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##5172614723 : MAJOR CERAMIC TECHNOLOGY

KEYWORDS : CERAMIC COOKWARE / CORDIERITE / SPODUMENE / COMPOSITE
PRANEE JUNLAR : THERMAL SHOCK RESISTANCE AND FIRING
PROPERTIES OF SPODUMENE/CORDIERITE COMPOSITES. ADVISOR :
ASST. PROF. THANAKORN WASANAPIARNPONG, Ph.D., CO-ADVISOR :

MRS. WANNA T.SAENGCHANTARA, 94 pp.

Ceramic cookware used with direct flame is made from ceramic or glass. It can be
used directly on gas stoves, electric stoves, oven and microwave oven for the duration without
damage. The selected materials must have the following properties: low thermal expansion
coefficient, high strength, low water absorption and high thermal shock resistance. Cordierite
and spodumene are attractive due to their fitted properties, reasonable cost, and easy shaping
for conventional ceramics. In this work, B-spodumene, talc, ball clay and alumina were used
as the starting raw materials by varying the ratio of spodumene and cordierite from 0-100
wt%. Raw materials were mixed by wet ball milling in an alumina pot mill and then shaped by
slip casting process. All samples were then fired at 1220, 1250, 1280, and 1310 °C in an
electric furnace. Properties of find specimens were measured. The best formula was derived
from 60 wt% spodumene and 40 wt% cordierite ratio fired at 1280 °C with soaking 1 hour.
XRD analysis confirmed two main phases containing [-spodumene and cordierite found a
little spinel. The properties of fired samples showed the total shrinkage of 10.40 %, water
absorption of 0.03 %, modulus of rupture of 52.07 MPa, low thermal expansions coefficient at
2.154x10°/°C and high thermal shock resistance of 400 °C. In this work, the pot samples with
a 25 cm diameter and 1 liter capacity were formed and then fired at 1250 and 1280 °C. The pot
samples were collapsed when fired at 1280 °C, but able to maintain their shape when fired at

1250 °C.

Department : Materials Science Student’s Signature

Advisor’s Signature

Academic Year : 2011 Co-advisor’s Signature
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(Formula) (1ofidud) 1220 °C 1250 °C 1280°C | 1310°C
CS0 2.89 6.04 6.09 5.98 4.52
CS1 2.91 8.92 10.23 13.74 8.75
CS2 1.71 9.31 11.55 14.44 9.43
CS3 2.39 10.62 11.71 15.48 9.78
CS4 0.86 6.26 7.16 13.22 *
CS5 0.93 6.82 8.17 11.57 12.75
CS6 0.26 4.43 5.19 10.40 10.74
CS7 0.27 5.28 6.73 10.86 11.77
CS8 0.18 2.31 2.48 4.45 5.44
CS9 0.17 1.80 2.09 2.45 2.81
CS10 0.08 2.56 2.81 3.30 4.84
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a =

' 3 2 —
M3197 4.3 MIGATIINVOIFUNUNAWNNRUNYH 1220 1250 1280 11z 1310 BIRHAITL

U

qas magaguth (%)

(Formula) | 1220°C | 1250°C | 1280°C | 1310°C
CSO 18.71 12.24 10.42 9.32
Csl1 12.09 11.04 8.96 3.37
CS2 5.68 0.71 0.96 1.02
CS3 3.66 0.29 0.27 1.13
CS4 15.99 16.35 0.27 *
CS5 16.44 16.57 0.03 1.41
CS6 13.26 12.23 0.03 0.73
CS7 14.94 13.88 1.10 1.51
CS8 17.63 17.57 14.70 10.70
CS9 20.47 20.55 19.45 18.31

