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ABSTRACT

This research work is concerned with testing several raw materials and solid
industrial waste to produce ceramic milling balls by cold forming. The following
materials have been tested as density promotors: Zirconia bricks (waste), phosphate
concentrate, celestite concentrate and Pb-glass. Kaolin was used to provide the required
plasticity for forming and feldspar as sintering agent.

The balls were formed by hand and in a few tests by hydraulic pressure for
comparison. The samples were dried for 24-48 hrs (120°C) and fired under various
temperatures ranging between 1000°C and 1300°C. Several parameters were determined
including volume shrinkage, weight loss, bulk density, specific gravity, water absorption
and compressive strength.

The results showed that the best specifications were achieved in the balls made form
65% Zr-bricks (waste), 20% kaolin and 15% K-feldspar, fired at 1300°C for 6 hrs
soaking time. These balls had bulk density of 2.65-2.86 gm/cm’, porosity 0.14-0.54%,
water absorption 0.05-0.21% and compressive strength 1350 MN/m”. Volume shrinkage
after firing was 14-15% and weight loss 2.5-4.0%.

These specifications are better than those of the balls formed by cold process and
imported to Iraq. Whereas the imported balls formed by melt-casting of alumina show
higher density and higher compressive strength. The present results also showed that
forming under hydraulic pressure does not improve the density of the balls after firing
whereas longer soaking time had significant impact in increasing the bulk density and
improving the compressive strength, both of which reflect better sintering.
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W1t% Kaolin Celestite Apatite Zérr(igga K-feld Na-feld
Si0, 50.16 20.82 1.14 26.93 46.96 69.28
71O, n.a. n.a. n.a. 52.83 n.a. n.a.
Fe, 05 1.40 0.69 0.33 0.60 0.24 0.28
Al,Os 32.14 1.06 <0.04 14.16 18.69 17.28
SrO n.a. 35.00 n.a. n.a. n.a, n.a.
CaO 0.37 0.30 55.59 4.90 0.56 0.98
MgO 0.11 0.32 0.71 0.03 0.03 0.11
Na,O 0.27 0.17 0.55 1.90 5.89 9.80
K,0O 0.33 0.28 0.03 0.13 8.30 0.38
P,0s5 n.a. n.a. 29.5 n.a. n.a. n.a.
SO;5 n.a. 29.0 2.30 n.a. n.a. n.a.
LOI 12.80 1.26 5.46 Nil 0.42 0.08
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MN/m? % % gm/cm?
228.0 0.18 0.48 2.65 2.67 1
283.2 0.13 0.35 2.72 2.74 2a
520.8 0.10 0.02 2.75 2.75 2b
180.0 291 4.74 1.63 1.71 4
21.6 15.19 27.13 1.79 2.45 5
168.0 2.57 6.22 2.42 2.58 6
283.2 0.44 1.17 2.65 2.68 7
n.d. 0.21 0.54 2.65 2.66 8a
n.d. 0.08 0.22 2.71 2.72 8b
n.d. 0.05 0.14 2.83 2.83 8c
1350 0.10 0.30 2.86 2.87 8d
94.8 0.60 1.73 2.88 2.93 %9a
92.0 0.46 1.31 2.89 2.93 9b
720.0 0.26 0.66 2.59 2.61 F1
1843.2 0.07 0.24 3.66 3.67 F2
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17.23 9.51 11.49 1
15.83 11.54 13.71 28
12.22 7.11 8.10 2P
( ) n.d. n.d. 11.48 3
4.63 17.93 18.80 4
14.48 16.66 19.48 5
18.19 11.56 14.13 6
5.57 11.53 12.21 7
14.52 75.23 88.01 82
14.85 29.65 34.82 g°
14.62 8.64 10.12 g
14.23 7.11 8.29 8¢
11.57 30.94 34.99 92
13.14 34.57 39.80 oP
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% % gm gm gm
3.23 19.91 25.19 26.03 22.50 1
233 19.82 31.38 32.13 40.07 28
1.51 n.d. 19.54 19.84 n.d. 2°
2.70 13.74 27.36 28.12 32.60 3
7.93 18.38 29.23 31.75 38.90 4
8.05 23.80 29.82 32.43 42.56 5
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3.20 n.d. 30.57 31.58 n.d. 7
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3.55 10.46 24.44 25.34 28.3 g
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