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SI(OCH;),ok &3tste] 7ipia] wAledA AxzA438 3714 (Drying Control  Chemical

Additives, DCCA)E #7124 AZAZHE D578 E A2d stden ]2t DCCAZE mullite E4< ojud o

%e F=7 AEslzA sge}k. o]b) DCCAZ N, N-dimethyl formamide (DMF), Glycerol, 1, 4-Dioxane®} Oxalic acid

7} "rhheden A28 AL 7 £EME 245 TG-DTA, FT-IR, XRD % SEMS A}&ahe] A4 Holshd 0 7
AR AR F& BAe Ak DCCAE Hrlste] A=24)2 23 0.1mole®] DMFE #71stgd& 79 DCCA

£ HrbahA woks Wi AxA7de] 172 Ax dEEglow E427 mullited] 2HF Ao E dFE wHA 49HES

&lahsict.

Abstract: The effect of DCCA (Drying Control Chemical Additives) on the drying of gel was investigated in order to
determine an optimum drying condition of mullite precursor through sol-gel process. Aluminium sec-butoxide was
synthesized from aluminium foil and then mullite powders were synthesized from Tetra—ethyl-ortho-silicate (TEOS) and
the aluminium sec-butoxide. N, N-dimethyl formamide (DMF), Glycerol, 1, 4-Dioxane, and Oxalic acid were used as
DCCA. Mullite powders that were calcined at 200, 900, 1100, and 1250°C for 2hr were analysed by XRD, TG-DTA, FT-
IR, and SEM in order to investigate structural change and characteristics of calcined powders. The results of this work
showed that the drying time of gel was reduced to about half in the presence of 0.1mol DMF compared with the absence
of DCCA and also calcined powders were obtained without remarkable structural change despite of the addition of
DCCA.
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cal Additives, DCCA) & 718l AZAI7HE B5A4]
7 Bk ol i x5 - EEEY W
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2. 1. Aluminium sec-butoxide2| §d
Aluminium sec-butoxide® w+5-7] $J& =% 99.
99% 2] aluminium foil (Lotte Co. Korea)® 539
sec—butyl alcohol (Kanto Chemical Co. Japan), 2.2
EFo osA|o]&(Yakuri Chemical Co. Ja-
pan)& Ao AR3eit. ek (10mol) 9| alco-
hol& AME ZelA 6] Wi aluminium foil(1mol) 9]
MeAE Fol7] Na AT o) 4T Seha
20l Y3 @e AFUH LEE ¥ oo ¥
3 87] W alcoholdy@o] o7t B W Zvjel
HgCl, & J_%}(aluminium Imol % 10-3-10"*mol) A
7Fekqdck. o] F 24417 F<k ¥ ‘}%*1?4 # 100C
o 4} alcohol& F-F3te] Woldl ¥ L& & 160C A
TR g8t wEs 10‘3mmHgi ZeHaRste
aluminium sec-butoxideZ ¢t} &A% alumini-
um sec-butoxide®] FAR-E ool ] 3 A=
" A&EE IR, HNMR #4¢& so] Edo] nus
Zbg 9} wlwssici16]. Fig. 1.& 3A4¥ aluminium
sec-butoxide?] IR spectra @4 %ﬁ}—’,‘-ﬂ 1060cm!
°ﬂf‘1 AFO-C Z%e & dolad Jehle Ao
2 o] Ho]=7} aluminium alkox1de£’4 EA do|z
ojt}. el 2950cm'el|4] CH aliphatic, 1450cm—!
ol 4] CH,, 1380cn~'ell 4] CH;9| & #o|a g e}
W 7oz B A A23 alkoxides} alumini-
um sec-butoxide & & 4 Yot 181 Fig. 2=
H-NMR #oja& L]-EPH“ 710 2 aluminium sec—
butoxide 8] ¥-z}4+=+ Al-O-CH,¢} CH 8z CH
O proton°l EAg 18] 77t
gola g AFHEH Oppmo A TFELE A

f'\/\

AI-O-C
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Wave number(cm~')

