commons

O N § D E E D

@creatlve

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEAEA. Aot EHSANE EAGHADE 2LICH

HZ2d. #5t= 0l A5=ES 2l 5

Jd
0
it
=]
o
m
I
£
I3
It
B

o Fts, 0 HEEY HOIS0ILIHH=EY 22, 0] AEENH HEE
ZTEH LHEHH MOE 2HLICH

o REATZNE U2 5718 wom 0123 ZAS2 MSEA WL

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

B X 2 ;HEEE
LB FRAEX

ALLO; B¢ R we] 54 A7

2008

BELTFAER KBE
ft B #
= % @



ALO; % 2 ¥ty 54 a7

# X 5 BEEE

e
%lPll
s
o
S
H-
g
=

hro s M

2007 114

BlELTFREBER KB
ft B #
* % @



=7 )
O =

*2xg WLENMRXLS

H#EEZR

o

H#EEZR

#FEER

BiE X TRER X

=2}

Be



=F 7 8

HA7MA 2 7] L&A (Pluronic P123, Span80)¢t 7]

a

2= (Magnesium,
Lanthanium)& AF&3te] -2 Ho 2 ALO; w23 WS Az =
W F & 23S 25 aluminum isopropoxide®t YAFFHFFE SwlE ALEE
of 2F FHuj stolA & &AE FAAT. FA Al Al &v] H09 & ¥

2 15002 DAANT I, AIAY FEHZ WA I|HA AsE EAS
7.]

o
i
o
kT
)
2
:(!)g
=
=
>
i
Z
=
=
o
-0,
ofo
ol
32

K
By
P
2
g9
=
ftlo
off
:(!)g
M
e
o



4

0=
R

Q
a

7N
LIST OF TABLES

M

LIST OF FIGURES

L o A B e 1
I, OJ 2 B T e 5
L @Fuue] A3 Z00 8 G e 5

2. Z-7 H(Sol-Gel MEthOA).....cciieieeeieeeeeeeeeeeeeeeeeeeeee e 8
. Al B e 11
Lo ATSE X B A 7] 7] e 11
(1) Al e 11

(2) AT 7] 7] e 13

2. AT R et 15
2-1. ALOzol P123 H= S809] H 7hiiiecscce s 15

(1) ALSO5u e 16

1) AlOs AFHE 88 FEA e 16

2) AlOs AFZFE B Al Z e, 16

3) ALOs B A Z e 16

(2) AlyO391P123 H3= S80L 7 e 17

1) P123 T+ S80°] H7F | ALO; AHstE g9 4. 17



2) P123 =+ S80°] #H7F ¥ AlLO; 4tstE &+ Alx..... 17

3) P123 T S80°] H7F © AlOs AHstE uhul Az 17

2-2. Mg-AlLOs°l P123 H= S802]  7hieeceeeeee e 18
(1) M@ AL 19

1) Mg-ALOs AF3FE €W T4, 19

2) Mg-AlOs AFSHE B2 A2 e, 19

3) Mg-AlOs 2F3HE BFEF A2 e 19

(2) Mg-ALOsol P123 & S809 F 7hieceeeeeee e, 20

1) P123 =+ S80°] H7F © Mg-AlLO3 AH3E &4 A, 20
2) P123 == S80°] H7F ® Mg-ALOs AHstE B¢ A%, 20
3) P123 T+ S80°] H7F & Mg-AlLO; At3lE& vbuk A2 %, 20

2-3. La-ALOsoll P123 B S808 H 7hoivviveeeeeeerecene, 21
(1) La=ALO3 i 22

1) La-AlOs AF3ha & 4 s 22

2) La-AlLOs AFSHE 8 Al 22

(2) La-ALOzol P123 H= S809 H7F.icevercernereene 23

1) P123 =+ S80¢] #H7F ¥ La-AlLOs; AtstE & 34 23
2) P123 & S80°] #7} © La-AlOs; 2FstE B2 A%, 23
3) P123 T+ S800] H7} ¥ La-AlO; AFstE whub A% . 23

AT 2 ALOs; E AT B 24
ATl M2 ALOs A 2T B S, 28

AT TE ALOs BB B A s 32



3-1. X-A1 31" EFste 93 £ S i, 32

(1) P71 TLEZE] H Th e 32

(2) F71 T F T e 43

(3) fr71 aEARE F7] 5459 B AT, 50

3-2. FE-SEM<& 53 239 mATZE T2 s 61

(1) 71 3L AE Z 7 e, 61

3-3. BETE 53 229 HWHA B s 65

(1) 71 LEASE 771 359 A7 65

3-4. Al MAS-NMRS 58 22 #Z e, 67

(1) P71 TLEZES] Z Th e 67

(2) F71 T F T e 71

4. Z7FAC] W2 ALOs HHEO] EA e 73

4-1. FE-SEM<S 58 whuho] ml a2 2 e, 73

(1) P71 TLEZE ZT7h e 73

(2) 71 LEASE F71 35 A7 77

Vo B B e 84
i B3

ABSTRACT



Table.

Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.
Table.

© 0 N Ok W N

[N SO R e e e e e e
= O O 0 N S Ok W NN+ O

LIST OF TABLES

The main structural types of aluminum oxides and hydroxides...

....................................................................................................................... 7
Starting materials for exXperimentsS........cccccovviiveeiieieiieieceeeeeee e 12
Lattice cell parameters (A) of ALOs.uo oo 38
Lattice cell parameters (A) of AlOs with P123...cccoviviveeennn. 39
Lattice cell parameters (A) of AlO3 with S80......cccoeeveeeenennnnn. 40
Average crystallite size (mm) of AlO3...ccocooioeoieeeeeeeeeeeeeeeee, 41
Average crystallite size (nm) of AlOs with P123......ccccccovvvennni. 41
Average crystallite size (nm) of AloOs with S80......cccccvvevvvennnnn. 41
R-values of AlO3 with P123 and S80.......cccoiveiieinciiiieee 42
. Lattice cell parameters (A) of Mg—=AloO3...ccooeoeoeoeeeeieeeeeenn 47
. Lattice cell parameters (A) of La=AlOs.cccoieoeoiieeeeeeeeeeeenn. 48
. Average crystallite size (nm) of Mg—AlO3...cccovvviiiiieieieenn. 49
. Average crystallite size (nm) of La=AloOs..ccccceovvivveicviicieienne. 49
R-values of Mg—Al:O3 and La—AlaOs...ccooviiioiiiiiiiiiiiiiceee, 49
. Lattice cell parameters (A) of Mg—-Al:O3 with P123................ 54
. Lattice cell parameters (A) of Mg-Al:O3 with S&0.................. 54
. Average crystallite size (nm) of Mg-AlOs with P123.............. 55
. Average crystallite size (nm) of Mg-Al:O3 with S&0................ 55
. R-values of Mg-AlLOs with P123 and S80......cccccceevivviivinnennnnn. 55
. Lattice cell parameters (A) of La-Al:O3 with P123................. 59

. Lattice cell parameters (A) of La-Al:O3 with S&80....ccoveueen... 59



Table.
Table.
Table.
Table.

22.
23.
24.
25.

Average crystallite size (nm) of La-Al-O3 with P123................ 59
Average crystallite size (nm) of La-Al:Os with S&0.................. 60
R-values of La-AlO3 with P123 and S80......cccoviviiniincnnn 60
Thickness of Mg—-AlOs and La-Al:O3 thin film after heat-trea

-ted at (a) 700 C, (b) 1100 C, and (c) 1200 T, respectively....



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

LIST OF FIGURES

1. Schematic representation of formation of various Al:Os-hydrate.. 4
2. Acid and base of Alumina surface.........cccceveincincincincnicee 6
3. Dehydration of ethanol on y-AlxOs3 SUrface.......ccoooovvvviievceivevceenenenn. 6
4. Flow chart of experimental proCeduresS......ccommimmeiieeeeeeieeeeeeenen. 15
5. Flow chart of experimental proCeduresS......ccooommmiieeereeeeeeeieeeeeeenn. 18
6. Flow chart of experimental procedures.........cccccooevvivviiiiiiieeiieinenn, 21
7. FT-IR spectra of (a) Al:Os sol solution, (b), (c) and (d) powder

obtained after heat-treated at 150 C, 400 C and 700 C, rspective

ettt 26
8. FT-IR spectra of (a) Al:Os, (b) and (c¢) adding P123 and Span80

powder after heat—treated at 1507 .o oeeooeeeeeeeeeee e, 27
9. TG/DTA curves of AlO3 gel POWAET......c.cooveiveeieeeieeeeeeeeeeeen, 29
10. TG/DTA curves of AlbO3 with P123 gel powder.......cocoeeeun..... 30
11. TG/DTA curves of Al,O3 with Span80 gel powder...................... 31
12. X-ray diffraction patterns of AlxOs at various temperature........ 34
13. X-ray diffraction patterns of AlOs with P123 at various tempera

TRUTC e 35
14. X-ray diffraction patterns of Al:Os with S80 at various tempera

TRUTC bbb e 36
15. X-ray diffraction patterns of Al,Os (a) without additive (b) with

P123 (c) with S80 at 1100 and 1200 T, respectively.................... 37
16. Pawley fitting of AlxOs by topasZ.]l program.............eeeeeeeenne. 38



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

17.
18.
19.

