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Hiffifrrh 650 CHEEE 6 h Bk = A CTAB, EifE
FMPER SAPO-5 43, 104 SAPO-5-x.
1.2 Ni/SAPO-5-x (x=0 ~0.10) Fy 51

HR 4 SAPO-5-x(x=0 ~0. 10) (LRI K 32, R
FHRBIE X SAPO-5-x 4y I HEA TR ol 1, 47 11 3k
WA 30%. $1.67 g THIRER (o Hrsh) i T—
LB ORI SR PR R, % 1. 00 g SAPO-
5-x(x=0~0. 10 ) Jin A S il B B v v v 4o L 58 41
A, wER TR S), #E 12 h, 120 CF T4
8 h, THdfrrp 500 CHRE 3 h, A5 = A,
47 Ni/SAPO-5-x(x=0 ~0.10).
1.3 EAFEH

P Zhel i A, ol s vk B S 5% nY %%
VSRR RS JRE. SR 3% B2 i AU 8 o o 2 i
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N g A 0. 40 g fEALF], BT PSRBT SR
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¥k 280 °C, 714 3.0 MPa, ZURRFRLL A 360,
JREAE R 2.5 h' NI G AR 1.5 h B
—CFE.
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250 C, R MR IR, AP RIRE N 100 C,
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ZE 1R E] Ry 47 min, SR A EARIH— 5545 400 1Y
e
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X AT ST (XRD ) ARG E ™= s 0AH, Bt

X524 H 4% Rigaku D/MAX-1AX % XRD £ 4§11,
WESHECHHIE40 KV, R 100 mA, Cu !, Ka
S (A =0.154 18 nm) , FH#iE R 5° ~80°, HHfiHk
& 4°/min.

N, W BF-BEBEF( BET) 02 7= i A FL &5 44, Jim
IXE§ A ASAP 2010 7949 # g B, W B 0 T 2S
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NH,-TPD FIAF 53 4 £k 70 11 2 5 0 7R 2 1Y)
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B S W B A3 A, #CSth (TCD) A 4%
LL He 5 M #4A, i3 20 mL/min.
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1732 S, R R ICE TR, 7E 400 C,
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W Ff 30. 0 min, ff HWE B 5¢ B M 215 E .
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Fig. 1 XRD spectra of SAPO-5-x (x=0~0.10) and
Ni/SAPO-5-x (x=0, 0.07)
(a:SAPO-5, b:NiO)
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PO-5-x(x=0, 0.07) 7£ 260=7.40°, 19.7°, 21.0° &%
22.3°Rf A4 B T B B B RRAE AT S, a0 R
T AFL#5(110) | (210), (002) }2 (102) fhifi, X5
SCHR 1T ] 38 — 2, BBl CTAB By A A 1% 35
SAPO-5 43 -0 19 S AH 45 #4. Ni/SAPO-5-x 1E 260 =
37.28° . 43.26°F1 62.97°4b L T B 5219 NiO 454E
U, H AFT Z5F9FRAE 0638 B 5 SAPO-5-x #H EL A P
FEAIR.
2.2 BET %®f{F

2 FIE 3 43 5% SAPO-5-x(x=0 ~0.10)
Ni/SAPO-5-x(x=0, 0.07 ) [0 Bl B 2 3 28 Fi 4L
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Kl 2 SAPO-5-x (x=0~0.10) F Ni/SAPO-5-x
(x=0, 0.07) HY N, I B8 25 i 26
Fig. 2 N, adsorption-desorption isotherms of SAPO-5-x
(x=0~0.10) and Ni/SAPO-5-x (x=0, 0.07)

H & 2 W] L& ) SAPO-5-0 73 0 HA T Ak
MR 2R ) T SAPO-5-x(x=0.04 ~0.10) B4 IV %
W7 R A 2R A0 HL, 50 [ 3R SR BT A B0 SA-
PO-5-x(x=0.04 ~0. 10) 73 F i B A/ fL&5 ), H
NPT ALIE. &y CTAB 7E7K vk 31 im F e
AR B2 J5 TR BRSO AR e e, TCHLIE AT LA R &
TEWEALRTE , (50T 458 BT RE B8 LI FEA P 1Y
J5 HEB T A FLE5 .