Fig. 1. IR spectra of aluminium sec-butoxide.
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‘ TEOS + Al sec butoxide+isopropyl alcohol J

[ mixing 807 30min ‘

CH;, Hydrolysis 2hr

Reaction 24hr

Fig. 3. Schematic diagram of experimental procedure.
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Fig. 2. H-NMR spectra of aluminium sec-butoxide.

a3 TMSY sojzelw, 3.0-4.0ppme Al-O-CH,
ge]3, 2.0ppm& CH =]o]=, 1.4ppme CH, so]=,
0.8-1.2ppmel| 4 ¢} At F 71e) sle]aE CHyel
A5 vepdic. o4} 2o| IR# H-NMR spectra

o4 & ZA3}Z aluminium sec-butoxide ]S &l
Reflux condenser

% slsteh.
Cooling water
2.2 Al o — S
B A A4 = g2 % alkoxides T
95%¢] Si(OC;H;), ((Tetra ethyl ortho silicate,
TEOS) Kishida Chemical Co. Japan)e]z At3-&vj
2 AeE Aok 995%¢ E5F Alekal isopropyl
alcohol (Junsei Chemical Co. Japan)e]®, DCCA=Z Raw materials input Thermometer
AHgEl Aoz 1F A]9kel N, N-dimethyl for-
mamide (Junsei Chemical Co. Japan), Oxalic acid \

(Junsel Chemical Co. Japan), 1, 4-Dioxane (Duk-
san Pharmaceutical Co. Korea)$} &3F A2kl Gly-
cerol (Tedia Co. America)S AF-4-3t4c). 2uj2 A}
238 HClIE % 35%9 E3F Alek(Hayashi Co. Magnetic bar
Japan)e]y FF5& Elga Statrhe] 259 A= # \
2 UHQI A 9J8t 2545 AH4stdddh

.y 7 £
2.3, AB{u /§

## Tetra ethyl ortho silicate (TEOS), alumin- =

lum sec-butoxide % isopropyl alcohol 1:3: 8¢]

mole H]&Z 4Jo] 80TCell4 30% Fo aHFAIFC)
2% H,09} HCIE aluminium sec-butoxide 1mole

% 50 ° 0‘13] moleH]i %7]—?} -’-‘;’_- 7]_5'\__3__3]1% /\]Z}- Magnetic Stirring hot plate
stglon Bl e 80CE XA B 247HF Fig. 4. Experimental apparatus for synthesis of
o] DCCAZE TEOS lmolee]| o3f4 0.05-1.5mole mullite precursor.
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60CAN AzR ApEs ANES FHAED
470] 44E 7] 19ke] TG-DTAE 418
e daold.
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2.4.2. MM 2TEM (FT-R)

g 44E9 94 9 FYATS Fs]
95l BomemA}e] FT-IR spectrometeri. A3}
KBrA®¥ o] @z} wave number 400-1400cm—'¢}
CERIEE Er
2.4.3. XM 3|HEM(XRD)

Zheddl AAEY A4 2T wE A Ae]e}
EAS dsty] s 60T, 200°C, 900°¢C, 11007,
12504 24 3¢ XA 3" E4E& sk
A48 XA 34 A2+ Inel Instrumentation Tech-
niqueAt(Dutch)o]n] &2z AL &3} 2},

Target : Cu

Filter : Ni

Load : 25kV, 25mA

Start angle : 10°

End angle : 55°

Scanning speed(26/sec) : 0.028816

2.4. 4, ZAPHXIE0|Z (SEM)
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A%E Bo Fa A %o}, o] F 0.1mole
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A]7}o] ok Hlo & 71:}4—3’\&2‘2‘
aiu} DCCA9 &7} HaAzx
DCCA¢] sxo uh=} 7,-1__7.5/\]7%] YAz =
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A F9 JFANE FARLEN AxEEE
AAA  glond, Arkgo| BolAA Hw 238
DCCAs| £A)3= 3% 7](functional group) ] Ak

