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ABSTRACT Viscoelastic properties of polystyrene/poly(vinyl methyl ether) blends with nearly critical 
compositions were measured under steady-shear flows near the phase separation temperatures. In the 
homogeneous region, shear rate dependences of shear viscosity t) and shear compliance JS are practically the 
same as those of homopolymers. In the phase-separated region at quiescence, on the other hand, t) and JS 
are enhanced at low shear rates, but they become almost the same as those in the homogeneous region when 
the shear rates are higher than their respective critical shear rates. The critical shear rate values from Js, 
y ~ ,  were found to be larger than those from 7, yCv, and y~ is considered to be almost equal to the critical 
shear rate for shear-induced homogenization yc. Moreover, it was pointed out that, when yCv is smaller than 
the critical shear rate for non-Newtonian behavior of 7, there exists a plateau region in the shear rate dependence 
of ll. 

Introduction 

Theoretical and experimental studies on the effects of 
flow field on the phase separation behavior of polymer 
blends have been carried out e~tensively,l-~~ and they were 
recently summarized by Larson.16 Most of the experi- 
mental studies can be classified into two categories. One 
is the scattering experiments in flow field, in which light 
scattering- or small-angle neutron scattering (SANS)gJo 
techniques were used to observe the phase separation or 
homogenization induced by flow. The other is the 
rheological experiments, in which the changes in the 
viscoelastic properties due to the phase separation or 
homogenization induced by flow were measured.''-l4 

It is worth discussing the results from the two kinds of 
studies together to understand the effects of flow on the 
phase separation behavior. However, these works have 
been usually carried out independently, and also there are 
too many parameters to be specified in both experiments.1° 
Therefore, it is difficult to compare the results in the two 
kinds of studies so far published independently. 

Recently, Nakatani et al.l0 studied the phase separation 
of a deuterated polystyrene/poly(vinyl methyl ether) 
(PSD/PVME) blend with the critical composition in steady 
shear flow by SANS. They observed the shear-induced 
homogenization. Moreover, they reported different shear 
rate dependences of shear viscosity 7) for the PSD/PVME 
blend and an ordinary polystyrene (PS)/PVME blend in 
the phase-separated region at  quiescence. For the former, 
7) decreased with an increase of y, similar to shear-thinning 
behavior observed in homopolymer systems. For the latter, 
7) had a plateau region in the middle range of y where the 
flow-induced homogenization was observed through a 
quartz window. 

In a previous paper,14 we reported viscoelastic properties 
of a PWPVME blend (designated sample B1 in this work) 
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of which the molecular weights and compositions are 
almost the same as those of the PS/PVME blend of 
Nakatani et al.,1° over a wide range of temperature. In 
the phase-separated region at quiescence, we also observed 
that q had a narrow plateau region in the middle range of 
shear rate when the difference between experimental and 
phase separation temperatures was small. When the 
temperature difference was large, on the other hand, the 
plateau disappeared and the shear rate dependence of 7) 

became similar to that of the PSD/PVME system of 
Nakatani et al.1° 

During these measurements we observed that sample 
B1 in cone-plates became clear a t  high shear rates. This 
may indicate the occurrence of shear-induced homogeni- 
zation. The 1 values in the plateau region are on the 
extrapolated line of the zero-shear viscosity vs temperature 
curve obtained in the homogeneous region for sample B1. 
This means that the 1 values in the plateau region of sample 
B1 are almost the same as the zero-shear viscosities qo of 
the homogenized state a t  the measured temperatures. 
Though the 7) data a t  the large temperature difference 
show shear-thinning behavior similar to that of ho- 
mopolymer systems as mentioned above, the constant 
value of viscosity a t  low shear rate is not on the extrapolated 
line of the zero-shear viscosity vs temperature curve. 

From the above results, it can be pointed out that the 
shear rate dependence of 7 in the phase-separated region 
at quiescence is complicated particularly when shear flows 
induce homogenization. Despite many works,1J1-16 the 
viscoelastic properties of polymer blends including the 
above-complicated viscosity behavior are not yet eluci- 
dated. 

