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The Critical Powder Volume Concentration (CPVC) of
compound for plastic forming was investigated. Prior
to compounding ceramic powders with resins, the
effect of the experimental conditions on the CPVC was
examined using a torque rheometer and model liquids.
It was found that there are optimum conditions for mix-
ing speed and powder loading ratio. The CPVC ob-
tained at the proper conditions is also dependent on
the vehicle used for measurement; i.e. CPVC, (oleic
acid) >CPVC,, (ion-exchanged water) >CPVC; (kero-
sene). The critical powder volume concentration for
the powder/thermoplastic resin system (CPVCM),
which was determined by a flowability test, was from
0.85 to 0.90 of the CPVC,. Characteristic mixing tor-
que-time curves appeared near the CPVCM. The
microscopic observation of texture of compound sug-
gested that the time-dependent odd behavior reflected
the dynamic process wherein the particles were being
dispersed into the melt with high viscosity.

Key-words : Plastic forming, Critical powder volume concen-
tration, Mixing, Thermoplastic resin, Ceramic oxide
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Table 1. Properties of alumina and zirconia powders.

Powder Grade Mean Compaction
diameter density
(um) (kg/em®)
o—alumina  ACL-27" 3.12 2360
o-alumina  AL-31" 176 2840
o-alumina  AL-160SG*  0.60 2330
o-alumina  AHPS30" 0.49 2460
o—alumina  AM-27" 0.37 2030
o-alumina  AMS-9" 0.30 2260
nor 6-alumina  RG-30° 0.13 2330
PSZ —" 1.21 3160

*
Sumitomo Chemical, Co. Ltd. #Showa Denko K. K.
$Iwa(arli Kagagu, Co. Ltd. AOsaka Cement, Inc., Laboratory scale.
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Fig. 1. Changes in the torque with incremental additions of lig-
uid in the AL-31/oleic acid system.
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Fig. 2. Effect of the powder loading volume on the torque
changes in the AL-160 SG/oleic acid system. (a) high and (b)
low powder loading volumes.
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Fig. 3. Effect of the revolution speed on the torque changes in
the AL-160 SG/oleic acid system.
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Fig. 4. Texture of AL-160 SG/oleic acid mixture near the CPVC. Points are (a) before CPVC, (b) a

Table 2. CPVC values for the alumina and zirconia powders.

Powder CPVC, CPVCy CPVCy,

(%) (%) (%)
ACL-27 54.5 46.4 43.4
AL-31 77.9 65.2 58.8
AL-160SG  64.6 549 48.7
AHPS30 67.0 59.0 51.9
AM-27 551 49.5 43.3
AMS-9 62.2 55.6 49.9
RG-30 35.7 ?34.5 A 33.3
PSZ 69.8 48.7 .
# Cannot be measured.
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Fig. 5. Relation between compaction density and the CPVC where the liquids used for the CPVC measurements are (@) oleic acid,

() ion-exchanged water and ((J) kerosine.

Fig. 6. Typical patterns of mixing torque-time curves in the ceramic oxide/thermoplastic resin system.
Fig. 7. . Effect of powder loading volume near the CPVC on the mixing curves in the AL-160 SG/polystyrene system.
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Table 3. The results of flowability tests for the oxides/polysty-
rene compounds.

Powder Powder V/CPVC, Mixing Flowability
conc., V (%) pattern
(%)
AL-31 70.0 (69.0)# 89.9 (88.6) I yes
72.0 (71.0) 92.4 (91.1) I no
74.0 (73.0) 95.0 (93.7) I no
AHPS-30 56.0 (55.0) 83.6 (82.1) I yes
58.0 (57.0) 86.6 (85.1) v yes
60.0 (59.0) 89.6 (88.1) m no
62.0 (61.0) 92.5 (91.0) I no
AL-160SG  53.0 (52.0) 82.0 (80.5) I yes
55.0 (54.0) 85.1 (83.6) I yes
57.0 (56.0) 88.2 (86.7) v yes
57.5 (56.5) 89.0 (87.5) v no
60.0 (59.0) 92.9 (91.3) m no
62.5 (61.5) 96.7 (95.2) I no
65.0 (64.0) 100.6 (99.1) I no
AM-27 48.0 (47.0) 87.1 (85.3) I yes
50.0 (49.0) 90.7 (88.9) v yes
52.0 (51.0) 94.4 (92.6) v no
AMS-9 51.0 (50.0) 82.0 (80.4) I yes
53.0 (52.0) 85.2 (83.6) v yes
55.0 (54.0) 88.4 (86.8) v no
57.0 (56.0) 91.6 (90.0) m no
PSZ 43.0 (42.0) 71.9 (70.2) I yes
45.0 (44.0) 75.3 (73.6) I yes
470 (460" - - - -

# The value in bracket is corrected by the density of resin at 180 C.
* Cannot be mixed.
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Fig. 8. Texture of AL-160 SG/ polyétyrene compounds near the
CPVCM (=60%), (a) 62.5%, the pattern I, (b) 60.0%), the
pattern II', (c) 57.0%, the pattern V' and (d) 55.0%, the pat-
tern 1II.
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Table 4. The results of flowability tests for the oxides/poly-
propylene compounds.

Powder Powder VICPVC, Mixing Flowability

conec., V (%) pattern
(%)

AL-31 74.0 (71.0) 95.0 (91.1) I yes
76.0 (73.0) 97.6 (93.7) I yes
78.0 (75.0) 100.1 (96.3) I no

AL-160SG  60.0 (56.0) 92.9 (86.7) I yes
61.0 (57.0) 94.4 (88.2) v yes
62.0 (58.0) 96.0 (89.8) v no
64.0 (60.0) 99.0 (92.9) m no

PSz 52.0 (48.0) 87.0 (80.3) I yes
54.0 (50.0) 90.3 (83.6) A yes
56.0 (52.0) 93.6 (87.0) v yes
580 (540)° - - - ”

* Cannot be mixed.

Table 5. The results of flowability tests for the oxides/polyethy-
lene compounds.

Powder Powder V/CPVC, Mixing Flowability

conec., V (%) pattern
(%)

AL-31 68.0 (64.0) 87.3 (82.2) Jiig yes
70.0 (66.0) 89.9 (84.7) I yes
720 68.0° - - - =

AL-160SG  58.0 (53.0) 89.8 (82.0) I yes
60.0 (55.0) 92.9 (85.1) 1\ yes
62.0 (58.0) 96.0 (89.8) m' no
64.0 (60.0) 99.0 (92.9) I no

* Cannot be mixed.

MOKER & & HIC, BIESRFRHRICEE L, H—7h5E
HHEPE NS (K9 (b). TOBFTIELT, by
M 5. BIRORBNST T LIcBICIIGME AR E) R
&7, PLBAKETS FV7EHUERICES T 5
(K9 @©). LaL, HEESFx S —BEHKT S
TR RIETHEES S & 223, BRRREARMONTE
HFLEAWBELIKRES. COBE, M8 DS57%DEID
EOK, BEEINCETO PV EmpEEIhs. Bl
EBRTRD & 21T, BEEFOEBENINZ LW, b
V7 B EReT B, BORC—EECES. RT—v

Fig. 9. Changes of texture near the maximum torque in the AL-160 SG/polystyrene system with the concentration of 57.0%. Points are

(a) before, (b) atand (c) after the maximum torque.
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Fig. 10. Mixing torque-time curves observed in a long time
scale.
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