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NANTANA THONGDEE : PREPARATION OF MESOPOROUS
ALUMINA MEMBRANE USING SOL-GEL METHOD. THESIS
ADVISOR : ASST. PROF. SUKASEM WATCHARAMAISAKUL, Ph.D.,

93 PP,

CERAMIC MEMBRANE / ALUMINA MEMBRANE / MESOPOROUS / GAS

SEPARATION /SOL GEL

Ceramic membranes are attractive product for industries due to the great
potential in several important applications. For example, ceramic membranes are
promising for H, separation, the recovery of CO, from natural gas and the reduction
of green-house gas emission from flue gas. The aim of the present study was to
evaluate the effect of peptizing agent concentration on morphology of unsupported
alumina membranes to find out the optimum sol-gel conditions for preparation of
alumina mesoporous membranes with narrow pore size distribution that are suitable
for gas separation. The unsupported alumina membranes were prepared by the sol-gel
method using aluminum-tri-sec-butoxide as a precursor and acetic acid as a peptizing
agent. The particle size distributions of prepared bochmite sols, as measured by
dynamic light scattering technique, range from 10 to 600 nm. The results shown that,
the increasing of the concentration of acetic acid results in formation of particles of
smaller median diameter are obtained. The pore volume and size distribution of
unsupported alumina membranes were characterized by the Brunauer-Emmett—Teller
(BET) method of adsorption of nitrogen gas. The pore size distributions of

membranes were rather narrow in the range of 3 to 6 nm. The average diameter and



volume of pores was increase and the surface area decreases while the concentration
of acetic acid increased.

It can be concluded that the concentration of acetic acid has significantly
influence on the formation of both boehmite sol and unsupported alumina membrane.
An increasing of acetic acid concentration results in formation of boehmite sol
particles of smaller median diameter due to the acetic acid causes separate of large
agglomerates. The average diameter and volume of pores increase, and the specific
surface area of unsupported alumina membrane decreases when the concentration of
acetic acid increases.

The presence of the large amount of H" and CH3COO" ions in solution promotes
formation of thick organic layers that separates boehmite particles, could lead to the

creation of large pores in unsupported alumina membrane.
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SiN, 9
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9
[

Wiy USnaanudutuveansaessanndeuanadluamsazareninny 17.6379 Uadans

9

o ! o o = o 4 Yo A
mﬂmimmmmummmmumﬁma&mmiazmﬂiua'lmmmma;ﬂ"lﬂmu

P a AR Yo w = o /Y  an
AT NN N.3 Llﬁﬂ\ﬁl@ﬂ;ljaﬂi?ﬂﬂlﬁ”ﬁmu‘ﬂi‘b’fﬂﬂillﬂ15m'if]llﬁ1§a$fﬂﬂjllallllﬁﬂ'}]ﬂ?‘ﬁicﬁaﬁla

R , NI1IINAADN
snaaiunay

1 2 3

Aluminum-tri-sec-butoxide (AFN) 0.07 0.14 0.28
Acetic acid (Waaans) 4.0071 8.8189 17.6379

Ethanol (ﬁaﬁﬁm) 3 3 3
Glycerol (Haaang) 0.5 0.5 0.5
Deionized water (Haaans) 500 500 500
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MANUIN U

Aad o | A G’ul d
!!ﬁ'ﬂ\‘]'Jﬁﬂ15ﬂ1‘I»!'Jﬂ!ﬂ]ﬂ')'lll‘ﬁﬂﬂ%@ﬁﬁ]iﬁ%f;’l'lﬂi'llﬂ £\ 9]
A | o Y ° Ao = Y
mima%ﬁ@ummwuﬂmmmiazmﬂiua"lmm'l@h&umam H ﬂllﬂsmﬂwaﬂ'lﬁ
o 1 <3 a % 09)1

nAaRy NUNgATAIINMANUHHAG181aRAIAIJIANY A Cannon-Fenske BlUUADUNS
o U dy
ATUITUAIU

qaj A ) Ao = 9 o 1 A o A & J

VYUADUN 1 1“!;'3@111”]‘UU‘Wﬂllﬂiﬂﬂ'lL!'JﬂlﬂWﬂ'ﬂiJﬁu@ﬂﬁﬁllfni“l/l 3.1 G]NHJUﬁNﬂ'Ii
dmsumssnumanuniiaiiadlenasauiagianyiia Cannon-Fenske

N = C*t(1-B=[T, -T.]) (3.1)
o Y
Mvuali

N = Kinematiic viscosity, (¢St = mmz/s)

