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# # 6270020023 : MAJOR CERAMIC TECHNOLOGY

KEYWORD: calcium silicate, gypsum, tobermorite
Chayanin Nisaimun : PREPARATION OF LOW-DENSITY CALCIUM SILICATE CERAMICS
FOR INSULATING REFRACTORY APPLICATIONS USING RICE HUSK ASH. Advisor: Asst.
Prof. THANAKORN WASANAPIARNPONG, Ph.D. Co-advisor: Charusporn Mongkolkachit,
Ph.D.

This study focuses on using an industrial waste as a substitute material for the
conventional raw materials in calcium silicate insulating board, i.e., rice husk ash (RHA) as an
alternative silica source for amorphous silica compared with milled sand and gypsum from the
waste plaster mold. Traditionally, a calcium silicate product is prepared via the reaction
between silica and calcia sources, such as silica sand and lime, in high pressure hydrothermal
conditions. The influence of gypsum waste addition on the phase formation of calcium silicate
product using rice husk ash and milled sand during autoclave was investigated. Furthermore,
curing time in autoclave and white Portland cement addition were studied too. The samples
were prepared by mixing the raw materials with a molar ratio of CaO/SiO, as 1:1. Ceramic fiber
of 2.5 wt% and eucalyptus paper pulp of 2.5 wt% were added as the fiber reinforcement with
water added to form slurry. Then, the samples were casted and cured in plastic molds for 2
days. They were demolded and placed in an autoclave for hydrothermal reaction at 200 °C for
2, 10 and 20 hours. Finally, they were dried at 60 °C for 24 hours. The samples were observed
physical properties and characterized by XRD and SEM. The addition of gypsum waste offered
the tobermorite phase formation but changed the microstructure of tobermorite that
resembled white Portland cement addition. The rice husk ash could be an alternative silica
source. The optimal condition is RHAO autoclave 200 °C for 10 hours. The results showed that
RHAO sample had a density of 0.19 g/cm’, bending strength of 737 kPa, firing shrinkage at 649
°C of 0.65% and thermal conductivity of 0.063 W/mK.

Field of Study: Ceramic Technology Student's Signature ......c.cccoeovvevniennns
Academic Year: 2021 Advisor's Signature ........c.ccooeveveerceen.

Co-advisor's Signature ........ccccoeveeeenee.
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2-Theta - Scale

Wilricehuskash - File: ricehuskash.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 80.000 ° - Step: 0.020 ° - Step time: 0.5 s - Temp.: 25 °C (Room) - Time Started: 8's - 2-Theta: 5.000 * - Theta: 2.500 ° - Chi: 0.00 * - P

Operations: Smooth 0.150 | Import

[#]oo-038-0197 (1) - Silicon Oxide - SiO2 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 13.83600 - b 17.41500 - ¢ 5.04200 - alpha 90.000 - beta 90.000 - gamma 90.000 - Base-centered - Cmc21 (36) - 24 - 12

-

)

2-Theta - Scale

mca\clum hydroxide - File: calcium hydroxide.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 80.000 * - Step: 0.020 * - Step time: 0.5 5 - Temp.: 25 °C (Room) - Time Started: 2 5 - 2-Theta: 5.000 ° - Theta: 2.500 - C
Operations: Smooth 0.150 | Import

E‘m—ma-tml (") - Portlandite, syn - Ca(OH)2 - Y: 70.83 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 3.58990 - b 3.58990 - ¢ 4.91600 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P-3m1 (164) - 1 - 54.86

Zlm-uvg-mm (C) - Quartz - alpha-SiO2 - Y: 461 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91400 - b 491400 - ¢ 5.40600 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3121 (152) - 3 - 113.052 - lllc

[4100-005-0586 (*) - Calcite, syn - CaCO3 - Y: 6.26 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 4.98900 - b 4.98900 - ¢ 17.06200 - alpha 90.000 - beta 80.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 367.780
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MINT A.1 ANUVNUIMUUVDITUNIUNGNN 1 L wnautasnguil 2 neun gamgilunisily

