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# # 5272469123 : MAJOR CERAMIC TECHNOLOGY
KEYWORDS : GEOPOLYMER /FLY ASH / RICE HUSK ASH

PHATTARAKAMON CHAIYAPOOM : EFFECTS OF Na,O SiO, AND H,O ON
PROPERTIES OF FLY ASH BASED GEOPOLYMER. ADVISOR : ASST. PROF.
SIRITHAN JIEMSIRILERS, Ph.D., CO-ADVISOR : PROF. SHIGETAKA WADA,
D.Eng, PARJAREE THAVORNITI, Ph.D., 82 pp.

In this work, fly ash, rice husk ash, sodium hydroxide and sodium silicate
were used as raw material for making geopolymer. The samples were prepared by
mixing fly ash and activator: sodium hydroxide (NaOH) or sodium silicate (Na,SiO,)
at the various proportions of Na,O, SiO, and H,O content. After mixing, the mixtures
were casted in a mold and left to harden for 48 hr at room temperature or 60°C and
further cured for 7 days. When geopolymer from fly ash and sodium silicate was
prepared, the paste of geopolymer was harden suddenly after mixing and could not
pour into mold. Therefore, others properties of geopolymer in this system were not be
measured. In fly ash — sodium hydroxide system, results showed that the amount of
Na,O, SiO, and H,O content had an effect on the properties of geopolymer. An
increasing of Na,O mole from 0.5 to 1.0 resulted in strength development. However,
when Na,O ratio was higher than 1.0, the strength of specimens decreased. The
strength of geopolymer was increased as the amount of SiO, increased. The strength
decreased with an increase in H,O mole ratio. Curing temperature also affects the
properties of geopolymer. When geopolymer was cured at room temperature, the
effects of adding Na,O, SiO, and H,O on properties of geopolymer do not represent
clearly. However, after cured at 60°C, the effect of adding these oxides could show

obviously.
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- -Si-O-Si-O- siloxo, poly(siloxo)

- -Si-O-Al-O- sialate, poly(sialate)

- -Si-O-Al-O-Si-O- sialate-siloxo, poly(sialate-siloxo)

- -Si-O-Al-0O-Si-O-Si-O- sialate-disiloxo, poly(sialate-disiloxo)

- -P-O-P-O- phosphate, poly(phosphate)

- -P-O-Si-O-P-O- phospho-siloxo, poly(phospho-siloxo)

- -P-O-Si-O-Al-O-P-O- phospho-sialate, poly(phospho-sialate)

- -(R)-Si-O-Si-O-(R) organo-siloxo, poly-silicone
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1) Water glass-based geopolymer, poly(siloxonate), soluble silicate, Si:Al=1:0
2) Kaolinite / Hydrosodalite-based geopolymer, poly(sialate) Si:Al=1:1

3) Metakaolin MK-750-based geopolymer, poly(sialate-siloxo) Si:Al=2:1

4) Calcium-based geopolymer, (Ca, K, Na)-sialate, Si:Al=1, 2, 3

5) Rock-based geopolymer, poly(sialate-multisiloxo) 1< Si:Al<5

6) Silica-based geopolymer, sialate link and siloxo link in poly(siloxonate) Si:Al>5
7) Fly ash-based geopolymer

8) Phosphate-based geopolymer

9) Organic-mineral geopolymer
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C,S, C,S + H,0 - > C-S-H + Ca(OH), ------ (Portland Cement Hydration)

SiO, (Pozzolanic material) + Ca(OH), ------ > C-S-H --—--- (Pozzolanic Reaction)
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X-ray Diffractometer (XRD) (Bruker, D8 Advance)
A9IAEBLBIALYNELNNLATIBIENADEULA BUN UL HoLrseq X-
ray Fluorescence (XRF) (Bruker AXS, S8 Tiger)
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vuay tenea Taelimeia Laser Light Scattering Ka81LA384 Particle
Size Analyzer (Malvern Instrument 2000)
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%Lﬁﬂmﬂuﬁqmﬂ%q Scanning Electron Microscope (SEM) (JEOL,
JSM-6480LV)
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Wavelength dispersive 51%%?@1‘%@\1 Electron Probe Micro-Analyzer (EPMA)
(JEOL, JXA 8100)
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Thermal Analyzer (DTA) LL@:Lﬁﬁim Thermogravimetric Analyzer (TGA)

(NETZSCH, STA 409 C/CD)
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LATD X-ray Diffractometer (XRD) (Bruker, D8 Advance)

