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Abstract

This study introduces a technique developed for the quantitative measurement of the kinetics of dispersed phase particle coalescence in
polymer blends. The method has been shown to be useful and reproducible for the study of morphology development and stability in polymer
melt blending. Using this technique, we examined the relative importance of reactive compatibilizers, shear history and matrix phase
viscosity on the morphological stability of PC/SAN blen@s1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction low temperature toughness [1-5,16]. However, these
uncompatibilized PC/ABS blends undergo significant
Multiphase polymer blends have become commercially dispersed phase particle coalescence in the melt state
important for a variety of applications (e.g., automotive, under certain molding conditions, and this leads to a signif-
electronics, etc.) and one of the most successful of these isicant deterioration of the properties of the blend. Thus, mini-
mixtures of bisphenol-A polycarbonate with acrylonitrile— mizing this limitation might extend the commercial
butadiene—styrene materials, i.e., PC/ABS [1-5]. A signifi- opportunities for PC/ABS blends. Reactive compatibiliza-
cant body of literature has examined the thermodynamics, tion has been shown to effectively stabilize the morphology
morphology and properties [3—16] of these blends; a few of other polymer blend systems [20—28]. The goal of this
articles have examined the morphological rearrangementsarticle is to show that a reactive compatibilization scheme
of this system during quiescent periods in the melt state proposed for PC/ABS in a previous article [29] does
[12,17-19]. improve the stability of the morphology of blends of PC
Compatibilization of blends by the incorporation of with the styrene—acrylonitrile copolymer matrix of ABS
appropriate block or graft copolymers reduces the interfa- materials.
cial tension and retards the coalescence processes via steric
stabilization; this makes it easier to achieve a finer disper-
sion of the dispersed phase, increases the interfacial2. Background
strength, and improves the stability of the morphology in
the melt state. Relatively small and uniformly dispersed  The development and stability of the morphology of
phase particles are usually advantageous for the propertiegnultiphase polymer melts is a complex function of blend
of polymer blends; generally ABS materials can be Ccomposition, interfacial characteristics, rheological proper-
adequately dispersed in polycarbonate by conventionalties, and shear conditions [28,30-42], and perhaps other
extrusion compounding without the use of compatibilization attributes of the constituent materials. The competing
[3,12,15,17] caused by the nearly favorable interactions Processes of drop break-up and coalescence during process-
between PC and the styrene—acrylonitrile copolymer, INg of polymer blends determine the final morphology of
SAN, matrix [6]. Indeed, uncompatibilized PC/ABS blends these mixtures as explained in a growing body of literature
are successful commercial materials that have exceptionalon this subject [21-27,43-45].
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break-up of individual droplets for Newtonian fluids shown to significantly underestimate the rate and extent of
[46,47]. A relationship was established between the capil- particle coarsening in polymeric systems [54,57—-60] caused

lary number, Ca, a ratio of shear to interfacial forces, by the high viscosities and extremely low mutual solubilities
G d of polymer—polymer pairs. Particle coarsening caused by
Ca= m D coalescence phenomena of dispersed phase domains in
2y polymer—polymer systems has been studied in a number

and the viscosity ration, = ng/nm, WhereG is the shear ~ Of recent works [17-19,21-24,27,32,43,44,59,61-66]. For

rate, d is the diameter of the droplety is the interfacial ~ two particles to fuse, they must first come into close proxi-
tension,n4 is the dispersed phase viscosity, amg is the mity of each other by some flow process driven by a shear
matrix phase viscosity. The predicted drop size for a simple field, hydrodynamic interaction, gravity, or other force.
shear field is proportional to the interfacial tension and Once two particles are in near contact, there is only a finite
inverse|y proportiona' to shear rate and matrix phase visc- chance that coalescence of the particles will occur. This
osity. This theory applies to systems with vanishingly small coalescence probability depends, among other variables,
concentrations of the dispersed phase and drop break-up i®n the viscosity of the matrix phase, as there must be suffi-
predicted to occur only for systems whep< 2.5. Other cient time to allow for drainage of the film between the
experimental studies have confirmed these results withdispersed phase domains [23,24,27,44]. Therefore, the
qualitative agreement of data for simple shear and have €xtent of coalescence is a net product of the probability of
shown that the particle size dependence on viscosity ratioParticle contacts and the probability that any one of those
exhibits a minimum betweem, = 0.1 and 1.0 [48-51]; contacts has sufficient matrix film drainage to allow for
extensional flow has been shown to be more effective for particle fusion. Because of the first stage in this sequence,
inducing drop break-up over a much wider range of viscos- coalescence can be flow induced.
ity ratios. Extruders and compounding mixers impose a  Recent studies have shown that the dispersed phase part-
mixture of both shear and extensional flows on the polymer icle size developed during processing can increase,
melt. decrease, or show complex non-monotonic behavior as the

