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Preparation, Characterization and Hydrogen Separation
of Cobalt-Doped Silica Membranes

YAN Jian-Ping WEI Qi* DUAN Xiao-Yong HE Jun LI Qun-Yan NIE Zuo-Ren
(College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Cobalt-doped silica membranes were prepared by the sol-gel technique using tetraethyl orthosilicate
(TEOS) and nitrate hexahydrate (Co(NO;),+6H,0) as precursors. The status of Co, the pore structure and the gas
permeation and separation performance of the doped silica membranes were investigated in detail. The results
show that cobalt atoms are covalently linked to oxygen atoms by replacing a fraction of silicon atoms in the
framework. Silica membranes doped with 10% cobalt have a typical microporous structure with a pore size
centered at 0.52 nm and mainly distributed between 0.4 nm and 0.55 nm, and a pore volume of 0.119 c¢cm?®-g™".
The hydrogen transport in the co-doped silica membranes was subjected to a Knudsen diffusion mechanism at low
temperatures and complies with an activated diffusion mechanism at temperatures higher than 100 °C. The
membranes possess a H, permeance of 6.41x107 mol-m™2+s™-Pa™ and a H,/CO, permselectivity of 6.61 at 300
°C, which is higher than that of Knudsen diffusion.
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2: Pressure controller ~ 6: Membrane
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3: Stop valve 7: Membrane reactor

4: Thermocouple 8: Differential pressure
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Fig.1 Schematic diagram of the gas permeation setup

RS T RREERIEFR 22.4 Lomol™ AI1H3)5X,

L Vv 11
= a8 3
a=F,/F, 4)

WA Q)RR B RAN KB EREF, B
B4 mol - m2-s7 - Pa™'; B X (4) I 75 P b 44 1 348
53 85 Z AL a(Permselectivity)

N T RBRBEA BB R 45, DR SE TR
% 300 CHEEAS 12 h 2247 ,#% H,.C0,.CO SF, KK
M, R RS FTIRIRT 3, S8 I AR k4 3E
S 15 min 2247 AHERRET— R SR SCHTIRTT 3,
R 3 SR AR E B (K2 3~4 h J5 ) A7 0 &

2 #FR5iTie

2.1 FLEMIRYIE B R RAE

Mg, mos FE (LA A1 B K Ak LG ) B 52 1 S 17 )
KA 40 A R 2 T X A5 9 RS A R AL AR P AR AR K
o A SEIRTEEE 109485 1 (ne, /(ns ) Tl
TECOLFP A [ 79 7K R BEAE S 35138 7K B4 38 o X6 s
ARHFLAR BIFE I | DARA RE 7K RE H M T 3R 4558 A TS
TR B I TAL Si0, B L,

P 2 S AN T) KR Eb B4 5 RE RE B N, I R 45 R
2 KB nyy o Inmo=d B BERTRLEYS N, 0 B 4
#Q‘,{Xﬁﬂ“m cm3-g'1;jjigi%ﬁ‘77kiﬁ//l\ﬁ# R £
TARBRIRIE TEOS L3 7K i, 2411 TEOS TE&E K
T o BEA RBIE LA TR 5 IR R Y, e & 5
OB R AL B BT, KB HE (g o I N 5 K
6.4 MRS EA TUPAC 23280955 T 285 R4, A
N, 2 o6 8 5 1 358 BH A RE EL AT 5k & R ) CFL
LR KR LU (g o frme) 35 B 10 (IR A TV 2845
T, VLI R AR E KA L, & W TE K&
R Ao — S R B R i 7 A A 1 TR R AR 1 7%

JUE ISR, JS KL S AR e 28 7 A= A S LR AL

250
. "Hzo/"rzoflo
o AAAMS
& 200 o s mnt
~ A A
A

fon A
b0 at
B 150F At
2 a
< A
3 aa* _
< 100 A nHZO/ Ngos=6-4
5 ~ .
1723

s smsgEEEm
2 ugmmss § m @ @ =oEE A n. In. =S
> ol 1,0 "' 1EOS
= 50 Q000000 © 0 0 0 0 0 0 0 0 O O 0000000
5] nH:O/nTEOS:“
=4 b DO>ODID

bbb DBD>D>D>D>DD
ol SOPODODD D

00 02 04 06 08 10
Relative pressure (p/p,)
Bl 2 PURPAS R K RE FEAE S TE 77 KRB N, W B 45 R 2%
Fig.2 Nitrogen sorption isotherms at 77 K for four

samples prepared with various ny o /nyes molar

ratios

K3 MK EEHE N 6.4 FORE S B FLAE 43 A K
A DLE AR FL AR 32 B0 £E 0.4~0.55 nm

Z I,
0.40
-
_ 030f "
T L}
£ 7
0020}
E
e
5 0.10f
5
/l ]
0.00f =
00 02 04 06 08 1.0

Pore width / nm

3 KBRS 6.4 B Y FLAR 20 A [

Fig.3  Pore size distribution of samples with a molar
ratio of ny o /ne=6.4
TR E R AL AR AN, R R A e £ T
LA 0B 0 ¢ P ) AR 1 P Yl G T

