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The miscibility behaviour of various poly(styrene-co-methacrylonitrile) (SMAN)/polymethacrylate blends 
was studied using differential scanning calorimetry. SMAN is miscible with poly(ethyl methacrylate) (PEMA), 
poly(n-propyl methacrylate) (PnPMA) and poly(isopropyl methacrylate) (PiPMA) over certain copolymer 
composition ranges, but is immiscible with poly(n-butyl methacrylate) (PnBMA) and poly(isobutyl 
methacrylate) (PiBMA). The width of the miscibility window decreases with increasing size of the pendent 
ester group of the polymethacrylate, and is wider than that of the corresponding poly(styrene-co-acrylonitrile) 
blend system. Various segmental interaction parameters are calculated using a binary interaction model. 
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I N T R O D U C T I O N  n-propyl  methacrylate (Polysciences Inc.), n-butyl 

The mixing of two polymers is accompanied by a methacrylate (Scientific Polymer Products) and isopropyl 
negligible entropy change. As a result, the formation methacrylate (Polysciences Inc.) were also purified by 

vacuum distillation at 50°C and 80mmHg, 48°C and of a miscible polymer blend requires some specific 
interactions between the component polymers, giving rise 20 mmHg, 48°C and 15 mmHg, and 55°C and 70 mmHg, 
to a negative enthalpy of mixing. However, if one of the respectively. SMAN copolymer samples were prepared 
two polymers is a copolymer, a miscible blend can by solution polymerization as described previously 9. 
be obtained over a certain copolymer composition PEMA, PnPMA, PnBMA and PiPMA-1 were similarly 
range even in the absence of specific interactions, prepared by free-radical polymerization in 2-butanone at 
In this case, the favourable negative enthalpy of 60°C for 5h. Poly(isobutyl methacryla te) (PiBMA)and 
mixing arises from strong intramolecular interactions another PiPMA sample (designated as PiPMA-2) were 
between the two different types of segments in the obtained from Scientific Polymer Products Inc. Tahle 1 
copolymer. Poly(alkyl methacrylate)s such as poly(methyl shows the characteristics of the polymers. 

methacrylate) (PMMA), poly(ethyl methacrylate) (PEMA), 
and poly(n-propyl methacrylate) (PnPMA) are miscible 
with poly(styrene-co-acrylonitrile) (SAN) 1-4, poly(~- 
methylstyrene-co-acrylonitrile) (~MSAN) 5 v and poly(p- Table 1 Characteristics of polymers 
methylstyrene-co-acrylonitrile) (pMSAN) 8 over certain 
copolymer composition ranges, showing 'miscibility T, M n Degree of 
windows'. In addition, poly(n-butyl methacrylate) (PnBMA) Polymer CC) (kg mol 1) Mw/'M, polymerization, N 

is miscible with ~MSAN ~ and pMSAN s over rather SMAN3.9" 97 24.3 1.78 240 
narrow copolymer composi t ion ranges, but it is SMAN5.6 96 22.0 1.68 220 
immiscible with SAN 2. SMAN10.3 96 14.7 1.70 150 

In a recent communication, we reported that PMMA is SMAN13.2 96 22.1 1.98 230 
miscible with poly(styrene-co-methacrylonitrile) (SMAN) 9. SMAN 17.1 96 16.9 1.58 180 

SMAN20.4 97 17.0 1.54 180 
The miscibility window is wider than that of the SMAN25.5 98 21.4 1.99 235 
PMMA/SAN system. We now report the miscibility of SMAN27.3 97 18.0 2.33 20(/ 
other poly(alkyl methacrylate)s with SMAN. SMAN30.5 101 25.0 2.10 280 

SMAN35.4 103 21.3 2.22 245 
SMAN40.1 105 17.9 2.33 210 

E X P E R I M E N T A L  SMAN46.6 106 18.7 2.15 225 
SMAN53.0 107 15.7 2.03 195 

Materials SMAN57.8 108 15.4 1.80 195 

Methacryionitrile (Fluka) was purified by passing PEMA 57 56.3 1.87 490 
P n P M A  51 73.0 1.65 570 

through a column packed with hydroquinone remover PiPMA-I 91 161.0 1.56 1260 
(Scientific Polymer Products). Styrene (Fluka) was PiPMA-2 82 41.6 1.80 325 
fractionally distilled at 42°C and 15 mmHg (1 mmHg = PnBMA 36 61.0 1.98 430 
133.3 Pa). Ethyl methacrylate (Scientific Polymer Products), PiBMA 56 144.5 1.68 1020 