Although Newtonian systems are relatively well under- Shear rate is increased [22,23,66] because of the competing
stood, there are many limitations of Taylor's theoretical effects of increased particle—particle contacts versus
framework for predicting the morphology of a multiphase decreased contact times. Changes in polymer elasticity at
macromolecular system [52,53]. In addition to viscoelastic high shear rates may also affect the dynamic equilibrium
effects, other difficulties in comparing such ideal systems to between particle break-up and coalescence.
polymer blends include the complex shear fields encoun-
tered in processing and the relatively high concentrations 2 3. Compatibilization of PC/ABS
of the dispersed phase in commercial polymeric materials.

Compatibilization by the addition (or in situ formation) of
2.2. Coalescence block or graft copolymers provides improved morphologi-
cal stability by lowering the interfacial tension and, perhaps

Commercially useful multiphase blends may exhibit more importantly, introducing a steric hindrance to coales-
significant dispersed phase particle coalescence [22—cence [21,22,27,44,67]. Recently, Macosko et al. proposed
24,30,31,44,54] both during flow and quiescent conditions that the theoretical surface coverage of block copolymer
that exist in melt fabrication processes. Von Smoluchowski compatibilizers required for steric stabilization of PS/
developed much of the early theoretical framework for PMMA blends is, [20]
studying coalescence phenomena in colloidal solutions
[55,56]. Later, Tokita used this theory to equate the rate P )
of coalescence derived by von Smoluchowski to an expres- 27m(rg
sion for the rate of drop break-up during processing, result-
ing in an equation for calculating the equilibrium particle
size in polymer blends. When the rates of drop break-up and
coalescence are in dynamic equilibrium, the relation
predicts that the particle size decreases as applied stres
increases and the interfacial tension between the phase
decreases. The dispersed phase particle size increases
the dispersed phase concentration increases, indicating th

@

where(r2) is the mean square of the end-to-end distance of
the unperturbed compatibilizer chain. A blend that contains
a volume fractiong 4 of dispersed phase spherical particles
ith diameterd has an interfacial area per unit volume of
¢dd. If it is assumed that all compatibilizer molecules
ded to the system reside at the polymer/polymer interface,
%de concentration of these molecules per unit interfacial area

effect of coalescence during processing of concentrated'® 9'VeN by,
systems. _ moleculevol  Nppcocd
To quantify particle coarsening in polymer blends, most 2= interface arewol  6M.dy &)

studies have examined materials in a quiescent state. Under
these conditions, diffusion dependent phenomena have beenvhere N, is Avagadro’s numbelp. is the polymer density,
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Fig. 1. Schematic of the reaction of SAN-amine with bisphenol-A-polycarbonate to form SAN-g-PC [29].

¢ is the fraction of compatibilizer, and. is the molecular Brabender Plasticorder at ZIDand 60 rpm, except where
weight of the compatibilizing polymer. noted, with a 50 crhmixing head and standard rotors. Fig. 2