Fala 200 ssrwaldua Wunan 2 Talus

Lk}
U

AUNRULUY

(nSuriagnuiAnLwuRLUAT)

AMUNAUILUULRAY

(nSusiagnuiAnLwURLUAT)

naud 1

LOLNAU

RHAO

0.24

0.24

0.24

0.24

0.24+0.00

RHA1

0.23

0.23

0.23

0.24

0.23+0.01

RHA3

0.21

0.20

0.20

0.20

0.20+0.00

RHA10

0.19

0.21

0.20

0.21

0.20+0.01

naud 2

N3IYUAN

SANDO

0.27

0.27

0.26

0.26

0.26+0.00

SAND1

0.23

0.23

0.23

0.23

0.23+0.00
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M15799 A.1 (519) AIUNUILUUVBIFUIUNGUT 1 L0wnaukaznaudl 2 nsieun gaumgily

n15tladale 200 perwalda Wuwian 2 Falus

GLk]
v

ANUARULUY

(nSusagnuIAilTURLIAS)

AMUVULUULREAY

(nSusagnuIAnlTuRLIAS)

naud 2
7NI8UA

(Gh))

SAND3

0.24

0.23

0.24

0.23

0.23+0.00

SAND10

0.21

0.20

0.21

0.20

0.20+0.01
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(nSusiagnuIAiluRLIAS)

10 Falug

naud 1

LOLLNAUY

RHAO

0.19

0.19

0.18

0.19

0.19+0.00

RHA1

0.20

0.20

0.20

0.21

0.20+0.00
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GLk]
v

ANUARULUY
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AMUVULUULREAY

(nSusagnuIAnlTuRLIAS)

10 92lu4 (@)

nauy 2

SANDO

0.22

0.22

0.22

0.23

0.22+0.00

N3IYUAN

SAND1

0.22

0.22

0.21

0.20

0.21+0.01

20 42Tuq

naud 1

RHAO

0.19

0.19

0.18

0.20

0.19+0.01

LOLkNAY

RHA1

0.20

0.20

0.20

0.20

0.20+0.00

nawuy 2

SANDO

0.22

0.22

0.22

0.20

0.22+0.01

N3IYUAN

SAND1

0.23

0.23

0.23

0.23

0.23+0.00
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MITNN A.3 AU IMUUVDITUNUGATTIFNYUTIUAIY aamgilunisiisdale 200 aem
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Lk
Y

ATUAULUY

(nSusiagnuIAnLTURLIAS)

AMUNULUULRARY

(nSusagnuIAnLTURLIAS)

nau 1

LOLNAU

RHA10WC

0.20

0.19

0.20

0.20

0.20+0.01

naud 2

N3IYUAN

SAND10WC

0.24

0.24

0.24

0.23

0.24+0.01
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gamniilunsiledale 200 esrneadea Wuan 2 Falus

12k
U

< 1 o/ 14
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(Alaw1dAa)

< 1 (% 14
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Wiy (Nawidana)

naud 1

LOLLNAUY

RHAO

498

319

298

268

323

341+90

RHA1

201

462

462

494

664

457+166
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15197 A.4 (71D) AURDIILIIFONITANIAIUBITUNUNGNT 1 IuNaULaZNaUT 2 N58Un

gaumaiitun1sfisdnle 200 asrnwadea WWuna 2 43lu9

Lk
Y

< 1 o 14
AMULTILSIADNITANLAY

(Alaw1dAa)

< 1 [ 14
AULTILSIADNITANLAY

Wiy (Nanidna)

naud 1

RHA3

399

301

552

434

283

394+109

LLNAU

(519)