20.

21.

22.

23.

24.

29.

26.

21.

28.

29.

30.

31.

Pawley fitting of Al:Os with P123 by topas2.1 program............. 39
Pawley fitting of AloO3 with S80 by topas2.1 program............... 40

X-ray diffraction patterns of Mg—-Al:Os; at various temperature.....

Pawley fitting of Mg-AlO3; by topasZ.l program...........ccccceen.... 47
Pawley fitting of La—-AlxOs by topas2.l program..............cce...... 48
X-ray diffraction patterns of Mg-Al:Os with P123 at various te-
IIIDETATUL . e et e et e e e et e e e e e e e e e e saeeeeesaeeeeesaenneees 51
X-ray diffraction patterns of Mg—-AlxOs with S80 at various tem
TDETALUL ..t e e e e e e e e e e e e e e e e e e e reeeaa 52
X-ray diffraction patterns of Mg-AlO3 (a) without additive (b)
with P123 (c) with S80 at 1100 and 1200 C, respectively......... 53
X-ray diffraction patterns of La-AlOs; with P123 at various
LOIMIPDETATULC. ..ot e et e e e e e e e e e e e e e e e 56
X-ray diffraction patterns of La-AlOs with S80 at various
LOIMIDETATULC. ..o et e e e e e et e e e e e e e 57
X-ray diffraction patterns of La-AlOs3 (a) without additive (b)
with P123 (c) with S80 at 1100 and 1200 C, respectively......... 58
FE-SEM micrographs of surface Al:Os powder after heat-treated
at (a) 700 C, (b) 900 C, (c) 1100 C and (d) 1200 C................ 62
FE-SEM micrographs of surface AlOs with P123 powder after
heat-treated at (a) 700 C, and (b) 1200 C...cccooeviveveeieeieee, 63
FE-SEM micrographs of surface AlOs with S80 powder after



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

32. BET results of powders heat-treated at 700 C and 1200 TC.... 66

33. Al MAS-NMR spectra of Al:Os powder at various temperature.

34. “"Al MAS-NMR spectra of Al:Os with P123 powder at various
[¥S388107S1 =1 1 5 <IN RUR ORI 69
35. YAl MAS-NMR spectra of AlOs with S80 powder at various
LOIMIDETATULC. ..o et e e e e ee et e e e e e e e 70

36. “’Al MAS-NMR spectra of Mg-AlOs powder at various
BOIMIPETATULC e et e e e e e e e e e e e e eeeeeeeeeee s 72

37. YAl MAS-NMR spectra of La-AlOs powder at various
[7S308107C1 =1 1 5 <IN TPRR PR 72

38. FE-SEM micrographs of surface and cross section of Al:Os thin
film after heat-treated at (a) 700 C, (b) 1100 C and (c) 1200
) TESPECEIVELY ..o 74
39. FE-SEM micrographs of surface and cross section of Al:Os with
P123 thin film after heat-treated at (a) 700 C, (b) 1100 C and
(€) 12007C, TESPECEIVELY ...ttt 75
40. FE-SEM micrographs of surface and cross section of Al:Os with
S80 thin film after heat-treated at (a) 700 C, (b) 1100 C and
(€) 1200 C, TESPECTIVELY ..ot 76
41. FE-SEM micrographs of surface and cross section of Mg-AlxOs
thin film after heat-treated at (a) 700 C, (b) 1100 C and (c)



Fig.

Fig.

Fig.

Fig.

42.

43.

44.

45.

1200 T, T@SPECEIVELY ..ot 78
FE-SEM micrographs of surface and cross section of Mg-Al:Os
with P123 thin film after heat-treated at (a) 700 C, (b)1100 C
and (c) 1200 C, reSPECtIVELY ...coov oot 79
FE-SEM micrographs of surface and cross section of Mg-AlxOs
with S80 thin film after heat-treated at (a) 700 C, (b) 1100 C
and (c)1200 T, 1eSPECHIVELY ....oviioeeeeeeeeeeeeeeee e 80
FE-SEM micrographs of surface and cross section of La-AlxOs
with P123 thin film after heat-treated at (a) 700 C, (b)1100 C
and (c)1200 T, 1eSPECHIVELY ....oviioeiieeeeeeeeeeeee e 81
FE-SEM micrographs of surface and cross section of La-AlxOs
with S80 thin film after heat-treated at (a) 700 C, (b) 1100 C
and (c)1200 T, 1eSPECHIVELY ....oviieeeieeeeeeeeeeeee e 82



Agto] 7tsdte] WA ow xA I FpAdol Atk WEA ] glo] A

Wit 2%l Apesta JA4 R AN A2A o)
A ARE 7T o83 F ik Wulmadel lon] vpE Agst Zop e1F
BHe] HEHAE Al grbesith! =3 Aety EAEAE YA olgdn’
AT GdFAtol =gt ol e is] 2 FEFEksed os) A H H
nfo] E qlate dAg exe] wEt AIOOH), y-ALOs; §-AlOs, 6-AlOs
g8 3 a-ALOsE 9 Aol I Adole ApA dAg Lo B
A oEFt 24l o Aol #HAL Fig. 19l YRR 3w
e Hol 542 A T4 9 o ARSeA A4 HAeH, A= &

W AgTze 4%, sd wed, 0w

%
o

A, B ERAH RS A FHHAG° gyl §2 9 Aol Wilsondt
Staceyell 2™ ALHA R} 9o FAA dEo] FAAMSA TEHAA Y
Bttt o, sl R FHol:
packed) At Wl ol Al Ale] o]2<9] Aujdol osiA yEIHGTL 3
th! =3 Schaperet Yokokwa 5ol 9]at® y-ALOs7} a-AlLOs& ] A3 o]
YL HAE S (4,607 =5 SFHHALFI (e o2 W7t 4hA 9

ol 4 =7
A s dez a7 gEolgtn Bustgrh* M y-ALOsE 229 9 (spinel)

hinss
N

W2 9 %2 (cubic  close

rr



A =
Aol tA

=]

1
T

T

-

A

= ~

] <

=
=

wj L}

=
=

shel @Al AAel Aol

S

el A <A

H
=

&=

A

-
R

A

=R

] <+

=

2% FxEA gdedAz dojAH,

/\]__g_la 13]—_1’2’4’6’15

9l

om oW W oy T T wm SN o m oM o W
o) o B oW . o /T Mo S Ne o Kl oo -
o Com T T
MoN TR Ry B oy oo N o L
ol ¢ W R T g T T % 3 E %o 9 o ) Mt
M e Hoe P xg oy T S
e o I R PR I ST =S O S I
o 5 . Mo T il Mo oy X m M o o MM % R
ol = J =
BT oo TR BN e R L BN e ¢
— 0 T — ,wﬁ o — N 7
70 o R o X of © 1 N K o W
oo o M B o) oF = 1@ o G-
= O = oy O M oA S w S W T
\r Ny ;oE ~o o N EO ﬂ = ‘_Iﬁ_Al »A ,.# ﬂ_OI TH &.0 ,Nro
f s ocma® o <% o p e
— o] —_ —
o o = O W oW W X N O K
B 2 oy FN T o
— o B S o T o o % T o= % BT X X
> o9 o N &S o or JJ) ™ON g w T w Wo
Sl EONRCN T R - T o W o
gy W oRw S E ! g RAR e
o 0 I oy oop = N A T X
T B STt
m B E T e o T e
En_ H;l S @o > T X b ] at = 0f = 17./! o
. X o) M 3 Box A o 2
o = | 5 o] O X -
A < T . o X <
o X T AR om0 g4
k%ﬂ%ﬂﬂﬂﬂ%ﬂ@m% » T T
— TH ~3 a )
- A Y T B S P T
I X0 of o — o = o
R T T T o o 5 oy B = B B uy
% CRLG) w T oo w _ ﬁ w N
X o g H T ra
- Wu o .MM N = T e o 2 Lo _N/u 3 ML %1_
o Wow = & o)) s = n o=
o T R B T % T o™ W oA oo
H o H T o oW E OE xR &K N TOH o