Schemes for formation of block and graft copolymer by shows Brabender torque as a function of temperature for
in situ reactions during melt processing are well-known for commercial polycarbonates and ABS materials. Melt blend-
blends based on polyamides and polyesters which utilize ing below the processing window indicated on Fig. 2 results
their amine, carboxyl or hydroxyl functional chain ends. in larger viscosity differences between the dispersed and
However, most commercial polycarbonates do not have matrix phases while processing above this temperature
reactive chain ends as they are generally capped duringrange can lead to significant degradation of the rubber
polymerization to obtain more stable and color-free phase in ABS. Therefore, 270 was selected as the operat-
products [68]. In a recent article, we introduced a novel ing temperature. At this temperature, the various polycarbo-
chemical approach for the compatibilization of PC/ABS nate materials used in this study represent a wide range of
blends [29]. The formation of SAN-g-PC copolymer at the viscosities as seen in Fig. 3. Only SAN materials without a
PC/SAN interface is accomplished through the chemical rubber phase were blended with polycarbonate to study
scheme shown in Fig. 1. The SAN-amine polymer is synthe- morphology stability. This choice represents a simple
sized by reacting a styrene/acrylonitrile/maleic anhydride model of PC/ABS blends that facilitates the quantitative
(67/32/1) terpolymer with 1-(2-aminoethyl) piperazine in analysis of dispersed phase particle sizes while eliminating
a reactive processing scheme. The SAN-amine polymer issome of the problems of rubber phase degradation during
miscible with the SAN matrix of ABS and reacts with PC as the long processing times used here.
shown. The graft copolymer formed has been shown to
reduce the SAN dispersed phase particle size in a fixed3 > Brapender methodology
mixing process. The purpose here is to examine the stability
of this morphology using a novel technique introduced here  Sixty grams of pre-mixed polymer pellets were added to
and in another recent article [69]. This involves preparing a the preheated Brabender mixing chamber over approxi-
blend in a batch mixer at a high rotor speed until an equi- mately 15-20 s after which the blend was fluxed for speci-
librium particle size distribution is established. The rotor fied times and rotor speeds. After approximately 7—8 min of
speed is then reduced to a low level allowing the extent mixing at 270C and 60 rpm, an equilibrium particle size
and rate of particle coarsening to be measured as a functionwas established. This average particle size showed very
of time; in an unstable system the particle size would grow little difference between samples taken at 10, 20 and
over time owing to the reduced rate of drop break-up rela- 30 min of mixing. To study coalescence, the rotor speed
tive to the ratio of coalescence. was reduced to 5 rpm after 10 min of mixing at 60 rpm.
The low (non-zero) shear rate was chosen to provide an
increased probability, compared to a quiescent (zero shear
rate) state, of SAN phase particle—particle collisions.

Small samples were taken from the Brabender chamber
with metal spatulas after the rotor was stopped and the top
chamber cover was removed, sampling time was about 5—

The composition and suppliers of the polymers employed 10 s. A 1.5-2.5 g sphere of polymer melt was removed from
in this work are shown in Table 1. The designation for each between the rotors with care being taken not to elongate or
commercial polycarbonate is based on its relative molecular orient the sample to avoid altering the blend morphology.
weight; high (H-PC), medium (M-PC) and low (L-PC). A The sample was immediately quenched in a stirred 8| ice
commercial SAN copolymer containing 32.5% AN, water bath. By experimentally embedding a thermocouple

3. Experimental

3.1. Materials

SAN32.5, was used; the functionalized SAN-amine
polymer has been described in a previous article [29]. All
materials were dried in a vacuum oven af@dor at least

12 h before melt processing. Melt mixing was done in a

in a 3 g sphere of PC/ABS (70/30), it was found that the
sample center was effectively quenched from the melt to
below the glass transition of polycarbonate, A51in

approximately 25 s. This should be an upper bound for the
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20— — digitizing TEM photomicrographs; the diameter of an
I P aow o hee | equivalent circle having the same area as a scanned particle
o \ 5 52?;3 ] was defined as the particle diameter. No corrections were
E1s5p o AsAds| applied to the calculated diameters because of the non-sphe-
f’ I D\ﬂ\\ i rical nature of many of the particles. Correction methods
3 I ] described in the literature do not apply to complex shapes
S 1ol A\kg I . [70,71] such as those seen in many of the morphologies for
5| \_\ ] this study. The weight average particle diametky,
c r A B
3 q _ er']d2
© L B _ iYi
2 s \s,s\\- 1 dy = Shd,
L ]
[ 6orpm@10min. ] of the dispersed phase was calculated from an analysis of
O a0 280 250 260 270 280 290 300 100 to 800 part_icles taken from mult.ip_le TEM photomic.ro-
Temperature (°C) graphs employing NIH Imade1.60 digital image analysis
software.

