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ABSTRACT

Mullite precursors were synthesized with aluminosilicate gels from mixture of aluminum nitrate and sodium orthosilicate by the

geopolymer technique at ambient temperature. Then, the
treated gels were characterized by TG-DTA, XRD, FTIR,

gel was heat-treated in air up to 1200°C at intervals of 100°C. Raw and heat-
’Si MAS-NMR, TEM. The result to examine the crystallization of behavior

though DTA, the synthesized precursors were crystallized in the temperature range from 950°C to 1050°C. The XRD results showed
that the gel compositions were begun to crystallize at various temperature. Also, it was found that the precursors of M-4 begun to
crystallize at about 950°C. The M-4 XRD peaks were characterized better than M-1~M-3 at 1000°C. The formation temperature of
mullite in this study is much lower than that of previous sol-gel methods, which crystallized at up of 1200°C. TEM investigations
revealed that the sample with 10 nm particle size was obtained via heat-treated at 1000°C for M-4.

Key words : Mullite, Aluminosilicate gel, Geopolymer technique, Crystallization behavior, Nano size

.M B

Mulliter= 52 A3A, LA 7|AE A
2 58 NAF AR Do $EUNE 7N
= ALO;-SIO A Az A=A AT of| A
A AT =710 7 EA)sted Be o) =
e Aol

71&2] mullite®] A|FHH

5-8 9
AR Y 74M9) 2o] glo

Q]

e 2]

Q
[ T
o

o)

[

h

H, °]

Ego] GRE ITAplES

ARE-8H7] wEol A 2n]E "ollA BiMths @go] QU
Geopolymer= 32} 9] silico-aluminate inorganic polymer
24 19783 Davidovitsol]l 2JalA A& Zsp= ok

L

TCorresponding author : Se Gu Son
E-mail : sgson@hanmail.net
Tel : +82-33-264-0980 Fax : +82-33-264-0970

—-303—

71 ©} 3. geopolymerol] ©%H W
SEL Atk &7] geopolymer= 80°Col|A] KOH<2}
A7 E- 9704 metakaolini} WH&-AS silicaZ 4
SE AREE A Z2EE Y. 2= geopolymers -4
e 71 24 ERElE 83l oA geopoly-

merization ¥F-3-0] Yol E FHATE>" o] geopolymer

Zled F7IRRIHEA B8] Fhedty, AFAE T
of EXste wAld EEE LEs T 4 A K7 sol-

1}O0 Q@

gel W3} FAHAl, 2 XX vi=nly =719 silicate
ARS T 4 Ak 50,9 dgEE Ik &
A E AFE-3F= sol-gel Hi= €3], geopolymer tech-
niqued Si0,¢] EWUEE HA X2 sodium silicate©] L}
potassium silicateE ©]-&-3H}

Geopolymer techniques ©]-83t mullite /g2 A7}
HEE o]&35t] AroA #H2 HESA|F2 = precursor
AL iAo R WE XM A3 75t
w) 2ol 7]1229] sol-gel ¥ S| B]3le] A|Zn]8-o] A
1

R} Z o] o]

H“ AA .
o

N, i

A

=
= O

o Lo A e AlZE od8] 7HA silicate M9 alumi-
num nitrate $Y-& F Y31 aluminosilicate gelS A 3}
2 ol A st mullite2e] A Aol AF

AR

i

o

OEZ

—1



304 ST - O] - o]An] - PIE
Table 1. Experimental Conditions on the Preparation of Precursors
Start Materials o '
Sample Si-source Al-source Ig:gi)o; SI/Al ::;t?%l) Stirring
[Si*] pH [AP7]
1:;:; Sodium silicate solution 12.7 | [5i] = [Al]
Sodium silicate solution Aluminium 0.5 75 Magnetic
M-3 + 13.5 nitrate [Al] = [Si] stirrer
Sodium hydroxide
M-4 Sodium orthosilicate >14
Table 2. Identified Crystalline Phase as a Function of Heating Temperature
No. Heating temperature(°C)
900 950 1000 1050 1100 1200
M-1 C C C C C C
M-2 Am Am Am Am M M
M-3 Am Am M M M M
M-4 Am M M M M M

