REFERENCES

1. Padaeng Industry Public (online). Available from: www.padaeng.co.th.
[10.12.2004]

2. M. Pelino. Recycling of jarosite waste in the production of glass and glass
ceramic materials. Interceram 47 (1998): 22-26.

3. M. Pelino. Recycling of zinc hydrometallurgical wastes in glass and glass
ceramic materials. Waste Management 20 (2000): 561-568.

4. P.Pisciella, S. Crisucci, A. Kara

. Pelino. Chemical durability of glasses

obtained by vitrifica tes. Waste Management 21 (2001):
1-9. ‘

5. Mazimina ‘Rom a. Rinca Surfa d bulk crystallization of
glass-cerami€ in e N& D-Zn0- AlLO,-SiO, system derived
from a goe amic Society 82 (1999):
1313-1317.

6. W. Vogel. America: The American
Ceramic Society, 19 % +: 73

7. Wolfram Holand and ¢ Bl G & an nology. The United States
of America: The Améfican ety, 2002.

8. D. G Holloway. The p g Great Britain: Taylor & Francis,

1973.

9. W.D. Kingeryﬂ.
|
John Wiley& Sons (SEA) Pte. Ltd., 1991,

11. Robert H. Doremus 2™ editiofisThe United Statés’of America:

9 mmn‘sg@u WA NENas

12.$adaeng Industry Public Co. Ltd. The brochure of zinc in everyday life

Hon to ceramics. Smgapore

Tﬁ United States of

13. Alexander Karamanov and Mario Pelino. Evaluation of degree of crystallization
in glass-ceramics by density measurements. Journal of the European
Ceramic Society 19 (1999): 649-654.



78

14. Alexander Karamanov, Carlo Cantalini, Mario Pelino and Alessandro Hreglich.
Kinetics of phase formation in Jarosite glass-ceramic. Journal of the

European Ceramic Society 19 (1999): 527-533.

15. M. Romero and J. Ma. Rincon. Preparation and properties characterization of
high iron content glasses obtained by recycling goethite industrial waste.

Journal of the European Ceramic Society 18 (1998): 153-160.

16. M. Pelino, C. Cantalini, and J. Ma. Rincon. X-ray microanalysis of crucible-glass

interphases on melting of glasses obtained from goethite waste. Journal of

Materials Science 32
17. Alexander Karamano ndro Hreglich. Sintered glass-

ceramics fro oli ast rﬂy ashes-part |: the
influence of the n/ € 0 t e heating te on the sinter-crystallization.
Journal of the Europe _{ ety 23 (2003): 827-832.

18. Alexander Karamag li ilena Salvo.and llidko Metekovits.
Sintered glaés-cgfagiics frof inginera fiy ashies, Part 1. The influence of
- operties. L of the

the particle si

19. Luisa Barbieri, Anna ri;‘a: Ti a | ancellotti and Chistina Leonelli.
et '

Crystallization of (Na
B |-'._..-l",.'|"..-"fII l-...f
from was’taproeducts :
2515-2520

20. Young Jun Pafgnd S

-Si0, glassy systems formulated

iety 83 (2000):

0 Q Iassﬁeramics from glasses

made by Msvxfmcmerator fly ash f&jecychng 28

o) 11719 NEN T

21. T.W. CHeng, T.H. Ueng, Y.S. Chen and J.P Chlu Production of glass ceramic

Zﬂwsa Barbieri, Is ﬂyﬁanceilog |i czllalno taanfreldllm anﬁuagn i(‘:ﬂ;) Pellacani.

Nucleation and crystallization of new glasses from fly ash originating from
thermal power plants. Journal of the American Ceramic Society 84 (2001):
1851-1858.



23. Luisa Barbieri, Anna Corradi and Isabella Lancellotti. Bulk and sintered glass-
ceramics by recycling municipal incinerator bottom ash. Journal of the
European Ceramic Society 20 (2000): 1637-1643

24. M. Romero, J. Ma. Rincon, A. Acosta. Effect of iron oxide content on the

crystallization of a diopside glass-ceramic glaze. Journal of the European

Ceramic Society 22 (2002): 883-890.
25. G.F. Piepel. Mixsoft- for th ign and an is of mixture and other

constrained region experiments. User's guide version 2.31. The United
States of America, 2000

o,

26. Method 1311 Toxic che ﬁ_ﬂ

http:/Mww.epa.goviepaoswer/hazwaste/test/r

cle dure (online). Available from:

/1311. July, 1992.

27. E. Shelby. Introduction.io'Gigss science and Te chnology. New York: The Royal
Society of Chemis

28. Young Jun Parkand n e i 1o glas -c amics from glasses
made by MSW ingineratar flyash for recycling. Ceramics International 28

(2002): 689-694.

AULINENINYINT
RINNIUUNININY



AULINENINYINg
ARIANTAUUNINGIA Y



-
AX )

v‘.

