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SUMMARY 

The degree of conversion, intr insic viscosity, composition and par- 
t ic le average size distribution of styrene (S)- acrylonitr i le (AN) 
copolymer, formed mainly under heterogeneous conditions and in the 
presence of EPM, were investigated as function of the reaction time. 
An induction period, characterized by unstable preferential solva- 
tation phenomena, is followed by a regular copolymerization period 
which can be described by apparent S and AN reactivity ratios. The 
regular copolymerization at high conversion is ascribed to the for- 
mation of EPM-g-SAN which acts as an emulsifier in the reaction sy- 
stem. 

INTR~DUCT ION 

A large number of papers dealing with the inT"Iuence of the medium on the copolymertza- 
tion of styrene (S) and acrylonttrf]e CAN) has been published. The Interest stems from 
the devlatfon of the reactivity ratto values obtained for heterogeneous copoIymortza- 
tions (MINO, PEEBLES, ODIAN et al.) from those concerning bulk, emulsion and hoiogene- 
ous copolyaerlzattons which yield statlar values (LEWIS et al,, FORDYCE and CFIAPIN, 
RUDIN and KRUSE). Different hypotheses were put forward in the past to account for the 
discrepancies observed, but a sattsfoctory explanation of the complex picture of expe - 
risental data so far collected Is lacking. 
Several years ago, MINO and PEEBLES proposed that preferential adsorption of the =ono- 
iers onto the copolymer surface could explain the composition difference between SAN 
synthesized in solution and under heterogeneous conditions. 
More recently, RIESS and DESVALOIS explained some compositional anomalies observed when 
SAN is grafted onto polybutadiene or ethylene-propylene based terpolymers (EPOM) by 
means of preferential solvatton phenomena, PICHOT et al. demonstrated through differen- 
t ial  refractomotry and dialysts equilibrium of ternary systems (solvent-monoier-polymer) 
that different concentrations of monomer actually exist tn proximity of polymers present 
in homogeneous media and the monomer distribution strtctIy depends on the composition 
of the system considered. 
We have investigated the copolymerization of S and AN and attempted to determine their 
reactivity ratios when SAN is farmed in presence of EPfl (ethylene-prepylene copolymer), 
t.e. when also EPM-g-SAN ts formed (CESCA e ta ] . } .  Since the graft efficiency is low 
(ioe. < 10~ under the conditions adopted, t t  Is possible to separate ungrafted SAN 
from EP~-g-SAN and ungrafted ErR and to analyze tsolated SAN. 
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EXPERIMENTAL 

Materials, procedure and analyses were described previously by ARRIGHETTI et al. and 
CESCA et al. The AN content of SAN was determined by nitrogen analysis (micro Dumas me- 
thod; Perktn [leer mod. 260 instrument). The results uera the average of at least two de- 
terminations. The error was �9 0,~ of the nitrogen content of samples. Iqorpholoqical 
Investigations uere carried out wtth transmission electron microscopy (Siemens Eleiscope 
2A instrument) on samples taken from the polyeenlzation suspension and diluted with sol- 
vent (isooctane). 
A computer program (IBM 6331) was used for calculating the copolymer composition accor- 
ding to the integrated Sketst equation (CItAN and HEYER). 

