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Abstract — This study is to clarify the existing outstanding problems concerning (i) the nature of the exothermic reaction, (ii)
the structure and composition of the spinel phase, and (iii) the mechanism of mullite formation. The structure of pre-mullite
particles could be interpreted to be one where, 8@ahedron and AlQoctahedron are bonded at random by sharing oxygen
atom. The composition of the spinel phase was most likely®A8i0,, and it is regarded that 4*Siand 4 AF* occupy the
available 8 tetrahedral sites and 13*Adccupy the available 16 octahedral sites leaving 4 octahedral sites being left vacancy.
On this basis, the composition of the unit cell of spinellj&\l"; [Al Si,]VO,,, where[] represents a vacancy in the octaheral
coordination state. The sample passed through the spinel phase was transformed into tfie aMwbind 1,100C and
transformation of T-Mullite to O-Mullite could takeggle about 1,25%. In the mullititation process as mentioned above, change of
coordination number of Af ion and diffusion of SiQinto the crystal cccured continuously with increasing calcination tem-
perature until the 3 : 2 mullite is formed.
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muliteS Az317] 93 718 BA2 Po| o]RH Y e LF|FF
AraAe] Fr1Eolth. A9 38 24 g Ak 24 Az Fuk
HE &4 vhg 34 Fokl delxle] F84 w&d o9t e A
F71E2 mullites}t ¥ AL st HE At dgse] g
AF7A Y] ATE B E(2AI,(OH),[Si,O]) mullited} ¥H% T8
FAHA go, AHEE 550°C71A| 71EEA S vl WA s FH
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SiOAlIA &= deofdrt.

Chakrabortg} Gosh[1} 2% E] thidl DTAR-A-S £33} 550°C
F-2oA F4E vhgo] dojupaa] EuHE Zdo] PAF AL, 950°CH-
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Table 1. Experimental conditions

2. elEed

50°CM 4lel7l ) Tetraethoxysilane(Si(OfEls),, Merck Co. T8k
TEOSE 3#71), n-Octanol(CH(CH,)¢CH,OH, Yakuri Pure Chemical Co.,
99.5%) ¥ FFr £ &M o] wkd SRR 200 FAE A
2HHNO,, Merck, 65%% 2 718t wukshaa] 50°CHA 242
7F Bt vRSAIA i} 1 Aluminum sec butoxide(AI(OCH[Chl,
C,Hs)s, Flukapll vla] iz o= w8 &=r1 =3 TEOS) it
2 7R -2 sl TEOST F48 7Ee)d 8989 &
LE 80°CE molx A3xgdd wet &Frvte] 22 =49 ASB
2 A7HS The IASEA 24070 B WgAA BF URAES A
250k 223 B BHAE FU9 L 40°CE HRA F
eFgsA= A8 Hydroxy propyl cellulose(Aldrich Chemical Co., Average
M.W. 100,000} 8311l octanol d@zx40] wet 7k thg 158
7 AZRbete] HPGE 899 #daiAl BARATE o] 8 F/S,
octanol® Acetonitrile(CHCN, Yakuri Pure Chemical Co., 99.5%%
 8HS Hrbel 1T AEelA wakgk 5 AT B9k 428 &
R|etaA] EAIA T8 mullite AR S Azstt) whgo] TaE
F YA o7 T Futd sk 100°CHA 2487 Bk A
Z3HTh £ A9 dEx715 Table B YERARATT
500 glelA wEA]
A vIRgAE SioyF 233 T HAe 9T 2Esr] St
o] o] Ao g} Zo][12] HW2 AEE 13} T Hkg-o] doful=
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3-1. XRD &M Z1}