F7F A9 7NFo] FAEe| AgWoe g Jtg4 o
&40 gabe whalslr] f-Fell AxA|7e] e
L Ao A7)
3.2 92M
DCCAE #F7}8hA o4& AzxAst Z+zb 0.5moled)
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Drying Time(hr)
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Fig. 5. Drying time vs.
DCCA.
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DCCAE Hrlsto] &Ag AzxAe TG-DT “’“@
35 Fig. 69 vepilc}t. 23 (A)E DCCAE H7}
312 dsts we] AdEA dFF +A4 FAdA
300C oJ3telMe FAZ Zae FAFY T,
OH~719) 3%, FF F7]E(alcohol) 9] Qda4z oIt
Zelet. 100-200C Ake]9 ¥ F4 oAy +7
49 Zuks} OH7)9] 3|dbe] 9@k Ao|x 960T #
9 w9 dojAE ALSi spinel®] A3t gt
Aol 960C o] %] zleo]A9] ukgt F7h= mull-
ite2 Aol Ao AzHY, 18 (B)= DMF
o Bk FHe2A 1500 200T NN FA ol
L papel Zakgk OH7)e d 2 £71%9 §
wol ejgk Zlolm 300°CS} 400°Ce) W oz =
AF #7189 432&3 DMFY odsel] 9§ o]
o} =3k 960°CellA o] W o)== Al-Si spinel £

(A)
DTA

TG

(B)

©

(D)

TG

o

300 600 900 1200
Temperature(C)

Fig. 6. TG-DTA curves of dried gel.
(A) no DCCA (B) 0.5mole DMF (C) 0.5mole
1, 4-Dioxane (D) 0.5mole Oxalic acid

HolEgee RojFu 1250Tel|4e wdsjo]mi=
AL-Si spinelo 4 mullite® Ho]¥|91e-e iehdic}.
0.5mole 1, 4 Dioxaneg A7F3t49E Ao 960C
ol 4] Al-Si spinel 24 AHol& AH A3 mulliteZ
ARstEe g a2y (OdA & & ok 29
(D)& 0.5mole Oxalic acid®] FAoZA o FA4
3 2] AR iy wadse]ast glovt
uigh wdslo]a g £ 4 Qlrk. o] ALSi spinel
2 AolgA] #¢37 A mulliteZ HolHE AL )
epdict.

3.3. HoiM 2HEN

60°Col Ao AxAZ 1100°C 1250CA 24
g e FT-IREAA}E, DCCAE #H7lehA o
ks 799 1.0mole DMF 18|32 1.5mole Oxalic
acd® #A7Ftde Aol wet Fig. 7o viepch
Il A B uiel zFo] DCCAQ Hrlei-el A
Qo] 60TNH Az AL A= F3447F 1050
1914 C-04%el olzzt vehiel, DCCAS
L4387 e A99l 1.0mole DMFE A%z A 3
G R AMEE S Atolle 1350em o)A OH
718] &4 )o]=7} 1.5mole Oxalic acid9] 7-$-Hr}
H&3tA4 Yelydtl. 1.5mole Oxalic acidS DCCAZ
A A 1250em o] 9ol A slEBAdAbe] &
A IL]O]:UT- L}EM% 2L 60CNA AxE Ad)
Hrolt dzest 2o 7%
21 910 A58 % 5 1 Seht AnE &
. LEUSCEE
4 17500 24T AAAAE BT )
2 48 A$E E£¢ste] BE DCCAd dste F5
#o & 400-600cm ol 4] octahedral Al-O bending
vibration mode7} Yehm, 720-780cm el 4] tetra-
hedral Al-O¢l] 2J&} stretching vibration mode7} 1}
Bt e AE 4 5 9a, 650-900cm o419
tetrahedral Al-O bending modes} ®.o]w, 850cm-!
o419 Si-O bond, Z.8]3 1000-1100cm1e| 4= Si-
0-Al bending vibration modedl] 93t Foja 5L &
g A=l o]+ Mackenzier} Ag mullite?) F4
el tﬂ‘?} 54 Folast dAstgri[17]. F DCCA
9 FR7E E—A sl JFE FE AL AzAY
*3*4‘474]"17‘] 7hdel oJgt sARAdE dFe F