RESULTS AND DISCUSSION 

Copolyaerizat ton 

Typtcal conversion-time plots of S-AN copolyaertzation, gtvtng both free and graft copo- 
lyaer, are shown in Fla. 1. 
Icreasing amounts of AN in the feed influence markedly the copolymerization process by 
enhancing the overall polymerization rate and favouring the precipttatfon of SAN. 
The formation of E~-g-SAfl since the early stage of reaction prevents SAN clogging, ob- 
serrable when S-AN copolymerization ts carried out without E~ tn aliphatic hydrocar- 
bons, because graft copolymers act as oils in oils emulsifiers vithin systems formed by 
incompatible polymers (HOLAU, RIESS et al .) .  Actually, SAN separation takes place uni- 
formly as a finely divided powder (s. below) which appears emulsified by other compo- 
nents of the reaction system (suspension-emulsion). The induction time, occurring during 
the f i rst  5-15 minutes of reaction, corresponds to the intermediate period between the 
solution and the suspension-emulsion state of the reaction mixture. 
This ttmetS shortened by increasing the AN concentration of the feed. The separation 
of SAN tnvolves a decreased diffosion of the chain propagating free radicals and hence 
termination processes become less important (PEEBLES). Consequently, the overall copoly- 
eerization rate increases (Tromsdorff effect) and the intrinsic viscosity of SAN increa- 
ses sharply during the induction time (Fig. 2). Interestingly, uhen SAH copolymerizatton 
is carried out tn a homogeneous medium (s. lover diagram of Ftg. 2), the intrinsic visco- 
sity of the copolymer is constant during the reaction time investigated. 
The content of AN in SAN formed at different degrees of conversion and with different 
feed composition, is sboun in Fig. 3. A sharp modification of the copolyuer composition 
is evident for each feed composition during the induction period, the extentton of which 
decreases when the AN content increases. Hormover, the amount of AN in the copolyaer pro- 
duced at low conversion is significantly lover than that predicted by the homogeneous 
copolyeerization data (LEVIS et al .) .  Apparently, steady state conditions are reached 
after the induction time since the curves of Fig. 3 follow the expected trend of classi- 
cal radical copolyaertzation (s. belou). The seal1 size of SAN particles (s. the nex~ 
section) and the emulsion-like character of the reaction medium, accounts for the ine- 
x|steoce of mass transfer phenomena, also at high conversion. 
When the copolymerizatton solvent is changed (Fig. 6), the trend of the cooposttion vs. 
the monomer conversion results rather similar to that of Ftg. 3 in the case of n-heptane 
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FIG. 2: Dependence 
of the i n t r i n s i c  
v i s c o s i t y  of SAN 
on the eopo lymer i -  
za t ion t ime. Condi- 
t i ons  and symbols 
as in Fig.  1, ex- 
cept:  (D)=n-hepta-  
ne+toluene (1 : ]  by 
v o l . ) ,  (O)=toluene. 
Other cond i t i ons  
For the lower d ia -  
grams: 83~ 
peroxide=4.95 mmo- 
l e / I ;  S+AN=2.55 mo- 
l e / I ,  mole r a t i o  = 
=1.54; EPM=20.6 
g / I .  
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FIG. 4: SAN c o m p o s i t i o n  
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(1:1 by v o l . )  mixture, 
Conditions as in Fig.2 
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FIG.  3:  SAN com- 
p o s i t i o n  v s .  c o n -  
v e r s i o n  a t  d i f f e -  
r e n t  f e e d s . C o n d i -  
t i o n s  and s y m b o l s  
as in Fig .  I .  
The values calcu- 
lated according 
to LEWIS et a l ,  
are shown on the 
ordinate. 
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FIG.  5: P a r t i c l e  s i z e  d i -  
s t r i b u t i o n  o f  SAN o b t a i -  
ned a t  d i f f e r e n t  c o n v e r -  
s i o n s .  C o n d i t i o n s  as in  
F i g . l ;  AN in t h e  f e e d  = 
= 5 3 . 5  m o l e  %, C o n v e r -  
s i o n : ( e ) = 7 ,  (O)=13, (D)= 
27,(*)=4o,(m)=64,(~)=7o%. 
D = number a v e r a g e  d i a -  
m e t e r .  
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-to]uaue etxture (unable to dtssolve SAN). 
Conversely, the coupos|t|on of SAN rena~ns almost constant uithln a broad range of conver 
stor~ uhen solvent (e.9. toluene) ts able to dtssolve SAIl, even though the azentropic 
composition pred|cted by LEWIS et al. uas approx|mated but not reached. 
The last find|ngs suggest that preferential solvation eT-fects, uhtch occur not only un- 
der heteropaneous conditlons (PEEBLE$, RIES$ and DESYALOI$) but also in homogeneous me- 
dia (PICHOT et al.),  are of scarce importance uhen SAN ts formed tn toluene under the 
conditions adopted. As the copolywer composition is independent of the conversion deqree, 
the formaHon of SAN occurs on active centers uh]ch may be +rapped by EPIq or SAN chains, 
but possthle grod~ents of monomer concentration have lou values. Conversely, uhen the 
copolywer|zatton takes place In an al|phat|c hydrocarbon uhtch d|ssolves E~ and S, but 
poorly AN, n preferential solvaHon of E~ by S seems to occur in i t |a l ly .  Thts hypothe- 
sis appears l ikely t f  one bears tn mtnd the solubil i ty parameters of n-heptane, EPfl, S 
end AN vhtch ere (at 250C) 7.4, 7.9, 8.6 and 10.4 (cal/cm'~ v" ,respect|vely. Actually, 
the composition of in l t ta l  SAN ts extraordinarily r|ch tn S, at least for feed composi- 
tions up to 66 mole ~ of AN. The introduction of AN into the chains of SAN Increases the 
solvatlon o~h~ copolyuer by AN (the solubil i ty parueter of SAN can be calculated as 
9.8 (cal/ca') ~" for the azestrop|c COlpoSttton),uhose cancentration augments progressi- 
vely uhen the conversion increases. Therefore, 9rent part of the copolylertzutton pro- 
cuss occurs onto separated copo]~er ,here the relattve concentration of the monomers ts 
d|fferent from the tnfttal one and from that existing tn solution. 
The linaur part of the dtagraus of Fi9. 3 resenbles the plot obtainable from the SKEIST 
equation vhtch, af*er integration, has been used to calculate the expected behavior of 
sole copolylertzatton systeas (CHAIN and NEYER). Thls possibility impltes, tn our case, 
the assumption that the copolymertzutton of S and All in the presence of E~ reaches a 
"s~eady state n a~er the induction perfod. Thls assumption lay be accounted for by the 
fomation of a sufficient auoont of a dtsperotng ugaut, t.e. EI~f-g-SAN, vhtch stabilizes 
a systau that ts tntrlns|cally heterogeneous. 
The stabilization eT'fect concerns utth the adsorption by SAN of S and All uhose relattve 
concentrations are substPacted fo the variations 1educed by preferenHal solvatton ef- 
fects uhlch are due to the ~st  change of the copolyuer ccapasltton durtn9 the induction 
period. 
Therefore, the capolyuerlzatton of $ and AN at high conversion and tn the presence of a 
dispersin9 agent should be described by the classical copolymertzaHon equaHon. This 
fact appears possthle since Ftg. 3 shovs that an "azeotroplc w compasttton exists at ca. 
55 lole J. Horeover, feeds containing mounts of All lover than the 'azeotropic" COlpOS|- 
tion 9ire SAN vhlch ls progressively poorer tn AN and viceversa, uhau the feed is richer 
in AN. 

