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ABSBTRACT

Crystallization phenomena of glasses of fused natural basalt rocks were studied by DTA, X-vay phase analysis,

cleciron microscony, and other techniques.

Crystallization was catalyzed by the addition of either chromite are or PaOs, both up to 5 wt %.

E 0

Various heat trealments were used, and their influences on conirolling the microstruclures and properiies of the

products were studied Lo develop high strength glass—ceramic material of the CaQ-AlQs(FesOg)-MgO (FeD)-5i0y

system [rom the domestic basalts.

{agnetite precipitates were found to be a nucleation initialor in every case of

the ervstallization, Diopside, anorthile, clinoenstatitc and menticeilile were identified as silicate crysialline phases

contained in the ecrystallized products.
The crystallite size was in the range of 0.1-2.5um.
erystallites were either plate or needle shapa.

The thermal expansion coelficient,

The fine crystallites were approximately cubic, butl larges

microhardness and modulus of rupture of glass—ceramics were ranged [rom

78.5 10 81 8% 1077 em/cm/°C, {rom 8§20 to 930kg/mm? and [rom 1800 to 2800kg/em? respectively.
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Table 1. Chemical analysis of raw materials.

(wil %
Raw material ’ Source Bi0s | AlCs | FegOz | MgO | CalQ | MNa0 | K0 ’T 10: \ MnQ; | Cry0g| PaOg 1%15‘5 J
\ i
Basalt Unbeng  (47.8 | 145 1L 58§ 10.2 219 18 1 o058 0. 31{ 13
Basalt Obong 45.3 | 13.4| 1i.9 121 10.3 = 08 1. 37 1.97 0.27 — 0.24 1.23
Chremite ore Australia 051l 21, 9! 16.0, 185 — *J' —‘- — 0 13r 34 02/ —) —
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Fig, 1. X-ray diffraction patlerns of basalt roclks.
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Talle 3. Diffcrential thermal analysis of molher

glasses,

Mother glass | Ta(®C) ‘TB(UC) To(®C) | Te(°C)
BOC 1 695 718 256 8360
EOC 2 700 T30 845 872
BOC 3 G682 715 890 930
BOC 4 740 775 585 930
BGEC 5 700 735 000 950
BOC 6 745 778 “ 595 910
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Fig. 2. DTA curves of BOC 3 and BOC £ mether glasses.
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Table 4. Qualilalive anelysis of X-ray diffraction

pallerns of glass—ceramics.

Mother | IHeat-lreatment Finding
glass | condition (°C(hr))| g
750(1), 850(1), | diopside, magnetite,
BOC 11 1080 | anorthite
75001}, 850(1), |diopside, magnetite,
BOC 2 1050(3) anorthite
BOC 2 750(i). 850{1), | magnetite, clinoenstalite,
1000(3) _ diopside, monticellite
magrnetite. anorthite,
BOC 4: 1100(6) diopside
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100013) diopside, monticellite
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BOC 6 | 1100(8) dlopc;ide
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and BOC
condition; 750°C (1 lo), 8%0°C (1 Lr). 1050°C ¢3

§ glass—ceramics (heat-treatment

ha)).

Table 5. Dilatometric iransformation peinc (T1)

and dilatomeiric soltening point (Ts)
of mother glasses and hpear thermal
cxpension coefficient (@) ol mother

glasses and glass—ceramics.
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Table §. Microhardness(Vicker's) of mother

glasses and glass-ceramics,

Table 7. Modulus of rupture and Young's modulus

of mother glasses and glass-ceramics.

mother glass ’ glass—ceramics

]M\crohardness Heat-treatment [Microhandness
Bateh iof mother glass ccnrhtiou of glass—ceram-
(kg/mm?) C (hr)) ics {kg/mm?)
BOC 1| 795.2 27, JJISO(D B0 114 2468
BOC | sazs . § ” 265 452.5
[
ROC 3) 738.4 12 4! f; [ 314,6 +£23.2
BOC 4 0.5 +45.2 4 |80 %163
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COC G] 761.0 +20. 9‘ " i 8330 =£24.0

Batch M.O.R|Young's M. |M O. Tt | Young's M.
(sg/em?)| (kg/om®)  |kg/em?) (kg/em?)

BOC 1] 1200.3 | 3.76310° * 1958 3 4.13%10°
BOC 2 2,613 10° ¥ 2793.2 4. 22X 10°
BOC 3’ 1126.91 3.78x 105 FRE0ER. 5 4. 04108
| .
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ROC 5i 908.6[ 2.8610° (118329 424105

BOC 6| 1341.8} 2. 08 105

* 2567, 3] 4. 123 108

*:750(1), 850(1), 1050(3)
750(L), 85001}, 1025(3)

Table 8 Physical properties of various kinds

of ceramics.
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