"Number  after SMAN denotes weight percentage of MA N in the 
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Table 2 Characteristics of PEMA/SMAN (1:1)blends SMAN53.0 blends had two distinct Tgs, indicating that 
PEMA is immiscible with these SMAN samples. At Number of 

Copolymer Clarity of films glass transitions LCSTbehaviour room temperature, blends of PEMA with SMAN3.9, 
SMAN53.0 and SMAN57.8 were cloudy, but blends of 

SMAN3.9 Cloudy 2 - PEMA with SMAN having MAN contents from 5.6 to 
SMAN5.6 Clear 1 Yes 40.1wt% were transparent. For these clear blends 
SMAN10.3 Clear 1 No 
SMAN17.1 Clear 1 No PEMA/SMAN5.6 ,  PEMA/SMAN35.4  and P E M A /  
SMAN27.3 Clear 1 No SMAN40.1 blends showed LCST behaviour and the 
SMAN35.4 Clear 1 Yes others remained transparent up to 300°C, the highest 
SMAN40.1 Clear 1 Yes temperature allowed by the apparatus. The phase 
SMAN46.6 H a z y  2 - diagram of this system is shown in Figure 1. The 
SMAN53.0 Cloudy 2 - 
S M A N 5 7 . 8  C l o u d y  2 - miscibility range of this system was found to be 

4 . 5 - 4 4 w t %  of MAN, much wider than that  of 
PEMA/SAN blends 2. 

Preparation of blend PnPMA/SMAN blends 
SMAN blends with various polymethacrylates in a Table 3 summarizes the optical appearance, the 

number of glass transitions and the LCST behaviour 
weight ratio of 1:1 were prepared by solution casting of P n P M A / S M A N  blends. PnPMA/SMAN35.4 and 
from tetrahydrofuran. The solvent was allowed to 
evaporate slowly at room temperature. The blend films PnPMA/SMAN40.1 blends were cloudy and two Tgs 
were dried in vacuo first at 60°C for a week and then at were observed in each blend, indicating that PnPMA 
90°C for another  week. is immiscible with SMAN having MAN contents 

>~35.4wt%. Blends of PnPMA with SMAN having 
Characterization MAN contents from 3.9 to 30.5 wt% were clear at room 

temperature and each of them showed one Tg, indicating 
The miscibility behaviour of various blends was miscibility in this composition range. Since PnPMA is 

ascertained using the single glass transition temperature immiscible with polystyrene 2, the miscibility window of 
(Tg) criterion. Tgs of various blend samples were the P n P M A / S M A N  system is then between 3 and 32 wt% 
measured with a Perkin-Elmer  DSC-4 differential 
scanning calorimeter at a heating rate of 20°C min-1  
Since the differences in Tg values between P iPMA and 300 
SMAN samples are less than 20°C, the blends were 
subjected to an annealing process 1°. Each of the 
P iPMA/SMAN blends was first kept at 150°C for 
5min, and then annealed at 65°C for 2 weeks. The 
annealed sample was then scanned. A single enthalpy 200 
recovery peak indicates miscibility. All the clear films at 
room temperature were examined for lower critical - 
solution temperature (LCST) behaviour using the method 
described previously 11. The temperature at which the ~, 
transparent film first showed cloudiness was taken as the ~ 100 
cloud point. 

