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in eq A.6 are reported3 as being B = 1.0  and uf,cr2 = 0.066. 
The variations of k, with w, for MMA at 50 “C predicted 

by the above three models are compared with the exper- 
imentally observed variation’ in Figure 4.  It  is seen that 
none of the above variants of free volume theory gives an 
adequate description of diffusion-controlled propagation. 
This is further illustrated by the fact that a value of k, = 
4.9 dm3 mol-l s-l is extrapolated for w, = 1.0 (pure poly- 
mer) from the experimental measurements1 (see eq l ) ,  
whereas the Soh-Sundberg model (eq A . l  and A.2) gives 
lz = 1.5 X dm3 mo1-ls-l for this w , the Marten and 
damielec model (eq A.6) 1.4 X dmPmo1-l s-l, and the 
Stickler model (eq A.l and A.5) 6.7 X dm3 mo1-ls-l 
(the relatively good agreement in this case between the 
Stickler prediction and experiment is redressed by the 
inability of this model to predict the point of onset of 
diffusion control [see Figure 41). This level of agreement 
is extremely poor, especially when it is considered that 
these models (with the exception of that of Soh and 
Sundberg) contain adjustable parameters. 

While many variations of the three models for k, exist, 
all of these appear to concentrate on the variation of the 
adjustable parameters with experimental conditions (e.g., 
temperature and initiator type). The equations that result 
are therefore comparable to, if not identical with, one of 
the above types. Another common practice3s5 is to use the 
“universal” free volume expressions of Kelley and Bueche% 
in lieu of those used above (eq A.4). This practice could 
not be adopted for the present calculations because the 
Kelley-Bueche equations yield a negative value for vfp for 
poly-MMA at 50 OC, which is physically impossible. 

Registry No. MMA, 80-62-6; AVN, 4419-11-8; AIBN, 7867-1; 
LPO, 105-74-8. 
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ABSTRACT Differential scanning calorimetry was used to determine the miscibility behavior of poly(methy1 
methacrylate) (PMMA)/chlorinated polymer blends. Nine PMMA’s differing in tacticity were blended with 
three chlorinated polymers: poly(viny1 chloride) (PVC), a chlorinated PVC having a chlorine content of 68% 
(CPVC), and Saran, which is a random copolymer of vinyl chloride (12%) and vinylidene chloride (88%). 
The results show that all these PMMA’s are miscible with PVC, CPVC, and Saran under proper thermal 
treatments and especially a t  298 K. They all exhibit a lower critical solution temperature (LCST) which varies 
as a function of the microstructure of PMMA and the chlorine content of the chlorinated polymer. This LCST 
increases with the syndiotactic content for PMMA’s blended with PVC or CPVC but decreases with the 
syndiotactic content of PMMA for Saran/PMMA blends. An increase in the chlorine content of the chlorinated 
polymer results in a decrease of the temperature of phase separation except for highly isotactic PMMA where 
the temperature of phase separation increases with the chlorine content. When the sample is annealed between 
its LCST and its Tg, miscibility is obtained. When the sample is annealed above its LCST, phase separation 
occurs. Correlations are made between the phase behavior of these polymer blends and the specific interactions 
occurring between them. 

Introduction 
A large number of aliphatic and aromatic polyesters are 

miscible with chlorinated polymers, including poly(viny1 

0024-9297/SS/2221-2148$01.50/0 

chloride) (PVC), chlorinated PVC (CPVC), and Saran (a 
statistical copolymer containing at least 80% of vinylidene 
chloride co-units).l-s The miscibility of these blends is due 

0 1988 American Chemical Society 



Macromolecules, Vol. 21, No. 7, 1988 

to the presence of specific interactions between the car- 
bonyl groups of the polyester and the chlorinated polymer, 
the exact nature of these interactions being still under 
in~estigation.~-"~~ 