RHA10

272

276

310

442

443

349487

SANDO

350

s

123

138

132

172+100

nawy 2

NIYUn

SAND1

471

340

221

501

353

417+140

SAND3

617

511

560

567

253

475+129
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15197 A.4 (71D) AURDIILIIFONITANIAIUBITUNUNGNT 1 IuNaULaZNaUT 2 N58Un

gaumaiitun1sfisdnle 200 asrnwadea WWuna 2 43lu9

< 1 o 14
AMULTILSIADNITANLAY

< 1 [ 14
AULTILSIADNITANLAY

ans .
? Alawana) way lawada)
148
nEuT 2 134
N3IYUN SAND10 269 215+68
(#19) 271
253

15197 A.5 ANLLTLIWONMIANLAWOTUIUNGUT 1 Ll nauLasNauTl 2 NsIaun

gamaiilun1siisdnle 200 ssrwai@ad 1Wunan 10 wag 20 4319

GLk]
v

< ] LY 1%
ANULTILUTIRDNITANLA

(Alanana)

< ] o 14
AULIILLTINDAITANLA

wae (Nan1dna)

10 F2lug

naud 1

LOLNAU

RHAO

565

788

862

751

719

737+110

RHA1

432

1158

846

811

742

798+256

nawy 2

N3IYUN

SANDO

681

1302

1130

810

1104

1005+253
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gaumaiilun1sfisdnle 200 aseeadea 1Wuan 10 wag 20 4309

GLk]
v

< 1 [ 14
AULTILSIADNITANLAY

(Alaw1dAa)

< 1 [ 14
AULTILSIADNITANLAY

Wiy (Nanidna)

a7 2
NIHUA

(519)

SAND1

928

1420

1274

900

1107

1126+223

20 47Tu4

naud 1

LOLNAU

RHAQ

581

926

735

782

644

734+133

RHA1

634

1050

683

852

788

801+163

nawy 2

N3IYUAN

SANDO

780

756

1515

1176

904

1026+320

SAND1

1021

1339

1063

915

994

1066+162
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649 asfgaLded

927 asAwaLdud

NISHARA NISHARAY NISHAR NISHAR
NAILH NEUNLRRY NAINT VAHNLRAY
(oaz) (Sawaz) (Saway) (Sawaz)

0.51 18.78
1.07 16.82

RHAQ 0.81+0.49 19.93+3.18
1.35 24.32
0.3 19.8
0.99 12.32
1.44 12.39

RHA1 1.19+0.35 11.91+0.51
1.54 11.54
N 1 0.80 11.40
LOLNAU 1.32 19.43
1.45 18.87

RHA3 1.47+0.41 18.24+1.15
2.04 16.84
1.08 17.82
0.73 13.41
1.08 19.06

RHA10 1.09+0.27 14.65+3.12
1.36 11.82
1.18 14.31
1.31 30.48
0.45 30.18

SANDO 1.06+0.41 31.86+2.38
1.33 35.33
N 2 1.14 31.43
NINYUA 0.80 36.87
222 37.41

SAND1 1.29+0.66 35.95+1.41
0.83 35.00
1.32 34.51
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M13I99 A.6 (F1B) NTVAFIVEINIVDITUIIUVBITUIUNAUTN 1 UNAULASNGNT 2 NTIBUA

gaumaiitun1sfisdnle 200 asrwadea WWuna 2 43l

649 asfgaLded 927 asAwaLdud
NISHARA NISHARA NISHARA NISHARA
K] . .
* NAILH NAWHRAY AR VAINIRRY
(oaz) (Sawaz) (Sawaz) (Sawaz)
1.50 37.75
1.54 35.00
SAND3 1.13+0.56 34.71+2.25
L 0.32 33.44
Uy 2
1.16 32.66
NIUUA
| 1.10 37.80
($19)
0.37 38.89
SAND10 0.83+0.32 37.31+1.37
0.97 36.89
0.89 35.67