Fig. 2. Brabender torque vs temperature for the polymers used in this study
(torque at a rotor speed of 60 rpm after 10 min mixing).

) ] 4. Low shear rate coalescence in PC/SAN blends
guench time as the 3 g sample was slightly larger than those

used in this study. 4.1. Effect of shear history

3.3. TEM analysis The effect of shear rate on the dynamic equilibrium
between dispersed phase particle break-up and coalescence
Transmission electron microscopy (TEM) was used to during processing was qualitatively examined by selectively
examine the morphology of the melt processed blends of changing the Brabender rotor speed. Fig. 4 shows the rotor
PC/SAN and PC/SAN/SAN-amine. Cryogenically micro- speed and torque of a M-PC/SAN32.5 (70/30) blend for an
tomed sections, about 20 nm thick, were prepared with a experiment in which the Brabender mixer was run at 60 rpm
Reichert-Jung Ultracut E at a sample temperature of for 10 min, followed by a low shear period at 5 rpm for
—10°C (—45°C knife). Brabender specimens were micro- 5 min, followed by an additional 5 min at 60 rpm. The
tomed with a diamond knife parallel to the sample surface at lower shear rate used in this experiment should result in
a depth of approximately 2 mm from the surface. The less effective particle break-up and longer dispersed phase
sample morphology was generally orientation independent particle—particle contact times. The TEM photomicro-
(£10%) at a specified depth in the sample. graphs in Fig. 5 correspond to the sampling of the melt
The polycarbonate phase of the blends was preferentiallyblend as indicated in Fig. 4 at points a, b, ¢ and d.
stained by exposing the ultra-thin sections to the vapors ofa Figs 5(a) and (b) show TEM photomicrographs of the
0.5% aqueous solution of Ry@t room temperature. TEM  morphology of a 70/30 blend of M-PC/SAN32.5 as a
imaging was done on a Jeol 200CX microscope operating atfunction of melt mixing time; the letter designates mixing
120 keV. The apparent particle diameter was determined bytimes of 5 min and 10 min, respectively, corresponding to

30 —+——r—+—rr——v—-"-r—""-"—""————

270°C, 60 RPM

H-PC
M-PC
L-PC
SAN-amine
SAN32.5

>e >0

Brabender Torque (N-m)

0 5 10 15 20
Time (minutes)

Fig. 3. Brabender torque vs. time for the polymers used in this study@&0a rotor speed of 60 rpm).
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points a and b in Fig. 4; with more mixing time the large
SAN domains become smaller. After approximately 7—
8 min of mixing at 270C and 60 rpm, an equilibrium parti-

cle size was established. Some of the phenomena involved
in drop break-up can be seen in Fig. 5a; the large domains
are in the form of elongated phases which lead to the forma-
tion of smaller droplets caused by capillary instabilities in
the extended regions. After 10 min of mixing, the three-
dimensional morphology was determined to be spheroidal
SAN domains dispersed in the PC matrix with no evidence
of elongated dispersed phase structures. (see Fig. 5b). At the
low shear rate, the growth in size of the SAN domains
caused by coalescence can be seen by comparing Figs. 5b

Fig. 4. Brabender torque and rotor speed vs. time for investigation of drop @Nd ¢ (notice the disappearance of the smallest domains).
break-up and coalescence in a M-PC/SAN25 (70/30) blend, samples wereAfter increasing the shear rate again, some of the large
taken at locations a, b, ¢ and d for TEM analysis.

coalesced SAN domains remained while others were broken

(a)

2 um

Fig. 5. TEM photomicrographs for M-PC/SAN25 (70/30) blend mixed in a Brabender &€2&indicated in Fig. 4, stained with Rg@) 5 min at 60 rpm,
(b) 10 min at 60 rpm, (c) 10 min at 60 rpm+ 5 min at 5 rpm, (d) 10 min at 60 rpm+ 5 min at 5 rpm + 5 min at 60 rpm.
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()

(d)