>//"‘“mﬁfﬁﬁﬁf/

[N} =
< <

Quantity adsorbed / (cm*g™") (STP)
w
(=]
L)

=3
L)
-l-.-

L 1
0.3 0.6 0.9
Statistical thickness / nm

4 IKEELN 6.4 FEMTY ¢
Fig.4  t-Plots of ny o /nps=6.4 sample




7

51 5 B 2 UL RE RO A R E B S B b 1337

TR AR i B AL AR ARSI 0.08 em®- g7t LU B A b
ML 0.119 em® g™, THAEMS AL RN
67.2%.
22 Co EEREMBFMNEERS

HIEBE S Co TN 10 %M 33 % 5hTE 300
C AR 12 h, B 5 X% TR 46 Sio, #E &
()54 Co N 10 %(b, LA IREH ;o , £ARE
JFJE )R 33 9(d, & AR RAT ;e , £ E LR ) HE
I ZLAM S AT LVE AR boe d e TR ECH
960 cm™ B I H BRI O X T Co BT i ACBF AR
1 H Si-0-Co &30, FE4dh b e d e 1 Si-O-Si
SR B W ST (43 5310 3 BT 108910861078 .1 074
em™ ZB) 5 HE S a(1 097 em™)AH FE A A [ AR B2 1 %
3, nRESEM T CoE ABRPGIRM, FEM d 1E
662 Fl 567 cm™ BT H B0 W% 2 B Cos0, 51
MAEARE Al b oA Bt I 0 | U 33%%8 Co it
IRE S BR BN R AFAE L) Cos0, BALTITE S R LN
Bils s, Me.d.e MEREAT LIRS EEEE d
FES Y Coy0, WETH R T AR Fh T8 Co 1 R 339% K
10% M FE S AE B ECH 960 em™ B Y Si-0-Co MR IR
WE SRR A, VAP 7E 300 CE AR IR T o
AL Si0, B2 Co MAFHEE R, WAL R
A JE XRD B (E 6) 1] LLE H 339% 15 2% 1 1 544 &)
FE IR JF R 5 B A TE R 28 Co WA, 1T 10%
B A% B I RE SR R BLES A Co HAE L),
ULEHTE 10915 24 = AR T Co /2 DL JEE T T 2C
FAET Si0, B Z H i, LA ESEE U FE 300 CFR
BT Co it R 10% 4L Si0, FEM BLN T H, 73

Absorbance (a.u.)

1600 1400 1200 1000 800 600
Wavenumber / cm™

0% (a), 10% (b, no reduction; ¢, reduction at 300 °C) and 33%
(d, no reduction; d, reduction at 300 °C)
Bl 5 FEAAY FTIR %
Fig.5 FTIR spectra of calcined silica xerogels with

ne/(ns+ne,) molar ratio

B L Co T (ET AL R

Intensity (a.u.)

©)

15 2‘0 2‘5 3‘0 3‘5 4‘0 4]5 5‘0 5‘5 6‘0 GIS 710 7‘5 8‘0 85
20/
33% (a, no reduction;b,reduction at 300 °C) and 10% (c, no
reduction)
K6 #Eahi XRD
Fig.6 XRD patterns of calcined silica xerogels with
a ne,/(ns+ng,) molar ratio
23 Co#% S0, ERNSSEEMHBEITH
B 7 R ALBET RN SEM BB R ) 2 A R ALY
a-ALO; CHER . I Z AL y-ALO;, JEBE K
4.5 pm; BUZ REE L L+ nm 19B% 10% , K6E 1
Mg, o fnwos=6.4 I TLAL Si0,, FATRHATMEAT R AT S
3B 15 M4y BT
- Sio,

7-ALO,

a-Al0,

K7 Co 2% Si0, B SEM W Ifi JE 51
Fig.7 SEM image for cross-section of Co-doped
silica membrane
F 1 NERFEAFIRET H,.CO.CO,.SF 4 Ff
SRTEA S Si0, BEA BHA R DL y-ALOs /a-ALO,
THEERPRBER N TR R ETZR At
JES A Rk v 35 355 1 B A A a2 LB | 0 400 2% S AR Y
ACBH X T2 B AR B B RS AR 3R
B 20 S PR ) A BE B A ) s e | O T 22 8 98 i
ZRP A AN ] 220 T2 R ) SRS i 2R S HE A
B AR Z A B O FR QR AR | i Ay R A R A
JS A H S AR AR R T 2 R T AP GO BEL Y 1

AR Z A,
1 1 1
Ftot = Fmp + Fsup (5)



1338 M

e

2

2y,
¥

% M %5027 %

*1

BXHE S0, B y-ALO,/a-ALO; TEFMBARSEEEE

Table 1 Single gas permeance through the supported silica membrane (F*) and the y-AlLO;/a-AlLQO; supports (F*?)

(pmol -m2-s7'-Pa™)
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