C = Cailbration constant of the viscometer, (cSt/s)

t =Mean flow time, (s)

B = Constant value for correction

T, = Testing Temperature, ('C)

T = Filling Temperature, ('C)

v Ed v
*eg AR C 1ag B Junuuuiavesraoaund awdaluaiiiei 3.4

{ v { < a
A15190 3.4 AN Cuag B mmwaaﬂuﬁagmﬂ%uﬂ Cannon-Fenske

Tube Number C value (cSt/s) B value (1/°C)

75 0.0076 76%10°

k4 v 1
Juaouh 2 1eennmssienurateyatouldmssivauanumiaunylauin

9
[

= A A a . . Y = a .
aaruvasanunianuuian (Kinematic, cSt) Iluanuuiialauiin (Dynamic, mPa.s)
Y A
AWYTUNIT N 3.2

h=nsx*r *107° (3.2)
o Y
mrua
h - Dynamic viscosity, (mPa.s)

r - Density, (kg/m3)

N = Kinematiic viscosity, (mmz/s)
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A1319 1.1 naasadulsnlddmsumsdnn

3 Ysinaanududuvensaozdan
fuls
0.07 0.14 0.28
Ao = 9
13971N umﬂulﬂﬂ']ﬂwaﬂ']'iﬂﬂaﬂq

n A 174 154 142
Aun)

T, = Testing Temperature, ("C) 25

T. = Filling Temperature, ("C) 25

r- Density of solution, (kg/m3) 1003.5

e

0911 A 1 9 9 o 1 = Yo A
NNTUADUNNAINT AU TTOMUIUMANUNTIA TARaT]
1. USunaamududueansaozsanminy 0.07 Tua

A Ao = 9 1w a =
Wenaniiunn ldnnanansnaasuniny 174 1
Aaa o 1 1w a = d‘ d' A A a
MR UNUAWIAUNINY 174 11N a9l UaunITN 3.1 oA NUHLAAULIAN
(Kinematic, cSt)
N = C*t(1-B*[T, -T:]) (3.1
N =0.0076%174(1-76*10°*[25-25])
N =1.3224cst
A A a . ] Y A a .
e nNunHARIINIAN (Kinematic, cSt) Iiluanuniialauiin (Dynamic, mPa.s)
Y A
AWANNT N 3.2
h=nxr x107° (3.2)
h =1.3224%1003.5%10°
N =1.3270 mPa.s
o o A a N A (a Y 9 aa
oty anuvilalauinvesasazare Tud luanlsuaanududuusiniaessan

0.07 Tua JAUNINY 1.3270 mPa.s

2. USuarnnudutuveInsaeFAnMIAY 0.14 Tua
d' d‘ A= 9 [ a =
diorna1niiunn lanHamsnaaeuMIny 154 2119
Aad o 1 LY a =S d' tﬂ' A A a
WA unuAaUMNY 154 31119 aaluaunisn 3.1 oriaNuUTaAIIAN
(Kinematic, cSt)

N = Cxt(1-B=[T; -T]) (3.1
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N =0.0076*154 (1-76%10°*[25-25])
N =1.1704 cst
ulaannNuHNARNIAN (Kinematic, ¢St) 1iuanumiialauniin (Dynamic, mPa.s)
&roaums 3.2
h=ns=r*10"° (3.2)
h =1.1704 *1003.5%10”
N =1.1745 mPa.s
»

[ 09.: a 4 n’d‘ a Yy 9 aa
ANUU mmwu@‘lﬂumﬂsummiazmeﬂ‘uallmmﬂsmmmmmmummﬂiﬂam@ﬂ

0.14 Tya YA UNINY 1.1745 mPa.s

3. USnaanududuvesnsaezdanminy 0.28 Tua
denariuiinldnnwansnaasuniify 142 Suni
3 unuAmawhAy 142 5107 asluaunisdi 3.1 dieanuuiiaananan
(Kinematic, cSt)
N = C*t(1-B*[T, -T:]) (3.1)
N =0.0076%142 (1-76*10°*[25-25])
N =1.0792 cst
ulasnnuniiafunAn (Kinematic, ¢st) 1iduanumniialauidn (Dynamic, mPa.s)
&roauns 3.2
h=nsr *10° (3.2)
h =1.0792 *1003.5%10"
N =1.0830 mPa.s
futu  ammiialaniinvesmisazae Tudludidsmaunnudutuveansaoz aan

0.28 Tya YA UNINY 1.0830 mPa.s
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Pattern: PDF 83-1505 Radiation: 1.54060 Quality: Calculated

