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Abstract: A series of polycarbonate(PC)/polyamide 6(PA6) blends were prepared by three different blending meth-
ods to investigate their compatibility. From the DSC results, all of these blends have two Tg’s in their own Tg regions,
and there was no significant depression of the melting point and the crystallization temperature of PA6. With respect to
the microstructure of the blends by SEM, the phase separation occured at very low blend compositions, PC/PA6=95/5
and 5/95, already. In addition, a method is proposed to determine the Flory-Huggins polymer-polymer interaction pa-
rameter(x:) in polymer blend systems by using the experimentally determined Tg’s. The values of y,, obtained were 0.
0381, 0.0411, 0.0418, for solution casting, solution precipitation, and extrusion blending methods, respectively. These val-
ues were higher than the critical value of ¥1,,((%12)., 0.0271). Therefore it was concluded that the PC/PA6 blend system
have little compatibility.
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Fig. 1. DSC thermograms of PC/PA6 blends in dif-
ferent composition by solution casting : (a)
0/100; (b) 5/95; (c) 10/90; (d) 20/80;
(e) 30/70; (f) 40/60; (g) 60/40; (h) 90/
10; (i) 95/5; (3) 100/0.
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Fig. 2. Effect of composition on the T,(PC) of PC/
PA6 blends prepared by different blending
methods: (O)solution casting; (A )solution
precipitation; ([J)melt extrusion.
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Fig. 3. Effect of composition on the T,(PA6) of PC
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Table 1. Glass Transition Temperature(T,) of PC/
PAS6 Blends Prepared by Various Blending
Methods

Extrusion Solution Casting ~ Solution Precipitation
T{PC) T(PA6) T,(PC) T,(PA6) T,(PC) T,(PA6)®
100 | 4174 - 403.9 - 414.0 -
095 | 4150 2979 3749 3158 3901 2979
0.90 | 4133 2979 3887 3064 4005 2979
080 | 4112 2987 385 3132 4067 2987
070 | 389 - - - 376.0 -
0.60 | 3799 2985 383 3126 3888 2985
050 | 3696 3006 3806 3054 3763 3006
040 | 3805 307 3935 3090 3778 3017
030 | 4115 3015 3937  31L1 3764 3015
020 | 4067 3007 3982 3114 3925 3007
010 | 3925 2998 4003 3122 4007  299.8
005 | 3030 3005 - 308.1 - 300.5
0.00 - 293.9 - 3014 - 293.9
* Blend composition given as overall weight fraction PC in PC-PAS

blend,
® Data from Melt Extrusion.
* Tgin (K).
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Fig. 4. DSC thermograms of PC/PA6 blends in
different composition by melt extrusion : (a)
0/100; (b) 10/90; (c) 30/70; (d) 50/50;
(e) 70/30; (f) 90/10; (g) 100/0.
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20/80; (e) 30/70; (f) 40/60; (g) 50/50.
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Fig. 8. DSC thermograms of PC/PA6 blends in dif-
ferent composition by melt extrusion : (a) 5
/95; (b) 10/90; (c) 20/80; (d) 50/50; (e)

60/40; (f) 70/30.
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Fig. 10. Effect of composition on the T.(PA6) of
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Fig. 11. Scanning electron micrographs obtained from the cryogenically fractured surfaces of PC/PA6 blend by
melt extrusion( X 1,000).
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Fig. 11. Continued.
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Table 2. Apparent Weight Fraction(w) and Apparent Volume Fraction(¢) of PC and PA6 Components in PC—~
rich and PA6-rich Phases of PC/PA6 Blends Prepared by Melt Extrusion

Blend® Tg(PC) Tg(PAS) PC-rich® PA6-rich PC-rich PA6-tich
(K) )’ @’ " " ¢1 ’ & ’ ¢1 " ¢2N
1.00 4174 — 1.000 0.000 1.000 0.000 1.000 0.000 - —
0.95 415.0 297.9 0.986 0.014 0.045 0.955 0.986 0.014 0.043 0.957
0.90 413.3 297.9 0.976 0.024 0.045 0.955 0.975 0.025 0.043 0.957
0.80 4112 298.7 0.964 0.036 0.054 0.946 0.962 0.038 0.048 0.952
0.70 388.9 — 0.826 0.174 — - 0.818 0.182 - —
0.60 379.9 298.5 0.765 0.235 0.052 0.948 0.756 0.244 0.050 0.950
0.50 369.6 300.6 0.692 0.308 0.075 0.925 0.681 0.319 0.072 0.928
0.40 380.5 301.7 0.769 0.231 0.087 0.913 0.760 0.240 0.083 0.917
0.30 4115 301.5 0.965 0.034 0.085 0.915 0.964 0.036 0.081 0.919
0.20 406.7 300.7 0.937 0.063 0.076 0.924 0.934 0.066 0.073 0.927
0.10 392.5 299.8 0.849 0.151 0.067 0.934 0.842 0.158 0.063 0.937
0.05 393.0 300.5 0.852 0.148 0.074 0.926 0.846 0.154 0.071 0.929
0.00 - 293.9 - 1.000 0.000 1.000 - - - —

2 Blend composition given as overall weight fraction PC in the PC/PA6 blend.
® Single and double prime donote PC-rich phase and PA6-rich phase, subscripts 1 and 2 denote PC and PA6 components.

