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Bimodally porous 7 -alumina granules, including mesopores (2~50 nm) and macropores (>50 nm), were prepared by sol-gel
and oil-drop method. Mesopores are made from the voids among the alumina crystallites, while macropores are from the space
of the decomposed PS particles used as physical templates during the granulation process. The product 7 -alumina granules
with the average diameter of 2 mm were characterized by FE-SEM, XRD, FT-IR, N, porosimetry, and universal mechanical
testing system.
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Figure 1. Schematic of oil-drop granulation method.
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Figure 2. Optical photographs of alumina granules prepared with vari-
ous PS concentrations: (a) 10 wt% (b) 30 wt%, and (c) 50 wt%.

3. 2u 3
Figure 2 ThFeE 24 9] PSS &3t boehmite sol-S oil-drop
of o&f 74 Z¥lEE AYe F dx3 JAdoltk Oil-drop B> 70

TeolA 7kl Favkgel & At 8% pseudo sol=
dropperE ©|-&-sto] AZ 9] HEE HsiAA 7HEE Tk o F
= AN A g5 739 JHEE Alxshks WRol
ok #HF 2HE] 271 dropperell 28] "ol AF 9] 7]E o]
gato] o] 7hsaity. & AYolA AHE-E dropperE ©]-&-3to] A
23t boehmite wet-gel> 2]7d°] 5 mm<ltl], 40 ColA HAFsh= 74



4-A)0il-DropH & ©]-&3 oF v y-dFrId 2HES] Az 113

Detector = InLens  Phata No. = 4675 Ky Hee
WO= 6mm Date 14 Apr 2005 "m""""

Mag = 5000 K X
EHT = 10.00 kv

Figure 3. FE-SEM photographs of as-prepared alumina granules with
various PS concentrations: (a) 10 wt%, (b) 30 wt% and (c) 50 wt%.
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Figure 4. FE-SEM photographs of the alumina granules with various
PS concentrations after calcination at 450 C for 3 h: (a) 10 wt%, (b)
30 wt%, and (c) 50 wt%.

=°] BWE PSe] %ol wet UERA FE-SEM ARlolt), Az
ZA FAkE] Qe 78E] PS YRR 450 CTelx A shs 4
2HA3] AxEe] YAt 3719 w275 5 Ues &
St} Hst PSO] vt SUHge] weEt wiawr)Ee] R S-S
& 2= qlt}. =, bochmite solol] E3A7]= PS YAt =79 A S
ZAskd A z7]152 3719 718 E(porosity) = o] 7Fsd A
o= AlgHh

Figure 5+ PS= 30 wt% 23HeF &Fvu T8-S 40 Collx
235t 494 450 T 2 600 Tl EAst $2] XRD Hel-& e}

fH

B % H

J. Korean Ind. Eng. Chem., Vol. 18, No. 2, 2007



114 #HEA - A

After calcination at 600T for 3h

e N AN A

After calcination at 450°C for 3h

AN

After drying at 40T for 48h

Intensity

2 theta

Figure 5. XRD patterns of the alumina granules with 30 wt% PS after
calcination at various temperatures.

- I
50“"%k./'\-ﬂ(x.ll stretch ﬂ-(‘ﬁ. l "||‘|/\
| CH, bend \ lf\/\\l ||
oy
- Wt y
: VN
g
g eh T H___'_“”Y“H,.\V
= | |
- o
W% H-O-H beml—Y\.\ |'
Q\/ M.ghml IIII\\.I |
[
(8) OH stretch AI-Of — \“'\\({\,'

T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wave Number (Cm™)

L\ g A\

- T B Y L} f
3 > — . \
< 30m>\\ - ‘“\\ W
£l
E 10wt /.\ L \\\
E A\ 7
[—" PR \—\J
OWt% _/,_‘,.--” J__ T
e N
LSy

(b)
T T 1 1 1 1 T T

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wave Number (Cm™)

Figure 6. FT-IR spectra of the alumina granules with various PS con-
centrations: (a) after drying at 40 ‘C for 48 h, and (b) after calcination
at 450 C for 3 h.

it 40 CollA HZAIX] 7% boehmite M2 =28, 38, 49, 65, 72°)
o] JAE AL & & vk Wb, 450 T ool dA|dk B¢
boehmite 3] Z150] AlEbA|m, 20=37, 47, 67°0I14 y-LFuL} A+
Y35 B p-GFu Ao Aot dojutes & 4 9tk &
3] y Ao F ¥3 HEEEFWHM, full width at half maximum)< ©|
St AYA7)E A5 = e, EHE EE 450 Tl 600
T2 Z7MRe wel s7Fgo] hashs 43S Rolet o] 22 4
A 2% Frte wEt 24 3717F 48] wliEoelch

3sst M 183 H 2=, 2007

A% - olelit
400
C) 5| A
o |3 l
£ 3004 g: f
~9— 2 I|I ||
8 E /.f’l i
0 |
B 200 ot . .L....._._._n - !
% Pors Dismeter (o)
<<
€
= 100 A
o
=
(a)
0 T T T T
0.0 02 0.4 0.6 0.8 1.0
PIP,
500
—— 30wt% PS
:'.,“ 4004 | 50wt% PS B
L) =
§ 3
o ,-—-;v'*"’“"
@ 300 syt
£ R
S
o A
z S
< 200 4 .z’-f./
© e
E ,"'\:?’
=L I E— . azerz =
= st
(b)
0 r . T :
0.0 0.2 0.4 0.6 0.8 1.0
PIP,

Figure 7. (a) Isotherm of the pure alumina granules after calcination
at 450 C for 3 h. Insert is the pore size distribution, and (b) Isotherms
of alumina granules with 30 wt% PS and 50 wt% PS after calcination
at 450 C for 3 h.
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Figure 8. Specific surface areas of the alumina granules with various
PS concentrations after calcination at 450 C and 600 C for 3 h.
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Figure 9. Porosity and crush strength of the alumina granulues after
calcination at 600 C for 3 h as a function of PS concentration.
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