According to Onuki,3 it is predicted that, in the phase- 
separated region of near-critical fluids, the primary normal 
stress difference is a few orders of magnitude larger than 
that in the homogeneous region and it is proportional to 
shear rate. He also noted that the idea should be applicable 
to other systems which contain domain structures, such 
as immiscible polymer mixtures. Doi and Ohta" proposed 
a rheological theory for binary mixtures of immiscible fluids 
in which the proportionality of primary normal stress 

0024-929719412227-6476$04.50/0 0 1994 American Chemical Society 



Macromolecules, Vol. 27, No. 22,1994 

e 6 9 5 -  

c 

Properties of PS/PVME Blends 

h I*// 
/ 

h - - O  

6477 

Table 1. Molecular Characteristics of PS and PVME 
Samples 

105P I I I I I 4 

sample code M, MwJMn 
PS 

F20 1.9 x 1P 1.04 
F40 3.55 x 106 1.02 

F6-4-2 4.0 X l(r 1.24 
F5-1 9.0s x 104 1.40 
NIST 1-81 X 106 1.25 

Table 2. Characteristics of Blend Samples 
sample PS PVME PS:PVME Tc(OC) Ts(OC) 

PVME 

B1 F20 F6-4-2 1:4 98 
B2 F40 NIST 1:4 107 
B3 F20 F5-1 1:4 87 88.2 
B4 F20 F5-1 1:9 87.6 91.1 
B5 F20 F5-1 3:7 87.5 88.3 

difference to shear rate is also predicted. We have studied 
viscoelastic properties of binary mixtures of immiscible 
Newtonian fluids1* and immiscible polymersl9 and re- 
ported that the primary normal stress differences are 
enhanced and their shear rate dependences are close to 
first power of shear rate, entirely different from those of 
components, whereas the viscosity and its shear rate 
dependence are not significantly different from those of 
components. 

These results suggest that the effect of phase separation 
is more pronounced on primary normal stress difference 
than shear stress under steady shear flows. In this paper, 
therefore, we study the shear rate dependences of vis- 
coelastic properties of PS/PVME blends including the 
samples with almost the same molecular weights and 
compositions as PS/PVME and PSD/PVME samples used 
by Nakatani et all0 near the phase separation temperature. 
The critical shear rate for shear-induced homogenization 
is determined from the shear rate dependence of primary 
normal stress data, and then the complicated viscosity 
behavior mentioned above is discussed in terms of the 
critical shear rate. 

Experimental Section 
Samples. PS samples used were purchased from Tosoh Co., 

Ltd. One of the PVME samples, which is the same as that used 
in the SANS experirnents,'O was kindly supplied by National 
Institute of Standards and Technology. This sample was 
precipitated in n-hexane to remove low molecular weight tails 
and characterized by the same method as used for other PVME 
samples. The other PVME samplespurchased fromPolysciences 
Inc. were fractionated in a mixture of benzene and n-hexane. 
Details of the fractionation and characterization of PVME 
samples were already reported.20 The molecular characteristics 
of PS and PVME samples are listed in Table 1. 

Homogeneous and transparent blend samples were prepared 
by freeze-drying the uniform benzene solutions of blend samples, 
followed by drying in vacuo at about 80 O C  for 1 to a few days. 
The combinations of PS and PVME for blend samples are listed 
in Table 2. Samples B1, used in a previous work,'( and B2 
correspond to the PS/PVME and PSD/PVME samples, respec- 
tively, used by Nakatani et al.I0 Samples B3, B4, and B5 were 
prepared by using the same PS as in B1, but the molecular weight 
of PVME is between those in B1 and B2 and the compositions 
are slightly different. 

Measurements of Phase Separation Temperature. Cloud 
points of polymer blend samples at zero heating rate were 
determined by measuring the transmitted intensity of a He-Ne 
laser througha 0.2-mm-thick sample f i i  as reported previ~usly.~~ 
In addition, scattered intensities of the laser beam were measured 
at three different angles for B3, B4, B5, and the blends of the 
same PS and PVME with other compositions. The scattering 
intensities at the zero heating rate were smoothly extrapolated 
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Figure 1. Phase diagram of the PS(FBO)/PVME(Fbl) blend. 
Circles and triangles denote cloud pointa and spinodal tempera- 
tures, respectively. 

to zero angle to determine the spinodal temperature. The cloud 
points TCI and spinodal temperatures Ts thus determined are 
also tabulated in Table 2. Only Tcl was measured for samples 
B1 and B2 since these blends have the critical composition,lO**l 
so that their TC{S are very close to the TS'S or the critical points 
Tc. 

