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Stability and hydrothermal synthesis of
Co-MCM-41 mesoporous molecular sieves

ZHAO Qian, HU Xiao-xiao, ZHANG Rong-xian, LI Mei, JIANG Ting-shun

(School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Hexagonal Co-MCM-41 mesoporous molecular sieves with different contents of cobalt were synthesized by
hydrothermal method and using sodium silicate and cobalt chloride as raw materials. The physicochemical properties of
the samples were characterized by means of X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR),
inductive coupled plasma (ICP) technique, temperature programmed reduction (TPR), transmission electron microscopy
(TEM) and N, physical adsorption, respectively, to investigate the thermal and hydrothermal stabilities of the
Co-MCM-41 samples. The experimental results show that Co-MCM-41 mesoporous molecular sieves are successfully
synthesized under hydrothermal condition, with specific surface area in the range of 809.8—1257.2 m%/g and average pore
size in the range of 2.7-2.8 nm. Specific surface area and pore volume of the synthesized Co-MCM-41 mesoporous
molecular sieve decrease with the increase of cobalt content doped, and the mesoporous ordering becomes poor. The
results of thermal and hydrothermal tests show that the mesostructure of Co-MCM-41 mesoporous molecular sieve after
calcination at 750 “C for 3 h is damaged. On the other hand, the framework of Co-MCM-41 mesoporous molecular sieve
still retains after hydrothermal treatment at 100 C for 5 d, but the mesoporous ordering is poor.

Key words: Co-MCM-41 mesoporous molecular sieve; hydrothermal method; synthesis; stability; characterization

1992 4= Mobil A AW TN A EH RGBT M41S &
AL TN, S RIS B AR LR AL
MBL 2 IR B SR B AR IR T — ANl . 1Eh
NAREZ R — 1, MCM-41 4L 1 T B

IR LR TR (R FL S S5 R, FEMEAE . & T
AZH GBI i DA 20 A s 35 A L AT W A 1
N, BgeslE TR I, AR R
BRP SRR AL IR & MM S Ok, R

ELWE: {LHE AR ERBIEERE S I H (04KID130040); 195K 2 20 A A4 34 % W) 35 H (JDG2006074)

U5 BHE: 2008-04-12; #&ITHEA: 2008-10-22

WITES: EEN, #P2, b Bib: 0511-88791800; f4X(: 0511-88791800; E-mail: tshjiang@ujs.edu.cn



190 PR R AR

2009 41 A

FAAS [ K B TR A ML A AR v LA A £L 231 0
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1.1 & Co MM ey FitRIKHE K

JE R 1 MRRC L, SRR RS B Co A
L Fi. BROPER: ¥ —E 8 CoCly6H,0 770
fiRAE 30 mL Z81/KH, 7.29 g CTAB ¥/ AE 46 mL 7%
TRKH, 28.42 g RERRENR T 50 mL Z818/KH s AR5
AR ANV N <5 JB SR VA AT RE N I CTAB
W, Pidk 10 min, HBRERE (S mol/L)H 11k &
Yt pH=11, FREREGREENIFE 1 h, 22N 100 mL
AT R VUSRS A AR K 3, JBON 130 C I
HEFE A bk 48 hy BEKIGEHGH, WEI 2 =0, ik,
Ped A6 1200C F T4 24 h, 19Kk
s-Co-MCM-41(x) (x AFEMGRT)e FFARRTBERE A
LRy, BL2 C/min FEFETHELE 550 CHiHE 10
h, 13314 Co M4 T Co-MCM-41(x)-550. 4341
# Co-MCM-41(x)-550 7 650 F1 750 ‘C FH5%E 3 h, 15
B K7 8 5 FE & 4 e i Co-MCM-41(x)-650 Al
Co-MCM-41(x)-750. ¥ 0.5 g COMCM-41(x)-550 J&AN
47 80 mL ZEE/K K 100 mL 3747 58 VU S £ 45 W A 1)
AN KAEE, 3 HIHE 100 C FAKPALFE 3 F15d, 4
B 7K Ak BEFE G 23 0] A Co-MCM-41(x)-3d Al
Co-MCM-41(x)-5d. K ICP e AMAGHES R Co &
T 1,

F 1 A Co-MCM-410x)YIEHIC EL (R E)FEE i )
Co &t

Table 1 Material proportion (molar ratio) of synthesized
Co-MCM-41(x) and Co content in samples