AULINENINYINT
ARIAATAUNNINGIA Y

81



82

The suitable percent of oxides in each glass follow Table 3.2 was calculated
by Z + 30% waste. Where, Z is the percent of added-oxides from other sources. Silica
sand, boric acid (B,0,°3H,0), soda ash (Na,CO,), limestone (CaCO,), magnesium
carbonate (MgCO,), zinc oxide, alumina and iron oxide were used as a source of SiO,,
B,0,, Na,O, Ca0, Mg0, Zn0, Al,O, and Fe,0,, respectively.

Calculation of added-oxide percent from other sources is given as an example
by a glass system of GC#1 as shown in Table A-1. Firstly oxide percent of GC#1 (A)
from Table 3.2 and oxide percent of 30%

considered. Percent of added-o

Vte (B) from Table 3.3, have been

//om the deduction of A from B.

Table A-1 np n xudes (%wt)
Oxides %. B added-oxide (Z)
B z=AB)
Sio, 4 B s 4O 3820
B,O, 1 ' 0L 15.00
Na,O of “ e aNohe 14.81
Ca0 g0.00  wic - A\ 15.07
MgO offo kN \ 0.00
Zno 1.00 .-;«::;a : 0.07
ALO, == 000
Fe,0, |1 "] 0.80
The percent of each a se a basic factor for further

calculation of their raw m%:enal sources (W) as described in Table A-2 which is based

°"qu"aSFWH’Mﬂ‘I/]‘§WMﬂ‘§

ZxX)

et W VANT) IABMIANIAD

Zis percent of added-oxide

(eq. A-1)

X is molecular weight of oxide compounds

Y is molecular weight of oxide



e.g. Calculation of percent of boric acid (B,0,°3H,0) used as a source of added-

B,0, (W) in GC#1
_(15x124)
70

w =26.57

Where, W is percent of boric acid used as a source of added-B,0, = 26.57
Z is percent of added-B,0, = 15.00

X is molecular weight of B,0,*3H,0 = 124

Y is molecular weig

This equation was apE lied for a @in each glass system to

calculate percent of raw.materials. use ces of added-oxides. Percent of eight

raw materials used as s gd-oxides were caiculated for twenty-five glass
systems as shown in Ta

30% of zinc waste ready.it

T
iF |
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Table A-2 calculation of raw materials used for GC#1 glass system

( Sio,

B,0,

Na,O

Ca0

MgO

Zn0O

AL,0,

Fe,O,

38.20
W)

15.00

14.81

15.07

0.00

0.07

0.00

0.80

Silica sand (SiO,) 38.20
X =8I0, = 60 ()

Boric acid
(B,0,°3H,0)

MW = B,0,+3(H,0)
X =[70(Y)+54] = 124

Soda ash (Na,CO,)
MW = Na,0+CO,

X = [62(Y)+44] = 106

Limestone (CaCO,)
MW = CaO+CO,
X =[56(Y)+44] = 100

Magnesium
carbonate (MgCO,)
MW = MgO + CO,

X = [40(Y)+44] = ;,_ !

26.57

X=7n0=81%) |

Zinc oxide (ZnQ) Yo

0.07

Alumina (Al,0.) q,
X = AL, =21 (ﬂ/u h ’3

0.00

Iron oxide (FQ;B
0

X=

0.80
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Fig. B-1 Images of melted glasses
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Table C-1 Percent volume shrinkage of giass-ceramics

88

Heat-treatment conditions

GC# A B c D
2 12.99 35.96 35.41 31.76
3 16.24 32.88 31.67 29.96
4 15.33 32.10 32.61 29.77
5 3.29 34.99 33.69 30.03
6 13.68 330 31.21 29.15
7 1273 S 32.00 28.96
8 11.59 " 5.28 31.28 28.71
10 i 35.08 4.70 32,17
18 6. 339 32,83 29.97
19 1 nE 8 28.59
24 9. 434, 19 27.83
59 4. 4 8498 4 : 27.01
23 i fl s N\ 21.26
1 19 J‘fié‘fﬁn 13 -1.00
9 30.688 5 80.6 23.04 24.26
1 135474757 /30.18 26.03 16.68
12 22.25
20 48.81 ‘ 24.63
16 10.45 31.11 31@4 28.92
13 1= 7.75 % 9 31.52
15 B 1.42 ¢12.93 o 32.84 o/ 33.09

aﬁw 2 mzl |a EE.TB

RS 1.70 29.57 32.11 28.98
25 1.93 1753 23.39 33.41




Table C-2 Bulk density of glass-ceramics

89

Heat-treatment conditions

GH A B c D
2 1.98 2.68 2.69 2.57
3 2.03 255 2.53 2.48
4 2.04 2.56 2.65 2.58
5 1.88 2.74 2.71 2.57
6 2.03 2. 2.56 2.52
7 1.97 ' 2.48 2.39
8 1.89 55 2.46 2.42
10 1.75 6 67 2.57
18 1.82 7 2.46
19 1.8 5 2.36
24 1.91 267 2.43
22 2 4265/ 3 2.54
23 2. . 26 2.42
1 2.18 ..:“-.&?5..-:1 0 1.78
9 2.45 G245 2.24 2.29
11 2.09 £Oh2/59 /) 2.43 2.18
12 2.40
20 0 ‘ 2.25
16 1.86 243 2.4ﬁ 2.35