C: Cristobalite, Am: Amorphous, M :Mullite

2. &8 4y
SUEAL Si 35922 sodium orthosilicate(2Na,0SiO,
1.IH,O, Wako)®} sodium silicate solutionS A}E-3}<]
mullite A7 AL SLUE S zolE AEIIH.
Al FEYSEE aluminium nitrate(AI(NOs);-9H,0, S+,
Wakoye AREsiaith A4dx1E Table 19 Ve AT
3] Si FE9e] Aold WE mullite HA)] AL
S8l pHE ®H3ststa FUWHE S dEsie e
183159 Si =79 pHE 127, 3.5, >140.2 %3]
o ARR-3 e, pH 12.72 sodium silicate solutiong ©]
&3to] A 231621, pH 13.5% sodium silicate solutiono]]
sodium hydroxideE J7Fstd =23 pH >14=
sodium orthosilicateE Al&3}ed |23 ¥t} FUH o
Al—>Si¢t Si—AIZ 3T AFdFA0R Adojz v|F A
aluminosilicate gel I, T4 S AZ & Az
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A= TGA/DTA(STD 2960, DSC 2910)2 o] &3}o] A
NA 1300°C7HA] F&38td & HeS AT Lo
2 AAE FIA AFAE Z4zF 900°C, 950°C, 1000°C,
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(PHILIPS, XPERT-PRO)E ©]-&3l AALS FistH o
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Fig. 1. Typical TGA/DTA curves of mullite precursor gels; (a) M-1, (b) M-2, (¢) M-3, and (d) M-4.
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Fig. 2. X-ray diffraction results of heat-treated samples prepared in various reaction conditions; (a) M-1, (b) M-2, (¢) M-3, and (d) M-4,

o] F&EY 9 583 Il 8olsttt. QO(-66~-73 ppm)
+ isolated tetrahedra, QIl(—74~-78 ppm)< chain end

7‘{.09.2

" . 'i-w!’\‘"‘w;“’“‘-z\é%;\vvm«\_ P vpv‘""N",w"‘\ Ie M'4 1 000
W \:-'\,m'v-««wA__.,M‘;v”-m‘,f;\»-h-wv,v_m,fev/v-"«._?‘t.w M_4 Raw
M-2 1000

M-2 Raw
80 -100 -120 -140 -160 -180 -200
ppm

Fig. 3. *’Si MAS-NMR spectra of the precursor gels(Raw) and
calcined at 1000°C.
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Fig. 4. The electron diffraction pattern(a) and the bright-field image(b) of the heat-treated aluminosilicate gel at 1000°C.

ppm, —94.0 ppm, —109.2 ppmollA] EAF AT}t o 7] A
%ol -86.8ppm, —90.0 ppm, —94.0ppme] A TIZE=
mullite®] AF A =018, ~109. ppmE Q4(1ANE
UEME aluminosilicate 4F2] *’Si MAS-NMR 3 F.0|t},
M-4 as-prepared®| -78.6 ppm<}t —99.3 ppmI Z =
mullite?} aluminosilicate 4 2.2 Aol US-S & 4 U
o}

Fig. 4= 3% mullite A-7H(M-4)E 1000°CE EA
2| gk A5 TEM A& Yehd Zolt), AbRle|A et 74
o] AAA mullite YA =71+ 2F 10nme =Z7)1E 7t
= Ag EAT 7t oy, 2FJAT FEHAS &
7 AT g AAFEAE (@)Y oluR]= 1000°CoH A

A2 E A57F 12089 AAA9] mullited S YER X
tt.

l

4.4 £

Geopolymer technique®l] 23t 204 mullite -3
97 A= mullite®] Aol 73t H DTAS §31
AFA Y AR As FZAA, FAAE A1AE 950°C
ANA 1050°Ce] =M AASEHJ T XRD 414
I AAAe g 2xdA 233 He As 31T
F AN oH, EF] M-42] -+ 950°CH-E mullite 2
%5}7} APFS & 71 019\11:} T3 1000°CoN A 9] M4
o] AL M-1~-M3ETF 238k 7S & =7} At
ol gt A= 7159 sol-gel @ SOl &lalix FAAE gel
o] AA3} 2xHtT}t 150~250°CHE & Ai}o|gt).
TEM 48 53l 1000°CoA €A 2H M-42] mullite

A= ALY 10nme] A7]YS E1E5 T
Acknowledgment
B At1e= YR A TG d]ux}z}omgyﬁwwcg

(N0.2006-R-RU11-P-23-0-000- 2006)A] ¢

o7 FIPHICe
H, ofol| ZHAI=H .