Sample n(Si0,):n(CTAB):n(Co0) w(Co)/%
Co-MCM-41(1) 1.00::0.20:0.05 3.59
Co-MCM-41(2) 1.00:0.20:0.10 6.13
Co-MCM-41(3) 1.00:0.20:0.15 9.02
Co-MCM-41(4) 1.00:0.20:0.20 11.95

x =1, 2,3 and 4; CTAB is cetyl trimethyl ammonium bromide

1.2 #EABIRIE

Jil Rigaku D/MAX 2500PC 4 X Sk K ATt
(XRDYSCIMSEFEM IAH,  Cu # K (1=0.154 18 nm),
FIHFEEZ N 1 (C)/min, FHIEEA 1~10°. ] Nicolet
28] (5 ) Nexus FT-IR470 %20 4R AS ] 52 K i
(AR B84 ARG (FTIR), KBr A, &5 400~
4000 cm ', JT] Quntachrome 24 7 (3% [H)[¥) NOVA2000e
T SRR A LA 40 B A 5 K i 1) bE 3R i A0 LA 43
i, ] Brunauer-Emmett-Teller(BET)%: 157 b £ I,
1 Barrett-Joyner-Halenda(BJH) 2131 5. 4L 4% 43 A1 A1
FUAATH B THI A J5L (TPR)SR FH R S AU 28 2 7] 2E
7= 1) TP=5000 84 22 F Bt BS54 50 mg (ki
124 250~425 pm WPRURIAE ), SEAE Ny U R EL
10 ‘C/min FHf % 400 °C, FFAE 400 C FHIEE 1 h, A
JABE AR, A 5% H, 1 Ny 1 H, IR A SAK,
PA 10 °C/min [ FHELEZTHE 22 900 °C, #HUF kil
PRI H0 5% TPR Hhek. A EFEMT Co &R
ICP(Vista-MAX, Varian){ffi i . Ff| Phillips TENCNAI-12
AUE S T W AUBE (TEM) ML SR RE S I FLES 1, i vl
J& 4 100~120 kV.

2 HRGWE

21 TEM o#F

1 FioR WFER Co-MCM-41Q2)ZEAN AR K%
FEF1 100 CAKIALTE 5 d J51) TEM 1%, HeHEm
TEM 1% 55 Co-MCM-41(2) ALt 1 ] I,
2 550 CHRrbeatE AN LA, A fUmReh
2.73 nm (PR B8 FLE /AL o5 3 FiEE 4R 550 C
KB e MAEAEAE 2.73 nm 2247 B FLIE A FL, Ui
HIAE K SR Co-MCM-41 /L2 T IR e & B o
FE il Co-MCM-41(2)4: 650 “CHi4% 3 h 53R AFAEW]



919 & 10 B S Co-MCM-41 N 4Lo> TIR BRI G RS R ek 191

0 nm

L
L

Y A
¥
Y-

B 1 FEAFNRE T REEFR 100 CARIMALIE 5 d J5FE M Co-MCM-41(2)I1 TEM 4

Fig.1 TEM images of sample Co-MCM-41(2) after calcination at different temperatures or hydrothermal treatment at 100 ‘C for 5
d: (a) Co-MCM-41(2)-550; (b) Co-MCM-41(2)-650; (c) Co-MCM-41(2)-750; (d) Co-MCM-41(2)-5d
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Kl 2 fizs A FESL ) FT-IR 3% . 3% 16 ))& 3 500 cm™!
PR KA IR 2 9214 2 850 F1 1 480 cm!
b G VE e RESE 1R HE DS s 1 620~1 640 cm ™' A [
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Fig.2 FT-IR spectra of sample Co-MCM-41(2) before and

after calcination at 550 'C
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Fig.3 XRD patterns of synthesized samples after calcination
at 550 'C
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Fig.4 N, adsorption-desorption isotherms(a) and pore size

distribution curves(b) of sample Co-MCM-41(2) after

calcination at different temperatures or hydrothermal treatment

at 100 C for5d
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Table 2 Specific surface areas and pore sizes of samples

Surface area/ Average Pore volume/

Samples (m*g ') poresizenm (cm>g )
Co-MCM-41(1) 12572 2.73 1.21
Co-MCM-41(2) 908.2 2.73 1.12
Co-MCM-41(3) 862.4 2.74 1.06
Co-MCM-41(4) 809.8 2.75 0.98

Co-MCM-41(1)-3d 4933 2.96 0.62
Co-MCM-41(2)-3d 471.2 3.38 0.48
Co-MCM-41(3)-3d 364.3 3.86 0.43
Co-MCM-41(4)-3d 344.7 3.43 0.38
Co-MCM-41(1)-5d 418.4 3.23 0.59
Co-MCM-41(2)-5d 389.4 3.40 0.53
Co-MCM-41(3)-5d 358.8 3.83 0.50
Co-MCM-41(4)-5d 330.9 4.04 0.46
Co-MCM-41(1)-650 817.3 241 1.05
Co-MCM-41(2)-650 617.6 241 1.01
Co-MCM-41(3)-650 585.2 3.08 0.92
Co-MCM-41(4)-650 564.6 3.29 0.77
Co-MCM-41(1)-750 213.8 5.12 0.34
Co-MCM-41(2)-750 194.5 5.73 0.19

Co-MCM-41(3)-750  79.9 - -
Co-MCM-41(4)-750  69.9 - -

25 TPR & #h
B 5 s G IFEEE 550 CRIBESS ¥ TPR
o AR SCIR[13, 18—19], SR 8% % 514 Co 1
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Reduction temperature/'C

B 5 %550 °C Kipe/akEdhit TPR %
Fig.5 TPR profiles of samples after calcination at 550 C
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