Figure 1 shows the phase diagram of PS(F2O) and PVME- 
(F5-l), having the lower critical solution temperature as reported 
in the 1iterature.lI The figure indicates that the volume fraction 
of PS, b, for B3 is close to the critical composition. Hereafter, 
we call the temperature regions where the samples are homo- 
geneous and phase-separated at quiescence one-phase and two- 
phase regions, respectively. 

Viscoelastic Measurements. The blend samples were 
molded to disks with a hot press at temperatures below TCI to 
prepare bubble-free specimens. Viscoelastic properties of blend 
samples were measured under steady shear flows with a 
Mechanical spectrometer Type RMS 800 of Rheometrics Co., 
equipped with the cone and plate geometry of 2.5 cm diameter 
and 0.1 rad cone angle. Dry nitrogen gas was used in the 
temperature control system of RMS 800 to avoid sample 
degradation and adsorption of moisture. 

In the two-phase region, the samples were preheated to 
temperatures slightly below their Tcl and then heated to 
measuring temperatures. The measurements were started 10 
min after the measuring temperatures were reached. 

&SUltB 

Shear Viscosity. Figure 2 shows double-logarithmic 
plots of shear viscosity q against shear rate y in the one- 
phase region. The shear rate dependences of all the 
samples in the one-phase region are similar to those of 
homopolymers,22 the viscosities are independent of shear 
rate at low shear rates, but they decrease with increasing 
the shear rate a t  high shear rates. Therefore, we can 
determine the zero-shear viscosity qo for all the samples 
a t  each temperature. 

Figure 3 shows double-logarithmic plots of q against 
in the two-phase regions. The shear rate dependences of 
1) in the two-phase region are different for different samples 
and temperatures. The shear rate dependences of q for 
sample B2 at 110 "C and B3 a t  90 "C are almost the same 
as those in the one-phase region. For sample B4 there 
exists a narrow plateau region in the middle range of shear 
rate, as observed for sample B1, reported in a previous 
work.14 For sample B5 the shear rate dependencies in 
high and low shear rate ranges are different. The same 
tendency can be seen for sample B2 at  119 "C. 

Figure 4 shows temperature dependences of qo in the 
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Figure 2. ,Double-logarithmic plots of shear viscosity q against 
shear rate y for blend samples in the one-phase region. Symbols 
and temperatures are indicated in the figure. 
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Figure 3. Double-logarithmic plots of shear viscosity q against 
shear rate y in the two-phase region. Symbols are the same as 
in Figure 2. Temperatures are indicated in the figure. 

one-phase region determined in Figure 2 and of qo for B1 
in the one-phase region reported previ0us1y.l~ Since the 
shear rate dependences of primary normal stress difference 
as well as viscosity for sample B2 at  110 "C and B3 at  90 
"C are the same as those in the one-phase region as shown 
later, we also evaluated vo values for these samples by 
extrapolating the data in Figure 3 at zero-shear rate and 
plotted them in this figure. Moreover, the plateau values 
of q for B1 and B4 in the two-phase region are plotted in 
this figure for comparison. Apparently, the viscosity data 
are connected by a smooth line for each sample, which 
seems to be parallel to each other, suggesting that the 
temperature shift factors UT for these samples are the same. 

Figure 5 shows plots of log UT against T1 obtained from 
Figure 4, where the reference temperature is 80.6 "C. The 
solid line denotes the shift factor for the PVME ho- 
mopolymer as reported previously.20 The temperature 
dependence of UT for blend samples is almost the same as 
that of the PVME homopolymer. As pointed out in a 
previous paper,14 it can be concluded that the free volumes 
or local frictional coefficients of the blend samples are 
mainly determined by PVME in these PVME-rich blends. 
As shown in Figures 4 and 5, the qo and aT data evaluated 
in the two-phase region are consistent with the data in the 
one-phase region when shear rate dependences of viscosity 
and primary normal stress difference are the same as those 
in the one-phase region (B2 at  110 O C  and B3 at  90 "C) 
and when the plateau appeared (B1 at 105 and 110 "C and 
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Figure 4. Plots of log against T1. Circles denote the data 
for sample B1. Other symbols are the same as in Figure 2. Open 
and filled symbols denote the data obtained in the one- and two- 
phase regions, respectively. 
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Figure 5. Plots of IogaTagainst T1. The reference temperature 
is 80.6 OC. Symbols are the same as in Figure 4. A solid line 
denotes data of the PVME hornop01ymer.l~ 

B4 at  92 and 98 "C). This result implies that shear flows 
induce homogenization, though the complete homogeni- 
zation cannot be determined by viscosity data only, as 
discussed later. 