A s, et

AF7F Ay Forh

[¢)

bk o
5
=

2t

=

1
T

H7pA1 7]

7}= y-AlO3

[e)

=

3|

%
=

[€)

=4

=
-

2500 Co]
o grebel

R

WebE, vk, A

u} 1] Al o}

==
)



GFu)E o & Abolo] FEAEGT AWA BA koA AFUF o] FI )

B Ao Su) Er Hu) g SR yALGe 24 AL
13l

FANAN A AAAE f7] mRAS R FHS A

isopropoxideE AlOs9] AFAZ AM-&3FA T}
glsto] A S spoll A AT FA Al

L0949 2w 1:25, 30, 40, 50, 70, 100¢] H] &= 7

P
u
rlr
e
of\
i
o
il
2

AstE] EAS Ayrgth f7] EAEE Poly(ethylene glycol)sgpoly
(propylene glycol)zopoly (ethyleneglycol)2(P123), Sorbitane monooleate(S80),
Poly(ethylene glycol)(PEG) 1231 Tween80(T80)= AlF83to] 1wt%ol A
Swt% R H2<EE & A3 P123 5wt%, S80 1wt%Es 7t stels w ~+9
= AA F

71gE x5 94 F 150 T2 Axste] 92 A EEE 400 T 28

Aol 7HE Attt ddE & &do] Jheok St

oo

700 ColA dxg] 3o FT-IR(Fourier Transform Infrared Spectroscopy)
22X mE B S-S #H T A EEY fUE TISE
2 AAAel AAS TG/DTA(Thermogravimetry/Differential thermal anal

—ysis)E F dotE . e AA =, vATE 2da Ale] wiels



tron Microscopy) 121 Al MAS-NMR=Z #2343, BET(Brunauer—
Emmett-Teller surface analyzer)® X W34S At gAH = &945
GA Al silicon wafer 9o 2~ 378 (spin coating)dle] HFHS A %3

i, FE- SEM& o] &3te] whete] F79 e JduE w3 sl

Bayerite Aging Gibbsite _Formula :
Al,04-3H,0
Aging Aging
Calcination of 40 of 80T
Temperature
Crystalline
s boehmite
Initial . .
precipitation Boehmite Al,04H,0
J— gel v v
600C A 7 —AlO4 7 —AlL,O, x —Al,O,4 AE)ZSS.(%HGZO
r(‘: Cubic close packing asy.
r
p spinel)
h
o
u
v
— N a
900 = 1000C | 6 —AL,0, 5 —ALO, k —ALO, ALOynH,0
u n—low
m|
i
n
a v
v
\ /
>1100TC a —Al,O,4 Al,04
Hexagonal close packing
I:I Box contains the forms of Al,O4 currently
applied as catalysts or supports
9,10

Fig. 1. Schematic representation of formation of various Al:Os—hydrate.



0. oles w7

1 47Uy F34% Svag

0

A S 2 ARE S = ALOs9] YA WS st o] dad 3ol

w2 oluA AEiel vk ol ZAA L] mWolA Yol Fol

w5 At 3 Feelng, o)A Fay] fete] ojee] R o

17} doluAl " F, B3l oa) 41 datg FoeH e Feow

A golge] AR ARG wRKo Holru, Wiz oL Fo

2 woluymz gW ¥ Az 2Ede A7A Bk et ALOssH

2o AstE A AlME 8o Yoleow Haw Ea, uebAM Z

% an 0% olee et £5 Hol ot oy

A W w4 mZwe) duAE vi

U Zujggo] et Bk FHd AxA2 y-ALOs 2k Aol A

= < olm Z deA flew, I Ve
Rl

= Akl ofs) W Hstrb Tt o] mHe] Aoy ¢y ® 2857

I
fr
Hir

)
jus)
_

(

x
TAHOFA T

s

2
it
X
i
o
Lo,
4
Sh
o
]I.IO%
L
QL
rlr
Py

=
Rl

Al(OH)3(gibbsite)& 7} &43tW AIOOH(boehmite)Z 71 A y-AlLO3=
Hed ol de 29dy e A FxREA, B dole FEe A QoA
sl Beotgeitt M std ggre] Fubele] Q) GENG $3E gW
of Eod AA A g 2 AVIAAAY HAAAS Fig. 26 HERY
At o714, Folx A(Lewis acid) HAARS WolEol= AA Hola H
A8 = AH(Bronsted acid)e ZRZEMH)S FEete Ao g4

gFe a-ALOsE W FAE 2A etk y-ALOyE 4Ee FAS L,

_5_



AL G4sE BAL Fig 39 JERHG !

OH OH O~
| | Heat | |
-0-Al-0-AlI-0— ——» —0O-AI*-0—-AlI-0-
,ll E ‘\\ ll" i \\\ _HZO '," i ‘\\ "ll i \\\

Lewis Lewis

Acid Base
H H
N S
. 0 -
Adsorption
—_— —0-Al*-0-Al-0-
+HZO ’ll : N l" : AN
Bronsted
Acid

Fig. 2. Acid and base of Alumina surface.'

Hzcr:H .
CH, | Hi CH,=CH, + H,0
o, | S
C,H,0H P 0 10! 0
beH, | |t |
B LU 0-Al-0-Al-0 0-Al-0-Al-0
o — O (?
0-Al-0-Al-0 0-Al-0-Al-0 | .
+C,H,0H §C|H3 Cle :
icH, | cH,! (CHy),0 + H,0
L R S
| [ |
0-Al-0-Al-0 0-Al-0-Al-0
+
H,0

Fig. 3. Dehydration of ethanol on y-AlLQOs; surface.'



dFrve]l 75 ofefl Table 1.0 YeEH Aot

Table 1. The main structural types of aluminum oxides and hydroxides.Z0

Formula |Mineral name Idealized structure

hcp O with Al in two-thirds of the octahedral

a—Al203 Corundum )
sites

hcp O (OH) with chains of octahedra stacked in
a-AlO(OH) | Diaspore layers interconnected with H bonds, and Al in
certain octahedral sites

hcp (OH) with Al in two-thirds of the

octahedral sites

a-Al(OH)3 Bayerite

ccp O defect spinel with Al in 21 L of the 16
y-Al,Os - P P 3

octahedral and 8 tetrahedral sites

v—AlIO(OH) | Boehmite ccp O (OH) within layers; details uncertain

ccp OH within layers of edge-shared Al(OH)s;

y—Al(OH)3 Gibbsite ) )
octahedra stacked vertically via H bonds
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Table 2. Starting materials for experiments.

Starting materials Chemical formular | M.W. |Purity(%)| Source
Aluminum
Al(CsH70)3 204.25 98.0 Aldrich
1sopropoxide
Junsei
Magnesium acetate (CH3COO):Mg-4H-0O | 214.46 98.0
Chemical
Alfa
Lanthanum(IIl) nitrate La(NO3)3 - 6H20 433.01 | 99.99
Aesar
2-propanol (CH3).CHOH 61.10 99.5 Aldrich.
Poly(ethylene glycol)
~block— H(-OCH2CH>-)x
poly(propylene glycol) | [~-OCH(CH3)CH2-]y
5,800 99.0 Aldrich.
~block- (-OCH2CHz-),0H
poly(ethylene glycol) | EO:PO:E0=20:70:20
[P123]
Sorbitane
monooleate(Span&0) C24H440¢6 428.62 - Sigma
[S&0]
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(2) &4 717]

k

s

T-IR Spectroscopy =74 :

TAEEd e =] Fxwstet vkgo] FIAAE dotr ] 9l
Aol EFEX (Fourier Transform Infrared Spectroscopy, Nicolet
Impact 410)& Fdstiv. 2 4 A KBr¥t Alse Z27 d&d8&
30t 12 E§ste]l fgaagom ghEo] 4000~500 cm ' H 9ol A i
ATH.

r_{

g

I\
ol

Thermal Analyzer (TG/DTA)
EEe] =AW ste] o3 Feo FAHH FrIEe FaHAAd wE A
TEF R dFRstE FA487] dsted TG/DTA(Thermogravimetry/
Differential thermal analysis, Shiadzu-TA5S0)E A}&3tA T A5 &
°F 85 mg, 2%+ A2 AHEH 1200 CT7H#] 28 20 C/mine =2 W3}
Ao, Aa stell A Faskdth

_Il}l'

XRD =4 :

E g dbo] fig 2GS gdstr] & X-4Ad Ed 247 (X-ray
Diffractometer, Bruker D8 Focus)® detector type< LynxEye, detectors
+ PDSZ CuKa, 40 kV, 40 mA, FAHS 20 = 10~80° scan step
0.02° 28] 3 scan timeS 0.2 so ZAolA 33},

