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## 4770428221 : MAJOR ENVIRONMENTAL ENGINEERING

KEY WORD: CERAMIC TILE / BROWN GLASS SCRAP BOTTLES / SPENT SILICA-ALUMINA
PY ATTPISARN: QUALITY DEVELOPMENT OF CERAMIC TILE PRODUCED USING
GLASS WASTE. THESIS ADVISOR: ASSOC.PROF. PETCHPORN
CHAWAKITCHAREON, Ph.D., 100 pp. ISBN 974-53-2527-9.

This research aimed to develop the utilization of brown glass scrap bottles as raw
materials instead of using feldspar, which is flux of ceramic product, by adding spent silica-
alumina. The experimeni was performed using the ratio of ball clay lo feldspar equal to B : 5,
which is 60% of whole mixture, plus 40% of milled sand. A series of experiments was carried
oul by varying the ratic of brown glass scrap bollles:spent silica-alumina at 100:0, 80:20,
75:25 and 70:30 of feldspar in the mixture then pressing 1o 4x4 inch’ lile in size and varying
of temperature at 1200, 1150 and 1100°C. The quality lesis of ceramic file such as bending
strength, firing shrinkage, waler absorplion, chemical durability and crazing durability were
performed according to the Industrial Standards. The results indicated that all mixtures,
which were bumed at 1200°C, passed Thai Industrial Standard for ceramic floor tile (T15.37-
2529). According to the economic analysis, the mixlure at the ratio of brown glass scrap
bottles:spent silica-alumina at 80:20 and bumed at 1150°C could pass Thai Industrial
Standard for ceramic floor tile (TIS.37-2529). This mixture had the quality of bending strength
equal to 27.46 MPa., firing shrinkage equal to 4.89%, waler absorption equal to 1.93% and it
also had the capacity of chemical durability and crazing durability. The phase analysis by
x-ray diffraction found quartz and cristobalite phase, the basic form of mullite phase, which
provides the high strength for ceramic product, The cos! estimation for the product revealed
a cost of B.61 baht/piece of ceramic tile. Comparing to the original process which burned at

1200°C, this research revealed a safe of 2.98 bath/piece of ceramic tile.

ral
Department Envirgnmental Engingering Student's signature 1hse Issenghe
Field of study Environmental Engineering Advisor's signature ' Lis C.
Academic year 2005
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MgO 0.6 0.3
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117-163°C

A Tridymite > B Tridymite
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A Cristobalite > 3 Cristobalite
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A Quartz < > B Quartz
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Quartz < > Tridymite § > Cristobalite
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EQ + H, » EQH
Unnseneendindy

EQH + O, » EQ+H,0,

Uffisenniingant-azgRunnlduda

EQ + Silica-alumina powder ——— —» EQ + Spent silica-alumina

dlaa a -dl o Aﬂl a 49( -é/ ISPV o
Imﬂwmm-@zqmmﬂmmqwmmuu NAULIZNALLATNNINILANEIUIAAILAAS 11

AN9197 3.9 WAY 3.10 ANATFL

A15199 3.9 wansdauLlsznaudant-azgiunNlauan (alsaul dulahnwas, 2545)

Baaulneimin
doutlsznay
an./n. ilafigus
Aluminium Oxide 550-630 55.00-63.00
Silicium Oxide 120-160 12.00-16.00
Water soluble salt 70-130 7.00-13.00
Moisture content 100 10.00
Ethyl tetrahydro anthraquinone 23.08 2.31
Ethyl anthraquinone 9.85 0.99
Ethyl dihydroxy anthraquinone 6.61 0.66

NTP Board of Scientific Counselor's Technical Report Review Subcommittee on

v
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A1919% 3.10 LAANNISNTEANEUUIAURITAN-DLRRNUIN LTUAD

(@521 alaRwas, 2545)

mmmmmmumaﬁﬁwﬂfg UPUIATBIDUNA FunaEanT-azgiun
(\uas) (HanLumg) (ssLTus)
8 2.38-4.76 0.039
16 1.19-2.38 63.84
20 0.84-1.19 3.17
30 0.59-0.84 0.18
40 0.42-0.59 0.3
50 0.297-0.42 5.41
100 0.149-0.297 24.03
D1ATAN >0.149 3.03
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10.75 | 10.78 | 0.58 | 10.56 | 10.54 | 0.57 5.61
10.79 | 10.82 | 0.58 | 10.55 | 10.55 | 0.58 4.66
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(wofiFus) nfe | 8 | own | nde | amn W AT