As mentioned above, the shear rate dependence of v in 
the one-phase region is similar to that of homopolymers. 
It is well-known for homopolymers that the master curve 
for.shear viscosity can be obtained by plotting q/qo against 
y/yo, where yo is defined as the shear rate at which q = 
0.8t1°.22 Double-logarithmic plots of q/vo against y/yo for 
the blend samples in the one-phase region are shown in 
Figure 6. Clearly, all the data compose a single master 
curve like homopolymers. 

Primary Normal Stress Difference. Figure 7 shows 
double-logarithmic plots of primary normal stress differ- 
ence P11-P22 against shear rate y in the one-phase region. 
The shear rate dependences of P11-P22 for all the samples 
in the one-phase regions are similar to those of homopoly- 
m e r ~ ? ~  P11- P 2 2  are proportional to y2 at  low shear rates, 
but the shear rate dependence becomes lower with 
increasing shear rate, though the range where P11- P 2 2  
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Figure 6. Master curve of reduced shear viscosity v/ to  against 
reduced shear rate 7/70 in the one-phase region. Symbols are 
the same as in Figure 4. 
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Figure 9. Double4ogarithmic plots of shear compliance Js 
against shear rate y in the one-phase region. Symbols are the 
same as in Figure 2. Temperatures are indicated in the figure. 
The data for B2 at 80 "C are vertically shifted in 2 decades, while 
the two data for B2 at 90 "C and B4 at 80 "C are vertically shifted 
in 1 decade to avoid overlapping. 4 
dependences of P11- P22 for samples B2 at  110 "C, B3 at  
90 "C, and E34 at  92 "C are the same as those in the one- 

and 98 "C, respectively), P11- P22 is proportional to + at  
phase region. For B2 and B4 at  higher temperatures (119 o l  
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Figure 7. Double-logarithmic plots of primary normal stress 
difference Pll - Pzz against shear rate y in the one-phase region. 
Symbols are the same as in Figure 2. Temperatures are indicated 
in the figure. 
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Figure 8. Double-logarithmic plots of primary normal stress 
difference Pll - Pzz against shear rate y in the two-phase region. 
Symbols are the same as in Figure 2. Temperatures are indicated 
in the figure. 

r2 is narrow and the normal stress cannot be measured in 
the low shear rate range in comparison with shear stress. 

Figure 8 shows double-logarithmic plots of P11 - P22 
against y in the two-phase regions. P11- P22 for B1 and 
B5 in the two-phase region was not measured because of 
low normal stress a t  high temperatures. The shear rate 
dependence of P11- P22 in the two-phase region is different 
for different samples and temperatures as those of 
viscosity. In analogy with viscosity, the shear rate 

low shear rates, but the shear rate dependence becomes 
slightly steeper a t  the higher shear rates. 

In homopolymer systems, the elastic properties are 
usually discussed in terms of shear compliance J,  = (PI1 
- P22)/2P12~, where Pl2 is shear s t r e s ~ . ~ ~ ~ ~ ~  Similarly, we 
discuss the elastic properties of blend samples in terms of 
J,. Figures 9 and 10 show double-logarithmic plots of J,  
against + in the one- and two-phase regions, respectively. 
In these figures some data are vertically shifted to avoid 
overlapping. 

As shown in Figure 9, the J, data in the one-phase region 
also resemble to those of homopolymers. At  the measured 
shear rates J,  is almost constant for each sample at  each 
temperature, so that the steady-state compliance J,  can 
be determined from these data in Figure 9. As shown in 
Figure 10, the shear rate dependence of J,  for samples B2 
a t  110 "C, B3 at  90 "C, and B4 at  92 "C is similar to that 
in the one-phase region so that J,  can also be obtained 
from these data. On the other hand, the J,  data for sample 
B2 at 119 "C and B4 at  98 "C decrease with increasing 
shear rate a t  low shear rates, but they become almost 
constant a t  high shear rates. 