FE-SEM =4
2ol wivbel Rx, AGH 5 Gobns] SaA AAPA FA A%

_13_



& 1) 4 (Field-Emission Scanning Electron Microscope, Hitachi S-48000)
o2 7F&EAE 05~30 kVolA =439t

-

2o wdd 9 vle AVIE Gotrr] flstel HIEW AT
(Brunauer-Emmett-Teller surface analyzer, Micromeritics ASAP-2010)

2 4t

“Al MAS-NMR %4 :

kol Al w9 AE Lol 7] ¢ste] NMRNuclear Magnetic
Resonance, Varian NMR System 500MHz, solid state, A}7]%: 11.74T)
%= Spinning Speed: 9~ 15kHzol A =4 5} %1 t}.
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2. 49 ¥

2-1. Al,O39] P123 =+ S80¢ #H7t

Ao digk MgFAQd #A-4 S Fig. 49 = A8 o
[ mo |
Al(C{H,0)y |————]
v
[ Hydrolysis J
——————>
HNO, P123, Span80
y
[ Peptization ]
A
[ Boehmite sol ]
A\ 4
A 4 \4
[Drying for 24 h at 150 "CJ [Spin coating (3600 rpm, 90 S)J
A A
Gel powder formation J [ Thin film formation J
Heat treatments (400~1200 ) Heat treatments (700~1200 C)
Characterization ( FT—IR, TG—DTA, XRD, BET, Characterization ( FE—SEM )
FE-SEM, 27Al MAS—NMR)

Fig. 4. Flow chart of experimental procedures.
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(1) AlxOs

1) AlO4 }l\l.ﬁ_ %oﬂ S+ A)

1T H O

i

g Axs7] Y8 &7 FolA aluminum isopropoxide 10.21 g
mol)E €23 =75 45 mL (25 mol)ell H7} 3o 85 TolA 30 &
o F Azl 3 HNOs; (0.008 mol)E 7}ste] pHE 3.2% %3t} 9

S NS 80 CollAl 2 AZF sk WAl & ThA] A 204 24 A|ZF 1WA

I
ColA 1 Az &t &7 oA A9 v, &2 454, 2474,

3) AlOs AFst& whe Az

A A8 silicon waferd] 3 mL FAM]| S AL&3lo] 3=E fAS Woly
%, 3600 rpme] W HFEZ 0% F 0C

o] A 10% %< pre-heatingdt F, ThA]
F8 g vbubs A zskTh 700, 1100 2832 1200 ColA zHzr 1 A|zF B9

dxe g ¥ FE-SEM<& Fsto] ¥he] 1y FAE dEstadnh
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(2) AlOs°l P123 & S80 7t
1) P123 E= S80°] H7F # ALO; 2tstE &9 oA
P123°] H7F ® ALO3; &9 Azx3s7] i &7 FolA aluminum
isopropoxide 10.21 g (0.05 mol)¥} A=} FFF 45 mL (25 moDE 85 Tl
A 30 & &< R A2 ¥ HNOs (0.008 mol)& 7Fste] pHE 322 95
2 N e wwbAI 7l & 5 wt%e] P123 = 1

P

l

(1

C
wt% 2] S80& FAE Al H7bska 24 AIZE Fob A2olA wHbAzl F

2) P123 T+ SQ0°¢] H7F H ALO; AHstE 2 A%
obAg3s £ fHAS 150 C vacuum ovenol A 12 Al HoF AxA|A A

Eoe ddr). Azxd A BETS ggate mortars o] &3te] wAEA E 4
FHo o HH

3) P123 = S80°] H7F ¥ ALO; Atst= whe Alx

A A g silicon waferel 3 mL FAM71E& AF&ste] FE &S ol
£, 3600 rpme] 3 A HE=Z 90x F EASIAT. ZEH S waferE 150 T
o 5] 10% &<F pre-heatingdt ¥, thA] =3 I®H S sl HFTHOZ 45 0]
FEE deks A zsedth 700, 1100 28 a2 1200 ColA zHz 1 Az Eot
dA e & ¥ FE-SEM<= &sto] 2] fW 3 545 #&e3th
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2-2. Mg-Al,039] P123 =+ S80¢ #H7}

Aol tig ARl HA S Fig. 50l =AI8Ed o

[ H,0 }
(aesmo }—— Coicoomeans)

A

[ Hydrolysis ]

HNO —”
125, Span0

Peptization

l

Boehmite sol

|

\4 v
[ Drying for 24 h at 150 T ] [ Spin coating (3600 rpm, 90 s) J
A 4 A 4
[ Gel powder formation ] [ Thin film formation ]
Heat treatments (400~1200 ) Heat treatments (700~1200 T)
Characterization ( FT-IR, TG-DTA, XRD, BET, Characterization ( FE-SEM )
FE-SEM, 27A1 MAS-NMR)

Fig. 5. Flow chart of experimental procedures.
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(1) Mg-Al03

1) Mg-ALOs &3 Atst= &9 94

Mg-AlLOs &84S A=x37] HalA F7] FoA aluminum isopropoxide
10.21 g (0.05 mol)¥ ¥z} FFF 45 mL (25 mo)E 85CelAl 30 & &<
3t A7l ¥ magnesium acetate (25 mmol)E #H7} gt} o] 4SS 3 A

Fek Nk Azl $ HNOs (0.008 moD< 7hske] pHE 322 2Folth
Hg 80 Tella

2
AA EFEE E S92 AAH

o

o
o

AlZE E)b mRE AL & GhA] A2 A 24 A3 al

-

0
o
2

23

T 5
oM A St 22 A5, 24, A, vAlTx= 3 Al
<

FH FRA }AS xAbely] f9ste] TG/DTA, XRD, BET, FE-SEM

—

3) Mg-AlOs 2Fst&E vk Az
A2 & silicon wafere]l 3 mL FA7] S AFg35te] FE L AS Bold
% 3600 rpme] 3 A =2 90x o EASAT. Z¥Y S waferE 150 C

o A 10% &9t pre-heatingd F, thA] =¥ FH S st HFTHOE 4F09]

FEE duS Az 700, 1100 28] a2 1200 CTolA 2z 1 Al &<t
g2 3 ¥ FE-SEM< Fato] wte] gwist R4 2 #zaart
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(2) Mg-AlLOs ¢l P123 E& S809 H7}

1) P123 == S80°] H7F ¥ =3 4stE Mg-AlLOs €9 &4

P123°] 7} ® Mg-ALOz &4& Axs7] A 71 FolA
aluminum isopropoxide 10.213 g (0.05 mol)¥} U= SHFF 45 mL (25
mol)E 85TAA 30 &+ &<t #57F Azl ¥ magnesium acetate (2.5 mmol)
5 A7F &b o] A4S 3 AZF ¢ ugk A7l % HNO3 (0.008 mol)= 7}
gto] pHE 328 Br3Qlth o] &4S5 80TeA 2 AlZF &<k wyk & 5

wt2%2] P123 T+ 1 wt%e S80S A& H7lsta A4 24 AJ7F

2) P123 T+ S80¢] #H7F © B3 43stE Mg-ALO3 #32 Al %
ok = {HAS 150 C vacuum ovenoll A 24 A7 HoF AxAA A
E0S Ay dxd A EUS ggate mortars o] 83t wAstA 4

C/min® = st 300 TeollA 1200 CT7HA 1 AIZF &<3F &

o

“TAl MAS-NMR 5<& o] &35t}

EN

3) P123 ®& S80°] H7b ¥ Mg-ALOs B A& whut 4

A A3 silicon waferdl 3 mlL FAM7]E A}

ofo
o
s
K
o
ofo
12
o
e
9
=

% 3600 rpme] 3 A HEE 90F FoF EASIA T ZH 3 wafers 150 T
o /] 10% %9 pre-heatingdt 9, ThA] 23 IEHE slo] HEH O R 4Z0]
e vhehS A z& ok 700, 1100 223 1200 Coll A zhzh 1 A1z 59
dA e & F FE-SEM< §3to] uiete] mwla FAE wasalth
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2-3. La-Al;03¢] P123 == S80¢9 H7}

Ao digk A BAF S Fig. 69 =A3FA
[ om0 |
Al(C,H,0); |———»
"1—[ La(NO,),6H,0 J
[ Hydrolysis ]
————
' P123, Spans0
Peptization ]
Boehmite sol
Y v
[ Drying for 24 h at 150 T ] [ Spin coating (3600 rpm, 90 s) J
\ 4
[ Gel powder formation ] [ Thin film formation ]
Heat treatments (400~1200 ) Heat treatments (700~1200 T)
Characterization ( FT-IR, TG-DTA, XRD, BET, Characterization ( FE-SEM )
FE-SEM, 27Al MAS-NMR )