Several polymethacrylates have also been reported to 
give miscible blends with chlorinated polymers. Walsh et 
al."413 have observed that chlorinated polyethylene/ poly- 
(methyl methacrylate) (CPE/PMMA) blends are miscible 
if the chlorine content of the former is larger than 49%. 
Furthermore, Walsh and McKeown14 have found that PVC 
is miscible with poly(methy1 methacrylate), poly(ethy1 
methacrylate), poly(n-propyl methacrylate), poly(n-butyl 
methacrylate), poly(n-amyl methacrylate), and poly(n- 
hexyl methacrylate), despite an earlier report claiming the 
immiscibility of PVC/PMMA blends.ls With use of dif- 
ferential scanning calorimetry, Tremblay and Prud'hom- 
me16 have demonstrated that a high chlorine content for 
the chlorinated polymer and an optimum CH,/COO ratio 
for the polymethacrylate are necessary requirements to 
obtain miscibility. The latter condition defines the pres- 
ence of a "miscibility window" in those systems. At high 
and low COO concentrations, immiscibility is observed. At 
intermediate COO concentrations, inside the "miscibility 
window", miscibility is found. Walsh and Chengl' reached 
the same conclusion by measuring heats of mixing of ol- 
igomeric analogues of various polyacrylates and poly- 
methacrylates with PVC. Their results were interpreted 
by considering the dispersive forces and specific interac- 
tions contributions to the heat of mixing, this latter con- 
tribution overcoming the unfavorable contribution of the 
former. 

The tacticity of PMMA also seems to have a great in- 
fluence on its miscibility with chlorinated polymers. 
Schurer et al.lS have shown that isotactic PMMA and PVC 
form an inhomogeneous system over the entire composition 
range whereas blends of syndiotactic PMMA and PVC give 
an homogeneous mixture up to a composition corre- 
sponding to a ratio of repeat units of about 1:l. In contrast, 
using the method of thermally stimulated depolarization 
currents, Vanderschueren et al.19 have reported a certain 
degree of miscibility of blends of syndiotactic PMMA with 
PVC only a t  PMMA concentrations smaller than 10%. 
Using pulsed NMR and nonradiative energy-transfer 
measurements, Albert et al." have observed heterogeneities 
in PVC/syndiotactic PMMA blends and emphasized the 
importance of factors such as the method of mixing, tac- 
ticity, molecular weight, and polydispersity upon the 
homogenization of the system. Finally, Woo et a1.21 found 
that Saran is miscible with atactic and isotactic PMMA. 

The occurrence of a phase separation between PMMA 
and various chlorinated polymers upon an increase in 
temperature has been reported by Walsh et al.12*22 These 
authors observed in many systems a lower critical solution 
temperature (LCST) that increases with the chlorine 
content of the chlorinated polymer. Also, Jager et aLZ3 
have reported that atactic PMMA blended with PVC is 
miscible at all compositions when treated a t  333 K. Melt 
blending at 453 K leads to phase separation. The equi- 
librium LCST of this blend was also shown to increase with 
the decrease of the molecular weight of one or both poly- 
mers in the mixture. 

The occurrence of a LCST seems to be also related to 
the tacticity of PMMA. In a recent study, Vorenkamp et 
al.24 have shown that not only atactic PMMA but also a 
syndiotactic PMMA and three isotactic PMMA's, having 
similar tacticities but different molecular weights, show 
a LCST behavior and can be made miscible with PVC if 
a proper molecular weight is chosen, provided that blends 
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Table I 
Characterization of the  Polymers 

tacticity M,, Mw/ 
polymer acronym (i:h:s) kg/mol M ,  Tg, K 

poly(methy1 
methacrylate) 
isotactic ISO-1 1OO:O:O 294 7.4 327 

ISO-2 85:15:0 45 5.6 320 
ISO-3 63:24:13 291 3.0 329 
ISO-4 46:33:21 120 3.0 332 

atactic ATA-1 15:39:46 84 1.8 356 
syndiotactic SYN-1 5:26:69 92 1.4 372 

SYN-2 4121~75 111 1.7 377 
SYN-3 01882 117 1.1 399 
SYN-4 3:14:83 84 1.2 405 

chlorinated polymer 
poly(viny1 chloride) PVC 80 345 
chlorinated PVC CPVC-68 215 2.3 388 
Sarann 100 2.3 280 

ORandom copolymer of vinyl chloride (12%) and vinylidene 
chloride (88%) 

are prepared or annealed below the temperature of phase 
separation. Differences in phase behavior of these different 
systems were ascribed to differences in free volumes be- 
tween the various PMMA's, which is also function of 
molecular weight. 