RS IE 3 dr Al B Y SAPO-5-x (x=0. 04 ~
0.10) th 3L 1 B2 B9 T L 43 A W R 2 4> A £L 53 A
I, BLHIG]A CTAB J5IE R T il-7r L 2 J AL B 45
Fit3 4 AE SAPO-5-x (x=0.04 ~0.10) F1 Ni/SA-
PO-5-x (x=0, 0.07) 1, BARATF 3 nm L H N &

Ni/SAPO-5-0

Ni/SAPO-5-0.07
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SAPO-5-0.04
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1 1 1 L 1 1
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] 3 SAPO-5-x (x=0 ~0.10) 1 Ni/SAPO-5-x
(x=0, 0.07) MFLRIM i K
Fig. 3 Pore size distribution of SAPO-5-x (x=0 ~0.10)
and Ni/SAPO-5-x (x=0, 0.07)
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Ao, BTSRRI IR BRI R S84k
Al X AT eSS RE AR E RS TE B AL, B DURE g
B LRI R K. Ni/SAPO-5-x(x=0, 0.07) [k
FFFiRLL S SAPO-5-2(x=0, 0.07) A —F, HH
FAR A ZE R EOR, EEE 4L NiO 5,
il L 20 A W 1) 5 T [, JC G Ni/SAPO-5-
0.07 AL A JLT-{H 2%, UiBH NiO 353 1
R AL

71 2 SAPO-5-x(x=0 ~0.10) il Ni/SAPO-5-x
(x=0, 0.07) KL TERZEL

H1 21 A] DL H B (4% K, SAPO-5-2 (2 =0 ~

% 1 SAPO-5-x (x=0~0.10) #1 Ni/SAPO-5-x
(x=0, 0.07) KIEEHAIERR
Table 1 Structural properties of SAPO-5-x (x=0~0.10)
and Ni/SAPO-5-x (x=0, 0.07)

Spr/ Vigw” Average pore
Samples B

(w2 g") (em®-g') diameter/nm
SAPO-5-0 362 0.411 2.54
SAPO-5-0. 04 369 0.566 6.14
SAPO-5-0.07 343 0.591 6.90
SAPO-5-0. 10 377 0.422 4.48
Ni/SAPO-5-0 145 0.236 6.51
Ni/SAPO-5(0.07) 118 0.282 9.54
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Fig. 4 NH;-TPD results of Ni/SAPO-5-x (x=0 ~0.10)
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1149 58 S U X 7 A £ 711) 2 TR ) 5 R
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R R e CTAB ZEk5 e ry it fie v 2 7= AE A L
e, FEALMEAL B9 Mol AR B ERE T
W01, SRR IR B A & (R OB, SEs 0 S B,
{H R IR IR 5 S5 5 w2, x=0.07 B iR & e K,
SRR TR0 9 B e 55, T AEAE AR & 72 vh 55 O IR
HAH T 42 8 B S R+ S R m e .

Hh g IR 37 58 B B Ni/SAPO-5-0. 10 B8 fmah, g Ag
AR, FE5 TR 4 #E b CTAB fYfF7E 2
S0 Si % AL B¢ P AER, 1 SAPO-5 40 1Y
FRPENT FEE R SiBURA T 1Y Al JEF51 P i
T, TR A B R R A L PRI Ni/SA-
PO-5-x(x=0.04 ~0. 10) R EAE fb 2y 1 3 i ol
PRI 2R 2[R /R A
2.4 Py-FTIR FR{E

5 4 Ni/SAPO-5-x(x=0, 0.07) £ 150 F1400
C T M EME F L oh i ]
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& 5 Ni/SAPO-5-x (x=0, 0.07) 4 Py-FTIR &
Fig. 5 Py-FTIR spectra of Ni/SAPO-5-x (x=0, 0.07)

&S Al B, BEGRALE 1400 ~1 700 em™ [930
P B 4 IR0, BRI7E 1 450 em ™ Ab Y Ik
Wy Lewis (L) B2 b AYMERERFAE D ; 1 550 em™ AbfY
W WS U Ay Bronsted (B) 2 1 % I e R A0k 06 5 i 45 7E
1490 F1 1611 em™ by B RN L FRAL[H] & AE I 1
iz g >

%2 5 Ni/SAPO-5-x ( x=0, 0.07) ffRtE.