Fig. 1> [H,OJ[TECS]=1) §-% 7}=Ed] ZAA Azxd mullite
AuEAZ 900-1,600C7A] 5°C/ming] £== 71gdet & 2ya)7l
AlE2] XRD 4] AFolt}. Fig. ¥l 2l3Pd 950°C ©]3ke] £=eilA
= R EAshuh, 992°C01 el 13p] WERger, 1,000°C
M= tetragonal mullite{]3F T-Mullite®Z 3%71)9} AudlAfo] F&3)
o 4 9tk 1,100°C7HA] sk L528 F7RA7H 2udlade] Algh
R 2 T-mullite 2% EA51H, 1,200°C7HA] 3t =5 S7M]71H
(120585} (210)39] Eelok SA (250085 (520549 £27H13, 14]
AZAE S = Ze=Z Rl orthorhombic mulliteg]st O-Mullite= 3%
7l AdE 2g & 4 k. 283 1,600°C71H] St L= =0
W = ZdA o] wEgHE O-Mullite’de] vetes, mullite ©]9e] 2
S ERER] 3Tt

o

3-2. FT-IR &M Z3f

3o AAE mullite #EAl thEk FT-IR TS Table 2] 1t
Epfdeh. Fig. 21 HW1 27404 AzE 8382 mullite 2w 2
500-992°C(spinefd A373)ollA skagh A9 FT-IR B4 A7E et
Ulem, gzt vlwslr] fsle] Stéberd (TEOS]=0.5(mol), [NH]

HPC=0.1 ¢, [HNO,]=0.667x 10" % mold, Total H0=0.5 moll, H : T=[H,O)/[TEOS] on partial hydrolysis, (unit=mé)/

N T Partial hydrolysis of TEOS ASB added Octanol+HPC Condensation
ame :

TEOS HO Octanol ASB Octanol HPC(y/ Octanol HO Acetonitrile
HW1 1:1 0.0333 0.0333 0.5 0.1 1.3033 0.10 1.986 0.4667 7.65
HW2 2:1 0.0666 0.1 1.986 0.4333

Leached sample: HW2-leach.
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Fig. 1. X-ray diffraction patterns of HW1 sample calcined at various
temperature.

Table 2. Assignment of mullite bond wave number™)[3, 15, 16]
Si-O bond from SiQ) ~ AIV-O bond from AIQ  AI-O bond from AIQ

1171(s) 927(s) 1165(s) 613(m, sh)
1120(s) 901(s) 832(s) 567(s)
960(ms) 445(m) 740(m)

s: strong, m: medium, br: broad, sh: shoolder, ms: medium strong

=2.0(moll), [H,0)/[TEOS]=8, Temp.=25C, Solvent=ethanol)[1R-%
Azd A7} vAek ASBY ZHtafof S5 ol ot
ZH & 100°CHA] 2447 723 A 82} 500, 7002 1,000°CalA]

281 23l SEru) gk FTIR 24 232 Fig. 31 Wi
t}. Fig. 21 <& ¥82 mullite A EA) 2] A% 550-700 crit &
e W Frrt vebsen s 2501 SR met 700-
900 cni® Fu= M) Eirt S7elaL, ~udde] AAH
992°Cell A BkA3t EA9) A% 500-900 crity] e wWo) )7}
vERSTE Fig. 31 2)8HH 100°CoM Azxg gFnue] AL 744,
625, 492 crit Fuhpol| M e] Furt @ Aoz Hol e 9)A)9]
AVEl ZEA15R= BoehmiteEA)7F AlZH9e-8 & 4 9t} 787 Boe-
hmite %312] A-OH 23] #3 7<) 98] vehh= 1,163 cm' ¥
1,092 cnite] E<uls 500°C o] oA Bladt Al B = AlElE o,
500 & 700°CellA] ks X|E¢] 79 550-900 critellx] 9] HWe &4
7t vehd 1o 2 Hop AR y@FHvelw, 1,000°CHA Sk
g A9 A9 FEFHWF ARERS-E & vk Fig. 2] &
e S5t Fig. 32 Saluming] Frtie Ao fARRE &
4 2t} Farmer[18f y-&Fwvke] eflg)Ale) 9 AlV-0 Fule
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Fig. 2. Infrared spectra of HW1 calcined at various temperature.