10.50 | 1049 | 0.52 | 10.46 | 10.45 | 0.50 4.58
10.51 | 10.50 | 0.52 | 10.48 | 10.47 | 0.49 6.31

0 10.52 | 10.52 | 0.51 | 10.48 | 10.50 | 0.49 4.47 4.79 0.86
10.52 | 10.52 | 0.52 | 10.50 | 10.49 | 0.50 4.30
10.51 | 10.52 | 0.51 | 10.49 | 10.50 | 0.49 4.29
10.93 | 11.15 | 0.59 | 10.89 | 11.00 | 0.59 1.71
11.35 | 11.37 | 0.60 | 11.10 | 11.35 | 0.59 4.00

20 11.34 |1 11.35 | 0.58 | 11.20 | 11.34 | 0.57 3.02 2.60 0.96
11.39 | 11.38 | 0.58 | 11.25 | 11.32 | 0.58 1.75
11.33 | 11.34 | 058 | 11.28 | 11.30 | 0.57 2.50
1146 | 1145 | 062 | 11.45 | 1145 | 0.61 1.70
1144 | 1147 | 060 | 11.44 | 11.46 | 0.59 1.75

25 1145 | 1146 | 059 | 1144 | 1145 | 0.59 0.17 2.40 3.40
1141 | 1141 | 058 | 11.41 | 11.40 | 0.58 0.09
11.35 | 11.35 | 0.57 | 11.33 | 11.34 | 0.57 8.31
1143 | 1142 | 0.62 | 1142 | 11.42 | 0.62 0.09
11.35 | 11.374 0.60 | 11.32 | 11.30 | 0.60 0.88

30 11.40 | 1141 | 0.60 | 11.37 | 11.40 | 0.59 2.01 1.88 1.90
11.38 | 11.35 | 0.60 [11.05 | 11.10.| 0.60 5.04
11.87 11140 | 0.62 | 11.31 | 11.30.| 0.62 1.40
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Date 6/1/2008
Sample 205iA1 T1200
Instrument : X-Ray Diﬁra:tumot\ul : Bruker AXS Model D8 Discovar
Condition Target Gu
‘Voltage 40 [AY
Currant 40 mA
Angle 15-80 degree
Incremeant D.04 degree
Secan speed 1 secfstep
Detectar Scintiliation detector
Operator Mencp Tiraraltanasompot
Memo
g g mtensity  Intensity
. E ynasgtrom Coum
4 4
A73as 40 >
4053 bad
' 5 14.7
N2 _—
Qi 2.28 17.1
2.23511 12.5
50 B2 58 b Aa130eE S ke s , i
54 BEY 3¢ 1.6246 161 .5
A3 BREFT 1 A5 &7 po B
35 667 h 1480868 12.8
‘4
a¥
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Date 6/1/20086
Sample 255iA1 T1200
Instrument X-Ray Diffractometer ; Bruker AXS Model DB Discover
Condition Target “Cu
Voltage 40 (AT
Current 49 ma&
Angle 18P0 degree
Incrament 0D cegres
Scan speed i sacisten
Detecter Scintiliation detector
Operator Manop Tiraratianasompot
Memo
e value Intansi Hernsi
et el \ n
el il i)
4 [ é
- Ho
s 16
ORR {5
| il s il 1953
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oa 158
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Date ;300108
Sample 100%qlass Y1150 C
Instrument . X-Ray Diffrectometer ; Bruker AXS Model D8 Discover
Conditlon : Target Cu
Vollage AL kW
Current 40 i,
Angle 15-8% dagrae
Increment 0.0z degree
Scan speed 0,1 secistep
Dslecter VANTEC 1 Detector (Super Speed Delector)
Operator eManop Tiramtanasompol
Memo
Angle dvalue Intensity Ihtensity %
2-Theta " Angalram Count %
2090136 L2 HERT 872.0 37.9
21.83354 806742 635.0 42.1
26.68344 333612 1508 0 100.0
35.93282 2.45724 190.0 126
36.59811 24537 209.0 13.9
J8.311E5 2.29006 201.0 13.3
39.499% 227961 198.0 13.1
40.26901 2.23778 1620 10.7
42 47401 2.12657 239 15.8
45 75380 p9B8147T 177.0 1.7
504557 13172 2964 19.6
54 BOG4S A 6TORE 71 n1.3
59 98469 1.54098 222 14.7
R4 090G i 26 18Y 2480 89
6815953 1 225.0 14.9
73.58557 121.0 8
5.66740 1 118.0 7.8
77.67812 i 110.0 3
80.032459 121.0 8.0
81.15200 130.0 8.6
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Date i B/1/2008