1.76

1.71




Table C-3 Percent water absaorption of glass-ceramics

Heat-treatment conditions

GCH A B c D
2 13.31 0.07 0.04 0.03
3 11.75 0.10 0.1 0.20
4 12.08 0.08 0.19 0.26
5 0.09
6 0.05
7 0.07
8 0.07
10 0.09
18 0.12
19 0.24
7w
22 6.94 ﬂ' M QN\\ 04 0.24
23 l T m‘\ 0.04
1 95 _ﬂ+5_ % "\ 0.23
9 o, 1 70 0.11
11 {2070, 7 458 0.28
12 0.15
20 0.04
16 0.10
13 19,1 1 L 0.20
14 4 0 _‘F 0.14
15 2060 | ﬁg.olgnnﬂ & 019 Q/0.11

ELNRIRE T TN

! 20.51 474 411 0.12

25 20.48 11.28 9.12 0.00

90



Table C-4 Percent apparent porosity of glass-ceramics

9N

Heat-treatment conditions

GC# A B G D
2 26.41 0.19 0.10 0.07
3 23.93 0.26 0.28 0.49
4 24.74 0.21 0.51 0.67
5 32.39 0.18 0.27 0.24
6 25.59 0 0.14 0.13
7 25.08 0.07 0.18
8 27.87 .03 0.09 0.18
10 35.91 0. 04 0.23
18 32. 0.29
19 28, f 0.57
24 30.3 02 0.11
22 15.80 003 1 0.01
23 1 . Bass, | 0.54
1 20.8 B39 o2 0.41
9 7.69 a0~ 16 0.26
1 24.87 _ _FUh0.43/ 0.24 0.61
12 0.37
20 M 0.10
16 2779 0.19 0. 0.23
13 18 = Y ‘ . 050
N 1 0 !ﬁ 0.34
Sogrin o i ol BT o0 b S 04T5 | L /D0
oA TORE T I T A T 340 Ta s
—
21 36.16 1172 10.65 0.76
25 35.21 23.33 20.38 1.07
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Fig.D-2 EDS spectra of glassy matrix (B) in GC#24 heat-treated at condition C



94

4 Wollastonite

* o0 *
.. 5 GC#1(C)

GC#1(B)

AULINENINYINS
RN TUNMING AL



95

¢ Wollastonite

GC#10(C)

GC#10(B)

e 1BMm F2 LOI
STREC 15KQ X1, 5900 17wnm

-!"l--"-.lI-

t'condition B and C

L “W"@m mm ?]”WT”J"VT?F”F@ g

after heatﬁreatment



96

¢ Wollastonite

* v . GC#23(C)

GC#23(B)

80

STREC X5I’U X1

”fl

AR B HATINE

after heaftreatment at condition B (a) C (b)

AN

obs
A

Lq,

)

'y,

)Frgﬁb E;BC#QB



97

A

Fig.D-9 EDS spectra of glassy matrix area (B) in GC#2 heat-treated at condition C
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Fig.D-11 SEM microg@phs (1800X) bf pyraxéneiphase bbsenved in GC#3 after heat-

treatment at condition B (a) C (b)
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Fig.D-13 SEMY"microgrep'hs (1500%) mfipyraxene phase gbsenved in GGAS after heat-

treatment at condition B (a) C (b)
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Fig.D-15 XRD patterns of GC#17 heat-treated at condition B and C



101

GC#18(B)

80

,.F'
ﬂum VI WE 1T egewe
RS m\ﬂt‘*ﬂ‘hlm H“Uﬂ]h"‘* 5
. BT 70

Fig.D-17 XRD patterns of GC#21 heat-treated at condition B and C
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Fig.D-19 XRD patterns of GC#25 heat-treated at condition B and C
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Fig.D-21 EDS spectra of area (A) in GC#13 heat-treated at condition C
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Fig.D-23 EDS spectra of area (C) in GC#13 heat-treated at condition C
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Fig.D-27 EDS spectra of black dendritic area (B) in GC#4 heat-treated at condition C
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Fig.D-29 XRD patterns of GC#11 heat-treated at condition B and C
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Fig.D-31 XRD patterns of GC#12 heat-treated at condition B and C
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Fig.D-33 EDS spectra of dark dendritic crystal area (B) in GC#19 heat-treated at

condition C
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Fig.D-35 XRD patterns of GC#7 heat-treated at condition B and C
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Fig.D-37 XRD patterns of GC#8 heat-treated at condition B and C




112

‘ ' 10rm F2 LO1
% I/ X1,800 i6un

A1) /
(a) ~ /2,_.-« (b)
— T
Fig.D-38 SEM micrographs+#600x)of cristqf)alite, guartzzand wollastonite-ferroan phase
--'-.#r K - ;
late ndmonB(aTE?B)

4 LS
b _. e i
—
| 4
v TR NN ‘
Al il '_'1 : ¢ Cristobalite |
; ik AR #“ A Quartz 1
{ —
| -
| -8 y
} it ‘
- :fﬁ'ﬂﬂf‘

GC#16(C)

' E.%c#1e(s)
i

80

Fig.D-39 XRD patterns of GC#16 heat-treated at condition B and C
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