RESULTS ° ° ° ° ° • • • 

I i I i i The optical appearance of a blend often provides the first 0 , , , , 5'0 60 
clue on miscibility. If the refractive indices of the two 10 2'o 3o 4o 
polymers are sufficiently different, a transparent blend 
indicates that the size of any heterogeneity present is ~AN content (wt%) 
much smaller than the wavelength of visible light. The Figure 1 Phase diagram of PEMA/SMAN (1:1) blends: (©) miscible 
refractive indices of PEMA, PnPMA, PiPMA, PnBMA blend; (O) immiscible blend 
and PiBMA are 1.485, 1.484, 1.552, 1.483 and 1.477, 
respectively, and those of SMAN samples are in the range 
1.52-1.5912. Except for PiPMA, the refractive indices of Table 3 Characteristics of P n P M A / S M A N  (1:1) blends 

the polymethacrylates are very different from those of Number of 
SMAN samples. Thus, the optical clarity of blends other C o p o l y m e r  C l a r i t y  of films glass  transitions LCSTbehaviour 
than those of P iPMA blends can be a good indication 
of miscibility. SMAN3.9 Clear 1 Yes 

SMAN5.6 Clear 1 Yes 
SMAN10.3 Clear 1 Yes 

PEMA/SMAN blends SMANI3.2 Clear 1 Yes 
Table 2 summarizes the optical appearance, the SMAN17.1 Clear 1 Yes 

number  of glass transitions and the LCSTbehaviour of SMAN20.4 Clear 1 Yes 
S M A N 2 5 . 5  C l e a r  1 Yes  

P E M A / S M A N  blends. Each of the blends of PEMA S M A N 2 7 . 3  C l e a r  1 Yes 

with SMAN having M A N  contents between 5.6 and SMAN30.5 Clear 1 Yes 
40.1 wt% had a single T~, indicating miscibility. However, SMAN35.4 Cloudy 2 - 

the PEMA/SMAN3.9,  PEMA/SMAN46.6 and PEMA/  SMAN40.1 Cloudy 2 - 
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of M A N  contents. All the miscible blends showed LCST behaviour  of the annealed blend was examined to find 
behaviour  and the phase diagram is shown in Figure 2. out whether annealing at that  elevated temperature had 

induced phase separation. The phase diagrams of the 
PiPMA/SMAN blends two blend systems are shown in Figures 4 and 5. All the 

As ment ioned earlier, the optical clarity of P i P M A /  miscible blends undergo phase separation when annealed 
S M A N  blends may  not  be taken as an indication of at sufficiently high temperatures. 
miscibility because of the matching in refractive indices 
of P i P M A  and some S M A N  samples. The d.s.c, curves PnBMA/SMAN and PiBMA/SMAN blends 
of annealed P iPMA-1  blends are shown in Figure 3. The All the blends were cloudy. Each of the blends had 
appearance of a single enthalpy recovery peak for some two glass transitions, indicating that S M A N  is immiscible 
blends indicates miscibility. Table 4 summarizes the glass with P n B M A  and PiBMA. 
transit ion behaviour  of various blends. The results clearly 
demonst ra te  the effect of molecular  weight on miscibility. 
P iPMA-1,  which has a higher molecular  weight, shows 
a narrower  miscibility range than PiPMA-2.  

Because of the matching refractive indices of P i P M A  
and SMAN,  the LCSTbehaviour of the blends cannot  
be examined by the usual method.  Instead, the technique ( ~  
of isothermal annealing was used. The sample was first 
annealed at an elevated temperature for 5 min, followed / ,  

by annealing at 65°C for 2 weeks. The glass transit ion J[ 
40.1 / I  \ 

3oo \ ~ . _ ~  
35.4 

3 0 . 5  

.oo _ _ j  cG 17.1 

i 13.2 ~ ~  

100 10.3 ~.__.__._~ J 

- -  f 

• • 5.6 J 

0 I , I , n 4no I I I I I 
1 0 20 30 20 40 60 80 l (X) 120 140 

MAN content (wt%) Temperature (°C) 

Figure2 Phase diagram of PnPMA/SMAN (l:l) blends: (©) miscible Figure3 D.s.c. curves of annealed PiPMA-I/SMAN (l:l) blends 
blend; (O) immiscible blend (number denotes wt% of MAN in the copolymer) 

Table 4 Characteristics of PiPMA/SMAN (1:1) blends 

PiPMA-1/SMAN blend system PiPMA-2/SMAN blend system 

Number of Number of 
Copolymer Clarity of blend glass transitions Clarity of blend glass transitions 