This latter study then suggests a regular variation of 
LCST with the tacticity of PMMA. It  also suggests, in- 
directly, that other chlorinated polymers can be miscible 
with those PMMA's if they are prepared under proper 
conditions. I t  is then the purpose of this paper to study 
the miscibility behavior of several chlorinated polymer/ 
poly(methy1 methacrylate) blends. More specifically, 
blends have been prepared from nine PMMA's greatly 
differing in tacticity and from PVC, chlorinated PVC, and 
Saran. Their miscibility and phase separation behavior 
have been estimated from their glass transition tempera- 
ture as a function of composition, using differential scan- 
ning calorimetry. 

Experimental Section 
Table I lists the poly(methy1 methacrylates) and the chlorinated 

polymers used in this study. Two isotactic PMMA samples were 
obtained from Polymer Laboratories (ISO-1 and ISO-2) while the 
atactic sample (ATA-1) was supplied by Fisher Scientific. Every 
other stereoregular PMMA sample was prepared by anionic po- 
lymerization under anhydrous conditions in a tolueneltetra- 
hydrofuran cosolvent mixture by using (a-methylstyry1)lithium 
as initiator. A careful control of the temperature and cosolvent 
ratio enables one to prepare PMMA samples with a specific tactic 
content.25 Poly(viny1 chloride) (PVC) was obtained from Shaw- 
inigan Chemicals while the chlorinated PVC, containing 68 wt 
% chlorine, was supplied by Chloe Chimie. The Saran, which 
is a random copolymer of vinyl chloride and vinylidene chloride, 
contained 88% of the latter repeat unit and was purchased from 
Polysciences Chemical Co. 

The tacticity of the PMMA samples was determined by nuclear 
magnetic reaonance from 10% o-dichlorobenzene solutions, a t  408 
K, with a Varian XL-200 instrument.26 Molecular weights were 
determined by size exclusion chromatography (SEC) using k- 
styragel columns and a Waters chromatograph. The measure- 
ments were conducted a t  298 K in tetrahydrofuran, and the 
apparatus was calibrated with polystyrene standards. 

Blends were prepared by slowly casting films from solution by 
using distilled tetrahydrofuran. In all cases, solvent evaporation 
was conducted a t  room temperature. The resulting films were 
removed from petri dishes and dried in a vacuum oven a t  room 
temperature until they reached constant weight. 

Differential scanning calorimetry (DSC) measurements were 
conducted with a Perkin-Elmer DSC-4 apparatus equipped with 
a TADS microcomputer. The DSC was calibrated with ultrapure 
indium. The glass transition temperatures, Tg, reported in this 
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paper were recorded at the half-height of the corresponding heat 
capacity jump. 

After their insertion in the DSC apparatus, all samples were 
first cooled to 268 K and maintained at that temperature for 5 
min. A first scan was made at a heating rate of 40 K/min, up 
to 423 K. Each sample was maintained 3 min at that temperature 
in order to remove the last traces of solvent and quenched to 268 
K. It was again left 5 min at this temperature before a second 
scan was performed at a heating rate of 20 K/min. The Tis 
reported in this paper were always recorded during the second 
scan. A third scan was run on some selected samples to check 
the reproducibility of the measured values. 

In this paper, the following terminology is retained a sample 
is considered miscible if it gives at each composition a single Tg 
intermediate between those of the individual components. Thus, 
a sample exhibiting two Tis at a given composition is considered 
immiscible, even if the pwibility of observing a single Tg at other 
compositions is not excluded. 

The phase separation occurring between PMMA's and chlo- 
rinated polymers was studied with the following annealing cycle. 
The samples were first cooled to 268 K and maintained at that 
temperature for 5 min. A first scan was made at a heating rate 
of 40 K/min, up to an annealing temperature superior by 10 K 
to the highest Tg of the homopolymers considered. Each sample 
was maintained 3 min at that temperature and quenched to 268 
K. It was again left 5 min at this temperature before a second 
scan was performed at a heating rate of 40 K/min, the annealing 
temperature for this additional scan being 10 K higher than the 
annealing temperature of the previous scan. Such a heating- 
cooling cycle was repeated until two well-defined Tis could be 
observed. The annealing temperature at which two Tis begin 
to be observed corresponds approximately to the temperature 
where phase separation occurs. 

Results 
Table I1 gives Te values of PVC/PMMA blends pre- 

pared at  an annealing temperature of 423 K. According 
to the single Tg criterion, PVC blends with ISO-3, ISO-4, 
ATA-1, SYN-1, SYN-2, SYN-3, and SYN-4 are found 
miscible while the others are immiscible. 