Table 3. Apparent Weight Fraction(w) and Apparent Volume Fraction(¢) of PC and PA6 Components in PC—
rich and PA6-rich Phases of PC/PA6 Blends Prepared by Solution Casting

Blend® Tg(PC) Tg(PA6) PC-rich® PA6-rich PC-rich PA6-rich
(K) w’ ' o " $’ @’ " ¢
1.00 403.9 — 1.000 0.000 1.000 0.000 1.000 0.000 - —
0.95 374.9 315.8 0.773 0.227 0.180 0.820 0.763 0.237 0.172 0.828
0.90 388.7 306.4 0.885 0.115 0.064 0.936 0.880 0.120 0.061 0.939
0.80 388.5 313.2 0.883 0.117 0.148 0.852 0.878 0.122 0.132 0.868
0.70 — - - - - - - - - -
0.60 386.3 312.6 0.866 0.134 0.141 0.859 0.860 0.140 0.135 0.865
0.50 380.6 305.4 0.820 0.180 0.052 0.948 0.812 0.188 0.049 0.951
0.40 393.5 309.0 0.922 0.078 0.097 0.903 0.919 0.081 0.093 0.907
0.30 393.7 311.1 0.924 0.076 0.123 0.877 0.920 0.080 0.117 0.883
0.20 398.2 3114 0.958 0.042 0.127 0.873 0.956 0.044 0.121 0.879
0.10 400.3 312.2 0.974 0.026 0.136 0.864 0.972 0.028 0.130 0.870
0.05 .= 308.1 — - 0.086 0.914 - — 0.082 0.918
0.00 - 301.4 - 1.000 0.000 1.000 - - - —

® Blend composition given as overall weight fraction PC in the PC/PAS blend.

b Single and double prime donote PC-rich phase and PA6-rich phase, subscripts 1 and 2 denote PC and PA6 components.
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Table 4. Apparent Weight Fraction(w) and Apparent Volume Fraction(¢) of PC and PA6 Components in PC—~
rich and PA6-rich Phases of PC/PA6 Blends Prepared by Solution Precipitation

Blend? Tg(PC) Tg(PAS) PC-rich? PA6-rich PC-rich PA6-rich
(K) o’ ' w” w,” #' &’ & $”

1.00 414.0 - 1.000 0.000 1.000 0.000 1.000 0.000 ~ -
0.95 390.1 297.9 0.850 0.150 0.046 0.954 0.843 0.157 0.044 0.956
0.90 400.5 297.9 0.918 0.082 0.046 0.954 0.914 (.086 0.044 0.956
0.80 406.7 298.7 0.956 0.043 0.055 0.945 0.954 0.046 0.049 0.951
0.70 376.0 - 0.753 - - - - - — -
0.60 388.8 298.5 0.841 0.158 0.053 0.947 0.834 0.166 0.051 0.949
0.50 376.3 300.6 0.755 0.245 0.077 0.923 0.745 0.255 0.073 0.927
0.40 377.8 301.7 0.766 0.234 0.089 0.911 0.756 0.244 0.085 0.915
0.30 376.4 301.5 0.756 0.244 0.087 0.913 0.746 0.254 0.083 0.917
0.20 392.5 300.7 0.866 0.134 0.078 0.922 0.860 0.140 0.074 0.926
0.10 400.7 299.8 0.919 0.081 0.068 0.932 0.915 0.085 0.065 0.935
0.05 - 300.5 — - 0.076 0.924 - - 0.072 0.928
0.00 - 293.9 - 1.000 0.000 1.000 - - - -

* Blend composition given as overall weight fraction PC in the PC/PA6 blend.

* Single and double prime donote PC-rich phase and PA6-rich phase, subscripts 1 and 2 denote PC and PA6 components.

¢ Data from melt extrusion.

Table 5. Polymer-Polymer Interaction Parameter(x,,) from Different Values of Apparent Volume Fraction(¢)
of PC and PA6 by the Wood, Fox, and Gordon-Taylor Relations of Melt Extruded PC/PA6 Blends

Blend® Wood® Fox Gordon-Taylor

¢1, &7 s é/ ¢zﬁ s ¢1, & nf
1.00 1.0000 — - 1.0000 - — 1.0000 — -
0.95 0.9796 0.9568 0.0499 0.9855 0.9568 0.0514 0.9855 0.9568 0.0514
0.90 0.9652 0.9568 0.0476 0.9752 0.9568 0.0491 0.9752 0.9568 0.0491
0.80 0.9473 0.9522 0.0453 0.9623 0.9522 0.0466 0.9623 0.9522 0.0466
0.70 0.7600 - - 0.8181 — — 0.8181 — —
0.60 0.6854 0.9504 0.0428 0.7558 0.9504 0.0419 0.7558 0.9504 0.0419
0.50 0.6007 0.9282 0.0413 0.6812 0.9282 0.0397 0.6812 0.9282 0.0397