MN5199 A7 mwmé‘hwé’qLmﬁum%umumaﬁm’mmjmﬁ 1 LﬁWLLﬂaULLazﬂajmﬁ 2 NS18UA

aamgiilunisiledale 200 esmwaidoa 1Wua 10 wag 20 Tl

649 DALY E 927 pefANTaLdYE
N1SUARAA SRR SRR NISHARA
K] ) .
° NAILH VU GARIbGT NANT VAININRRY
(Souaz) (5ouaz) (3oway) (5oway)
10 F2lus
0.75 5.01
0.38 377
RHAOQ 0.65+0.18 4.21+0.59
0.75 3.76
AT 1 0.71 4.29
LOLLNAUY 0.51 15.40
1.10 8.42
RHA1 0.78+0.25 13..23+3.42
0.72 15.94
0.78 13.15
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gaumaiilun1sfisdnle 200 aseeadea 1Wuan 10 wag 20 4309

649 asfgaLded 927 asAwaLdud
NISHARA NISHARA NISHARA NISHARA
NAILH NEUNLRRY NAIHT VAUHLRAY
(oaz) (Sawaz) (Sawaz) (Sawaz)
0.80 31.03
0.59 32.68
SANDO 0.69+0.09 31.14+1.22
0.72 29.71
N 2 0.66 31.13
NINYUA 0.52 30.23
1.01 31.03
SAND1 0.67+0.26 31.26+0.81
0.70 31.69
0.44 32.09
20 42Tuq
523 8.40
1.55 9.30
RHAOQ 0.90+0.67 7.96+1.10
0.00 6.92
N 1 0.80 7.20
LOLkNAY 0.99 22.96
0.74 22.06
RHA1 0.84+0.11 24.19+2.47
0.77 27.69
0.87 24.04
0.51 29.23
N 2 0.75 26.12
SANDO 0.71+0.13 29.70+3.17
NIIYUAN 0.77 33.85
0.80 29.60
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gaumaiilun1sfisdnle 200 aseeadea 1Wuan 10 wag 20 4309

649 asfgaLded

927 asAwaLdud

NISHARA NISHARA NISHARA NISHARA
K] . .
* NAILH NAWHRAY AR WAINIRRY
(oaz) (Sawaz) (Sawaz) (Sawaz)
D 1.00 30.00
naud 2
0.39 28.02
NINYUA SAND1 0.71+0.25 33.33+6.27
, 0.78 42.19
($19)
0.66 33.11

A3 7.8 NMIVARIMABNIVBTUNUEA TR UTILAYY aamgiilunisiladale 200

psAnwaldea Wunai 10 Falus

649 peANTaALTYE 927 pefANwaLdYE
N1SUARAA NSUARAA SRR NSUARA
K] . .
Y VAN U GRIBGT) NAIHT VAINNRRY
(5awaz) (5awaz) (3owa2) (3o8a2)
0.50 17.79
NNl 1 0.73 14.65
N RHA10WC 0.77+£0.22 18.08+ 2.92
LOLNAU 1.04 21.80
0.83 18.09
1.06 35.54
N 2 0.61 23.22
SAND10WC 0.83+0.23 32.00+5.89
NINYUA 0.99 33.99
0.67 35.25
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TJ99nla 200 asrwaLdua Wulad 2 Falad
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o
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[
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naud 1

LOLNAU

RHAOQ
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0.065+ 0.001

nawy 2

NIYUn

SANDO

0.066

0.066

0.065

0.066

0.066+ 0.001

SAND1

0.064

0.064

0.062

0.063

0.063+0.001
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M13NN 7.9 (1) N15UIANNTBUVBITUNIUNGUN 1 LUNAULAENFUN 2 NT18UA Yaungilly
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[
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SAND3

0.066

0.066

0.065

0.066

0.066+ 0.001

SAND10

0.064

0.064

0.062

0.063

0.063+0.001
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10 Falug
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RHAO

0.062

0.063
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0.063+0.001
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0.062
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0.062+0.001

nawuy 2

NIYUN
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0.057

0.056
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0.057

0.057+0.001
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