ¥t, of Retio of Cm, Rela-  Degree
the fractions . Of acetone for tive of
fractions in 0 g. of solvent viscosity viscos- poly-
per cent determine- it meriza-
tion t2/¢) tion
1 20,046 0 .992  71.285/gg o 1164
2 0. [ ] .5 [ I 2
10.47 03 1.264 72 70/58.98 032
4 11.338 22 o4 .54
1.44 68 6‘/68.98 é26
é 8,808 1.0
0.74 86l1.0 338,82
7 1.84 1.8 1:9/5g,05 598
(Roth the fractions combined)
8 14,05 Infinity 0.822 59,24/ 39.37
Recoverad 58.98
b

evaporation
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FRACTICNATION OF POLYSTYRENE

Samrle No. 4 Tadble No.D
“@ight of the polystyrene taken 8.08
veight of the solvent (ethyl agetate) 196.0 g.
Coneentration of the solution 2.5 per cent
Non-solvent used acetone
Temperature of working 286.9 C.
Temperaturs of precipitation 18,° c.

Time #2llowed for precipitate to settle 20 «%4 hours
4

De¥. determined by Nsp _ -
Cem =X N Km #1,8 X 10
at
38° ¢.
Number of %Wt, of Ratio of Cm, Rela- Degree
the Fractions f, of acetone Tfor tive of
fractions in 00 g. of viscos~ viscos- poly-
per cent solvent ity de- ity mer i za-
termina- t2/4, 1
tion on
1 22,286 0 1.1° 60.58/‘9 N 1142
3 14.82 .08 1.0886 56.34/49 1 764
4 12,76 .22 1.3 B66.%58 631,
‘ /491 ®
8 16,042 07 1.14 53.68/‘9‘1 453.5
) 10.18 1.0 y
1.11 Bl.9 288
7 2.90 1.8 49.1
(Both freetions combined)
8 7.189 Infinity - - -

Recovered by
evapora iion



FRoOTIORATION P ™OLYSTYRENS
Table No. 6 Curve No. 2

deignt of fructico in percentage vs. gaorresponding
D.P.for all thefour sampies

Saarle cerple Sample sample
1 2 < 4
RQ- Oi \\t.af fro D.E-OL IE. 0! ‘e 001 KE. O! wWed e °! ﬁfn O! !SOIO
the in the fr.in the fr. in the fr.in of
frae- rer cent frsc- per free- per frae- per the
tionse tions cent tions cent tions ecent TFree-
s

1l 2r,0° 18¢6 20,047 1202 £20.046 1164 22.88¢ 1142
2 7.14 994.9 8.404 9E0 10.47 o2 *.254 980
3 £.504 772 17.62 768 15.344 P88 14.82 784
4 11.6884 g28 11.88 $5°.9 11.378 6286 17,768 831.8
S 16.5 449.9 14.084 4%0 12.8° 8§38 195.04° 445

6 7.28 10.03 8.803 10.18

Cordined 265.7 <04 A38 288

7 1.9¢9 2.9¢ 1.84 2.9

128.8 158 39.9

8 11.925 11.2 14,08 -
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FRACTIONATION OF POLYSTYRENE

Teble No, 7 Curve No.d

Average degree of polymerization with correspond-
ing everage acsumulative weight per cent of fraction.

Frsotion 1

Number 2 3 4 & g7 8

Average

weight of 21.08 29.0% 44.7% 7% 7% 82% 95%
fractions

in per

cent

Average v
D.P. 1226 959 766 084 471 298 128
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FRACTIQNATION OF POL
Table No. 8  curve Eo.4

(Differeatiation of the Curve 3, )

Degree of polymerization slom 'fwm ourve
B 100 R 2L
200 s/100
300 | - s/100
600 8/100
700 10200
800 9/300
000 ¢ ‘8/200
1000 : 7/100
1100 - %200
1800 : ey 311@9
1800 | 2/100




Buin

‘?',:F"-"f“

or.

&y

t
i

ﬁh&fiéé:

OROT
~ConcEn




2|

IESRas 81

OVED ®

0







B
mmmma Aieseis

W% L mmna g m%mﬁ

S G s.&.ﬂws L

Senssennen unn e

s

4
s

: o
S v

gL i 4
st se,
SRR

Cial

. ﬂﬂﬂgﬁﬂlgﬂﬁ@iﬂ&ﬂmﬁﬁﬁww :
R A i TG e
B

o

bonas

=
.&%@a&mmgm

i
%

s

S

.

S

G

Foery

S
i
SRR

ok




- 45 -

DISCUSSION OF THI R SULTC

ep——-

The quantitative results of the frection ars satisfactory
taking into the account that the investigetion was done on a
synthetie hetemgeneous polymer.

The distribution curve as well as the curve for the
weights of the fractions in percentaze vs. the ratio of the
non-solvent to solution, (which is theoreticelly non-solvent
to solvent ratio) reveals that there is a sharp break at about
87 - 60 %. This clearly shows that sixty per cent of the
maeterial consists of very high degree of polymerization end
forty per cent of the materisl consists of low degree polymerizae
tion compared tc the highest degre: of polymerization of the first
froction., The slope of the curve on both sides is very oconstasnt
&énd revoels that the rate of polymerizetion of the material
inereases constantly up to sixty »er cent and then decreaces
cons tantly.

The fractionation of the material is very efficient under
the nroper conditions of the non-solvent - solvent system and
thermel conditions, The ratio of the non-solvent to solvent is
quite wroportional to the molecular weight distribution of the
material., 1t confirms that longer the crains of the repeating
unit the binding power is very weak and pi?m &own eagily on
the addition of propsr non-polar groups. Of course, it is not
empiricel but perfectly within seientifie control. The thermal
condition &8 well as the ratio of polar to non-polar groups if

earefully regulated breaks down the chains of the desired lengths.
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Comparison of the results of the samples l1; 2; 3; end 4,
in Teble No. 1, show that frzetion welghts for & givesn awmount of
non-golvent egres within less than 2% range,

Corelusioni~ The above renge of variation in the results
is within limit of error since only one satisfactory integral
or differentirl eurve csn bs dravn through the points. Therefore,
the suthor aaneludqs that a controlled fraetionation of polystyrene

har be-n earried ~ut whieh was the objeotive of the research,



(5)

CONCLUS TONS

Four samples of polystyrene discolved in ethyl
scetate (concentration 2.5 per cent) were fraotioned
by (1) Cooling (lowering temperature)

(i1) By addition of nonesolvent (acetone)

Seven fractions vere obteined; esch one of 1t around

ten per cent with the sexception of the first one.

)
The temperature &t addition of non-solv:nt was 78 C.

o
and the temperature during precipitation wds 18 C.

The re=zults were checked by the viscosity measurements
and relative degree of »olymerization was obtained from

Standinger's squation.

Agreement between four independent sets of fractionations was
closed that it must be concluded that control of the fractionation

within reasonable limits has been attained.
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