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ABSTRACT

In this study, high quality machinable ceramics was prepared from the XK,0-MgO-AlLQ:-Si0,-B,05F glass
system using domestic pyrophyllite. The mixture of pyrophyllite and additives was melted at 14507 for 1 hour
and formed in a graphite mold. The hase glass was heat-treated at 600T to 1200 with interval of 50T for
3 hours identified by XRD. Crystalline phase were confirmed by XRD and their microstructure was observed
by SEM. The glass ceramics which was prepared by heat treatment of base glass at 1150C for short time

has good physical, mechanical, thermal, chemical properties and machinability.
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Table 1. Chemical Composition of a Domestic Pyro-

phyliite

Composition Wi(%)
Si0; 74.14
A0, 2048
Feo(hs 0.20
TiO; 0.46
Ca0 009
MgO 0.07
K0 0.03
Na.Q 0.10
P.Os 0.05
Ig-loss 422
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Fig, 1. X-ray diffraction pattern of a domestic pyrophyl-
lite,
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Fig. 2. Particle size diwstribution of a domestic pyro-
phvllite,
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g} Machmable Ceramics® &

Pyrophyllite, KaCO;,

Weighing
- MgF,, HiBQs AlQs,
(KMgsAlSHOF2) 1\'120a T

Dry Mixing

| Electric Furnace
14507 for 10~-2.0 hr

Melting

| Forming Graphite Mold
XRD, EDX, DTA
Crystallization Electric Furnace
XRD, SEM
Characterislics
Measurement
Fig. 3. Scanning electron microscopic photograph of a
domestic pyrophyllite. Fig. 4. Flow chart of Lhe experimental procedure.
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Table 2. Purities and Sources of Additives Used in the Experiment

Additive Purily Sources

Al >54.9% Junsei Chemical Co, Ltd,, Japan
MgO >89 0% BDH Ltd., England
K,COy, >99.5% Shinyo Pure Chemical Co., Ltd, Japan
H,BO, >99.5% Yakuri Pure Chemical Co., Ltd., Japan
MgF, >98.0% Aldrich Chemical Co,, Inc. USA

A28 A7 H(1951) -533-



Table 3. The Batch Composition of Base Glass

Table 4. Heat-treatment Schedule for Crystallization

Composition j with j
Pyrophyilite 55.2
Al 32
MgO 94
K:CO; 12.6
H:BO, 115
MgF, 81
1 Alumina Lid

Platinum Crucible

Alumina Crucible

L]

Refractory Mortar

Fig, 5. Schematic section of crucible used for glass
melting.
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No. | Heating- | Heating- | Holding- | Cooling-
rate temp. time rate

1 3007 /h 11607 10 min 300T/h

2 300T/h 1150 10 mn 120T/h

3 300TC/h 11507 30 mmn 120C/h

4 300C/h 1150T 60 min 120c/h
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Table 5. Summary of Property Evaluation Methods
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Fig. 6. XRD pattern of the base glass.

Frgk AElE deplz gle Ao
#elw] o= Chyung o alX3} A&
Fele galsks qich

3.2, 98N g9l XM F[EEN

Ziele A das 2x We91e ANET] 24
et Alal dES AFAZ Fig 8o Jeldglc) Fig. 89
Aol wl2w 610T2 800Co)4] exothermic peak?}
wrebba gl ol ES 25212 amorphous Al o A
crystalline el 28] Felel] 2|3t WFJul-§-0 2 P o}=] v
1035Cell#] v}ehbe endathermic peak= base plasse]
%1314 (softening point} 28 Az}, ¢]= Kodaira ef
a7 g By Azl oF 30~-50F AE e
==, o)eldt #HIlE B A4 AlRElyr gl
1-];]—)«4 0] H”o] ifﬂ-}.j;io; Z‘j:] Al Ha] SlO Al(j3
alHe vlake 2 L= ¢l Tt P09} 38 7o
4 4] Al (nucleation agent) & zH83) o2 Az}

L.

o
ol

|

A28 4 A7 E(1991)

Property Unit Condition Method
General Bulk density gfem? 25T ASTM C373-72
Porosity 25T ASTM C373-72
Water absorption ASTM C373-72
Mechanical M.OR kgfcm? 25T 10.000 Ib/min
3-point
Span-17 mm
5720 (mm)
Compressive kg/cm? 25¢C 10.000 Ib/min
Strength 10X10»10 (mm)
Thermal Expansion cofficient | * R.T,—400C TMA (Stanton
RT,~600TC Redcorft 1500)
R.T,—800T
Chemical Acid loss wt% 5% HCl 24 hrs. 95T
Resistance Alkali loss wt% 5% NaOH 6 hrs. 95T
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Fig. 7. SEM photograph and EDX of the base glass
showing phase separation.
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Fig. 9. X.ray diffraction patterns of the heat-treated
hase glasses for 3 hours.
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Fig, 10. X-ray intensity of crystal phase in hase glass
as a function of heating temperature. (3 hours).
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Fig, 11. SEM photographs of heat-treated specimens.
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Table 6. Heat-treatment Schedule and Crystallinity

Mo. | Heating- Heating—-lm? 'Tjooling— Crystal-
rate temp. time rate linity

1 l_scTt/h 1150C | 10min | 300C/h | 27 vol%

2 ] 300%/h | 1150C | W0min | 120C/h | 32 vol%

3 | 300c/h | 1150TC 30min | 120T/h | 41 vol%

4 | 300C/h | 1I50TC 60 min | 120T/h | 55 vol%
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Fig. 12. SEM photographs of fracture surface of "Ma-
cor” and “crystallized specimen No. 4",

Fig. 13. Photograph of sample machined by lathe,
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Table 7. Characlenstics of Machinable Ceramics

%t Machinable Ceramics®] A=

5 mE IEH W ORE, 7 UEER I IV ES

Property Unit Specimen Macor® Macerite'™
General Bulk density glem® 261 252 255
Porosity a 0
Water absorption a ] 0
Mechanical M.OR, kg/cm?® 570 1000 3500
Compressive kg/em?® 3800 3500 4500
strength
Thermal Expansion cofficient ®1077/C 54.2 94 105
734 110 101
87.0 123 103
Chemical Acid loss wt% 21.77 87 mg/cm? 17.7 mg/cm?
Resistance Alkal loss wt% 091 8.5 mg/fem? 8.2 mg/em?®
Table 8. The Machinability Testing Conditions and REFERENCES
their Results
rpm mm/mut | Machinability 1. B, “&RER 0w, FhtEEE, 2303), pp. 8-
Drilling 260 40 Goad 92 (1984).
Grinding 200 915 Good 2. APUEFI, “EREER —Machinable Ceramics—,” %
. - 3w &, 15(3), pp. 166-159 (1980).
Culting Sawing Good 3, JW McCauley, RE, Newnham and G.V. Gibbs, “Crys-
tal Structure Analysis of Synthetic Fluorphlogopite,”
AR e E4a Faz Azkg, Amer. Miner, 58, 249-254 (1973).
a4 %ud allcaliel] € she] ook AL b 4, fé&ﬁjﬁlﬂﬂ SEHE e Ay wAALYTAT FTA
ehfich 3k Table 83 & wWes AAATAHE S LT L A%,

machinability 2 dger] Aoz 7}

34 A9 Ahalg Fig 139 vebh gtk
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