SMAN3.9 Hazy 2 Hazy 2 
SMAN5.6 Hazy 2 Clear 2 
SMAN 10.3 Clear 2 Clear 1 
S M AN 13.2 Clear l Clear 1 
SM AN 17.1 Clear 1 Clear 1 
SMAN20.4 Clear 1 Clear 1 
SMAN25.5 Clear 1 Clear 1 
SMAN27.3 Clear 1 Clear I 
SMAN30.5 Hazy 1 Clear 1 
SMAN35.4 Hazy 1 Clear 1 
SMAN40.1 Hazy 2 Hazy 1 
SMAN46.6 Cloudy 2 
SMAN53.0 Cloudy 2 
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3oo equation 

Zblend ---- YZAB d- (1 --Y)ZAc--y(1 --Y)Zac (1) 

where y is the volume fraction of segment 'B' in the 
copolymer BC. 

• • • • • • • • • For SMAN/polymethacrylate blends, Zblena is expressed 
00 byt eeq at °n 

Zblend = YZMA/MAN q- (1 - -  Y)Zs/MA - -  Y(1 - Y)ZS/MAN (2) 

where y represents the volume fraction of MAN in SMAN 
~" copolymers and subscripts MA, MAN and S denote 

methacrylate, methacrylonitrile and styrene segments, 
respectively. At the miscibility-immiscibility boundary, 
Xblend equals Zcrit, which is given by the following equation: 

1 0 0  I , 210 , I , I , }(N~- 1/2 - I -  N2 1/2)2 (3) 
0 10 30 40 50 t(crit = 

where N 1 and N 2 are the degrees of polymerization for 
MAN content (wt%) the two polymers. In the present work, a value of N of 

220 for SMAN is used to calculate Z~rit as most of the Figure 4 Phase diagram of P iPMA-1/SMAN (1:l) blends: ((3) miscible 
blend; (O)immiscible blend copolymer have N values close to this value. For the 

PEMA/SMAN system, ~(¢rit is taken to be 0.0063 based 
on the N values of 220 and 490 for SMAN and PEMA, 

300 respectively, and ZS/MAN=0.52 (ref. 9). The miscibility 
window is considered at 4.5 and 44wt% of MAN, 
corresponding to y values of 0.043 and 0.43. ~(S/EMA and 
t(EMA/MAN are calculated to be 0.016 and 0.29, respectively. 

• • • • • • • • • • • For the PnPMA/SMAN blend system, gcrit is 0.0060 and 
C • ~ •  • y values are 0.029 and 0.31. ZnPMA/MAN and Z.Pun/s are 
o • then 0.35 and 0.011, respectively. For PiPMA-1/SMAN 

200 i / i  i i i i  i i o ~  i blends, ~(crit is 0.0049 and y values are 0.115 and 0.37. 
XiPMA/S and ~iPMA/MAN are then 0.027 and 0.29, respectively. 
For the PiPMA-2/SMAN blend system, y values are 0.077 
and 0.42, and ~(erit is 0.0076. ~(IPMA/S and ~iPMA/MAN are 
found to be 0.025 and 0.29, respectively, which are in 
excellent agreement with those obtained from the 
PiPMA-1 system. 

The various segmental interaction parameters are 
1000 ' 110 ' 210 ' 310 ' 40' ' 50 summarized in Table 6. For comparison purposes, the Z 

values for the corresponding SAN blends are also shown 
in Table 6. The X values for various methacrylates with 

MAN content (wt%) styrene obtained from SMAN and SAN systems are in 
Figure5 PhasediagramofPiPMA-2/SMAN(l:l)blends:(O)miscible good agreement. These values are small and positive, 
blend; (O)immiscible blend indicating that the interactions are weakly repulsive. 