REFERENCES

1. H. Schneider, J. Schreuer, and B. Hildmann, “Structure and
Properties of Mullite-A Review,” J Eur. Ceram. Soc., 28
329-44 (2008).

2. O. Byrgis-Montes, R, Moreno, Maria T. Colomer, and J. C.
Farinas, “Synthesis of Mullite Powders Through a Sus-
pension Combustion Process,” J. Am. Ceram. Soc., 89 [2]
484-89 (2006).

3. G. P. Thim, C. A. Bertran, V. E. Barlette, M. 1. F. Macedo,
and M. A. S. Oliverira, “Experimental and Monte Carlo
Simulation: the Role of Urea in Mullite Synthests,” J. Eur.
Ceram. Soc., 21 759-63 (2001).

4. S. S. Sueyoshi and C. A. Contreras Soto, “Fine Pure Mullite
Powder by Homogeneous Precipitation,” J. FEur. Ceram.
Soc., 18 1145-52 (1998).

5. S. Satoshi, C. Contreras, H. Juarez, A. Aguilera, and J. Ser-
rato, “Homogeneous Precipitation and Thermal Phase
Transformation of Mullite Ceramic Precursor,” Int. J. Inorg.
Mater., 3 625-32 (2001).

6. D. Amutharani and F. D. Gnanam, “Low Temperature Pres-
sureless Sintering of Sol-gel Derived Mullite,” Mater. Sci.
Eng., A264 254-61 (1999).

7. G M. Anilkumar, U. S. Hareesh, A. D. Damodaran, and K.
G. K. Warrier, “Effect of Seeds on the Formation of Sol-gel
Mullite,” Ceram. Intern., 23 537-43 (1997).

8. J. Parmentier and S. Vilminot, “Influence of Transition
Metal Oxides on Sol-gel Mullite Crystallization,” J. Alloy.
Compd., 264 136-41 (1998).

9. L. B. Kong, T. S. Zhang, Y. Z. Chen, J. Ma, F. Boey, and H.
Huang, “Microstructural Composite Mullite Derived from
Oxides Via a High-energy Ball Milling Process,” Ceram.
Intern., 30 1313-17 (2004).

10. J. Davidovits, “Geopolymers and Geopolymeric Materials,”
J. Therm. Anal., 35 429-41 (1989).
11. J. Davidovits, “Inorganic Polymeric New Materials,” J.

A 45 H Al 52.(2008)



308

12.

13.

14.

135.

M - oKX - o|AH| - AT

Therm. Anal., 37 1633-56 (1991).

K. Ikeda, “Preparation of Fly Ash Monoliths Consolidated
with a Sodium Silicate Binder at Ambient Temperature,”
Cem. Concr. Res., 27 [5] 657-63 (1997).

K. Ikeda, “Consolidation of Mineral Powders by the
Geopolymer Binder Technique for Materials Use,” Shigen-
to-Sozai, 114 497-500 (1998).

K. Ikeda, K. Onikura, Y. Nakamura, and S. Vedanand,
“Optical Spectra of Nickel-bearing Silicate Gels Prepared
by the Geopolymer Technique, with Special Reference to
the Low-temperature Formation of Lievenbergite
(N1,S10y),” J. Am. Ceram. Soc., 84 [8] 1717-20 (2001).
T. Iwahiro, Y. Nakamura, R. Komatsu, and K. Ikeda, “Crys-
tallization Behavior and Characteristics of Mullites Formed

SERENEER

16.

17.

18.

from Alumina-silica Gels Prepared by the Geopolymer
Technique in Acidic Conditions,” J. Eur. Ceram. Soc., 21
2515-19 (2001).

R. Vallepu, A. M. Fernandez Jimenez, T. Terai, A. Mikuni,
A. Palomo, K. J. D. Mackenzie, and K. Tkeda, “Effect of
Synthesis pH on the Preparation and Properties of K-Al-
Bearing Silicate Gels from Solution,” J. Ceram. Soc. Japan,
114 [7] 624-29 (2006).

H. Zhao, K. Hiragushi, and Y. Mizota, “*’Al and *°Si MAS-
NMR Studies of Structural Changes in Hybrid Alumino-
silicate Gels,” J. Eur. Ceram. Soc., 22 1483-91 (2002).
Z. Chen, L. Zhang, L. Cheng, P. Xiao, and G. Duo, “Novel
Method of Adding Seeds for Preparation of Mullite,” J.
Materials Processing Technology, 166 183-87 (2005).