Fig. 6. Flow chart of experimental procedures.
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(1) La-AlxOs3

1) La-AlLOs 5% AtstE &9 A

La-AlLO; €4S A %37 984 7] FolA aluminum isopropoxide
10.213 g (0.05 moD)¥} LA FTFF 45 mL (25 moDE 85CelAl 30 &+ &
¢t 37 Azl & Lanthanum(Il) nitrate (2.5 mmol)E #H7} gt} o] &
< 3 AIzF FF wRk Azl % HNO; (0.008 mol)S 7Féte] pHE 3.22 95
th o o] &HE 80 2

C
HEAIZL 5 2RI & Sds A

32

AZE FQE adk AZL - gA] Ao A 24 A

o
K
:

2) La-ALO3 53 Atst&E &2 Ax
T vacuum ovenoll A 24 A|ZF &<t AXAIA A
TS Aot dxd" A 2SS agate mortargs ©]83Fe] mAEA 4
5 5 C/mino. & 3to] 300 CTelA 1200 T7HA 1 AzF &<F &
SolA A skt 2 X5, 484, 94, nATxE 3 Al
gt

FH FRA }AS xAbely] f9ste] TG/DTA, XRD, BET, FE-SEM
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(2) La-Al,039 P123 =& S80¢ A7}

1) P123 H+= S80°] #7F & 5§ 4tst= La-AlOs &9 944

P123°] 7} ® Mg-ALOz &4& Axs7] A 71 FolA
aluminum isopropoxide 10.213 g (0.05 mol)¥} U= SHFF 45 mL (25
mol)E 85TelA 30 & &<t 37/ Azl ¥ lanthanum nitrate (2.5 mmol)&
H7F gt} o] &4& 3 ARF ek & 7l & HNO; (0.008 mol)S 7}3¢
o pHE 322 93t o] §9& 80ToA 2 A7F & wik & 5 wt%

o] P123E+= 1 wt%9 S80S FA 8 Ao H7bsta Ao A 24 AZF &9t

rD:
>,
N

2) P123 ®=+= S80°] H7F & HF AtstE La-ALO3; w2 Alx
ok = {HAS 150 C vacuum ovenoll A 24 A7 HoF AxAA A
E0S Ay dxd A EUS ggate mortars o] 83t wAstA 4

C/min® = st 300 TeollA 1200 CT7HA 1 AIZF &<3F &

Al MAS-NMR 5< 9]

o

Sy

3) P123 E+& S80°] #7F ® La-AlLO; 53 4FsE vl Az

A A gk silicon wafere]l 3 mL FA7]1E AR&ste] Z®W &HS ol
% 3600 rpme] 3] A HEE 90Fx FoF EASIA T ZH 3 wafersS 150 T
o 4 10% %<t pre-heating3t ¥, thA] ~3 =HS 3
#8 8 dues Axzsgt 700, 1100 123 1200 Tl A Z-2F 1 Azt &<t
dxe & 5 FE-SEM= Fshef uiete] vyt FAE #dsqlvh

2
Y
o\
a2
o
b
N
ol
)
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1. A7MAd B & AlLOs & €934 &%

Fig. 79 Fig. 82 & & disto 2gjxn 2 FHe &4 x &
w23 FT-IR spectra®]lth. Fig. 79 (a)& AlOs
o £ g9 T8I (h)E 150 T, (0 400 C, (dE 700 ColA & A3k
b dxE 3 Bae] AdEdS et (a)olA B F 9lE 3440 cm
vae B3 Fa87)d 9d O-H#e A% JF =0, 1641 em '3}
1382 cm & Eol 9% O-H(x) #3d 2% ¥z, 1070 cm & 13| v}o]
E(AIOOH))] O-H(®) 73 2ol 23 F5u a0t ™™ (b)150 C ol A]
Az ® B2e 1644 cm’, 1384 cm' !, 1074 cm 'e) I A7 o438 e
o 3000 cm ‘A8 BEE 3 vaE C-H(D) AR Fd 93 =0

g
_NLL
AC)
o
2
M
=)
o
uj
il

M, 1644 cm ! F 39 i AzRHWUA B g5l 9)F Ao, 1384
em'e] AFEE #AE C-H(®)S #3 A%l 9@ Aok ()AARE #
7 Eo 93 I A9} Eof o3 OH7|o 23 saE9] 7|7 FalfdS &
Z g glen 1074 cm ! B F4 Aast ARES 32 & £ A
th o] e HantolES O-H7|ol 93 w3 s o3 FF A=
X400 CollA y2o] Aozt AFEe & 5 glen 767 cm 9 YA
AlFO(O)ell 93 A% K% dAoltt (d)e 858 cm ‘o] I A= y-ALOsdl
g Al-O A% HEel o3 F5 Aok Fig. 82 HIbAZ P123%
S80= HIZFAIA 150 CollA Hdx A2 e ~FEgE el H7bE
o] gl Hx 2L 1380 cm A9 Eol 93 #3 NF A7 Bt

oJEo] o8 O-H #¢ AERT Fahd vEhon 7 nEAE #oha

g
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(b)ek (o)M= Hewte]ES] O-H 3=
Ed]m el C-O(e) Ao 23 MHA-&

Zoltt.
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# VO-H(HZO)’ ®v,,
* §,,(H0), ®5_,
¢ 5., (AIO(OH)), ¢ v, .

(d)

Transmittance

T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm”)

Fig. 7. FT-IR spectra of (a) AlOs sol solution, (b), (¢c) and (d) Al:O3
powder obtained after heat-treated at 150 C, 400 C and 700 C,

respectively.

_26_



#v,,(HO), ®v_,
* 8o-H(Hzo)’ ® 3.y
¢ 5, (AIO(OH)), o v

0 Vao

Transmittance

#
T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm”)

Fig. 8. FT-IR spectra of Al:Os (a) without additive, (b) with P123 and
(c) with S80 powder after heat-treated at 150C.
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2. A7 A WE AlLOs 2 €29 €3 54

dddE £ &4E 150 C vacuum ovenol Al 24 Al &<F Az A

=
A
Y,

Rug Aok ARA A BRe 3P F71EE] 2
of Fw 9 AA AR A%E Fig. 994 Fig. 117p40) GEQT. 34

4 mg, 85 mg, 83 mgolH, &2 20 C/min, &%

it
>
)

(it
>
il
o,
0%
rlo
12
o)

ol=d 100~450 T ZHolA ebhs oF

Bo] EAaa o gvish Ao HAE dme BAe 27

<
o
o
off
N,
P
rir
do RN oF
>
(=
L =

ol o3 Aoz durEtl. DTACA 11584 €9 @dyaE o 49
ALOs9l #Ae <& |tk Fig. 107 Fig. 11 P1237% S80< H7beh
ALOz9] A Eo] TG/DTA #4 AFR=Z Fig. 99 & FA4S Hon, 7}
7t 32 mg¥ 24 mge T garh vEbdth 10967 T 11644 T a
~AlOg Aol ot od vAart yEldo] #FE

X

o
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-— Endo,Exo ——

1158.4 °C
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_
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g
N—
(7]
(7]
o
—
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<
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2

361.3°C
4 —
0 200 400 600 800 1000 1200

Temperature(°c)

Fig. 9. TG/DTA curves of AlLOs gel powder.
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1096.7°c

8
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- 3724° w
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g l

4 T T T T T T T T T T
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Temperature(°c)

Fig. 10. TG/DTA curves of Al:Os with P123 gel powder.
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Fig. 11. TG/DTA curves of Al,O3 with S80 gel powder.
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3. F7HAY ME A0z 29 54

3-1. X-A 3 d £33 o £% EA
(1) fr7] Ao "7t

A7 A W& ALOsi el e A4 +x5 437 98k 400~
1200 CellA zkzF 1 AIzF &< 4 =
o] Fig. 12¢14 Fig. 157FA1 o vYeEui et ALOs= AIO(OH) Feje] &+
# FAkstE ] Haupol E(b)ell Al dFelrt dojtel wet g, 5, 6 LY
a2 FE2E 2 HEed, 948 250 o8 HE|nlo]EdA o= W7}
ARol7b dojdth(Fig. 1.). HEwte]EeA a7k o] el &&= 150 C

32

Z')‘Hl— )\é H

o4 1200 T A= tFad o =
A sks 2 ool i AA FFS HeH 8 6 TEE ¥y TE v
] <

AbEe] FEo] o]\’ Fig. 12 AlLO; B2 7hzh Az s

s

O

H

+
of & ZAAFTZXE XRDE A48t uved X-Ad Aol 439
A BN Evz2] 23S AbEete] 122 9 H (Pawley fitting) S s

