31

2539)
3.2
( - 2544)
4,500-5,600
( - 2544)
2

.. 2500

3.3



3.4

BT *

*

gimi



3.5

25-50%

27-38%

3.6

(Clays)

38%

10-19%

(Feldspar) (Quartz)

(Alumina)

(Ferrites)

1%

, 2539)

60%

(Bauxite)

3.3
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31
( , 2544)

G2 277
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I 77

KKK EKIHTT

0% 20% 40% 60% 80% 100%

3.2
( | 2544)



ngaulunsuanesdn

v (Clay) sianaanazansluiiany (Flux) sianulv (Refractory)
— #1119 (Kaolin) wanalf (Feldspar)

3an1 (Silica)  8¥gRuN (Alumina)

— Auwilan (Plastic clay)

— Aua (Ball clay)

3.3 ( | 2541)
361  (Clays)

36.11 (Kaolin, China clay)

(Residual clay)
' (Kaolinite) 1

2

(Quartz) (Feldspar)

(Hematite) (Fluorite)



(CaCc03

31 ( - 2541)

AID3. 2Si02. 2HD
39.5% 46.5% 14%
05- 100

1,750 - 1,770

AlD3- 2Si02. 2HD (Kaolin)
450
32AD3.2 02.2 HD (Meta-kaolin)
890-900
3AID 3. Si02. Si02 (Spinel)
1,150-1,500

JAID3.2 Si02 (Mullte)

3.4
( | 2541)

(Chalk)

34



(Physical properties of kaolin)
(Particle size)

(Plasticity) (Drying shrinkage)
plasticity)
- (Particle shape)
(Hexagonal plates) 0.05 - 100
0.5

(Base exchange capacity)

(Drying properties)
shrinkage) (Fine grained)
(Green strength)

(Firing properties)

20%

36.12 (Plastic clay)

(Ball clay)

36.13 (Ball clay)
(Sedimentary clay)

10

(Low

(Drying



11

1,300

(Chemical properties of Ball clay)

' 1 (Disordered kaolinite)
40 - 60% 30%

10% (02 (Fe3

(Ca0) (MgO) (FeS) (K2)
(Na)

3.2 ( , 2541)
L ( 20-25% - AD3.4 022 HD 0.1 KD
)
2 - ( AID3.2 Si02.2 AD .0.1 KD
30- 38% )

3 ( 60- 80% - A2 3.9 Si02.2 HD .0.2 KD



(Physical properties of Ball clay)

0.05- 1.00
(Plasticity)

(Drying shrinkage)

13-17%
(Firing shrinkage) 15%
- (Green strength)
(Strength) 100 - 1000 psi )
3.3 ( , 2541)
1 1
2 2
1
3

12
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3.6.2 (Flux)
30 - 50
(Feldspar)
(Nepheline syenite) (Bone ash) (Talc) (CaC03
(Dolomite)
(Feldspar)
(Frit)
25% 40 - 60%
3.4 ' ( , 2541)
2.56-2.63
1,150-1,532

6.0-6.5
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1,150-
35

35 ' ( , 2541)

(Orthoclase) 1,220 °C KO . AID3 . 6Si02
(16.9%) (18.3%) (64.8 %)

(Albite) 1,170-1,200 °c NaD  AIA . 6Si02
(11.8 %) (19.4%) (68.8 %)

(Anorthite) 1,550 °c Ca0 . AID3 . 2Si02
(20.1 %) (36.6 %) (43.3%)

(Celsian) 1,715 BaO . aid3 . 2Si02
(40.85 %) (27.15%) (32.00 %)

(Petalite) 1,200 °C A . AD3 . 8Si02
(Spodumene) 1,250 °c 2 . aid3 . 8Si02
(Lepidolite) 1,150 °c 1 . AD3 . 8Si02

(8.03 %) (27.40 %) (6457 %

30 - 70%
30-40 %



36.3 (Refractory)

group) (Calcined clay)

3631

(Thermal expansion)

(
)

3.6

(Inversion)

(Phase)

(Pyrophyliite)

(Silica, $i02

1,728

2.65

15

(Silimanite
(Zircon)

 2541)
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a  Tridymite 117-163 °c 3  Tridymite
am =

C 220 - 260 °C

Cristobalite  -==-memmemem- ) Cristobalite
4}73%

ot Quartz * 3 Quartz

470% S 1470 °C _ _
Quartz ~ I-—---) Tridymite ) Cristoballite

wW

35 !
( , 2541)
3.6.3.2 (Alumina, AI0 3
(Corundum) Al(OH)3
1000
1 (Hydrate)
(Bauxite)
3 (Gibbsite, Al2) 33H2) (Diaspore, AlD32 HD) vV
(Boehmite, Al2) 3. HAD)
3.7 ( ., 2541)
3.9-4.1
9
2,050

(Sintered alumina) 1,600 - 1,900
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395 35 0%
20% 9 (
10)