However, we note for PVC/ISO-3, PVC/ISO-4, and 
PVC/ATA-1 blends that the Tg's of the respective hom- 
opolymers are separated by less than 20 K. A careful 
examination of the DSC curves do not show any indication 
of the presence of a second Tg at  the temperatures where 
the Tg's of the two homopolymers are expected. In con- 
trast, the PVC/ISO-1 blends exhibit two Tis as a function 
of composition. These latter blends are, therefore, con- 
sidered immiscible with the formation of two phases com- 
posed almost entirely of pure PMMA and pure PVC. 

The PVC/ISO-2 blends also exhibit two Tis,  one which 
is close to that of the PVC homopolymer and another 
which is composition-dependent. This sort of result in- 
dicates that these immiscible blends are in fact composed 
of a pure PVC homopolymer phase and of a PMMA-rich 
phase, in which some PVC is dissolved. 

Table I11 gives Tg values of CPVC/PMMA blends pre- 
pared at an annealing temperature of 423 K. Every 
CPVC/syndiotactic PMMA blend is found miscible while 
the CPVC/ISO-2, CPVC/ISO-3, CPVC/ISO-4, and 
CPVC/ATA-1 blends are immiscible in agreement with 
previously published r e ~ u l t s . ' ~ ~ ~ ~  These latter mixtures do 
not necessarily exhibit two T 's at every composition. For 
instance, CPVC/isotactic PI'vfMA blends show two T 's at  
CPVC contents of 50 and 75% but only one Tg at  a ChVC 
content of 25%. 

Table IV gives Tg values of Saran/PMMA blends pre- 
pared at  an annealing temperature of 423 K. The Sar- 
an/ISO-2, Saran/ISO-3, Saran/ISO-4, and Saran/ATA-1 
blends exhibit a single Tg intermediate between those of 
the respective homopolymers and are, therefore, miscible. 
These results are then in agreement with the published 

Table I1 
DSC Analvsis of PVC/PMMA Blends 

PVC in transition 
PMMA blend, wt % T8, K width, deg 
ISO-1 100 345 
ISO-1 
ISO-1 
ISO-1 
ISO-1 
180-2 
ISO-2 
ISO-2 
ISO-2 
ISO-2 
ISO-3 
ISO-3 
ISO-3 
ISO-3 
ISO-3 
ISO-4 
ISO-4 
ISO-4 
ISO-4 
ISO-4 
ATA-1 
ATA-1 
ATA-1 
ATA-1 
ATA-1 
SYN-1 
SYN-1 
SYN-1 
SYN-1 
SYN-1 
SYN-2 
SYN-2 
SYN-2 
SYN-2 
SYN-2 
SYN-3 
SYN-3 
SYN-3 
SYN-3 
SYN-3 
SYN-4 
SYN-4 
SYN-4 
SYN-4 
SYN-4 

75 
40 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
74 
50 
25 
0 

100 
75 
49 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

349,327 
355,334 
348, 329 

327 
345 

348, 335 
348, 330 
342, 325 

320 
345 
343 
341 
333 
329 
345 
341 
344 
342 
332 
345 
353 
350 
354 
356 
345 
358 
361 
382 
372 
345 
370 
367 
383 
377 
345 
361 
363 
391 
399 
345 
363 
373 
395 
405 

23 
16, 2 1  
20, 27 
18, 18 

25 
23 

21, 16 
18, 13 
15, 22 

19 
23 
24 
37 
30 
26 
23 
31 
37 
37 
27 
23 
28 
40 
36 
19 
23 
22 
19 
44 
19 
23 
24 
19 
36 
17 
23 
20 
45 
37 
19 
23 
24 
24 
14 
18 

data of Woo et aLZ1 In contrast, Saran/SYN-1 blends show 
two TB) at  Saran contents of 49 and 25% but only one at  
a Saran content of 75%. In this latter case, the broadness 
of the transition width is such that dispersion at  the mo- 
lecular level is not ascertained. We must keep in mind that 
the scale of the Tg measurement is of the order of 15 nmB 
and that the observation of a single Tg does not necessarily 
imply that the two polymers are dispersed at the molecular 
level. Every other Saran/syndiotactic PMMA blends 
clearly show two Tis at  every composition studied and are 
thus considered immiscible. 

