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Pore structure and stability of Ni( or Co)-containing
mesoporous molecular sieves
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(School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Ni(or Co)-mesoporous molecular sieve was hydrothermally synthesized from inorganic salts as sodium
silicate, nickel chloride and cobalt chloride as starting material by using cetyltrimeethyl ammonium bromide ( CT AB)
as the template. The samples were characterized by XRD, TEM, TPR, FT-IR and N: physical adsorption. The re-
sults show that the long-range and welkordered Ni( or Co)-mesoporous molecular sieve was synthesized. The as pre-
pared Nimesoporous molecular sieve has a specific surface area of 753.3 m*/ g and an average pore size of 3.23 nm.
The pore structure of the as prepared Nrmesoporous molecular sieve remains after calcination at 750 C for 3 h or
hydrothermal treatment at 100 C for 5d. The as prepared Co-mesoporous molecular sieve has a specific surface area
of 744.1 m*/ g and an average pore size of 4. 44 nm. The as prepared Co-mesoporous molecular sieve is transformed
into wormhole like mesoporous structure after calcination at 650 C or hydrothermal treatment at 100 C for 5d. The
mesoporous structure of the as prepared Co-mesoporous molecular sieve is partially destroyed after calcination at

750 C for 3 h.
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AT MCM-41 b, FH0r H A4k o 5 F0 4 4 1 s 1.2 & CoNFLoFitrIE K

IT TR, 45 RRF M NI 19 MCM-41 FLE5 % e MO OB BE R HE n(Si02) ¢ n(ALOs) :
HRAEZA, FHAAENE RN A BTG RIFRMELTE  n(Co0): n(CTAB): n(H.0) = 1: 0. 005 :

PE . Yang & R KSGES O =B PR A Ni
WAL FIE(NEMCM-41), 3 H VLT & & Ni
WAL F IR MEALT], L CO by JrURk i 45 Hi PRk 4
KA . Jentys & L Lim 558 R AR BEK )b
SRR A B T AR AL R Co-MCM-41,

Hxs WA RE HEAT T R IE. Song FHW L

Panpranot %5 K AR 5 )7 7% Co-Mo « Co-Ru
BT MCM-41 b, FEHEAT T 3R AEFIEE AL P fE 1)
F o Ciuparu 252 R HREEKE R 12,14 .16 Fl
18 I LI R BRI, 7K 32 & Bo A R L AR 1
& Co ML I, FFRER T RHE Co N ALAT T
B FIREEAL T, CO Ry JRURHE 5 PR EEGOK B
FWEF T AES KK E L FE T Co Jo T &1 R
BHIPLEL . RTTARZ TR, 2R T 5IAN L0
FIESLEE S, BTG U AL o 1 0 B0 s e PR A
IR E VARG, PR T 22 B AL A R A
TE8 Ni FIE Co LA TG 1k « (7K) #dee v
PA R (7K) FRALBER A1 FL G AE) B 52 0 55 ) TG VF %

iy BB AR AR TAREAT T3 Ni

& Co A 4Lar I K 45 J I REAT BSUE P AN AL 4544 19
wHT .

1.1 & NiNfLoFiFsE

o TR ORE BE R W n(Si02) ¢ n(ALOs) :
n(NiO) : n(CTAB): n(H:20) = 1 : 0. 005 :

0.138: 0.3: 96 Bikl, HIEHK2 13 g Na:SiOs
9H,0, 0.12g AICl; * H»0, 1.426 g NiCl, * 6H-»0
BT 50 mL H20 H, HARFRLE 10 1 H2.SO4 715
pH= 11, 7£90 CHRIMMAHEH: 3 h, RJHs L&A
I —24 10. 23 g Na2SiOs * 9H.0 B,
BEFLAS AR, 13RI AT IR . 4 Db e R 117 B 49 £ Jil) 54
PERE RN — %1 4.56 g CTAB ] 25 mL /K%
Wb, 10 1 H2S0s Y pH= 11, #iFE 1 h, 3
A 100 mL #7145 28 DU 5 246 A FH G S 5 40 7K B 28
W, fE 130 CHRIBLA N itk 48 h . ¥ /K R HUH,
AHE=E, Wi VB, 120 CTE 24 h, B3R
i sNIMCM, ¥ sNiMCM JR A D340 iy, Ll
2 C/ minfERTHE S 550 C, IF4E 550 C R AR
10 h, 3215 Ni A fLo3FIFE b e NiMCM .