(Alumina porcelain)
(Abrasion - resistance
purposes) (Refractory purposes)
(High alumina bricks)

3.7
(Sand) (Sedimentology)
0.063-2.000

(Quartz)
(Feldspar)

(Gravel) 2

4.75

(Fine aggregate) 0.07-
4.75



! (Si02 95%
0
30 - 40 /0
372
(SiD)
(Fe 3
38 (Glass)
381

0515
1-3
2-4.75
(Silica sand)
99%
0.01%
0.10 (200 )
1%
(Silica)
(AD 3
(PbO)
(Na2C03

(B3

18
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(Depolarizing agent)
(Selenium & Cobalt)

(Cullet)
3
L (Glassware)
2. (Flat glass)
3. ( Glass fiber and other product)
3.8.2
85%
(Surface treatment) (Silicone
coating)



383

3.84

3.8.5

1600

6
(Raw Material & Mixing)
(Melting)
(Forming)
(Annealing)
(Inspection & Selecting)
(Decorating)

$i02 (55%)
NaC03(20%)
CaC03  CaMg(CO32(15%)
A 3(2%)
8%)

(Color glasses)

2 1200

20



«  « unu

+ +
+
( )
+ +
(Fe)3 + FeO)
3.8.6
5 943,708 |/
80% 1 2537
401,500 |
365,250 |/
3.8 .. 2533-2537
( , 2541)

2033 2534 2535 2536 2537
( ) 214500 240,000 305250 317,550 401,500
190,000 200,000 2745500 284,980 365,250
45,000 55000 80,000 90,000 90,000
64,000 64,000 64,000 64,000 64,000
11,000 11,000 11,000 11,000 11,000
524,500 570,000 734,750 767,530 942,708

19%
34%



38.7

l)

035
5.8 %
02
0811
84,000

5,500

0.35

4,000

, 2545)
2542 117 [
0.47 [ 1,600 [)
[ 1,200 [)
1200 1 /) 30% ' '
()
1
( )
1,450 - 1,600
2 (Reuse)
(Recycle)
(Reuse)
100%
3,500 1 )
0.262 0.217 0.053 153
7,800
1 [ (2857 | )
/ 27,000 / 22,000 /
/ 16 /
817
(Recycle) 95%
35 (1,000 ) 15%

600 400

22

12

900

60%
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1 3
80
3.5 [ (100 [ )
26,350 |/ 7,045 |/ 1,715
/ 8505 /
9.2 / 36
(Reuse)
(Recycle)
350
140/
210 |
8 (2540 - 2544)
3.9
39.1
(Pressing) (Extrusion)
1,000

90



392

39.3

394

3921

3922

3941

(Drier)

24

(Dry and dust pressing)



(Semi dry

395

Dust press

10-15%

(Dry pressing)

40 %

Dry press)

25



3.9.6

100-200
(Free water)
200-700

450-600

573

950-980

1050-1150

1200

26
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1250
39.7
3 (Preheat zone) (Hot zone)
(Cooling zone) 3.6
(Hot zone) (Soaking)
1 (
, 2539)
7&
Preheat _Hot _] Cooling
zone
3.6 ( , 2539)
398

(Quartz, Si02

(2545)

(Albite, NaAIS-Og) (Corundum, Al23)
9 (Mullite, 3AI232Si02)



399

3.9.10

280

28

1000
1250

Na, K, Ca

( 1 2530)

(Glassy property)

(Reuse)
, 2541)
70



3.10

3101

3.10.2

29

(. 362516)
18%
(. 37-25%)
250
175
( )
3
( )
6%
( )
10%
( )

16%



30

311
Niemela (1995)
80% 20%
Karamanov (1999 1
(Glass ceramic)
()
(2542)
0 025 050 0.75 1.00
0.25
1200
( )
1.29 1
800
(372529
7.19 1
(2542)
(Quenching)

200



3l

Barbiéri (2000) Ca0-AID 3502

100%

Haun  (2000)

2-3
% 24
(
) 3% (
2,200 )
1,400 )
Cimdins (2000)
0.34-3.23% 2.93-3.05

80-96



32

3.02% 01 30%
0.2% 01

(2545)

(% ) $0257.00% Ti020.83% AID 3
24.80% Fed38.55% Ca0 2.01% MgO 1.27% KX 1.94% Nad 007%  S030.19%

(2545)
150-200
§ 5 1180
30 35 40
15
40% 16.04
148 4.74%
116.15
1180
15.58%
227 3.86%

285.01
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Park (2002)
Si02Mg0  Ti02
20Si1025MgO-75fly ash-2Ti02
870 127
25490
24,020 9.740 362.100
0.1
+ 30 1.0 5.0
Toya (2003)
( Kira) CaCo3
Kira 62.7% CaC03 37.3%
1150
76-86
(20401 NaOH 0.25 )
Kira Fe3 ( 0.1-0.5% )
Appendino (2003)
1400
(
) 70% 30% 950

60
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