The phase behavior reported above refers to samples 
that were annealed at  423 K before analysis. As has been 
mentioned in the Introduction, blends with PMMA often 
exhibit a LCST12s22-24 and different thermal treatments 
should lead to different observations. This possibility was 
checked by DSC with selected samples. 

Figure 1 gives the thermograms of a PVC/ISO-2 blend 
having an ISO-2 content of 75%, a mixture which was 
reported immiscible in Table 11. The thermograms ob- 
tained after annealing at 353,363, and 373 K show a single 
Tg which is relatively broad. However, two distinguishable 
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Table I11 
DSC Analysis of CPVC/PMMA Blends 

CPVC in transition 
PMMA blend, wt % Tg, K width, deg 
ISO-2 100 388 27 
ISO-2 
ISO-2 
ISO-2 
ISO-2 
ISO-3 
ISO-3 
ISO-3 
ISO-3 
ISO-3 
ISO-4 
ISO-4 
ISO-4 
ISO-4 
ISO-4 
ATA- 1 
ATA-1 
ATA-1 
ATA-1 
ATA-1 
SYN-1 
SYN-1 
SYN-1 
SYN-1 
SYN-1 
SYN-2 
SYN-2 
SYN-2 
SYN-2 
SYN-2 
SYN-3 
SYN-3 
SYN-3 
SYN-3 
SYN-3 
SYN-4 
SYN-4 
SYN-4 
SYN-4 
SYN-4 

75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

15 
50 
25 
0 

100 
75 
50 
25 
0 

100 ' 

382, 335 
385,327 

323 
320 
388 

381, 334 
378, 341 

331 
329 
388 

381, 331 
375,334 

337 
332 
388 
382 

385, 361 
368 
356 
388 
384 
385 
388 
372 
388 
377 
382 
380 
377 
388 
387 
384 
385 
399 
388 
402 
404 
401 
405 

40, 31 
23, 15 

15 
19 
27 

30, 26 
19, 35 

48 
26 
27 

30, 24 
14, 26 

41 
27 
27 
28 

7, 24 
27 
19 
27 
39 
30 
32 
19 
27 
33 
23 
25 
17 
27 
30 
26 
29 
19 
27 
17 
17 
20 
18 

g 
Y 

I -  
8 
L 

/ 

3 1 0  320 330 3 4 0  3 5 0  360 370 380 390 
TEMPERATURE (K) 

Figure 1. DSC thermograms of PVC/ISO-2 (25/75) blends which 
were annealed 3 min at the indicated temperature before 
quenching and scanning. 

Tg's appear between 383 and 483 K. Therefore, a ther- 
mally induced phase separation occurs for this blend a t  
a temperature between 373 and 383 K. 

Similar experiments were conducted with other blends 
and other compositions. Figure 2 illustrates the phase 
behavior of PVC/ISO-2 and PVCISYN-4 blends as a 
function of composition. For PVC/ISO-2 blends, a tem- 

Table IV 
DSC Analysis of Saran/PMMA Blends 

Saran in transition 
PMMA blend, wt % T., K width, dea 
ISO-2 
ISO-2 
ISO-2 
ISO-2 
ISO-2 
ISO-3 
ISO-3 
ISO-3 
ISO-3 
ISO-3 
ISO-4 
ISO-4 
ISO-4 
ISO-4 
ISO-4 
ATA-1 
ATA-1 
ATA-1 
ATA-1 
ATA-1 
SYN-1 
SYN-1 
SYN-1 
SYN-1 
SYN-1 
SYN-2 
SYN-2 
SYN-2 
SYN-2 
SYN-2 
SYN-3 
SYN-3 
SYN-3 
SYN-3 
SYN-3 
SYN-4 
SYN-4 
SYN-4 
SYN-4 
SYN-4 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
49 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

100 
75 
50 
25 
0 

280 
292 
300 
305 
320 
280 
284 
295 
328 
329 
280 
292 
300 
342 
332 
280 
296 
317 
326 
356 
280 
283 

285, 375 
282, 317 

372 
280 

308, 393 
316, 387 
321, 382 

317 
280 

319, 375 
321, 386 
314, 396 

399 
280 

287, 396 
284, 379 
288, 376 

405 

16 
18 
25 
25 
19 
16 
22 
24 
22 
26 
16 
34 
20 
26 
21 
16 
20 
36 
25 
19 
16 
34 