CS10 23.56 19.57 18.76 14.21

2 o q. ¥ RRLEY A A
NNV * ﬂfuﬂuwaaimﬂwmm"l:uVlﬂuaxmmmmummgmuﬁmVl'i'“luﬂ1ﬂwu3ﬂ IATNNAN3
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—— 1280
——1310
0.0 t t t t t t T f T f * t #
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Formula
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A51eh 4.4 ANUAUUUVDIFTUNUNRAUNINGUNIN 1220 1250 1280 Lo 1310 DIAHALKYT

qn3 ANUHUUY (g/em’)
(Formula) | 1220°C | 1250°C | 1280°C | 1310°C

CS0 1.79 1.80 1.83 1.87
Csl1 1.93 1.93 1.95 2.06
CS2 2.09 2.18 2.19 2.10
CS3 2.06 2.15 2.18 2.00
CS4 1.79 1.93 2.23 *

CS5 1.77 2.06 2.24 225
CS6 1.82 1.98 2.15 2.23
CS7 1.79 1.82 221 2.19
CS8 1.69 1.69 1.79 1.85
CS9 1.60 1.60 1.64 1.67
CS10 1.54 1.61 1.64 1.77

2 o q. ¥ RRLEY A A
NNV * ﬂfuﬂuwaaimﬂwmm"l:uVlﬂuaxmmmmummgmuﬁmVl'i'“luﬂ1ﬂwu3ﬂ 319NN 3.4

2.4

——1220
—=- 1250

2.3 A

2.2 A

2.1 A

2.0 A

1.9

Bulk Density (g/cm?®)

1.8

1.7 A

1.6 e [ I e S i B
Cso0 Cs1 Cs2 CSs3 Cs4 Cs5 CS6 Cs7 Css8 Cs9 Csl10

Formula
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a

Y < Y 2 A a
9’]151\‘]ﬁ 4.5 ANUUUILITINAIUMNIVOIYUITUNGUNHY 1220 1250 1280 tiag 1310 DIA UGB

U

qas ANNUTITINAUN (MPa)
(Formula) 1250 °C 1280 °C 1310 °C

CS0 19.58 17.81 11.50
CSl 19.14 18.20 35.00
CS2 9.83 9.91 2.83
CS3 23.70 2225 7.61
CS4 43.04 61.99 *
CS5 50.54 75.11 49.58
CS6 37.49 52.07 35.04
CS7 39.51 45.00 28.58
CS8 32.59 34.15 25.22
CS9 36.13 38.59 33.78
CS10 28.98 31.16 33.65

2 o q. ¥ RRLEY A A
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Formula
4 [ o 2 § a
NN 4.12 ﬂamwuquiwaqmwawmmﬁqmwgm 1250 1280 1ag 1310 passsaldea
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H \ U a Q( U Qy v {
A51eh 4.6 mamlsz?mﬁmiﬂumﬂmmqmm%’aumm%umuwmzmﬁqmmu 1250 1280 uag

LY

a

1310 oapaiiea (MnMInaaeunguygil 25-1000 °C)

Q

sz ANt msvieianieanuou
qn3 figaunnd 25-1000 °C(X107/°C)
1250 °C 1280 °C 1310°C

CSo 5.561 5.091 4.659
cs1 4.128 3.840 3.480
Cs2 4311 3.522 3.024
CS3 3.359 2.826 2.712
Cs4 3.036 2.828 2.802
S5 2.979 2.375 2.199
CS6 2.602 2.154 2205
CS7 2.686 2.055 2.060
CS8 2.727 1.686 1.837
CS9 2.300 1.562 1.759
CS10 2.118 1.475 1.405

6.0

5.0

4.0

3.0

2.0 A

Thermal expansion (x10°%°C)