0.40 0.6904 0.9166 0.0384 0.7600 0.9166 0.0378 0.7600 0.9166 0.0378
0.30 0.9498 0.9187 0.0417 0.9641 0.9187 0.0430 0.9641 0.9187 0.0430
0.20 0.9092 0.9271 0.0404 0.9343 0.9271 0.0414 0.9343 0.9271 0.0414
0.10 0.7900 0.9366 0.0399 0.8423 0.9366 0.0401 0.8423 0.9366 0.0401
0.05 0.7942 0.9292 0.0390 0.8457 0.9292 0.0393 0.8457 0.9292 0.0393
0.00 - - -

* Blend composition given as overall weight fraction PC in PC/PAS6 blend.

®- Single prime and double prime denote PC-rich phase and PA6-rich phase, respectively, and ¢,=1-¢; and
éi =1-¢;. Subscripts 1 and 2 denote PC and PA6 components, respectively.

& All 235 calculated from Eq. 8.
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Table 6. Polymer-Polymer Interaction Parameter(x;,) from Different Values of Apparent Volume Fraction(¢)
of PC and PAS by the Wood, Fox, and Gordon-Taylor Relations of Solution Casted PC/PA6 Blends

Blend® Wood® Fox Gordon-Taylor

& @ xit o &; g o & s
1.00 1.0000 — — 1.0000 — — 1.0000 — -
0.95 0.7066 0.8278 0.0327 0.7634 0.8278 0.0326 0.7634 0.8278 0.0326
0.90 0.8451 0.9387 0.0403 0.8797 0.9387 0.0408 0.8797 0.9387 0.0408
0.80 0.8431 0.8676 0.0349 0.8781 0.8676 0.0355 0.8781 0.8676 0.0355
0.70 — — — — - - - - —
0.60 0.8209 0.8649 0.0345 0.8600 0.8649 0.0350 0.8600 0.8649 10.0350
0.50 0.7635 0.9508 0.0419 0.8123 0.9508 0.0418 0.8123 0.9508 0.0418
0.40 0.8938 0.9075 0.0382 0.9185 0.9075 0.0391 0.9185 0.9075 0.0391
0.30 0.8960 0.8826 0.0367 0.9201 0.8826 0.0376 0.9201 0.8826 0.0376
0.20 0.9416 0.8790 0.0385 0.9558 0.8790 0.0396 0.9558 0.8790 0.0396
0.10 0.9631 0.8696 0.0399 0.9722 0.8696 0.0411 0.9722 0.8696 0.0411
0.05 - 0.9182 - - 0.9182 - - 0.9182 —
0.00 — — — — - — - — -

& Blend composition given as overall weight fraction PC in PC/PA6 blend.

b Single prime and double prime denote PC—rich phase and PA6-rich phase, respectively, and ¢; =1-¢{ and ¢/ =1-¢5.
Subscripts 1 and denotr PC and PA6 components, respectively.

& All x,;s calculated from Eq. 8.

Table 7. Polymer-Polymer Interaction Parameter(x;,) from Different Values of Apparent Volume Fraction(¢)
of PC and PA6 by the Wood, Fox, and Gordon-Taylor Relations of Solution Precipitated PC/PA6

Blends
. Wood® Fox Gordon—Taylor

Blend® ¢, P Py s ¥ Y b & ot
1.00 1.0000 - — 1.0000 - — 1.0000 - —
0.95 0.7927 0.9559 0.0427 0.8434 0.9559 0.0428 0.8434 0.9559 0.0428
0.90 0.8824 0.9559 0.0434 0.9135 0.9559 0.0442 0.9135 0.9559 0.0442
0.80 0.9362 0.9512 0.0444 0.9539 0.9512 0.0456 0.9539 0.9512 0.0456
0.70 - — - — - - — - -
0.60 0.7815 0.9494 0.0416 0.8344 0.9494 0.0417 0.8344 0.0494 0.0417
0.50 0.6749 0.9267 0.0396 0.7452 0.9267 0.0389 0.7452 0.9267 0.0389
0.40 0.6877 0.9150 0.0383 0.7562 0.9150 0.0377 0.7562 0.9150 0.0377
0.30 0.6758 0.9171 0.0386 0.7459 0.9171 0.0379 0.7459 09171 0.0379
0.20 0.8133 0.9257 0.0387 0.8599 0.9257 0.0391 0.8599 0.9257 0.0391
0.10 0.8841 0.9353 0.0405 0.9149 0.9353 0.0414 0.9149 0.9353 0.0414
0.05 - 0.9278 0.9278 — - 0.9278
0.00 — - - — - - - - —

PA6 ia,ﬂ_EL

A

Rid

2 Blend composition given as overall weight fraction PC in PC/PA6 blend.

b Single prime and double prime denotr PC-rich phase and PA6-rich phase, respectively, and ¢, =1-¢; and ¢/ =1-¢;.
Subscripts 1 and 2 denote PC and PA6 components, respectively.

¢ All 2,35 calculated from Eq. 8.
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