0.138: 0.3: 95 fiikl. HIEHK2.13 g Na:SiOs
9H,0, 0.12g AICl; * 6H»0, 1.426g CoCl °
6H.0 % T 50 mL H.O H, HMKBILLA 1: 1/
H2SO4 Y7 pH= 11, 90 CTRIM#AHIHE 3 h, FIAS
—H4910. 23 g Na2Si0s * 9H.0 Bk R, PiPkw
filt, 1HBOIRFTIRY) . B b R AT SR D R ZU B+ T
&I N 544,56 g CTAB [{] 25 mL /KW A+,
1: 1 H.S04 P75 pH= 11, 484 1h, FEA 100
mL 515 2R DU 4 N AT AN BB A0 7K #4028
76 130 CHIBLEE N AL 48 h, BUH/K#GE, AR
HiE, HhUE, VBV, 120 CTR 24 h, BRI s
CoMCM . ¥ sCoMCM JAN S g4y, L2 C/
min FEZETHE 550 C, 4 550 ‘C R4 10 h,
3E) & Co NoLA FIHiFEM « CoMCM .

1.3 HRBHBRLIES KA

25K e NIMCM « « CoMCM 7 5 3k b v 1
650 ‘CH1 750 C FR74E3 h, 153K HEFE M 2 Hlc
J: eNIMCM-650 . «NiMCM-750 1 ¢ CoMCM-
650 « = CoM CM-750.

3K 0.5 g «NiMCM « ¢CoMCM LA 100
m L A7 ZE VUG 208 R AR AN K 32 9 i 7k 80
mL, T 100 CHIMFE A KHAALEE 5 d 73 27K A Ab 2
FES, 388 «NiMCM-5d fil « CoM CM-5d .

1.4 HAEIFRAE

KM Rigaku D/MAX 2500PC % X 5 £k 85 K
AT OO 58 I X S AT S %, Cu (&
0.154 18 nm)  FAFEZ 1(°)/ min . FHETEHI1°~
10° . 2% 0. 002° . K H Nicolet 24 &) ( 3£ ) H Nex-
us FT = IR470 B2 AF 6 i A0 8 #F b 1) i 22 21 41
W, KBr J A, WEVEHEN 400~ 4000 em™ ' . KA
Quntachrome A & ( 32 [H) 7 NOVA2000 %! bk 1
TR LA 23 AT A 5 5 o5t 1) b 2 i AR RN AL AR 23 A1
LR AR BET 05, LA A LR R
F BIH N0 SR REE S B 28 2 7 AR 77 1)
TP = 5000 2 22 H 5t B 430 e 72 77 T+l I8 J5 (T PR)
ik, %7 0.50 g Kifehy 250~ 425 Bm FIFE B NFE
M, HSEAE N2 RS 10 'C/ min FHE A 400 C,
FAE 400 CREME 1 h, AREHF2=EE, HEAS
5%H2 1] N2« Ha IBAE, BL 10 C/min [FHR
T2 800 °C, AT IAL I A A5 I FF it 3% T PR
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SRR X SRR AT S S SR 1) A4, O ELPTRRRE

c-NiMCM

c-NiMCM-650
c-NiMCM-750
c-NiMCM-5d
$-NiMCM

b 1 1
6 8 10

¢-CoMCM

¢-CoMCM-5d

c-CoMCM-650
s-CoMCM
¢-CoMCM-750

) I

0 2 4 6 8 10
26/(%)

1 FESLIRIZN A X AT 5 1
Fig. 1 XRD patterns of samples at low angle

1E 550 CRIGERT 5 (100) W )58 & =, KRG T
BRI Ni fIE Co v AL 798 . HAMS Ni
AFL T I 1 ( 100) W5 & LL S Co A FLA> T M,
550 CREBEJE (100) fir S IR o, 1 B RS o8 Jo B i 1Y)
BIFHWRL, & Ni Lo FRiapELr, 446
2L ANk AT %N 550 CRE BB AT 2R 22 H A
WAFLEE M . & Ni AL FIiE 750 CRikE G
(100) WEASR B RATAE, T H Co MFLAr T4 750
CREREJE (100) WEANBH 2, BE8H 750 CRERe & Ni
N AL TG A P AR IR AF, & Co ML T
A P AR AR IR 22 . PRFPAE A ER 100 CR AL 3
5 d JE#RTEAE B A ( 100) U6, TESE T K PAb B S AE
AR BN FLE ), PIFIEE 4 850 CREKE 5 1
X SFERAT s 1 B A A ) B 100) fi7 5 06 #R 7
2, AIULFEMEE 850 CRERESE N LA HERIHR T .