AJTh 150 Told Az A B2 1 vlo] E(PDF:83-2384) “de]o]m,
400 Col A %8 y(PDF:50-0741) +Z< 337t st/ vepdeh 700 Col
A 900 CT7ZAA = yoF §(PDF:46-1215) o] &EskH, 1100 T A2 Fd
= 6, O(PDF:23- 1009)¢} a(PDF:46-1212)40] F&3th 1200 C <A 2
Fo|x= 0% a Aol FFEITE O. Novaroo] 7ol st 400 CollA 1.3
nfol E 9l y o] FE &m 600 ColAE y&t 6 Aol F& gt 3¢
o' Fig. 133} Fig. 149] &Xx0] w2 Awsl= 900 C7HAE H7hebA @
ALOs9} e ZEjel™ | Fig. 149 1400 CEA g Fol&= Fig. 139 1200 C

dA e FoF 2 dHEelt Fig. 16 (a)= #7] L&AE H7beA &2

e
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(b)) P123& H7bsk 223 (¢) S80S FH7bsk 29 1100 T<F 1200 C
o] XRD 4 dapoltt. P123o] H7bel &% (bl A= (a)9k w24 1100
TolA 8¢ 6 Aol A ot a A& EAsHA =k 1200 T LA =
o= 5, 6, a ol FE8H, P1239 bR Q] Aol E7F =X
S & 5 Ak (o) 1100 T 1200 T+ (b)Y 22 o] F&E3sH, 69
0 Ao = A7I7F (b) B AeA deus Ae 2 & 5 UM
t}. AIOOH)e] Z£#H o)l I#(S.G)2 Amameo]il, lattice base—centered
orthorhombice]t}. y-AlO39] S.G.2 Fd-3me]al, lattices= face—centered
cubico|t}. §-AlL0Os°e] S.G.2 P2229¢|al, lattice™= orthorhombic®|t}. 6-Al03
9] S.G.& (C2/meo]al, lattice= monoclinic®]t}. a-AlOs¢] S.G.+= R-3c°] i,
lattice:= rhombohedrale]t}. Ev}=o| A Ig2 J"®3 ZHAIE Fig. 1694
Fig. 187FA1o] yeEll o, AxA4=(Lattice cell parameter)$t B2 A A
7] (Average Crystallite Size)E A4FSE 32 Table. 394 Table. 87}#]
et Ak 150 TellA 1200 T7HAl & 3" R gk Table. 9o
EFU QI Th Table. 6914 Table. 87kA ol 24 A7|E A RHE 2%7} o}

Wel met AR A/ AR FA T F Avk
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Intensity

Fig. 12. X-ray diffraction patterns of AloO3 at various temperature.

1100

900
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Intensity

20 (degree)

Fig. 13. X-ray diffraction patterns of AlOs with P123 at various

temperature.
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Fig.

Intensity

1100

700 o7

\&MAM

10 20 30 40 50
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14. X-ray diffraction patterns of Al:O3

temperature.
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1100 o 28

Intensity
—
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10 20 30 40 50 60 70 80
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Fig. 15. X-ray diffraction patterns of Al:Os (a) without additive, (b) with
P123 and (c) with S80 at 1100 and 1200 C, respectively.
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Table. 3. Lattice Cell Parameters (A) of AlOs.

o AlO(OH) v—Al203 6-Al203 6-Al203 a—-Al20s3
T (C)
a b ¢ a a b ¢ a b ¢ a c
150 |[3.727 12.047 2.883
400 [3.639 12.282 2.823 7.898
700 7.948 7.957 7.988 11.670
900 7.940 8.047 11.673
1100 7.924 7.967 11.673 | 11.808 2.906 5.618 4.759 12.991
1200 11.659 2.904 5.663 4.758 12.990
ant e
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Fig. 16. Pawley fitting of AlOs by topas2.l program.
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Table. 4. Lattice Cell Parameters (A) of Al,Os with P123.

o AIO(OH) v—Al203 6-Al203 6-Al503 a—-Al20s3
T (T)
a b ¢ a a b ¢ a b ¢ a C
150 [3.710 12.129 2.876
400 [3.706 12.230 2.857 7.936
700 7.944 7.844 8.034 11.636
900 7.894 7.990 11.582
1100 7.918 7.989 11.650 | 11.814 2.905 5.624
1200 7.871 7.966 11.730 | 11.837 2.906 5.627 4.758 12.990
1 ¢ e
mJ LM!\J \
;' J’lv st '}!" oy ¥ i Y
‘ I | I \ ‘\H | ] I | ‘ I ‘ . I }-\‘HH\ H\W\ \HIJ‘IHHHI’\\\‘ H\‘\ \‘H,}\‘IIMH‘HI\‘I\\‘\‘IW\ ] \/‘ \‘HA\F\IJI\‘\‘HI‘W IWH\“\I\‘-IIM\HIW\JI\‘\‘/IIIHINW\‘\‘WHHFMIH‘\

Fig. 17. Pawley fitting of Al:Os with P123 by topas2.1 program.
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Table. 5. Lattice Cell Parameters (A) of AlOs with S&0.

o AlO(OH) v—Al203 6-Al203 6-Al203 a—-Al20s3
T (C)
a b ¢ a a b ¢ a b ¢ a c
150 [3.710 12.132 2.872
400 [3.697 12.217 2.865 7.956
700 7.953 7.882 8.065 11.867
900 7.915 8.028 11.650
1100 7.923 7.979 11.633 | 11.853 2.904 5.628
1200 7.912 7.974 11.696 | 11.806 2.907 5.624 4.762 13.003
1400 11.963 2.917 5598 |  4.758 12.990
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Fig. 18. Pawley fitting of AlbOs with S80 by topas2.l program.
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Table. 6. Average Crystallite Size (nm) of AlOs.

T (C) AlO(OH) y-Al2Ogs 6-Al203 6-Al203 a—-Als03
150 4.4
400 3.4 2.1
700 5.5 6.2
900 6.4
1100 12.7 23.5 64.7
1200 36.1 72.6
Table. 7. Average Crystallite Size (nm) of AlOs with P123.
T (C) AlO(OH) y-Al2Ogs 6-Al203 6-Al203 a—-Als03
150 4.5
400 3.9 2.0
700 5.6 6.7
900 7.1
1100 11.0 18.6
1200 33.1 24.4 68.1
Table. 8. Average Crystallite Size (nm) of AlO3 with S80.
T (C) AlO(OH) y-Al2Ogs 6—-Al203 6-Al203 a—-Als03
150 4.4
400 4.2 2.5
700 4.8 6.4
900 6.9
1100 8.8 17.5
1200 21.8 27.1 58.0
1400 12.0 49.0

_41_



Table. 9. R-values of AlO3 with P123 and S&0.

AlxO3

T(C) without additive with P123 with S80

Ruwp Rp GOF Ruwp Ry GOF Ruwp Rp GOF
150 7.68 | 6.05 | 1.07 | 7.32 | 5.74 | 1.11 | 7.28 | 5.72 | 1.09
400 7.07 | 549 | 1.02 | 6.87 | 540 | 1.01 | 6.89 | 5.39 | 1.04
700 7.37 | 571 | 1.09 | 7.26 | 5.55 | 1.07 | 7.23 | 5.58 | 1.09
900 7.36 | 572 | 1.11 | 746 | 5.77 | 1.10 | 7.32 | 5.64 | 1.12
1100 7.31 | 557 | 1.09 | 7.50 | 5.71 | 1.12 | 7.20 | 5.51 | 1.10
1200 11.25| 841 | 1.54 | 877 | 6.74 | 1.30 | 7.62 | 5.82 | 1.14
1400 11.47| 8.90 | 1.28
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Fig. 19. X-ray diffraction patterns of Mg-Al-O3 at various temperature.

(m @ MgosssAlz40z04, s MgAlOy4)
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Fig. 20. X-ray diffraction patterns of La-AlyO3; at various temperature.