H 3 2 W& CTAB BUPERT A LAY L R IR
WU T B IR, PSR EARIRE TR
B IRIR AL, LRIR=YAM, H B BRAT
i e (B/L=0.05) , L B2 A %5 &l -+ =
ZRM FEE MG, B RE AR T EZEN IR
FORE AT R A R R P B RE AR LA
KR, UL CTAB B 5] AR T Si X Al Y HR
AR, TS M A P R R R
2.5 SEM F4E

6 & Ni/SAPO-5-0 Fl Ni/SAPO-5-0. 07
SEM FRAE45 .
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& 2 Ni/SAPO-5-x ( x=0, 0.07 ) gy fk
Table 2 Acidity of Ni/SAPO-5-x (x=0, 0.07 )
B acid sites/( wmol + g™) L acid sites/ ( umol - g™") B/L
Sample

150 C 400 C 150 «C 400 C 150 C 400 C

Ni/SAPO-5-0 42.5 18.3 407.3 250.2 0.10 0.07
Ni/SAPO-5-0. 07 22.3 17.5 450.5 280.3 0.05 0.06

& 6 Ni/SAPO-5-0 1 Ni/SAPO-5-0. 07 ) SEM &
Fig. 6 SEM images of Ni/SAPO-5-0 and Ni/SAPO-5-0.07
(A: Ni/SAPO-5-0, B: Ni/SAPO-5-0.07)

MBI A LUE 1 TCie & S A CTAB, # 5
SZAREER , W] LATE 43 01 3% 18 B B A /N R
/N R A R R R NIO. X LL AN I’ AT LA B
BRI 23R T Y NiO @Rl K/ NAN A, 2k
VR DRI N 1 I i 052 | RS S T D
% H Ni/SAPO-5-0 W RiF27E 150 nm 245, 1 Ni/
SAPO-5-0.07 ) NiO KifE b Ni/SAPO-5-0 A9/
152, M35 XRD 4558, FIH Scherre A X117 515
B NiO RIS 20 nm A2 Ay, XA RER BT Z G A
TR K, #i15—345r NiO i A5 T fLiA
W, Ao TERHHER.

2.6 Ni/SAPO-5-x(x=0 ~0.10) gy =1L £ EE

& 7 S Ni/SAPO-5-x(x=0 ~0. 10 ) {457 1y {8
AT X L.

HE 7 A B, A CTAB Bk 5 i fb 0 1 25
LA B, o2l T A CTAB J5 43 1Y)
SFRHFLRIE I, AR T TRy, TSR
PRI/, DT T AL R (1 76 14, Ni/SAPO-5-
0.07 AL R &, 11i599.2% .

K 8.9 435k Ni/SAPO-5-x(x=0 ~0.10) 4k

[ ]

—u—Ni/SAPO-5-0
—eo—Ni/SAPO-5-0.04
—A—Ni/SAPO-5-0.07
—v—Ni/SAPO-5-0.10

80
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Conversion of naphthalene /%

4 6 8 . 10
Time on stream/h
Kl 7 Ni/SAPO-5-x(x=0 ~0. 10) f b TE M
Fig. 7 The catalytic activities of Ni/SAPO-5-x(x=0 ~0.10)
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>

Selectivity of tetralin

[
>

Time on stream/h

B 8 Ni/SAPO-5-x(x=0 ~0. 10) 1 PU S 25 vk Fett
Fig. 8 The selectivity of tetralin of Ni/SAPO-5-x(x=0 ~0.10)
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Fig. 9 The selectivity of dekalin of Ni/SAPO-5-x(x=0 ~0.10)
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Hierarchical Porous Ni/SAPQO-5 Catalysts of Hydrogenation
from Naphthalene to Decalin

AN Juan-juan, WANG Shun, WANG Shan-min, YANG Li-na, BAI Jin, LI Jian"
(College of Chemistry, Chemical Liaoning Shihua University, Fushun 113001, China)

Abstract: CTAB was used as modifier to prepare hierarchical porous SAPO-5-x zeolite ( x is the molar ratio of
CTAB to Si0,, x=0.04 ~0. 10 ) and the catalytic performances Ni/SAPO-5-x in the hydrogenation of naphthalene
to decalin were studied. When the CTAB was added, the hierarchical micro-mesoporous formed. However the crys-
tal phase structure has no been destructed and the morphology of the particles did not change. With the increase of
%, the pore volume and average pore size of the SAPO-5-x first increased and then decreased, they were the largest
for SAPO-5-0. 07 and they increased further in Ni/SAPO-5-0.07. The strength of strong acid sites decreased first
and then increased in Ni/SAPO-5-x (x=0 ~0.10), the strength of Ni/SAPO-5-0. 07 was the weakest and the
main acidic center was L acids. The catalytic selectivity of decalin increased first and then decreased, and the ac-
tivity increased slightly after the introduction of CTAB, the selectivity is the greatest when x=0.07. The conversion
of naphthalene is close to 100% and the selectivity of decalin is higher than 95% .

Key words: CTAB; hierarchical pores; SAPO-5 zeolite; naphthalene; decalin



