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ABSTRACT

The crystallization behaviour and the machinability of mica glass-ceramics with the content of
F! were studied, The material was made from the K O-MgO-Al; O3-B, 03-5i0, -F glasses by the
heattreatment at 800°C-1100°C, where the content of F! was changed in the range from 1.3 wi%
to 6.1 wit%. X-ray diffraction phase analysis and optical observation were adopted to study the
crystallization hehaviour, The machinability was measured by a manual sawing test and MOR.

The crystal phases of these glass-ceramics identified by XRD were chondrodite, fluoborite and
notbergite at low temperature, but fluorophlogopite at high temperature.

The crystallization of glasses containing 1.3 wi% — 2.5 wt% F! were predominately controlled by
surface crystallization, while the crystallization of glasses containing 3.8 wi% — 6.1 wi% F! were
controlled by volume crystallization.

Among the test, the best machinability and strength value were obtained from those specimens
contained fluoride 4.2 wi%h — 4.4 wit% and when the heattreatment was performed at 950°C—1100°C
for 2 hours.
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Fig. 1. Diagram of crack propagation during machining
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Fig. 2.The diagramatic structure of mineral mica
(phlogopite) and Synthetic mica(fluorophlogopite)
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Fig. 3.Flow chart for the experimental procedure
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Table 1- The Chemical Composition and State of Base Glass as Casted.

COMP .
K,0 MzO | B, | si0, | ALO, F STATE OF QUENCHED GLASS
GLASS NO.
M- 1 6. 4 2L 5 129 429 1510 13 COpalescence
M- 2 6. 4 2L 3 12 § 42.6 14.49 21 ”
M- 3 6 4 21 2 127 42.4 14. 8 25 Opal . + Clear
M- 4 6.3 209 12 6 4118 14. 6 38 ’”
M- 5 6 3 208 12 5 416 14.6 4,2 Opalescence
M- 6 G 2 20 8 12 56 416 14.6 4. 4 n’f
M- 7 6. 2 207 12 4 414 14.5 4.9 o
M-8 6.1 20. 5 12 3 410 14.3 5 8 o
M- g 6.1 20, 4 122 40.8 14.3 61 ”
(UNIT: wt %)
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Fig. 6 Typical x—-ray diffraction pattern
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Table 2. The Cuttahlity of Base Glasses Heat - treated at Various Temperature.

OND, OF HEAT-
TREATMENT | 800°C | 850°C | 900°C | 950°C | 100¢°C | 1050 °C ) 1100 °C
2hrs 2hrs 2hrs 2hrs 2hrs 2hrs zhrs
GLASS NO.
M-1¢1L3 wt%) X % ® ¥ Jay ) O
M-2(21 wt&) b3 ® ® X A O @)
M-3(25 wta) E3 % ® b A O O
M-4¢(38 wto%) ® * Pt Pa O O O
S5 (42 Wt%) % X A O @] O @]
M-G(44 W) ® X Pl @] @ O O
M-7(49 wt%) * X E O O 0] O
M-8(58 wt%) ® b3 b3 x® O 9] O
M-9(61 wt%) X ® % O O C o
( 3 : CONTENT QF F-!

() can cut completely .
A can cut aonly surface.
¥ cannobt cut
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Fig. 11,12, Mode of crystallization of M-3,4 on heal — treatment
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Fig. 14 . Fractography of glass—ceramic specimens Fig. 16. Fractography oi glass—ceramic specimens
with heating temperature . with heating temperature .
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Fig. 15. Mode of crystalization of M-6 on heat—treatment

gopite 2 A S0} volumetric 314 4 -4%o] spherulitic AR &a A=A @BE A 52 cke] volume-
) ks gle A & 4 glch spheruliic 4 2 tric 37| 4-A== 900°C o] 4Abol| A F 58] Adse] 4
+ e A2 Fig. 13 ()l 4 ghds] gaks=] o A AL g g gl o] Al g 2w
o AHEel A8 zhe] A Eo] 2dAA g3 wijS- 7t Eeld - o] FHFA FoaAv 2 As
oldlglels AE & ¢ Ua, oA7d gl AR E o 7F e A (M- 12,5 4020 A6k e, ()
A% interlocking 5 ¢] 2;1-‘5 AL F4d=1A ARalgl 8] alml2 M- 7H=l7l spherulitic -4 22 Fhw gles
Fig, T4oll 4 3 ababad o glv) s o gl

Fig. 152 He, M-62] @3R3 okitx: M- 587 Fig. 18 & FF2E 3Jlake] o} F wo 53wt% 9|
of wl=gt AAME Jehdel 2 omjdFEs A9 eles) M- grele] A-poleh o] 2] 94 FAFAA  fh-
ol AL Fig, 1604 alarg 5 gl o), orophlogopite #} volumetric }A| 4-4=|e] spherulitic

Fig. 172 5295 %] 4 9wt% M-74% A dasEle Ad el glom] 2mat sl
2 G el =& 43 ofgal el TR el A wel o ZAEL FHEE dasle e AL nelx
o] e, o ogleh o] |AME Fig. 1994 3= wpsl o] M

T2l fluorophlogopite &= Y 2564 X-4 —~9-freleil 4= Yot glvh

Table 3. The Mode of Crystallization and Growth Morpholegy with Content of F~t.

GLASS NO. CONTENT OF F-! MODE OF CRYSTALLIZATION |GROWTH MORPHOLOGY
M-1 1. 2wi % SURFACE CRYSTALLIZATION | DENDRITIC GROWTH
M-2 2. 1wt % " "

M- 3 2. Hwt % ” ”
M~ 4 3. 8wt % YOLUME CRYSTALLIZATION |SPHERULITIC GROWTH
M- 5 4., 2wt % ” ”
M- 6 1. 4 Wt % # "
M-7 4. 9wt % ” 7"
M-8 5 8wt % " ”
M-g 6. 1wt % " ”
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a) 800 °C Zhrs
¢) 900 °C 2hrs

b)Y 850 °C 2hrs
d) 950 °C Zhrs

e) 1000C 2hrs
g) 1100 Zhrs

) 1050 °C 2hrs
h) 1000 °C Zhrs

Fig. 17. Mode of crystalization of M-7 cn heat-treatment .

By 900 °C Zhrs
d) 1000 °C Zhrs

a) 850 °C 2hrs
c) 1000 °C 2hrs

a) 850 °C 2Zhrs
¢) 950 °C 2hrs

)y 450 °C 2hrs
&) 1050 °C 2hrs

Fig . 18,19. Mode of crystallization of M-8, % on heat-treaiment .
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