(L : LaAli101g)
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Table. 10. Lattice Cell Parameters (A) of Mg-Al:O3

T AIO(OH) ¥—Al20s §-Al203 ©6-Aly03 a-Al20s
(C)| a b ¢ a a b ¢ a b c a C
150 [3.703 12.124 2.879
400 |3.696 12.264 2.868 7.958
700 7.957 7.939 7.997 11.679
900 7.899 8.065 11.720

T §-Al:03 6-Al30; a—Al;0O3 Mgo.388Al.40804| MgAl04
(C)| a b ¢ a b c a c a a
1100|7.927 7.997 11.716 | 11.819 2.901 5.644| 4.759 12.990 7.966
1200 4.759 12.992 8.082

10 e e
‘ 2 o “A'l' oLy RIS f‘\ -’vﬁ Ay
([N \‘I‘H 1 ‘\W \II\“\HH‘H‘\HM HHI‘ I \f\v\lﬂl‘ I‘\W'N”\‘WI‘W \“I\H"I‘\\‘I\‘I\I"\I‘\IHW\I,W“HIH:\I\Ihﬂl\‘\l{\“ll’HHIH‘I‘\‘WI\\‘ Hm‘ ‘F V‘ oy ‘P'“'" l“w . ‘ T ‘ ' 1
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Fig. 21. Pawley fitting of Mg—-Al:O3 by topas2.1 program.

_47_




Table. 11. Lattice Cell Parameters (A) of La-Al:O3

T AlO(OH) ¥—Al20Os3 6-Al203 6-Al303 LaAl1101s
(C) a b ¢ a a b ¢ a b ¢ a ¢
150 | 3.716 12.073 2.880
400 | 3.695 12.209 2.865 8.039
700 7.909 7.878 8.029 11.614
900 7.920 7.917 8.012 11.686
1100 8.035 7.896 8.031 11.817
1200 7.936 8.042 11.646 | 12.066 2.929 5.512 | 5.557 22.155
1400 7.784 8.030 11.778 | 11.850 2.892 5.619 | 5.563 22.135
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Fig. 22. Pawley fitting of La-Al:Os by topas2.l program.
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Table. 12. Average Crystallite Size (nm) of Mg-AlOs,

T (OC) AIO(OH) Y‘Aleg 8—A1203 e—Alzog (I—Alzos Mgo‘333A12‘40304 MgA1204
150 4.6
400 4.2 2.1
700 5.2 6.4
900 7.5
1100 9.6 29.3 70.8 16.6
1200 74.7 26.9

Table. 13. Average Crystallite Size (nm) of La-Al:Os.

T (C) | AIO(OH) | y-Al,O3 | §6-Al;03 | 6-Al03 |LaAl;101s
150 4.6
400 4.1 1.8
700 3.1 6.0
900 3.1 6.2
1100 2.5 13.3
1200 10.0 16.5 64.0
1400 14.0 28.2 49.0
Table. 14. R-values of Mg-Al:O3 and La-Al:Os.
o Mg—Alzo;g La—Alzog
T(C) Rw | R | GOF | Rup R, | GOF
150 7.88 6.17 1.21 8.41 6.57 1.10
400 6.89 5.45 1.03 7.56 5.93 1.00
700 7.02 5.46 1.07 7.91 6.23 1.03
900 7.42 5.69 1.09 8.06 6.35 1.06
1100 7.27 5.56 1.11 8.15 6.36 1.06
1200 13.63 10.69 1.93 8.42 6.51 1.12
1400 10.42 8.06 1.14
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Fig. 23. X-ray diffraction patterns of Mg-AlO; with P123 at various

temperature. (m : Mgo3seAlo4s04, s @ MgAlOy)
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Fig. 24. X-ray diffraction patterns of Mg-AlOs with S80 at various

temperature. (m : MgosssAlo40804, s - MgAle4)
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Fig. 25. X-ray diffraction patterns of Mg-Al:O3; (a) without additive, (b)
with P123 and (c) with S80 at 1100 and 1200 C, respectively.
(m @ Mgo3sAl240804, s @ MgAlOy)
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Table. 15. Lattice Cell Parameters (A) of Mg-Al:Os with P123.

T AIO(OH) ¥—Al20s §-Al203 ©6-Aly03 a-Al20s
(C)| a b ¢ a a b ¢ a b c a C
150 [3.713 12.109 2.877
400 |3.696 12.202 2.864 7.955
700 7.966 7.916 8.035 11.712
900 7.930 8.018 11.693

T §-Al:03 6-Al30; a—Al;0O3 Mgo.388Al.40804| MgAl04
(C)| a b ¢ a b c a c a a
1100]|7.909 7.995 11.648 |11.816 2.877 5.502 7.960
1200 4.759 12.992 8.081

Table. 16. Lattice Cell Parameters (A) of Mg-AlOs; with S&0.

T AIO(OH) Y‘Aleg 8—A1203 e—Alzos a—Alzog
(C)] a b ¢ a a b ¢ a b ¢ a c
150 |3.706 12.150 2.873
400 |3.686 12.249 2.867 7.944
700 7.950 7.923 8.029 11.686
900 7.940 8.047 11.719

T 5-Al30s 6-Alx03 a-AlzOs Mgo.388Al2.40804|  MgAlz04
(C)| a b c a b ¢ a c a a
1100|7.934 8.019 11.720|11.834 2.886 5.619 7.968
1200 4.759 12.992 8.081
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Table. 17. Average Crystallite Size (nm) of Mg-AlO3 with P123.

T (OC) AIO(OH) Y‘Ales 8—A1203 9—A1203 (1‘A1203 Mgo,388A12,40804 MgAle4
150 5.1
400 4.6 2.4
700 4.9 8.8
900 8.0
1100 19.1 4.0 11.8
1200 73.2 29.9
Table. 18. Average Crystallite Size (nm) of Mg-Al:O3 with S80.
T (OC) AIO(OH) Y‘Ales 8—A1203 9—A1203 (I—Alzos Mgo,388A12,40804 MgAle4
150 4.9
400 5.1 2.2
700 5.4 5.7
900 7.4
1100 10.1 16.5 13.4
1200 59.6 28.9

Table. 19. R-values of Mg-Al:O3 with P123 and S&0.

Mg—A1203

T(C) with P123 with S80

Rwp Rp GOF Rwp Rp GOF
150 7.82 | 6.10 | 1.156 | 7.64 | 6.03 | 1.13
400 6.92 | 546 | 1.02 | 7.03 | 5.55 | 1.05
700 762 | 5.76 | 1.16 | 7.20 | 549 | 1.07
900 7.93 | 595 | 1.17 | 7.33 | 5.65 | 1.09
1100 | 7.25 | 5.63 | 1.10 | 7.32 | 5.65 | 1.08
1200 | 12.70 | 10.00 | 1.80 | 13.19 | 10.40 | 1.80
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Fig. 26. X-ray diffraction patterns of La-AlOs with P123 at various

temperature. (L : LaAl;;018)
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Fig. 27. X-ray diffraction patterns of La-AlOs with S80 at various

temperature. (L : LaAl;1O01)
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Fig. 28. X-ray diffraction patterns of La-Al:Os (a) without additive,
(b) with P123 and (c) with S80 at 1100 and 1200 C, respectiv-
ely. (L : LaAl;101g)
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Table. 20. Lattice Cell Parameters (A) of La-Al,O3; with P123.

T AIO(OH) |y-AlO3] 6-Als03 6-Al,03 |LaAl1101s
()| a b c a a b ¢ a b c a ¢
150 |3.720 12.073 2.876
400 [3.704 12.249 2.861| 7.956
700 7.931 |7.924 7.951 11.696
900 7.906 |7.933 7.987 11.652
1100 7.938  |7.901 8.016 11.635
1200 7.954 8.053 11.569|11.999 2.882 5.576| 5.563 22.222
1400 7.851 7.994 11.788|11.738 2.942 5.515| 5.561 22.167

Table. 21. Lattice Cell Parameters (A) of La-Al:O3 with S&0.

T AIO(OH) Y‘Aleg 8—A1203 e—A1203 LaA111018
()| a b c a a b ¢ a b ¢ a ¢
150 |3.718 12.092 2.879
400 |3.713 12.124 2.861| 7.950
700 7.928 |7.928 8.000 11.609
900 7.937 |7.944 7.961 11.651
1100 7.920 |7.761 7.951 11.560
1200 7.895 7.982 11.732[11.854 2.890 5.606| 5.559 21.940
1400 7.867 8.008 11.806|11.817 2.947 5.530| 5.561 22.099

Table. 22. Average Crystallite Size (nm) of La-AlOs with P123.

T (C) | AIO(OH) | y-Al,0O3 | §-Alx03 | ©6-Al:03 |LaAl;101s
150 4.6

400 3.4 2.0

700 2.9 4.6

900 3.8 5.6

1100 6.4 9.5

1200 23.3 6.8 150.1
1400 17.2 9.0 91.6
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Table. 23. Average Crystallite Size (nm) of La—-Al:O3 with S&0.

T (C) | AIO(OH) | y—-Al:03 | §-Al:03 | 6-Al203 [LaAl11018
150 4.7

400 4.4 2.2

700 2.4 5.4

900 2.7 5.7

1100 6.2 8.8

1200 12.2 16.8 51.5
1400 13.6 8.0 53.7

Table. 24. R-values of La-Al:Os with P123 and S&0.