The interaction decreases slightly in magnitude with 
increasing size of the pendent group of the polymethacrylate 
from methyl to n-propyl. On the other hand, the Z values 

DISCUSSION for various methacrylates with MAN are large, indicating 
strong repulsive interactions. The interaction becomes 

The miscibility behaviour of various polymethacrylates more intense when the pendent group changes from 
with SMAN and SAN is summarized in Table 5. methyl to n-propyl. Nevertheless, these Z values are 
For both systems, the width of the miscibility range smaller than those corresponding methacrylate/AN 
decreases with increasing size of the pendent alkyl group interaction parameters. The Z values obtained from the 
of polymethacrylate. Similar trends were also observed PiPMA/SMAN blend system reveal some interesting 
for polymethacrylates with ~tMSAN 7 and pMSAN 8. 
The polymethacrylate/SMAN blend systems have wider 
miscibility ranges than the corresponding SAN systems. Table 5 Miscibility windows of some binary blends 
Another interesting point is that PiPMA is miscible with 

SMAN SAN SMAN over a rather wide copolymer composition range, (wt% of MAN) (wt% of AN) 
but it is immiscible with SAN and pMSAN. 

P M M A  8-639 9-351 
Segmental interaction parameters 8-302 

9-393 
The miscibility of homopolymer A/copolymer BrC1 _r PEMA 4.5-44 5-302 

blend is commonly explained using a binary interaction PnPMA 2-32 5.5-202 
model 13-~5. Based on the model, the interaction PiPMA-1 12-38 Immiscible 
parameter (gblend) for a blend system is related to three PiPMA-2 8-43 
segmental interaction parameters by the following PnBMA Immiscible Immiscible 
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Table6 SegmentalinteractionparametersforSMANandSANblends be pred ic ted  using a n o n - h y d r o g e n - b o n d e d  solubi l i ty  
p a r a m e t e r  (8) approach .  Since the 6 value of  a copo lymer  

Polymer blend system SMAN system SAN system s varies with its compos i t ion ,  there will be a range of 

PMMA ZMMA/S -- 0.03 ZMMA/S=0.03 copo lymer  compos i t ions  over  which their  6 values are 
XMMA/MAN =0.19 ZMMA/AN =0.46 closely ma tc he d  to tha t  of the h o m o p o l y m e r ,  giving rise 
Zs..mAN =0.52 ZS/AN=0"829 to miscibil i ty.  We  have ear l ier  found that  the miscibi l i ty  

PEMA ZEmA/S=0.016 X~n/S=0.016 window for P M M A / S M A N  blend system predic ted  
ZEmA,'mAn--0.29 ~EMA/AN=0"57 by the 6 a p p r o a c h  is in good  agreement  with our  

PnPMA Z,pmA/S=0.011 Z ,Pma/s=0 .013  exper imenta l ly  observed  range 9. The 6 values of S M A N  
g,Pma.maN =0'35 Z-PmAaN =0"65 are in the range 19.4~24.3JX/Zcm -3/2, and  those of 

PiPMA-1 Z~PmA.S--0.027 P E M A ,  P n P M A ,  P i P M A ,  P n B M A  and  P i B M A  are 
Z~pmA/mAn ~0.29 18.2, 17.9, 17.4, 17.8 and 17.4J~/Zcm -3/2, respectively. 

PiPMA-2 ZiPMA, S=0.025 The miscibi l i ty  ranges for var ious  m e t h a c r y l a t e / S M A N  
ZiPNA, MAY ~0.29 blend systems can then be pred ic ted  using c o m p u t e r  

software deve loped  by C o l e m a n  et al. and  assuming a 
mode ra t e  h y d r o g e n - b o n d i n g  interact ion.  The results are 
summar ized  in Table 7. The predic ted  miscibi l i ty  ranges 

Table 7 Miscibility ranges predicted by the ~ approach ~v for blends of S M A N  with P E M A  and P n P M A  are in 
fairly g o o d  agreement  with our  observed  results. The  

Miscibility range (wt% MAN) a p p r o a c h  predicts  that  S M A N  is miscible with P n B M A  
and  immiscible  with P i P M A .  However ,  these predic t ions  Predicted Observed 
con t rad ic t  our  exper imenta l  results. 

PMMA 2-60 8-63 
PEMA 3-50 4.5-44 
PnPMA 6-42 2-32 A C K N O W L E D G E M E N T  

PnBMA 9 34 Immiscible F inanc ia l  suppor t  of this research by the N a t i o n a l  
PiPMA Immiscible 12 38; 8-43 
PiBMA Immiscible Immiscible Univers i ty  of S ingapore  is grateful ly acknowledged .  
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