- = v Ay dll
AR AR LANALIZNAUNINANIDUDIUNALUAZLTUUUDIUING ALILATEN X-
ray Fluorescence (XRF) (Bruker AXS, S8 Tiger)
ngIadaLNIINIEaNtmredaynIalinay Ut azien1ues Inaldmaiin
Laser Light Scattering fnellATaq Particle  Size Analyzer (Malvern

Instrument 2000)
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13.0H-1.0N 3.29 0.89 1.0 13.0
15.0H-1.0N 3.29 0.89 1.0 15.0
17.0H-1.0N 3.29 0.89 1.0 17.0
19.0H-1.0N 3.29 0.89 1.0 19.0
23.0H-1.0N 3.29 0.89 1.0 23.0




dl % ] o a dl v 0” % = a rd‘d ¥
19190 3.4 ’&ﬂ@’)uﬁl‘ﬂ\‘]f}MQQUVFL?JI@EIM’WHWH@Q@I@W@@LN@?‘V]NLﬂ’\@‘ﬂﬂLL@S@W?@Z@’]E

TmpaulaasanladiiluanssssiviazinisiuasuBunnmiiuey Na,0

17

ﬁyﬁuﬁﬁmqau (N5%)
gnz . L

Ralalalald Sodium hydroxide UINAU
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Bulk density = —— (ANN19 3.2)
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9p 31104(%)

AlLO, Sio, K,O Ca0 Na,O MgO
C-1 35.90 47.74 2.73 2.68 6.84 4.12
C-2 21.79 41.50 1.33 24.67 1.30 9.41
C-3 33.88 44.05 1.44 8.06 2.85 9.73
Cc-4 28.59 47.68 2.37 12.82 1.12 7.43
C-5 39.49 45.60 3.55 7.47 1.85 2.05
C-6 14.17 56.38 3.80 21.90 1.31 2.44
R-1 7.59 62.25 1.45 25.42 0.97 2.32
R-2 4.62 37.92 0.79 52.93 0 3.74
R-3 17.37 35.25 0.59 41.61 0 5.18
R-4 14.05 46.95 0.20 32.42 1.81 4.58
R-5 20.31 33.83 0.49 36.35 0.57 8.45
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Pattern : 01-072-1652

CaCo0s

Calcium Carbonate
Calcite

Lattice : Rhombohedral
S8.G.: R-3c  (167)

a= 499000

c= 17.00200

NIARNUIN N

Mol. weight= 100.09
Volume [CD] = 36663

Dx= 2720

Mcor= 320

ICSD collection code: 018166
Temperature factor: ATF
Test from ICSD: At least one TF missing.

9
Remarks from ICSD/CSD: REM M PDF 5-586.

Additional pattern: See POF 85-1108
Data collection flag: Ambient.

Chessin, H., Hamilton, W.C., Acta Crystallogr., volume 18, page 689 (1965)

Calculated from ICSD using POWD-12++ (1997)

Radiation : CuKa1l
Lambda : 1.54060

SS/FOM : F30=1000(0.0000,30)

Filter : Mot specified

d-sp : Calculated spacings

Radiation = 1.540598

2th i
23069 98
29452 999
31547 21
35966 139
39.429 184
43,164 145
47148 63
47.646 184
48.580 1 193
56,559 32
57.401 88
58.270) 10
60693 48
61113 21
61.521 26
63.093 20
64.654 57
65869 32
69.267 "
70410 18
72996 24
73.722] 5
76.264 10
739717
78434 1
80.224 1
80.939 5
81683, 21
82.426| 3
83788 37
84.856) 18
85.913| 1
86.650 5

S W2 ONWANANWAONOWRALAANNLAAN A0 0ON2 02D t-4

x

MAaNW2A 22 WN2NONNSC00ON 20 20N 22 aN0 2200 =

n# N1 JCPDS 184 Calcite (CaCO,)

= MO EBEON22WNOIRONNONOREON=00ENWO AN

Quality : Alternate
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Pattern : 00-042-0551 Radiation = 1.540598 Quality : Deleted