1.0 4

0.0
Cso Cs1 Cs2 Cs3 Cs4 Cs5 Cs6 Ccs7 Cs8 Cs9 Csi10

Formula
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1 & 2 o {
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qn3
1250 °C 1280 °C
I A 4 ~ I A J A
CS0 Ao3188'l56 tazaiina nos1aelsa tazadiua
I A 4 ~ I A J A
csl1 Ao3188'l5¢ tazaiina nos1aelsa tazadiua
A = =\ . Jd A = = -
CS2 apiiAglsd Daaogliv uazaiua aoiiAelsd Daalogiiv nazaiiua
=) = = . A = = ~
CS3 AoilAelsd Daalogliv nazaua aosiaelsd Danealogiiv uazaiiua
Jd I = ~ Jd Jd A = ~
CS4 apsae l5a Daaogiiu tazaim Aviae l5a Iaalogiiu tazai
= = =\ Z Jd = s .
CS5 ApiiAglsd Daaleqiiu nazaiiva aoiiAelsd Daalogiiv nazaiiua
= = = 3 Jd A = = .
CS6 AvstAe 13 Danaogiiu uagaiiua aoiiAelsd Daalogiiv nazaiia
cs7 | Danalegliu nagaiiua Danailegiu tagaihua
CS8 enmlegiiu nagaihua anailegiy tagathua
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csi0 | Denailegiu anailegiu
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1 1 = beta-spodumene

2 = cordierite

3 = spinel
1 CS10 (C0:S100)
1 1 1 111 11 1 '
" L N reon ~ 111
CS9 (C10:S90)
A A A A A
CS8 (C20:S80)
A A A | A PPN ~

CS7(C30:S70)
N A l A AP A AAN A / A
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L i GOSN N i O U U NS
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8 13 18 23 28 33 38 43 48 53 658 63 68 73

Two-theta (degree)
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MW 4.15 XRD patterns YDIFUIU 03 CS1- CS10 HAUNNQUN 1250 DIA BTN
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CS8 (C20:580)

CS7(C30:S70)

e e e e ]
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MnO, 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
LOI - - - 7 g X - - - - -
PUIUTIY 100 100 100 100 100 100 100 100 100 100 100
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Li,0 | MgO | ALO, | SiO, | Li,O | MgO | ALO, | SiO, LOI
€SO0 - 13.80 | 34.80 | 51.40 - 1297 | 2927 | 4749 | 6.82
Cs1 081 | 1242 | 3406 | 5272 | 077 | 11.67 | 2899 | 49.19 | 6.16
Cs2 1.61 | 11.04 | 3332 | 54.03 | 1.53 | 1038 | 2871 | 50.89 | 5.50
CS3 242 | 9.66 | 3258 | 5535 | 229 | 9.09 | 2844 | 52.60 | 4.83
Cs4 322 | 828 | 31.84 | 5666 | 3.05 | 7.80 | 28.16 | 5430 | 4.17
CS5 403 | 690 | 31.10 | 57.98 | 380 | 6.50 | 27.88 | 56.00 | 3.51
CS6 4.83 | 552 | 3035 | 59.29 | 4.56 | 521 | 27.61 | 5770 | 2.85
CS7 564 | 414 | 2961 | 60.61 | 532 | 392 | 2733 | 5940 | 2.19
Cs8 644 | 276 | 2887 | 61.92 | 6.08 | 263 | 27.05 | 61.10 | 1.52
Cs9 725 | 138 | 2813 | 6324 | 684 | 133 | 2678 | 6280 | 0.86
CS10 8.06 - 27.39 | 64.55 | 7.60 - 26.50 | 64.50 | 0.20
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Li0 | MgO | ALO, | SiO, | Li,0 | MgO | ALO, | SiO,
CSo - 13.80 | 34.80 | 51.40 - 13.97 | 31.53 | 51.17
CS1 0.81 12.42 34.06 52.72 0.82 12.49 31.03 52.65
cs2 1.61 | 11.04 | 3332 | 5403 | 1.62 | 11.04 | 30.53 | 54.11
Cs3 242 | 9.66 | 3258 | 5535 | 241 | 9.60 | 30.03 | 5555
Cs4 322 | 828 | 31.84 | 56.66 | 320 | 8.18 | 2955 | 56.98
CS5 4.03 6.90 31.10 57.98 3.97 6.78 29.07 58.38
Cs6 483 | 552 | 3035 | 5929 | 473 | 540 | 28.60 | 59.77
CS7 5.64 4.14 29.61 60.61 5.48 4.03 28.13 61.14
CS8 6.44 2.76 28.87 61.92 6.22 2.68 27.67 62.49
CS9 7.25 1.38 28.13 63.24 6.95 1.35 27.21 63.82
CS10 8.06 - 27.39 64.55 7.68 - 26.76 65.14
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