2.2 BREKALENERMIERERSILES

b=

Pl 2 s A ol P VR B 058 B 450 26, H1 BET
AU BJH VES AT LR T AR« FLAR 43 A7 A LA
BHITR 1. mE 2 ol W BIRp AL 1 05 A S2 56
R AU B AN K AR B4 A T AR IR L LR ) VAR
PR, ULUIRE m B AT A LA . FEdh o NiM-
CM . ¢ NiMCM-650 . cNiM CM-750 . = CoM CM #lI
CoM CM-650 7EAHXT & JJ p/po 4 0.2~ 0.4 J5[H
P B AT 2 (R SR B (2, R BH X LRI b ) L AR
SAARIIA], TMFE c CoM CM-750 ZEAHXT 71 p/po
0.2~ 0.4 o A AR ZR RN B, R
B  CoM CM-750 LA A AIA] . & Co /4L
ST IRAEARNS K S p/po KTF 0.9 B B 15
B, Ui Co AL 43 97 UKL 8] 1 6 4 e 2R AE
Bk . mE 3 AL, A B FLAR A3 A R LE A ALY
W, FFHE Ni AL rE R AR/ T 8 Co

R RSN X ST ZAT I 20 AT R No WS B B 23 A 45
Table 1 XRD patterns and N2 adsorption-desorption results of samples

Sample d100/ nm a0/ nm

Surface area/

Average pore size/ Total pore volume/

(m?° g™ 1) nm (em® = g™ 1)
sNiIMCM 4.21 4.86 — — —
cNiMCM 3.81 4.40 753:3 3.23 0.61

¢ NiM CM-650 3.91 4.51 721.7 3..35 0. 60
¢ NiM CM-750 3.82 4.41 633. 4 2. 66 0.41
c NiMCM-5d 3.79 4.38 467. 6 3.92 0. 44
s CoMCM 4.42 5.10 — — —
cCoMCM 4.76 5.50 744. 1 4.44 0.83
¢ CoM CM-650 4.77 5.51 699.9 4.03 0.74
¢ CoM CM-750 — — 322.2 4.39 0.35
c CoM CM-5d 5.02 5.80 647.3 4.54 0.74
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Fig.2 Adsorption and desorption isotherms of samples
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Fig. 3 Pore size distribution of samples
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Fig. 4 FT-IR spectra of samples before and after calcination at 550 C
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1620~ 1640 em™ "W B FR7K 23 F AR TE 4k 50 5 |
AL 1050 em™ W 1 F Si—0 —Si X FR AR
PG K. FES 550 CREBE S 2921 . 2850 Al
1480 em™ "V IR, T e WA AR AR, BT A
550 Chrke CR B RIR 2 .

2.4 HREHMERS T
B 5P hbES e TEM 4. i 5 o] L. &
Ni LA F 54 550 CHRI 650 CREBS S, A H

M FLEE R, 48 100 CRKAALFE 5 d J55R AT
LG, (HEAE R A LA PR . X5 Co
LA I, 550 CREFEIEFE M BN LA Pk b &
Ni &, FHHE Co ML T4 650 CREbe o i
AR N R A FL M, FEZ 100 CRIAAEHEE 5 d
Jo FE A g R ) HOIIR 454 . T LS N A AL
T IRILAE K AL BN FLGE A SR R e TE
A, HEFPMHAZ, S Co Lo T Kk
A FLES S5 3 AR Oy R

El5 FAKTEM £
Fig.5 TEM images of samples
(a) —«NIMCM; (b) —=NiMCM-650; (c¢) —cNiM CM-5d;
(d) —=CoMCM; (e) —cCoMCM-650; (f) —cCoMCM-5d
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