La-AlLOs

T(T) with P123 with S80
Ryp | Ry | GOF | Ryp | R, | GOF
150 | 7.88 | 6.19 | 1.07 | 7.88 | 6.20 | 1.08
400 | 753 | 5.86 | 1.02 | 7.96 | 6.29 | 1.03
700 | 7.76 | 6.14 | 1.05 | 7.98 | 6.22 | 1.04
900 | 7.81 | 6.10 | 1.04 | 8.04 | 6.35 | 1.05
1100 | 7.93 | 6.19 | 1.08 | 8.25 | 6.45 | 1.10
1200 | 7.82 | 6.01 | 1.08 | 8.24 | 6.33 | 1.16
1400 | 10.70 | 8.39 | 1.07 | 10.78 | 8.16 | 1.14
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Fig. 29. FE-SEM micrographs of surface Al:O3; powder after heat—treated
at (a) 700 C, (b) 900 C, (c) 1100 C and (d) 1200 C.

_62_



Fig. 30. FE-SEM micrographs of surface Al:Os; with P123 powder after
heat-treated at (a) 700 C, and (b) 1200 C.
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Fig. 31. FE-SEM micrographs of surface AlOs with S80 powder after
heat-treated at (a) 700 C, (b) 1200 C and (c) 1200 C(x1,200).
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Fig. 32. BET results of powders heat-treated at 700 C and 1200 C.

_66_



3-4. Al MAS-NMR< 53 &2 #3%
(1) f7] &= "7}

Fig. 334 Fig. 357h# & ALO; #%el thato] 150, 400, 700, 900, 1100
283 1200 Colld @A &ted XRD A=t 37 2= delsta Al F
We] ZrA 8748 xAE7] ¢ste] Al MAS-NMRE =4 #z38 g,
714 EA®E Kanto chemical A9 S8 A a-ALOsE T3le] 9% 7]

B2Z2 AHE ot dubdgor Al-09 wWi9le W9 E +0~10ppme 6
w9 Al (#), +40~802 4mMjAE dHFA Yt PPY Fig. 335 ALO; ET=
150 ColAl+= -5 ppm ¥ =2 XRD$F vl 831S uf ®anto]ES] Al 64)
A FAoz FAeEE, 2% sdigt 1y 400 TolAFE 900 T
7HA dAH e o YEluE 55 ppm <A I A= Al 49 A (el o] gt
Zeoltk. 1100 C 948 Fol= 52 ppm¥ 68 ppme| °F3 ¥ =7l YEU =
d o] 22 XRD o419 §9F © ol og Aoz ®elrt 52 ppmo] =
=900 T 69 4m¢ A7 AZE B Ao, 68 ppme] ¥ A= Al FA
UeEld o) oz A8 vehd Aoz FAHEC 1200 TEAY F e
U= 0 ppm A9 g 3Aas= 669 @ Alel od Aottt v Fa
5& ~yy Alo]= #l=(Spinning Side Band)°]t}. Fig. 34+ P123S 7}
3 ALO; %ol AxzA 1100 T dAe Fols §9 6 Aol 93] ey
= g3zt #rrskA e ALOs Rt ofzh ZshAl vebdel @ Hrlh o
+ XRDolA ¢ P1239] H7F & a Aol YEYA 2k, 69 6 e 3
Ao A7I7F AR A} A3k Fig. 35014+ S80S H7Ee ALO; B
o] A& 1100 T dAg Fof P123S H7Isk B¢y 22 59 6 A
A 9=zb kzE e A UEbu, 1200 T e Tl EAstE 59 0 4
9=Z7F 1100 T EAE F Bohe tha kA vEhde] @ o= A

_67_



W
v
G

™

—_
;OL

o

_68_



SSB : Spinning Side Band
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Fig. 33. TAl MAS-NMR spectra of AlOs powder at various temperature.
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Fig. 34. Al MAS-NMR spectra of Al:Os with P123 powder at various

temperature.
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Fig. 35. “TAl MAS-NMR spectra of Al:O3 with S80 powder at various

temperature.

_70_



(2) 771 &% #A7}

Fig. 362 AlLOsol 5% Mg H7be 2% Ax=z 900 CT7HA Fig. 33
¥ 2 AFoZ YEeRar, 1100 CollAl 53 ppm< Ale] 4uj £l &3t 3
ol M 1200 T DA FolE Al EE o A9 689 = ey,
o] Fojgk gl B 60 ppm o]ste] w4 4 wijeje] At #F
o] ¥ylAE Mgl 98 AP MEZE s FozZA yo latticedt 2
face—centered cubic®|t}. Fig. 372 ALOsol 5% Las H7F3k E¥2 NMR
Aol 1100 CT7HA y 7ol FA =m, Ale] 4v]¢] =27} 56 ppmell Al
LFERLEL, 1200 C9F 1400 CollAl A8 Feole= otk A|ZE o] 52 ppm
oA Yetdth” ol Ladl 93 A2e Aol UEhd JFow woln
XRD9} vl 39S wl L ol <3 vaz o e

rlm

il

]

‘

rlo

nt

_71_



SSB : Spinning Side Band

¥, 1 1 4 coordination

1200 C # © 6 coordination
*
*
*
400 C .
150 C k

Fig. 36. Al MAS-NMR spectra of Mg-AlOs powder at various
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Fig. 37. Al MAS-NMR spectra of La-AlOs powder at various

temperature.
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Fig. 38. FE-SEM micrographs of surface and cross section of Al:O3 thin
film after heat-treated at (a) 700 C, (b) 1100 C and

(c) 1200 C, respectively.
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Fig. 39. FE-SEM micrographs of surface and cross section of Al:O3; with
P123 thin film after heat-treated at (a) 700 C, (b) 1100 C and

(c) 1200 C, respectively.

_75_



Fig. 40. FE-SEM micrographs of surface and cross section of Al:O3; with
S80 thin film after heat-treated at (a) 700 C, (b) 1100 C and

(c) 1200 C, respectively.
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Fig. 41. FE-SEM micrographs of surface and cross section of Mg-AlOs
thin film after heat-treated at (a) 700 C, (b) 1100 C and (c)

1200 C, respectively.
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Fig. 42. FE-SEM micrographs of surface and cross section of Mg-AlQOs
with P123 thin film after heat-treated at (a) 700 C, (b) 1100 T

and (c) 1200 C, respectively.
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Fig. 43. FE-SEM micrographs of surface and cross section of Mg-AlOs
with S80 thin film after heat-treated at (a) 700 C, (b) 1100 T

and (c) 1200 C, respectively.
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Fig. 44. FE-SEM micrographs of surface and cross section of La-AlOs
with P123 thin film after heat-treated at (a) 700 C, (b) 1100 T

and (c) 1200 C, respectively.
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5.

Fig. 45. FE-SEM micrographs of surface and cross section of La-AlOs
with S80 thin film after heat-treated at (a) 700 C, (b) 1100 T

and (c) 1200 C, respectively.

_82_



Table. 25. Thickness of Mg—-Al:Os and La-Al:O3 thin film after heat-trea
-ted at (a) 700 C, (b) 1100 C and (c) 1200 C, respectively.

o added Thickness
Thin film
polymer 700 C 1100 C 1200 C
none 524 nm 441 nm 433 nm
AlO3 P123 504 nm 459 nm 611 nm
S80 885 mnm 315 nm 397 mm
none 243 nm 342 nm 327 mm
Mg-Al:O3 P123 1.04 tm 952 nm 948 nm
S80 1.26 m 536 nm 3.31 pm
P123 575 nm 948 nm 633 nm
La—A1203
S&0 1.67 um 1.56 um 1.30 gm
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Abstract

Synthesis and Characterization of Al:O3 by Sol-Gel Method

Mihoe Lee
Department of Chemistry
Graduate School of

Sungshin Women's University

The powders and thin films of AlOs with adding various
additives(Pluronic P123, Span80, Magnesium, Lanthanum) were prepared
by sol-gel process. Aluminum isopropoxide and distilled water by solvent
were used as precursors with HNOs; catalyst. Sol solution and powder
obtained after heat-treated at 150 C and 700 C were investigated by
FT-IR spectroscopy. Hydrolyzed sol was spin-coated onto Si(100) wafer.
The AlbOs powders and thin films were annealed in air at various
temperature. The thermal analysis of AlOs gel powders were studied by
TG/DTA. The surface morphology of powders and thin films, crystal
structure and coordination of Al have been observed by FE-SEM, XRD
and “’Al MAS-NMR.
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