Formula AlIO(OH)

Name Aluminum Oxide Hydroxide
Name (mineral) Boehmite, syn

Name (common)

Lattice: Orthorhombic Mol. weight = 59,99
S.G: Cmecm (63) Volume [CD] = 129.64
Dx =
Dm =
Weor= 2430

a= 286840 alpha =

b= 12.23230 beta=

c= 369490 |gamma =
a/b= 0.23449 Z= 4
c/b= 0.30206

ICSD Cellection Code: 100390

Remark From ICSD/CSD: ATOM H 1 +1 4.00 Atoms not located
in unit cell

Test From ICSD: At least one TF missing

Additional Pattern: See PDF 00-021-1307 and PDF 01-083-1506

Remark From ICSDICSD: a, c interchanged to fit space group setting
Remark From ICSD/CSD: XDP

Article Title: The structure refinement of Boehmite { Al O (O H) - gamma)
and the study of its structural variability based on Guinier - Haegg powder
data

d 28 I h k

6.11615 14.471 999 0 2 0
3.16259 28.194 3g2 0 2 1
3.05807 29.179 " o 4 o
2.79265 32.023 1 1 1 0
2.34604 38.336 304 1 3 0
222788 40.456 1 1 1 1
2.03872 44.399 7 0 -] 0
1.98054 45776 29 1 3 1
1.86139 48.891 218 1 5 0
1.84745 49.285 143 0 0 Z
1.78502 51.130 1 0 6 1
1.76853 51.642 37 o 2 2
1.66236 55.211 79 1 5 1
1.58129 58.305 2 0 4 2
1.54081 59.991 1 1 1 2
1.52904 60.501 33 0 8 [}
1.49234 62.151 1 1 7 0
145144 64107 86 1 3 2
1.43420 64.972 44 2 0 0
141284 66.079 3 0 8 1
1.39632 66.963 13 2 2 0
1.38374 67.653 45 1 7 il
1.36898 68.483 5 0 6 2
131124 71.954 83 1 5 2
1.30617 72277 32 2 2 1
1.29849 72.773 2 2 4 0
1.22824 77681 3 1 9 Q
1.22504 77.923 3 2 4 1
1.22323 78.060 5 0 10 0
1.20740 79.283 9 0 -] 3
1.17793 81,679 19 0 8 2
1.17302 82.094 3 2 6 0
1.16553 82.737 1 1 9 1
1.16125 83.110 20 1 7 2
1.16125 83.110 20 o 10 1
1.14246 84.791 1 0 4 3
1.13289 85.678 28 2 0 2
1.12691 86,243 2 1 1 3
1.11394 87.498 9 2 2 2
1.09048 89.882 2 1 3 3

Structure

Publication: Mater. Res. Bull.

Detail: volume 12, page 1213 (1977)

Authors: Farkas, L., Gado, P., Wemer, P.E.

Primary Reference

Publication: Calculated from ICSD using POWD-12++

Radiation: CuKa1l Filter:
Wavelength: 1.540860 d-spacing:
SS/FOM: 999.9 (0,31)

Not specified




Pattern: PDF 10-0425 Radiation: 1.54060 Quality: Blank

Formula
Name
Name (min

Al2 O3

Aluminum Oxide

eral)

Name (common) y-2 O3

Lattice: Cubic

S.G: Fd-3m (227)

a= 7.90000 alpha =

b= beta =

c= gamma =
alb= 1.00000 = 1
c/b= 1.00000

Mol. weight = 101.96
Volume [CD] = 493.04
Dx =
Dm =
Ilcor = -1.000

d 28 I h

4.56000 19.451 40 1 i 1
2.80000 31,937 20 2 2 0
2.39000 37.604 80 3 1 1
2.28000 395.492 50 2z 2 2
1.97700 45.863 100 4 0 0
1.52000 60.899 30 5 1 1
1.39500 67.034 100 4 4 0
1.14000 85.017 20 4 4 4
1.02700 97.189 10 7 3 1
0.98900 102314 10 8 o 0
0.88400 121.239 10 8 4 0
0.80600 145.767 20 8 4 4

General Comments: Similar powder data given in second edition, page

384 (1961). Synthetic form

General Comments: Slow transition to corundum at 1000C
Additional Pattern: Te replace 00-001-1303

Primary Reference

Publication: X-Ray Identification and Crystal Structures of Clay

Authors: Rooksby.

Radiation: CukKa
Wavelength: 1.54060
SS/IFOM: 4.3 (0.093,30)

Filter: F
d-spacing:
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