Figure 11 shows plots of log J ,  against PI, determined 
from the data in Figures 9 and 10. Here, we also plotted 
the constant values of J,  data for sample B2 at  119 "C and 
B4 at  98 "C at  high shear rates. All the data are multiplied 
by TI TO to reduce the temperature d e p e n d e n ~ e , ~ ~ ~ ~ ~  though 
the temperature dependence of Je is very small in the 
limited range of temperature similar to homopolymers. 
This result in Figure 11 implies that the constant values 
of J, at  high shear rates can be regarded as Je of 
homogenized samples a t  those temperatures. 

Discussion 

J, (Figure 10) are rather simple compared to those of 
In the two-phase region, the shear rate dependences of 
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Figure 10. Double-logarithmic p10t.a of shear compliance Js 
against shear rate y in the two-phase region. Symbols are the 
same as in Figure 2. Temperatures are denoted in the figure. 
The data for B2 at 110 "C are vertically shifted in 2 decades, 
while the data for B4 at 98 O C  are vertically shifted in 1 decade 
to avoid overlapping. 
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Figure 11. Plots of log J, against TI. Symbols are the same 
as in Figure 2. Open and filled symbols denote the data obtained 
in the one- and two-phase regions, respectively. 

(Figure 3) and can be classified into two cases in terms of 
experimental temperatures: (a) When ATcl (=T - Tcl) is 
small (shallow quench), i.e., B2 at 110 "C, B3 a t  90 "C, and 
B4 at 92 "C, JB and ita dependence on y are consistent 
with the data in the one-phase region. (b) When ATcl is 
large (deep quench), Le., B2 at 119 OC and B4 at 98 OC, 
Js decreases with an increase of y, reflecting P11- P22 a 

at low y region, but becomes constant at a critical shear 
rate y ~ ,  reflecting the same shear rate dependence as in 
the one-phase region. 

In case b the change from J, behavior similar to binary 
mixtures of immiscible fluids to that of homogeneous 
polymers is obviously consistent with the theory for near- 
critical fluids.3 That is, the large normal stress due to 
interfaces, which is proportional to shear rate, is obtained 
in the two-phase region, but it disappears when the system 
is homogenized and consequently the normal stress of the 
homogeneous polymer system is observed. Therefore, we 
consider that y c ~  from these J, data is almost equal to the 
critical shear rate for shear-induced homogenization yo 

0 . J  ' 1 1 1 1 1 1 '  ' , , 1 , 5 1 1  I 
0.01 0.1 1 1 0  

W O  
Figure 12. Superposition of reduced shear viscosity 7/qo in the 
two-phase region. A solid line denotes the master curve in the 
one-phase region evaluated in Figure 6. Symbols are the same 
as in Figure 4. 

though it should be confirmed by methods which can 
directly observe phase transition to get a definite conclu- 
sion. 

The viscosity enhancement due to phase separation may 
also disappear around  ye^. Thus we discuss the viscosity 
enhancement in terms of +J for the samples in which J, 
data were measured, and then we discuss viscosity data 
for other samples in which J, data were not measured. It 
should be noted that q can be measured at lower shear 
rates than J,. 

Since Js of all the samples in case a is consistent with 
the data measured in the one-phase region, y c ~  is lower 
than the measured shear rate of J, in these cases. No 
viscosity enhancement is detected for B2 a t  110 "C and 
B3 a t  90 "C in the whole experimental range of shear rate. 
For sample B4 at 92 "C, on the other hand, small 
enhancement of viscosity due to phase separation is 
observed at the lower shear rate region where J, was not 
measured. With an increase of shear rate, there exists a 
plateau region in g,  in which g is consistent with q0 in the 
one-phase region (Figure 4), so that a critical shear rate 
for disappearance of viscosity .enhancement Y ~ V  can be 
determined. In this case the yCv value is slightly lower 
than the lowest measured shear rate for J,, implying that 
the ycv is very close to yd. 

In case b there exis? a plateau region for q of sample 
B4 a t  98 "C, so that yCv can +so be determined. I t  is 
apparent that yCv is lower than y c ~  in this case. This result 
implies that the enhancements of q and Js in the two- 
phase region disappear by shear. flow at different shear 
rates; in other words, the yev and ydvalues are not always 
the same. For sample B2 at 119 O C ,  no plateau is observed 
and viscosity continuously decreases with an increase of 
shear rate above and below y ~ .  In this case, we also 
speculate that the Viscosity enhancement disappears a t  a 
certain value of yCv which is lower than yd. 