Fig. 5. (continued

into small droplets, (see Fig. 5d), creating a broad particle

I ' [ 7° size distribution.
E 160
z _ —> Y S
S ol 18° g. 4.2. Kinetics of blend coalescence
3 L
g 14° 3 As a result of the different balance between break-up and
g a 1308 coalescence processes, a larger average particle size will
g 5 - 1,03 evolve when the rotor speed is reduced to 5rpm from
a I | 60 rpm. The growth in particle size caused by coalescence
& H-PC/SAN(TO/30) b ¢ a1 can be followed as a function of time by analyzing samples
P3N P T SR S ) taken after this step change in rotor speed. Samples from the
0 5 10 15 20 H-PC/SAN32.5 (70/30) melt blend were taken after O (a), 3
Time (minutes) (b), 5 (c) and 10 (d) minutes, as indicated in Fig. 6, to

Fig. 6. Brabender torque and rotor speed vs. time for the investigation of H- establish the time dependence of the partlcle size as It

PC/SAN32.5 (70/30) blend coalescence, samples were taken at a, b, c and @Pproaches a new equilibrium value. Fig. 7a shows the
for TEM analysis. equilibrium morphology obtained for the blend after
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(b)

2 pm

Fig. 7. TEM photomicrographs for H-PC/SAN32.5 (70/30) blend mixed in a Brabender & 280ndicated Fig. 6, stained with Ry@&) 10 min at 60 rpm, (b)
10 min at 60 rpm+ 3 min 5 rpm, (c) 10 min at 60 rpm+ 5 min at 5 rpm, (d) 10 min at 60 rpm+ 10 min at 5 rpm.

10 min of mixing. Some limited SAN phase coarsening is 60 rpm to 5rpm (10 min after the addition of the mixed
evidentin Fig. 7b after 3 min at the low shear rate. However, pellets to the mixing chamber). As seen in Fig. 8, the
after 5 min at 5 rpm, Fig. 7c shows a much larger particle morphology at low shear rate is a strong function of time
size compared to Fig. 7a. In fact, there were two different for uncompatibilized blends. The high rate of coalescence of
morphologies seen in this system after 5 min; some areasthis blend resulted in a significant increase in particle size
looked similar to Fig. 7b while other areas, seen in Fig. 7c, during the first 5 min. Although the particle size increases
showed large elongated domains recently formed by coales-during the period from 5 to 7 min, the particle size distribu-
cence. In Fig. 7d, there is a larger average patrticle size thantion actually becomes more narrow as the elongated SAN
seen at earlier times at 5 rpm and there are no “very small” domains become mostly spherical in shape. After the
particles. increase in particle size during the first 5 min, the rate of
The average dispersed phase particle sizes (with errorparticle coarsening slowed leading to an approach to a new
bars of plus and minus one standard deviation of the particle equilibrium size. A similar time dependence of dispersed
size distribution) are plotted as a function of time in Fig. 8. phase patrticle size during quiescent coalescence for PC/
Time zero corresponds to the reduction in rotor speed from SAN (70/30) blends was seen in two other articles [12,17].
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2 um

Fig. 7. (continued

4.3. Effect of matrix viscosity The unexpectedly high coalescence rates of viscous poly-
mer—polymer blends might partially be explained by the

As previously discussed, the matrix viscosity plays a key fact that viscosities exhibited by thin polymer films are

role in the time required for film drainage between two significantly lower than those measured for the bulk poly-

drops of the dispersed phase which affects the overall ratemer [74,75]. It has been suggested that the lower localized

of coalescence for a given blend system. Other studies havematrix viscosity would facilitate film drainage and increase

shown that increased matrix phase viscosity reduces coalesthe probability for coalescence [24]. To the knowledge of

cence [72,73]. The effect of matrix viscosity on the kinetics these authors, such an effect of thin film viscosity has not

of coalescence for PC/SAN blends is significant as seen inbeen taken into account in theoretical studies of the rate of

Fig. 9. Not only is the average dispersed phase particle sizecoalescence.

significantly larger for the lower molecular weight poly-

carbonate matrices, but the initial rate of particle coarsening 4 4. Effect of reactive compatibilization

is greater as well. There is a substantial difference in the

rates of coarsening for H-PC compared to both M-PC and The same experiments described in Fig. 6 were carried