Morphology 

in order to pain more |nstght of the SAN separation process, a asrpholooical investt~a- 
Hon of the suspended par~|cles foxed in |sooctane was carried out by transu|sston elec 

m 

tron I|croscopy. The change of the dtaueter of the par~iclas formed wtth WazeotroptcW 
coupositlon (AN - 55 mole ~) ts shoun tn Ft9. 5 uhere the size dlstrtbutfoas observed 
at stx different conversions are plotted. Changes of both the shape of the dtstr|button 
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curve and the size region occur at conversion (15I. Non "azeotroptc" compositions yteld 
SAN vhtch shows (Fig. 6) the sue trend of Fig. 5, 
The results obtained indicate that the distribution of the particle diameters observed 
at low conversions are narrow and situated tn the region of lover sizes, i .e. 30-100 m. 
The particle number average diameter, calsulaJ(ed from the distribution curves and shown 
in Figs. 5, 6 ts almost independent of the feed composition and suggests the existence 
of the two distinct reaction pertods formerly discussed. 
Interestingly, the number average diameter of the particles remains constant (D - 160 - 

n 
170 rim) up to high conversions, after the tnittal period, and this result confirms ~he 
stabil i ty of the suspension-emulsion formed, independently of the concentration of the 
monomers and their relative abundance. 

Monomers reactivity 

Fig. 3 shows that the SAN composition, tn particular that of samples containing less 
than 65 mole ~ of AN, hardly can be extrapolated to zero conversion, liowever, thts pro- 
cedure would be meaningless in our case since the in i t ia l  presence of E~ gtves rise to 
unstable preferential solvation phenomena which influence the composition of SAN formed 
at low conversion. 
Therefore, on]y the composition data of Fig. 3 subsequent to the induction period can be 
util ized for calsulatlng apparent reactivity ratios of $ and AN formed in the presence 
of EPM-g-SAN. 
By evaluating the feed composition existing at the end of the induction period and the 
corresponding copolymer composition, i t  ts possible to calculate the values r S . 0.342 + 
.0.007 and r A - 0.418 + 0.011 (KELEN and TUDOS; Ftg. 7). These values differ from the -~ 
se obtained during the homogeneous copolyuerizatton of S and AN (r$ - 0.~,1 0.08 and 
rAN - 0.0~ _+ 0.04). Consequent]y, the mazeotropic composition mts observed ;hen the mole 
fr:action of AN is 0.53 instead of 0.38. The separation of SAN, which adsorbs preferen- 
t ia l l y  AN, accounts for the higher value of rAN observed under heterogeneous conditions. 

The plot of the SAN composition vs. the monomer conversion, according to the Skeist e- 
quation, f i ts T-airly well the experimental data (Fig. 8), corrected for the contribution 
of the copolyzer formed during the induction period, and obtained up to 85~ of conver- 
sion. 
This result has practical relevance since the gra~ copolymerizatien of SAN onto EPH 
yields ABS-1ike materials displaying interesting technological properties (CESCA et al.) .  

In conclusion, despite the existence of complex preferential solvatton and adsorption 
phenomena dun1 ng the S-AN copolyaertzation i n a l  I phattc hydrocarbons contalni ng dt ssol- 
red ErR, mass transfer effects play a negligible role so that the SAN composition can be 
described at high conversion by the classical two-parueter copolymertzatien equation. 
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