390-630 crite|w], Tarte[19F 4494 U A 9§ Al-O 23
o ¢J3 E4rie 27k 620-920 citet 390-670 e WA cH
Yamaguchi[20f &-&-F7|uhe] 75 4l A2 6 91A 7| 25tz §)
ok dEE o wEbd B1AE mullite AvEA] 2] 550-700 crtoll A
Ve Etie AM-0 A3 9@ Ao, dka L7t S
e} YERE 700-900 critt Fo}<oll A1 9] e el 9Rl= EA)et
2 9E A9 AR7F #SA= Aol Y AV-0 3] 9%
Zloletar AbRETh b 992°CellM A4 E Auldl Aolle 499A
oF e IA S Al A7 FESE lvka ALEEE £ ofshH[21-
B 2HE, ZvHE U mullite?] 79 27+ 540, 554, 567 cite]
o) AM-0 AT 9J3t F5ivt EARY. Fig. 2 B mulite
An|REA 9] 550 cmit Foh= F-29] F5T)7) 500°CHA BHadt AR
N AGe] Aot o3k st 2 2719 69 Al 94}
7t AR = ARE P22 e 282 Fig. 3 B15E devle)
Si-O-Si 4% #3 Asol 23 800 cm™=} 474 cmilollMe] F¢
9} Si-oHA] 2% AFd <Jgk 980 cm™ilMe] E<t)7124] mullite
AnRA A = Ve St 283 A7k Si-0-Si AR A
% A% 93 1,101 cm® Fao) s)dshs Fti7E mullite A
EANAE 1,013 cnie] AFa4 02 o5 FH YT, o2 A&7
o3t f= A= vy A7) Si-0-Siddel S5k Sialel
A7 ATt e alsAE B8 Al 9AR A$H Si-0-AM
Feho] AgE 2k 217] wEolth(Paulingdel ©std AlS] #7144
TE 1602 Si¢] A7 EE 1.901tH[25]. Komarner#}+ Roy[6]
HE EEE [AH0E ARE geruAe] gk YA MASNMR
& F3l, AV AL} B elAR EAFR AV 93 A
A 353 o)Ly 7.2-7.5 ppm)H, e9H 2] AV B} A7SA
=t & 492 Aol 23 BebH o]FEE 67.8-69.5 ppmlZi
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Fig. 3. Infrared spectra of various samples.

apEteivt, e BE Fig. 2F 2ol mulite ZwEA¢] 1,013 cm'el|A]
et EF7) sk Rt S1EGE 2T o2 (0% F
Z7h) ol%d AL ¥EE mulite Ar|EA A R efAA
AlVel Agtelal 9 SiOyt Bk Rt SkeREA] 8i§1R17E Aol
st A ANSAEIT 2 al9Ae) AV SiO-AMEAFE B4
8171 mEoleal AtEEr.

Fig. 12} 200 2)3F mullite A w271 992°C o] 5ol M= v gAY
o7 EAsh} 950°CHE 500-900 crite] Fakr W 9ollA mullited
o vehte 412t e A 2] FFe] o] AlAE o] 23U}
e 9 HEsA oo el vehdal vk ohebs wiRE
mullite ZAW]EA]= 950°CH-E] A7 AAM7F AlZkE o] 992°ColA] 2~
ddPpo s Axspdria ALRET) Fig. 2} 3 2)shd 100°Co1A 24
AlZE Az A|E| ofn) Age ko] Al-O-Si dge] EASEE, HW1
A 7S] AEdlst p A FEue IR A vE ol a4
Foll 25 y-IFHLhs 845°C H-2olA B Wkl 9)5le] YT
nuE AgE o1k mullite AR E 990°C F-Zoll A 2 pealkell
A} spinefde] A4dT) 183 AlO-Si AFe] B A% o5d
EFH v B} A5} argolA o]Fo] Ztk= Yoldas[26p] A2 7