Sample : 20SiAl T11580

Instrument : X-Ray Diffractomater ; Bruker AXS Model DB Discover
Condition : Target u

\ ity %
2-Theta ° R\ %
20.77205 30.1
21.75888 28.0
26.56282 1000
3580933 16
36.44262 453487\~ 156
394::-2@\ 228498 = 25 £ 15.9
40 24272 — e 91113
4078780, 2 73
42.34291D . J]] 12.6
45,67241 1.98481 17.7 11.2
50.04947 U/s2100n 30.2 24.8
ﬂe’mmmw EINE
| 2022 185

Q'ﬁ'}@\‘i ﬂmum’m dE Rk
382 5.1
68.03383 1.37692 336 21.3
73.24282 1.29131 15.5 9.8
75.56361 1.25731 14.9 95
79.76044 1.20137 15.8 10.0
81,03330 1.18568 18.4 "7
81.39114 1.18137 12.8 8.1
83.50045 1.15669 12.9 8.2
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Summary of results

[% a [ 4 4 a I'4
AAELATR L'ansmszml@l'a'a LiﬂL‘ﬁ‘uﬂﬂLﬂﬂIﬁl‘a‘&lL[ﬂﬂ’i

Chulalongkorn University

Quantified peaks in c:\superq\data\480845_b.pks

Sample preparation

Sample: | 480845 B Red
Measured: | 3/17/05 17:12 Sample type: | Powder (binder: H3BO3)
Quantified: | 3/18/05 09:13 Initial weight: | 7.04 g
sum: | 100.% Final weight: | 7.75 g
RMS: | 0.000 Area ratio | 1.12
Used lines: | 12 Additive/sample: | 0.1
Traces: | p Normalise: | to 100.0%
Qual. Program: | SemIQ2004 X-ray path: | Vacuum
Concentrations
Analyte Type Calibration Compound Concentration Calculation
status (%) method
Binder Not matched H3BO3 10.059 Fixed
Na Sample Calibrated Na20 19.359 Calculate
Mg Sample Calibrated MgO 1.598 Calculate
Al Sample Calibrated Al203 1477 Calculate
Si Sample Calibrated SiO2 65.904 Calculate
S Sample Calibrated SO3 0.056 Calculate
Cl Sample Calibrated Sl 0.033 Calculate
K Sample Calibrated K20 0.184 Calculate
Ca Sample Calibrated CaO 11.314 Calculate
Ti Sample Calibrated TiO2 0.065 Calculate
Fe Sample Calibrated Fe203 0.282 Calculate
Sr Sample Calibrated SrO 0.012 Calculate
Zr Sample Calibrated ZrO2 0.017 Calculate

Quantify parameters

Recipe:

c:\superg\data\new.rcp

Spectrometer resp. file:

c:\superqg\data\semiq.sti

Use compound list:

c:\superg\exam\semiqg.cpl

Error weighting: | Root
Max. Flow detector intensity: | 2000 kcps
Max. Scaled detector intensity: | 1000 kcps
Max. Scint detector intensity: | 1000 kcps

Max. Duplex detector intensity:

3000 kcps
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Summary of results
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Chulalongkorn University