=4

CasSi0s 2th i

14.927 2

16.132 4

22.962 3

Calcium Silicate 23.016 4
4

2

3

4

SRS NS

25223
25.303
27.455
28.028
29,396 40
29505 75
30.085 12
30,147 25
32256 85
Lattice : Monoclinic Mol. weight = 228.32 32558 45
32680 75
S.G.: P (0) Volume [CD] = 2147.73 33.280 [
*33.280 6
a= 12.23300 Dx= 3.178 34.413 100
36.743
b= 7.03400 beta = 90.10 38.731
38.853
c = 24 96000 41.365
41,685
alb= 173912 Z= 18 41,786
43.805
c/b= 354848 45.790
45.937
46.917
47.046
49.728

bomambowowa

R

[FR =R A ]

49.932 |
ple preparation: Synthesized from Ca0, Si 02, Al2 03 and MgQ for 1 hour 50079
at 1600 C. 51.784
Analysis: Microprobe analysis (wt.%): Ca0 71.7, 51 02 259, Al2 O3 0.6, MgO 51.074
18. 54.004
General comments: Chemical composition close to that of lite from 54 267
commercial Portland cement clinkers, 56,020
Deleted and rejected by: Deleted by 49-442, higher Fy; LCA 6/98. “56 020
Data collection flag: Ambient. 56,555 |
56.668
60.069
*60.069 |
60.634
60.810
61.211
62.306 10
62,399 10
62.493 10
62.728 5 -7
63.156 2 -3
*63.156, 2
63.590! 4
63.834 0
B65.392 1 -5
2
2
5
5

BN, NMWNOADON S, 00NN OO~ 0000000 WWARELALAD~N~NNOUDDELDNMN= 2~WOODWMOMMN=

pnaB8BhnnonnSfion
cohssbonodbwonnoowwdnbubnabonbape

66.602 |
*66.602 |
68.482
- - *68.482

MM EOAEO RO ONMNAELEOWANNWOWSAANNWONDODWOWWN-SANOONSANOONONO AN 2000 =

Regourd, M., Centre Technique Industriel, Paris, France., Private
Communication (1979)

Radiation : CukKa1 Filter : Monochromator crystal
Lambda : 1.54050 d-sp : Guinier
SS/FOM : F30= 6(0.0107,447) External standard : Si02

n# N2 JCPDS 184 Calcium silicate (Ca,SiO,)



Pattern : 01-074-1467

CaAlsOr

Calcium Aluminum Oxide

Lattice ; Monoclinic Mol. weight = 260.00

§8.G.: C2lc  (15) Volume [CD] = 591.54

a= 12.83980 Dx= 2919

b= 886240 beta= 106.83

c= 543110

a’b= 144879 Z= 4 Weor= 117
c/b= 061282

ICSD collection code: 027264
Temperature factor: ATF
Data collection flag: Ambient.

Goodwin, D.W., Lindop, A.J., Acta Crystallogr., Sec. B, volume 26, page 1230
(1970)
Calculated from ICSD using POWD-12++ (1987)

Radiation : CuKa1l Filter : Not specified

Lambda ; 1.54060 d-sp : Calculated spacings

SS/FOM : F30=1000(0.0004,32)

Radiation = 1540598
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Quality : Alternate
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Pattern : 00-046-1045

Si02

Silicon Oxide
Quartz, syn

Lattice : Hexagonal Mol. weight= 60.08

S5.G.: P3221 (154) Volume [CD] = 113.01

a= 491344 Dx = 2.649
Dm = 2.660

c= 540524

Z= 3 Meor= 341

Color: White

Temperature of data collection: Pattern taken at 23(1) C

G / Low temp quartz.

G / 20 ion based on profile fit method,

Optical data: B=1544, Q=1553, Sign=+
Additional pattern: To replace 33-1161.
Data collection flag: Ambient.

Kern, A., Eysel, W., Mineralogisch-Petrograph. Inst., Univ. Heidelberg,
Germany., ICDD Grant-in-Aid (1993)

Radiation : Cuka1l Filter : Monochromator crystal

Lambda : 1.54060 d-sp : Diffractometer

SS/FOM : F30=538(0.0018,31) Internal standard : Si

n# N4 JCPDS 184 Quartz (Si0,)

Radiation = 1.540598

2th

20.860
26.640 1
36.544
39,465
40.300
42.450
45.793
50.139
50.622
54.875
55.325
57.235
59,960
64.036
65.786
67.744
68.144
68.318
73.468
75.660
77.675
79.884
80.047
81,173
81.491
83.840
84.957
87,439
90.831
92.788
94,651
95.119
96.238
98.750
102.231
102.567
103.877
104.203 |
106,503
112.114
114.081
114.467
114.639
115,885
117.537
118.313
120124
121.853
122.605
127.251
131.203,
132.756
134.293
136.424
137.895
140.318
143.251
144.119
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Quality : High
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Pattern : 00-050-1684 Radiation = 1.540598 Quality : High