32, 15 
24, 16 

19 
16 

39, 20 
38, 18 
40, 14 

17 
16 

48, 25 
44, 31 
39,42 

19 
16 

28, 11 
29, 17 
21, 10 

18 

perature of phase separation (Td) is observed a t  each 
composition in the 368-378 K range. Furthermore, this 
phase separation occurs a t  sufficiently low temperatures 
to permit the observation of two distinguishable T i s  a t  
all compositions for an annealing temperature (T,) of 423 
K, thus confirming the immiscibility behavior reported in 
Table 11. However, when these blends are annealed at a 
temperature that is lower than the temperature of phase 
separation, one obtains a single composition-dependent Tg 
intermediate between those of the corresponding homo- 
polymers. 

Figure 2 illustrates a similar phase behavior with 
PVC/SYN-4 blends. In this case, the temperature of 
phase separation is in the 438-448 K range. This tem- 
perature of phase separation appears well above the an- 
nealing temperature of 423 K used before, and, therefore, 
a single Tg was observed a t  all compositions for an an- 
nealing temperature of 423 K. 

These two series of measurements suggest that the 
presence of a LCST may be a general phenomenon in these 
systems and that miscibility may be found in all cases if 
an appropriate thermal treatment is used. In order to 
verify this assumption, we carried out similar measure- 
ments using ISO-2, ISO-3, ISO-4, ATA-1, and SYN-4 
PMMA's blended with PVC, CPVC, and Saran and their 
phase behavior was estimated at three different compo- 
sitions. The temperatures of phase separation recorded 
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Figure 2. Phase behavior of PVC/ISO-2 and PVC/SYN-4 blends 
as a function of composition. T, is the glass transition temper- 
ature, T d ,  the temperature of phase separation, and T,, the an- 
nealing temperature. 

Table V 
Demixing Temperatures (Td) Recorded fur Chlorinated 

Polvmer/PMMA Blends 
Td, 

PMMA % PMMA PVC CPVC Saran 
ISO-2 25 

50 
75 

ISO-3 25 
50 
75 

ISO-4 25 
50 
75 

ATA-1 25 
50 
7 5  

SYN-4 25 
50 
75 

368 
373 
378 
438 
418 
418 
438 
428 
448 
428 
418 
428 
448 
438 
448 

388 
398 
418 
408 
398 
408 
388 
388 
428 
438 
418 
428 
468 
448 
448 

458 
438 
448 
468 
428 
433 
428 
438 
438 
438 
428 
428 
418 
398 
388 

for these systems are given in Table V. From this table, 
one can see that, indeed, a temperature of phase separation 
is detected in each system. In addition, it is not, for a given 
polymer blend, strongly dependent upon its composition. 
Average temperatures instead of the individual Td’S can 
then be used, for each blend, in order to simplify the 
discussion. 

Therefore, Figure 3 gives the average T d ’ s  obtained for 
these blends against the meso diad content in PMMA. 
PVC/PMMA and CPVC/PMMA blends behave in a sim- 
ilar manner: an increase in the meso diad content of 
PMMA leads to a decrease of the average T d .  This is in 
agreement with previously published data reporting a 
decrease of the LCST of PVC/PMMA blends when going 
from a syndiotactic, to an atactic, to an isotactic 
PMMA.23,24 Figure 3 also shows that an increase in the 
chlorine content of the chlorinated polymer blended with 
PMMA results in a decrease of the average T d .  There is 
an exception to this general trend: the average T d  of the 
blend involving the highly isotactic PMMA increases with 
the chlorine content. 

As for Saran/PMMA blends, an increase in the meso 
diad content of PMMA results in an increase of their 

470 I 

3701 

3301 

B 
1 

20 40 60 80 

% MESO DlADS 

Figure 3. Variation of the phase separation temperature (Td)  
of chlorinated polymer/PMMA blends as a function of the PMMA 
meso diad content. 

average temperatures of phase separation. This increase 
is quite considerable if we compare Saran/SYN-4 with 
Saran/ISO-4 blends. Furthermore, this tendency is just 
the reverse of that noticed with PVC and CPVC, T d  in- 
creasing with the meso diad content in the former case and 
decreasing in the two latter cases. 