Quantified peaks in c:\superq\data\480845_b.pks

Sample preparation

97

Sample: | 480845 A M150
Measured: | 3/17/05 16:49 Sample type: | Powder (binder: H3BO3)
Quantified: | 3/18/05 09:10 Initial weight: | 7.043g
sum: | 100.% Final weight: | 7.74 g
RMS: | 0.000 Area ratio | 1.12
Used lines: | 13 Additive/sample: | 0.1
Traces: Normalise: | to 100.0%
Qual. Program: | SemIQ2004 X-ray path: | Vacuum
Concentrations
Analyte Type Calibration Compound Concentration Calculation
status (%) method
Binder Not matched H3BO3 10.068 Fixed
Na Sample Calibrated Na20 18.848 Calculate
Mg Sample Calibrated MgO 1.766 Calculate
Al Sample Calibrated Al203 1.082 Calculate
Si Sample Calibrated SiO2 65.891 Calculate
S Sample Calibrated SO3 0.024 Calculate
P Sample Calibrated P205 0.057 Calculate
Cl Sample Calibrated Cl 0.061 Calculate
K Sample Calibrated K20 0.133 Calculate
Ca Sample Calibrated CaO 1.7 Calculate
Ti Sample Calibrated TiO2 0.093 Calculate
Fe Sample Calibrated Fe203 0.313 Calculate
Sr Sample Calibrated SrO 0.009 Calculate
Zr Sample Calibrated Zr02 0.023 Calculate

Quantify parameters

Recipe:

c:\superg\data\new.rcp

Spectrometer resp. file:

c:\superq\data\semiq.sti

Use compound list:

c:\superg\exam\semiq.cpl

Error weighting: | Root
Max. Flow detector intensity: | 2000 kcps
Max. Scaled detector intensity: | 1000 kcps
Max. Scint detector intensity: | 1000 kcps

Max. Duplex detector intensity:

3000 kcps
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MAE SAN /P
Chemical Analysis By X-Ray Fluorescence Mineralogy by X-Ray Diffraction
SIO2. i 60.04 Medium Disordered Kaolinite......... 57%
TIO2. i 0.63 QuarzZ......oooiii 30%
Al2O3.. 23.32 Poorly Crystalline Muscovite Mica....3%
Fe203. ..o 1.69 Orthoclase........cocoeoviviiiiiiiinn, 7%
Cal..iiiiiii 0.26
MO, e 0.67
K20... il 2.02 Carbon Content ............coceeeee 1.48%
Na20.....ccooviiiii e 0.31
LOI e 8.90
P.S.D.(Sedigraph) Residue on
%Cumulative Mass Finer Than
< 10 microns 96.2% 125 micron 0.00%
< 2 micron 72.0% 75 micron 0.07%
< 1 micron 59.8% 45 micron 0.70%
Fired Properties Modulus of Rupture (Dried at 110°C)
Liner Firing Shrinkage,1200°C  12.45% 1438 psi
Fire Color,1150°C (L) 84.97
(@) 3.25

COMMENTS:

A blended ball clay designed to yield rheological'stable for'casting large sanitaryware piece. A
modified version of its precedent Mea San, Mea San Powder is available in powder form with very
low residue. It will be ideal to.those plant with pneumatic conveyor system with subsequent less
blunging and screening time. Its properties include moderate thixotropy, high casting rate, high

strength; and excellent cast workability.

Products are available in shredded form.

Pu1: 138 Fiualn Aiuesiad (Uszmalng) aia dSamdpilyueiil (1 2547)
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MILLED SAND #3
Chemical Analysis By X-Ray Fluorescence Mineralogy by X-Ray Diffraction
SIO2. i 99.44
TIO2. i 0.03 QUAMZ....ocvce 100.00%
A203.. 0.40
Fe203. i 0.04
Cal....ccoveieiii 0.01
MO, 0.02
K20 i 0.04
Na20..c.oiii 0.02
LOL. v 0L 0.14
P.S.D.(Sedigraph) Residue on
%Cumulative Mass Finer Than
< 20 microns 80.1% 45 micron 1.57%
< 10 microns 49.1% Fired Properties
< 5 microns 25.9% Fired Color, 1220°C
< 2 micron 10.5% Brightness 84.82
< 1 micron 5.3% (L) 95.30
< 0 microns 2.3% (a) 1.09
(b) 3.08
COMMENTS:

Dry milled in alumina-lined ball mills.

Products are available in powder form.

Pu1: 138 Fiualn Auesiad (Uszmalng) aia Amdnilyusiil (1 2547)
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