A & ok 4 9lg}.
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Fig. 7. FT-IR spectra of mullite powders for various

temperature.
(A) no DCCA (B) 1.0 mole DMF (C) 1.5mole
Oxalic acid
3.4 X-M 3| EEM
DCCAS] Z5ol whe} ofe} 24emelA 22 2
A7HR A8 Badol] ik XRD B4 735 Fig. 8
of velitl. Oxalic acidE A2k & DCCA<)
A7t 9 XRD =9 Aze 23 (A)d B
DCCAE #7letA] o2 0%9% dapglck. =
100C olslel At WHA ool s4oz EA

t}7} 1100°CoN 4] Al-Si spinelAb=t %ZHEI-_J_ 1250C
A= e mullitedtg &elslolo
o2 o]E9 9FAzel A dXsw
orH 18, 19]. 8y} Oxalic acid2
g (B)elA= & 4 gl%e] 0.3mole-1.0mole Oxalic

T43s, A44 A 335, 1993

e : Mulite
s  Spinel

L

1250°C

p
1250°C
1100C
(B)
1250°C
© M
10 20 30 40 50
20=CuKa
Fig. 8. XRD patterns of mullite powders at 1100C-
and 1250C.
(A) no DCCA (B) 0.5mole Oxalic acid (C)
1.5mole Oxalic acid
acid® H718tdS o 900°Co)A3El spinelid Al

o mullited] AAFz7} gald uwbd, 28 (C)9
Oxalic acid 1.bmoled 7}k A4l & DCCA
o] #Asle] 93k XRD 3|o]=¢} o] Al-Si spinele]
A mulite2e] 24 Aol 34e 2 & qlgich. ol
3. 2. A4 9] TG-DTA F4e Aztele dA|sin,
o]k ZAstel gk o] {7} LA ol A HE
dof 2 Zlo® AE X}
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(C) 0.1mole DMF
Fig. 9. SEM photographs of calcined powder at 1250C.

3.5. FAIMXIEOIE 24

DCCA=Z 0.1mole Oxalic acid¢} 0.1lmole DMF 1.
2|2 0.5mole DMFE A48 £ 12507C oA 243
mullite} DCCAE A}-£3}7) 922 mulliteE 1250C
A 24 F FAHAEAY A S Fig. 99 o
ebigict. 27l 2] B wlel zbo] DCCAS #H7)s}
A 4 13 DCCAE H7bstads A9l dg
Ab AR du) AbxlE vl Axou)sg qla @
Bk 2k 275 FMAE Qe AS B ¢ Y &
DCCA 9| 7} Ffvh #zlsge] wiste o
5 7Bk @ Bda) A9 v odadEg 2
718 vk 1S DCCAZE A9 4AwA o o

$e A Fe gulsh AoeA Ao Aol
¥ 249 Astoe dAsh ol

(D) 0.5mole DMF

44 £

Aluminium foil&- ¥ 82 Aluminium sec butoxide
£ $Ast TEOSe} ubgAlA Z—Awe] o3
mullite AZA] 742 DCCAZ Arlstge ue
A AGE o3} 2

1. Aluminium 492242 Aluminium foilah
sec-butyl alcohol& WHE-A1A, w2FZA 89} HAF
AR2 FE0E milltes G4 de) Yast g
aluminium sec butoxideZ FHAlslo] 43 A3} =
& $Ee AFE AZD AT % 5 Aodch,

2. A= FA A7 @EE 98 mullite AZ2A]
DCCAE #7}g+ Z3} 0.1mole?) DMFE H7}s)ele
74§ DCCAES #7bsa] okobe wuch ZAzA)7}o)
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