g FFS B mulite W) EA 9] ShA FA st AFEE 29
g e w2} ollg) AO-Si A% 2 vk A=Y, IR

7290 ofahd v 4R el S)A T FEEAL Yk
Fig. 4= HW1 A &2 1,000°Co|4] 1,200°C71<] 50°C 7+A 02 dlA
3t AlEo] it FT-IR 54 2724 e 939 AlY-0 a3 7191%
520-620 et Z=0j<r W9)e] F0l7) 1,100°C7R)s 7St 1,150°C
FE Z71l7] Alsle] 1,200°C04 FA3 F718151aL, Siofk Alo,
o 71913k 1,100 crit F3= F-2ol|Ae] E=t)7} 1,200°CA4¢] &
ol 9J3led 1,170 cmi™e) A FuUlR 0153 Fig. 19] XRDE:
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Fig. 4. Infrared spectra of HW1 sample calcined indicated temper.
ture.

Aol oJ$PH 1,000°C 1A= TMUlites}) 2 dlPdo] F&s]9)om, 1,100C
ANME T-Mullite?t S35, 1,200°CHA F4ASFE O-Mullitewto]
EAE AT TR 299 AR A B EAshE eA1L] Al
T-Mullite”} AAE w7l 4= HostaL O-Mullite?| A 7]
AlZslEA a91A 2] Al A eSIA 2 Aol gtk AL E . 18]
U Ale] iR dshtez = Ikl mullites) gl VR
S 2 Ul o AR @ W) AR Koo A dde HE
3l 4 Qivk s A3 ot #e 6 (AIV-0=0.1852 nm)
o] &=Z=rly YA A dojzt 71 4N (AIN-0=0.1971 nmg] &
7 WAz A= ASHe FATTE AP et &Y Azh
53971 Z7ksb7] wEo|th A 25 dde] T-Mullite=9] 78ka}7g
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5 A Fapele) ZFEu] (11,230 cmitI(L,170 e ©]F 1=
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35} 2300 AoIA [AILOl/[SIO ) kol AETTH |00 W2 &
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142191 v Sioe] Bl 23 Hr1el 9)ste] mullite?] Z4do] W
Ble] 3ALO; - 2Si0 %3 4) O-Mullite® AR sty Attt
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3k A 24ko] VRt (T-mullite—3 : 2 mullite4a-alumina), DTARA 2
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Fig. 5. Infrared spectra of HW1 sample calcined indicated tempera-
ture.

A& 4L AR HW2-leachA|EE 1,200°C ©]4+
HAF oIt} 5L 2ol F4hT B

Fig. 62 HwW2s}
oA a3t F9 FTHIR #
9= vlws] BE HW2-leachA E7F HW2 A &9 Blste] | 9 &
o] 2 212 & 4 U} wlEh 990°C F-ZolA AlLO-Si AFe 7t
= udate] AEEA ¥WAE Sioyt fEsa, AE Y B9
of 2vdAda) FEsta 9w A Siogh AlAEE A Hele] Ha
&SIyt &3] Wi 5Ee 2xA] shasiyE A Wy
4 A0S FA ¥l E7FHAl Bz Aotk 283 1,200°C0A] 8k4
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ANBE & L7} 273 bE TMullitert A2 W7xE e
A Ale] A9 AR FHelswA BZA SioyF A4 Wi-= &
2k=o] T-Mullite Z27g0] A= O-Mullitert BAA=71 A2 vl
4R Al 91X 4R ] SPF X FE 2 409)A Alo] 6 9)A
2 ZAolste] O-Mullite”} BAE T} AlEF ). wlgbd HA2-leach A
B2 A% M)A dFete] 9 2$E duyle] ko] H=3l]
w4l He] AV-0 AFe] 93 FFhE HW2 A 5.9} vl st
Adidor ax, el AM-0O A 23 F5thE A vehs
. AlEE Y. T8 1,600°C71HA] stashHEl= HA2-leachA| &7}
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Fig. 6. Infrared spectra of HW2 and HW2-leach samples calcined
indicated temperature.

2(AlgSi,O49) %S(AI‘lSlOg) + amorphous Si9AH

(Si-O-AMY (Si-O-Al"Y)
(Si-0-AlYY)
_MO00C ., 1 pulite + amorphous Si9
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Fig. 7. Schemetic route of mullite evolution.
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