[MgsAls(OH)ie][(OH)s(Hz0)4] 0 h ko
11691 100 0 0 3
23521 67 0 0 6
34.232 1 1 0 1

Magnesium Aluminum Hydroxide Hydrate 34952 N 0 1 2

Meixnerite 35612 87 0 1] 9
39.532 5 0 1 5
47.073 15 i} 1 8
48123 14 0 o 12
53.263 4 1 o 10
56.664 1 o 1 11
60.874 4 1 1 0
62.224 2 1 1 3
63.974 2 1 o 13

Lattice ;: Rhombohedral Mol. weight = 587 &7 66.204 1 1 1 ]

S8.G.: R-3m  (166) Volume [CD] = 181.56

a= 3.04100 Dx = 2.023

c= 2267000

Icor= 7.00
Sample source or locality: Specimen from Zeilberg, Maroldsweisach, Bavaria, |
Germany. {

Color: Colorless

Analysis: Chemical analysis (wt.%): Mg O 33.7, Al2 03256, H2 0 40.3.
Additional pattern: Sea 38-478 for calculated data. |
Data collection flag: Ambient. |

Pollmann, H., Witzke, T., Goske, J., Dickschas, D., Martin-Luther-Univ. Halle-
Wittenberg, Germany., ICDD Grant-in-Aid (1998)

Radiation : CuKa1 Filter : Monochromator crystal
Lambda : 1.54051 d-sp : Diffractometer
SS/FOM : F14=125(0.0066,17) External standard : Si

nH N5 JCPDS 189 Meixnerite (Mg,Al(OH),,)((OH),(H,0),)




Pattern : 00-022-0476

Na>Ca(COa)22H:0

Sodium Calcium Carbonate Hydrate

Pirssonite

Lattice ; Face-centered orthorhombic Mol. weight = 24211

S5.G.: Fdd2 (43) Volume [CD] = 136248

a= 11.32000 Dx = 2.361

b= 20.06000 Dm = 2382
c = 6.00000

a/b= 0.56431 Z= 8

c/b= 029910

Optical data: A=1.504, B=1.509, Q=1.573, Sign=+, 2V=27°

Color: Colorless, white

Sample source or locality: Specimen from John Hay, Jr., well 1, Sweetwater
County, Wyoming, USA.

Additional pattern: To replace 2-1051.

Additionnal diffraction line(s): Plus additional weak reflections.

Structure: Suolunite is the Si analogue.

Data collection flag: Ambient.

Fahey, J., Mrose, M., U.S. Geol. Surv. Prof. Paper, volume 405, page 1-50
(1962)

CAS Number: 10347-59-8

Radiation : Cuka Filter : Beta
Lambda : 1.54180 d-sp : Debye-Scherrer

SS/FOM : F30=21(0.0310,46)

Radiation = 1.540598

2th

17.272
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23.707
27.858
28.308
30.972
31.601
32.828
33.745
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39241
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41.786
42.402
42,931
44.029
44 833
46.209
48.023
48.486
49.127
49 991
51.586
52.133
53,547
53.819
55.008
56.029 |
56.517
57.480
58,397
50,388
60.854
61.571
63.444 |
64.729
66.070
67.417
69.057 |
70.480
71.528
72.935
73.528
74132
75.515
76.372
T7ATT
77.699
78.613!
79.631|
80,353 |
81.007
81.757
83.660
84.468
85.762
88.189
91.324
92,653
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95.821
96.811
97.956
99.401
100.623
103.334
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Quality : Indexed