L-PC; however, there is little difference in the extent and out for the corresponding compatibilized blend, H-PC/

rate of coalescence between these lower molecular weightSAN32.5/SAN-amine (70/20/10), see Fig. 10. Most compa-

polycarbonates. tibilized blends show significantly higher melt viscosities



5618 G. Wildes et al. / Polymer 40 (1999) 5609-5621
4 T T —r—T 15 P r 70
— T 4160
— _ hd 4 m
£ S 1508
o 10 | 8
[ 3
N c - 1400
o o L . e ?
[ L = a 430
L2 i T ;5 T
5 1 2 1293
© - - | =
o H-PC/SAN32.5 (70/30) | S r H-PC/SAN/SAN-amine
Brabender 270°C m L (70/30) b 10
Time at 5rpm 270°C 1
0 I N B B 0 — —! — o
5 10 15 20

0 5

10

15

20

. . Time (minutes
Coalescence time (min) ( )
Fig. 10. Brabender torque and rotor speed vs. time for investigation of H-
PC/SAN32.5/SAN-amine (70/20/10) compatibilized blend, samples taken
at a and b for TEM analysis.

Fig. 8. Average dispersed phase particle sizer{e standard deviation of
the particle size distribution) for H-PC/SAN32.5 (70/30) blend as a function
of coalescence time at 5 rpmi=€ 0 corresponds to a blend mixed in a
Brabender for 10 min at 60 rpm).

than comparable uncompatibilized systems [76,77]; Quantitative analysis of the morphologies in Figs. 7 and
however, the torque response for the compatibilized PC/ 11 is shown in Fig. 12. The uncompatibilized blend of H-PC
SAN system was only slightly higher than for the with SAN32.5 has a particle size distribution which broad-
uncompatibilized blend, compare Figs. 6 and 10. This ens significantly after 10 min at low shear conditions while
is explained by the PC chain scission that accompaniesthe compatibilized blend only broadens slightly and shows
grafting to the compatibilizer molecule when the carbo- no particles larger than 1.36m. The dramatic difference in
nate unit reacts with the secondary amine functionality morphological stability seen in Fig. 12 could be caused by
of SAN-amine. The reaction results in two macromole- animmobilization of the polymer—polymer interface caused
cules, a relatively large SAN-g-PC molecule and a by the presence of the SAN-g-PC at the polymer—polymer
lower molecular weight PC chain, which causes compet- interface. While most polymer blends are expected to have
ing effects on the viscosity of the blend, especially at mobile interfaces which facilitate film drainage during
high shear rates. coalescence, interfacial compatibilizers may prevent coales-
Fig. 11 shows that the SAN phase particle size is signifi- cence by immobilizing the interface [44].
cantly smaller for the compatibilized blend relative to Numerous experiments were carried out to quantify the
uncompatibilized PC/SAN, compare Fig. 7a and Fig. 11a. variance in average calculated particle sizes obtained by
In addition, the SAN particle size is substantively the same using the previously described techniques. Fig. 13 shows
in Figs. 11a and b; 10 min at the low rotor speed apparently the results of these experiments for uncompatibilized and
does not lead to significant coalescence in the compatibi- compatibilized blends of H-PC/SAN32.5/SAN-amine (70/
lized blend. 30 — X/X). The data points in Fig. 13 represent the average
dispersed phase particle size measured from more than
4 - ' . . 30 separate experiments, thus establishing the repeat-
ability of this technique for studying coalescence in
polymer blends. Fig. 13 elucidates the stability of the
compatibilized blends, even at very low concentrations.
The results of varying the SAN-amine content in these
blends is plotted in Fig. 14. Apparently, under these
processing conditions, a very small amount of SAN-

L-PC

M-PC

Particle size (um)
N
T

[y
I
BT ST T ST N NN S N

H-PC amine has a significant effect on the morphology of

PC/SAN blends, especially its stability. Other studies

PCISANI2.S (T0I%0) have also shown that only very small concentrations

i Time at Srpm of compatibilizer are necessary for significant modifica-

0 Ll L tion of the polymer—polymer interface in immiscible
0 5 10 15 20 blend systems [22,27,28].

Coalescence time (min)

Fig. 9. Comparison of kinetics of coalescence for H-PC, M-PC and L-PC in
PC/SAN32.5 (70/30) blends mixed at 2@ and 60 rpm for 10 min
followed by slow mixing at 5 rpm.