Discussion and Conclusions 
The above results clearly show that all PMMA’s, 

whatever their tacticity, can be rendered miscible with 
PVC, CPVC, and Saran under proper thermal treatments. 
Miscibility is maintained as long as these blends are an- 
nealed between Tg, at  low temperatures, and the tem- 
perature of phase separation, or Td, at high temperatures. 
This temperature gap varies with PMMA tacticity and 
composition of the blends and is comprised within 20-40 
K for PVC/PMMA blends, 10-50 K for CPVC/PMMA 
blends, and 10-130 K for Saran/PMMA blends. 

Temperatures of phase separation have been obtained, 
in the literature, by various methods such as optical mi- 
croscopy and light scattering. These methods are appro- 
priate when there is a fair difference in refractive index 
between the polymers involved or when the size of the 
dispersed phase is large enough to scatter a significant 
amount of light. They have been shown to be most useful 
with, for example, mixtures of poly(styrene) (PS) and 
poly(viny1 methyl ether) (PVME)29 where the refractive 
indexes (n) of the pure components at 293 K are 1.590 and 
1.466, respectively. However, numerous attempts to apply 
these methods with PVC/PMMA, CPVC/PMMA, and 
Saran/PMMA blends have given no results which can be 
partly related to a small refractive index difference be- 
tween PVC (n = 1.540) and PMMA (n = 1.495) which does 
not allow a satisfactory estimation of the cloud-point 
curve.3o The DSC method used in this paper to detect Tis 
is certainly more tedious than these other methods, but 
it is a t  the same time more sensitive since it cannot only 
detect the T but also detect the beginning of phase sep- 
aration long Lefore it is macroscopically evident through 
turbidity  measurement^.^^ 

This latter advantage might explain the fact that, in 
some cases, the T i s  measured by DSC are slightly lower 
than the LCSTs reported in the literature. For instance, 
Woo et aL21 studied blends of a Saran with three PMMAs, 
one of them being isotactic while the two others were 
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teractional contribution which is associated with the con- 
tact-energy dissimilarity between the components and a 
free-volume contribution which follows from a difference 
in the thermal expansion of the compounds. Phase sep- 
aration takes place on raising the temperature of a blend 
because the free volume contribution becomes more pos- 
itive and the interactional contribution is less negative 
owing to the dissociation of the specific interactions that 
are, in part, responsible for the miscibility of most poly- 
mers. Therefore, the observation of a phase separation 
with an increase of the temperature can be related to a 
balance of these two contributions. 

Miscibility between chlorinated polymers and PMMA 
is then due, in part, to the presence of specific interactions 
between these two series of polymers. These specific in- 
teractions must be sufficiently strong to counteract the 
intramolecular hydrogen bonding between chlorinated 
polymer chains and the self-aggregation occurring in syn- 
diotactic PMMA under proper  condition^.^^!^^ The nature 
of these specific interactions have been thoroughly dis- 
cussed in previous papers related to the miscibility be- 
havior of chlorinated polymers blended with polyesters or 
polymetha~rylates.~,'J~J~ It was then suggested that hy- 
drogen-bonding interactions involving either the a-hy- 
drogen or the @-hydrogen atoms of the chlorinated poly- 
mers and the carbonyl groups of PMMA were competing 
along with dipole-dipole interactions between the C1- 
C-C1 and C=O groups so as to ensure miscibility. A 
minimum chlorine content of the chlorinated polymer is 
a necessary requirement to favor such specific interactions 
and, therefore, miscibility. 

This approach complements nicely the interpretation 
of Walsh and Cheng,17 who consider dispersive forces ov- 
erwhelmed by specific interactions as contributors to the 
heat of mixing. A third approach39 indicates that polymers 
may be miscible even when none of the interaction pa- 
rameters between individual units is negative; thus an 
exothermic heat of mixing can be obtained if the repulsive 
intramolecular interactions from the subunits compensate 
unfavorable intermolecular contacts.40 