n i N6 JCPDS 184 Pirssonite (Na,Ca(CO,),.2H,0
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9.0H-1.0N 3.98 1.04 2.44 0.26
11.0H-1.0N 2.00 0.37 1.66 0.08
13.0H-1.0N 1.82 0.16 1.24 0.66
15.0H-1.0N 1.23 0.79 0.83 0.18
17.0H-1.0N 1.70 0.24 0.55 0.23
19.0H-1.0N 1.17 0.30 0.40 0.08
23.0H-1.0N 0.30 0.02 0.29 0.05
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11.0H-0.5N 2.10 0.42 0.53 017
11.0H-1.0N 2.00 0.37 1.66 0.08
11.0H-1.5N 2.48 0.19 1.98 0.10
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100FA-ORH 2.00 0.37 1.66 0.08
95FA-5RH 1.48 0.03 1,65 0.22
90FA-10RH 1.69 0.06 2.52 0.07
85FA-15RH 143 0.02 2.76 0.76
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9.0H-1.0N 5.51 0.45 8.66 0.08
11.0H-1.0N 3.94 0.35 8.39 0.32
13.0H-1.0N 3.07 017 7.92 0.44
15.0H-1.0N 1.22 0.05 3.20 0.11
17.0H-1.0N 1.22 0.16 2.49 0.07
19.0H-1.0N 0.71 0.01 1,58 0.04
23.0H-1.0N 0.38 0.03 0.95 0.14
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11.0H-0.5N 3.23 017 6.25 0.36
11.0H-1.0N 3.94 0.35 8.39 0.32
11.0H-1.5N 3.48 017 8.36 1.46
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100FA-ORH 3.94 0.35 8.39 0.32
95FA-5RH 2.27 0.25 9.56 0.54
90FA-10RH 1.68 0.08 14.09 0.26
85FA-15RH 1.96 0.39 13.36 0.99
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9.0H-1.0N 1.78 0.02 1.72 0.04
11.0H-1.0N 1.54 0.01 1,65 0.01
13.0H-1.0N 1.53 0.11 1.48 0.01
15.0H-1.0N 1.46 0.03 1.46 0.04
17.0H-1.0N 1.36 0.03 1.35 0.02
19.0H-1.0N 1.26 0.02 1.29 0.01
23.0H-1.0N 1.06 0.02 1.17 0.02
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11.0H-0.5N 1.52 0.03 1.48 0.03
11.0H-1.0N 1.54 0.01 1.65 0.01
11.0H-1.5N 1.57 0.01 1,53 0.04
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100FA-ORH 1.54 0.01 1.65 0.01
95FA-5RH 1.51 0.01 1.48 0.01
90FA-10RH 1.44 0.02 1.39 0.02
85FA-15RH 1.32 0.02 1.38 0.01
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9.0H-1.0N 14.82 0.31 12.16 0.79
11.0H-1.0N 26.48 0.57 17.65 0.48
13.0H-1.0N 27.61 3.14 25.27 0.63
15.0H-1.0N 26.51 2.40 26.44 3.08
17.0H-1.0N 30.78 2.50 32.71 1.40
19.0H-1.0N 36.72 1.56 35.69 0.95
23.0H-1.0N 56.64 2.79 42.59 2.53
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11.0H-0.5N 28.84 1.23 32.52 0.56
11.0H-1.0N 26.48 0.57 17.65 0.48
11.0H-1.5N 27.23 0.78 26.48 1.34
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100FA-ORH 26.48 0.57 17.65 0.48
95FA-5RH 28.34 0.75 30.07 0.63
90FA-10RH 32.75 1,65 33.45 1.50
85FA-15RH 36.59 1.98 33.47 0.41
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- MU NAUBNAITUNWNAITINITILALTFLLLL Poster presentation (304 “Influences
of Alkali Activators on Physical Properties of Fly Ash Based Geopolymers” 1um:rﬂ:‘m;m
N19911N13 The 1% National Research Symposium on Petroleum, Petrochemicals, and
Advanced Materials and The 16" PPC Symposium on Petroleum, Petrochemicals, and
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- NFRNAUBHNAIUNIITINITTZALUNUIT R LU Poster presentation ﬁl‘@\‘] “Fly
Ash and Rice Husk Based Geopolymer” 11n151/se6n19991n19 The 6" Mathematics
and Physicals Science Graduate Congress 3599195UT 13-15 FuanAu 2553 4alne
Faculty of Science, University of Malaya Uszinauniade

- NIUNLAUBNAINUNINITINTUUL Poster presentation éﬂd “Preparation and
Characterization of Fly Ash Based Geopolymer” lun1stsetuni193a1nis The 1% Joint
Symposium CU-NUT 3INTUT 23-24 Funnan 2553 SAlALAMZANENANERS inaansnd
NUNINLALY

C A ANEHAIIUN TN S AU UNTNRLLIL Poster presentation (94
“Preparation of Geopolymer Using Fly Ash and Rice Husk Silica as Raw Materials” Tu
n31lsygun1eienis The 18" International Conference on Composite Materials
(ICCM18) 32minaduf 2126 AewAN WA, 2554 dnlag The Korean Society for
Composite  Materials W 1N1z1aq Usznaniuald  wazliFunishfuitas Ly
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