The criteria proposed by Macosko et al. [20] can be used
to estimate the minimum amount of compatibilizer needed
to achieve steric stabilization. EquatiBidrom Eq. (2) to2
from Eq. (3) results in the following expression for the
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(b)

2 um

Fig. 11. TEM photomicrographs for H-PC/SAN32.5/SAN-amine (70/20/10) blend mixed in a Brabendef@t&7iddicated in Fig. 10, stained with RyO
(a) 10 min at 60 rpm and (b) 10 min at 60 rpm 10 min at 5 rpm.

minimum required compatibilizer concentration 5. Conclusions

_ (20x 6/277Np ) (¢l pcd)
° ((rg>/ Mc)

The batch mixer (Brabender) methodology developed in
this study provides a useful and reproducible means for
guantitative examination of morphological development
Using a value ofr2)/M, of 6.6 x 10~ 3 (nn"?) estimated from and stability in polymer blends. The technique involves
published values for the SAN backbone [78] of the SAN-g- preparing a blend in a batch mixer at a high rotor speed
PC graft copolymer,d =05um, ¢q=0.3, and p. = until an equilibrium particle size distribution is established.
1.1 gcm® leads to an estimate ap, = 2x 10™*. This is The rotor speed is then reduced to a low level allowing the
approximately 50 times the lowest concentration used in extent and rate of particle coarsening to be measured as a
this study. It has been suggested that the amount of compafunction of time. Particle coarsening in the uncompatibi-
tibilizer surface coverage necessary for stabilizing blend lized PC/SAN (70/30) blends was found to be substantial
morphologies during static coalescence may be significantly over a time frame of about 5 mimt, increased from 1 to
higher than the concentrations required during mixing [20], 2 wm. After 5 min of coalescence time, large elongated
possibly caused by longer contact times which allow for a dispersed phase domains were evident and the rate of coar-
greater extent of molecular rearrangement at the interface. sening decreased with the particle size growing to about

4
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Fig. 12. Particle size distributions for H-PC/SAN32.5 (70/30)% 0) and H-PC/SAN32.5/SAN-amine (70/20/18) £ 10) after 10 min at 60 rpnt & 0) and
10 min at 60 rpm+ 10 min at 5 rpm {= 10), X is the SAN-amine concentration ahi the coalescence time.

2.5um after 20 min at the low shear rate. Lower matrix coalescence, even after 20 min at ZZ0The SAN-amine
phase viscosities resulted in somewhat faster coalescencecompatibilizer was effective even at very low con-
Compatibilized blends, using a functionalized SAN-amine centrations. This technique is currently being used to
polymer, were found to have smaller SAN particle sizes compare the morphological stability of compatibilized and
(0.5pm) and to show no significant dispersed phase uncompatibilized blends in other polymer systems.

3 38—
T T R B s s e e I L H-PC/SAN/SAN-ami |
- -amine
r H-PC/SAN/SAN-amine 7 L 70/30-X/X
(70/30-X/X) o = ( ) ]
— X = 0% 1 £ i |
£ =4
=3 ~ 2+ Coalescence time -
~ 2 Q at 5 rpm
o N I
N (7] F —¥— 0 min 4
7 o | —e— 10 min |
o L 1L _
0 e
L2 9 a
= © + |
= | ] a | - . .|
o | ¥ 1.3, 6 10, 30% y | | M - v
‘ v v \ 4
L i 0 P R P IR I P
0 R S Y SN S SN A NN SN SR S S N S SR 0 2 4 6 8 10
0 5 10 15 20 % SAN-amine
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Fig. 14. Extent of coalescence in compatibilized and uncompatibilized
Fig. 13. Kinetics of coalescence and repeatability of particle size data for blends of H-PC/SAN32.5/SAN-amine (70/30X/X) mixed in a Brabender
H-PC/SAN32.5 (70/30)X = 0) and H-PC/SAN32.5/SAN-amine (70/30 at 270C, particle size data taken after 10 min at 60 rpm and 10 min at
XIX) blend X = 1, 3,6,10). 60 rpm + 10 min at 5 rpm.
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