Unfortunately, these models do not take into account 
the influence of tacticity upon miscibility. However, the 
importance of this parameter has been outlined by Balazs 
et a1.,4l who introduced chemical triad sequence distribu- 
tions in their model. A variation of tacticity of the PMMA 
chain influences its flexibility and the chemical environ- 
ment of the chlorinated polymer chain in the blends. So, 
the difference in flexibility between the various tactic forms 
of PMMA has to be responsible for the difference in 
miscibility with chlorinated polymers as was proposed by 
Vorenkamp et al.24 Different methods were applied to 
study the various tactic forms of PMMA,4z-M and all show 
that the flexibility of the isotactic chain is greater than that 
of the syndiotactic chain which must be related to the fact 
that isotactic PMMA has a conformation of lowest energy 
corresponding to a 10/1 helix having a pitch of 21.1 A while 
syndiotactic PMMA shows an all-trans conformation with 
torsion angles that accentuate the curvature of the syn- 
diotactic s e q ~ e n c e . ~ ~ - ~ ~  With use of Flory's equation of 
state theory, this difference in chain flexibility can be 
related to differences in free volume between the different 
tactic forms of PMMA and the chlorinated polymer, as 
done by Vorenkamp et al.24 

This paper describes the evolution of the phase behavior 
of chlorinated polymer/PMMA blends as a function of 
tacticity and chlorine content. A more theoretical study 
is currently under way so as to predict this phase behavior 
by modelizing the respective contributions of the chlorine 

Table VI 
Miscibility Behavior of Chlorinated Polymer/Poly(methyl 
methacrylate) Blends after Annealing at 423 K for 3 Min" 

PMMA Saran PVC CPVC 
ISO-1 
ISO-2 
ISO-3 
ISO-4 
ATA-1 
SYN-1 
SYN-2 
SYN-3 
SYN-4 

I 
M I 
M M 
M M 
M M 
I M 
I M 
I M 
I M 

I 
I 
I 
I 
M 
M 
M 
M 

a Abbreviations: I, immiscible; M, miscible. 

atactic. They observed a cloud-point curve occurring in 
the vicinity of 440-460 K for Saran/isotactic PMMA in 
agreement with the average temperature of phase sepa- 
ration of Saran/ISO-2 blends reported herein at  453 K. 
However, the average Td of 433 K that we obtained for 
Saran/ATA-1 blends is low comparatively to the cloud- 
point curve of Saranlatactic PMMA blends reported by 
these authors that appears between 450 and 500 K. This 
discrepancy might not only be related to differences in 
sensitivity of the two methods but also to slight differences 
in the copolymer composition and methods of preparation 
of blends. 

Table VI summarizes the miscibility behavior of the 25 
chlorinated polymer/PMMA blends investigated in this 
work after annealing at  423 K. According to the single-T, 
criterion, 15 of them were found to be miscible. It is clear 
from this table that the choice of a particular thermal 
treatment for these blends normally leads to miscibility 
of a fraction of the mixtures, except if the thermal treat- 
ment is done below 368 K, which is the lowest T d  recorded 
that would lead to the miscibility of each blend. Table VI 
also gives an indication of the importance of the micros- 
tructure of PMMA toward the phase behavior of chlori- 
nated polymer/PMMA blends, the selection of a proper 
thermal treatment becoming somehow arbitrary if the 
tacticity of the PMMA used in preparing a blend is not 
known. 

The influence of the tacticity of PMMA is clearly il- 
lustrated in Figure 3. The substitution of syndiotactic 
PMMA for isotactic PMMA in PVCIPMMA blends raises 
the LCST of the blend by about 70 K while a similar 
substitution in CPVC/PMMA blends increases the LCST 
of the blend by nearly 50 K. On the other hand, such a 
substitution in Saran/PMMA blends results in a decrease 
of the LCST by almost 50 K. Thus, Figure 3 enables one 
to predict the phase behavior of a chlorinated polymer/ 
PMMA blend providing that the microstructure, the 
chlorine content, and the thermal history of the blend are 
known. However, Figure 3 does not provide any infor- 
mation on the effects of molecular weight and polydis- 
persity. Nevertheless, the influence of these parameters 
is rather well-known,32-34 they should not strongly influence 
the general trends observed as a function of microstructure; 
however, Td's are expected to decrease with molecular 
weight such that lower molecular weights should increase 
the miscibility gaps reported herein. For instance, an 
increase in molecular weight of isotactic PMMA from 8000 
to 17500 decreases the LCST of a PVC/PMMA blend 
from 453 to 443 KeZ4 

The phase separation seen in each of these chlorinated 
polymer/PMMA mixtures can be explained by a variation 
of the thermodynamic interaction parameter x which be- 
comes positive above the LCST. According to Patter- 

x can be expressed by two contributions: an in- 
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