To examine the viscosity enhancement in more detail, 
all the viscosity data in Figure 3 were divided by qo at each 
temperature and the plots of q/qo data against y were 
horizontally shifted so as to compose a master curve at 
high shear rates in Figure 12. Here, qo for B5 at 91 and 
98 "C were evaluated according to the dotted line in Figure 
4, which is drawn parallel to the solid lines for other data, 
while qo for B2 at 119 "C was evaluated by using the shift 
factor for PVME in Figure 5. For others, the data shown 
by filled symbols in Figure 4 were used. Apparently, the 
q/qo data for each sample a t  low shear rates are enhanced, 
but the data at high shear rates coincide with the master 
curve in the one-phase region shown by the solid line, 
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In summary, our conclusions are the following: (1) The 
shear rate dependence of P11- PZZ in the two-phase region 
is the same as those for immiscible blends, and the change 
from P11- Pz2 or JB behavior of immiscible blends to that 
of homogeneous polymers is distinctly observed in contrast 
to q ,  consistent with the theory for near-critical fluids3, so 
that the critical shear rate for disappearance of enhance- 
ment of J8, yc~, is considered to be almost equal to that 
for shear-induced homogenization, yc. (2) The critical 
shear rates for the disappearance of enhancements of q 
and J,, yCv and yc~, respectively, are close to each other 
in the shallow quench case, but the former is smaller than 
the latter in the deep quench case. (3) If yCv is smaller 
than a critical value of, shear rates for non-Newtonian 
behavior of viscoaity yo', the viscosity enhancement 
disappears before yo' so that the plateau appears in the 
shear rate dependence of q,  whereas in the opposite case, 
the viscosity enhancement still exists after yo' so that the 
plateau does not appear. 

Acknowledgment. This work was supported by a 
Grant-in-Aid for Scientific Research (No. 04453105) from 
the Ministry of Education, Science, and Culture of Japan. 

References and Notes 

10' 1 0 
* o O $  x 

0 i 

1 0' 
1 o 2  IO" 1 oo 10' 

yCv, y,(sec") 

Figure 13. Double-logarithmic plots of ATcl against i c v  and 
yd. Spbols  arethe same as in Figure 4. Open and filled symbols 
denote yCv and yd, respectively. 

though they are somewhat scattered. Thus we can use 
this figure to determine the critical shear rate yCv for 
disappearance of viscosity enhancement as the shear rate 
at which q/qo merges into the master curve, even when the 
plateau is not observed in viscosity behavior. I t  should be 
noted that the viscosity enhancements smaller than q/qo 
= 2 were reproducible but large enhancements (q/qo > 2) 
observed in a few cases depended on the thermal history 
in the two-phase region. 

The reason why a plateau is observed for shear viscosity 
in some cases but not in others can be understood by 
comparing yCv and a critical value of shear rates for non- 
Newtonian viscosity yo' where q starts to decrease from 
qo. If yCv < yd, the viscosity enhancement disappears 
before yo' so that the plateau appears, whereas if ycv > yo', 
the viscosity enhancement still exists after yo' so that the 
plateau,does not appear. If the system is homogenized by 
flow at y < yd,yd is inversely proportional to the relaxation 
time of the homogenized blend. Even if the system is still 
phase-separated at  y > yo', the compositions of the existing 
phases must be very close to that of the homogeneous 
state, so that yo' is also closely related to the inverse of the 
relaxation time of the homogenized blend. 

Figure 13 shows double-logarithmic plo? of ATcl against 
critical shear rates .i/cv. It is clear that ycy are different 
for different molecular weights, compositions, and tem- 
perature; however, the difference in ycv is not significant 
in contrast to yo', which is inversly proportional to the 
product of qoJe and hence largely depends on molecular 
weights, compositions, and t e m p e r a t ~ r e . ~ ~  The two filled 
symbols in Figure 13 show the critical shear rates yd's 
determined from J, data of B2 at  119 "C and B4 at 98 O C  

(deep,quench case). As already mentioned, ycv is smaller 
than y c ~  when ATcl is large, but with decreasing ATcl the 
two critical shear rates become close to each other as 
observed for B4 at  92 "C. Therefore, for other samples 
of which J, are not measurable, yCv are probably close to 
the real critical value for homogenization only when ATcl 
is small. 
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