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Effect of Crystallization Temperature on Structure and Hydrodesulfurization
Catalytic Performance of ZSM-5-KIT-6 Composites
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Abstract: To deeply hydrodesulfurizate diesel fuel, the present study synthesizes the micro-mesoporous
composite material ZSM-5-KIT-6 (ZK) as the hydrodesulfurization (HDS) catalyst support by hydrothermal
crystallization method using triblock copolymers P123 and n-butanol as mixed templates. Ni and Mo were
supported on ZK as the active components. The effects of the crystallization temperature on catalyst structure
were characterized by X-ray diffraction, transmission electron microscopy, Fourier transform infrared
spectroscopy and N, adsorption-desorption methods. Moreover, the HDS catalytic performances of the prepared
catalysts were evaluated. The results showed that the pore sizes of ZK composites increased with increasing
crystallization temperatures from 100 °C to 180 “C, while the specific surface area and pore volume decreased,
the ordering of structure also became worse. The catalytic activity gradually decreased when crystallization
temperature increased. At 100 °C, the desulfurization rate reached up to 96.4%, showing the best catalytic activity.
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1.1 Z&5RA

X G 2k fi7 94 (D8 Advance and Empyrean) ; {4
S 21 AP 6 1% 4% ( American Thermo Electron, Nico-
let 6700) 5 37 i HL 0§ 358 (JEM-2100) ; 4 H 3l X
Z 5 A (America Micrometrics, ASAP2020) ; =
JE I & s %€ B (JQ-IID) 5 & 4 43 #74 (China Tai-
zhou, RPP-2000) .

=i B AL R W) P123 (Aldrich) , DU N 3t & E Ak
B (TPAOH, Wi VL 15 H8) , i M2 8 (Ni(NOs), - 6H,0,
25, SR 8% ((NH.) sMo,0,4 4H,0 , R EEHLIK ) , 1
R (TR E 35%~37% T E# 5 ), SR BEEAS
IERERR DY B, IE T B, A A (2552 A, b
afi)
1.2 F &
121 HAhHAGHE HHMAEESHE
ZSM-5-KIT-6 (ZK) LA = fix Be 2 B9y P123 FIE T B%
(BuOH) AL F [ 7, LA ZSM-5 T34 5 5 80 0 715 9K
RIER I ST A B E 262 ¢
R BR 25% B TPAOH ¥ I 5 20 g 2285 1K
RAE, B FEY 30 min; 3 H A 0.4 ¢ 55N B4R F1
0.2 g FAMLEN; B SN BAR o8 RV R LU L 218
A 1224 g IERERR Y TR (TEOS) , IF 44 16 h, K
AW EIR AR 2 kb, 150 C ik
24 W35 ZSM-5 AL i . 55 =20 2 g P123 1
fi# 7F 19 g 2 mol/L 1Y) HC1 #1157 ¢ 258 T /K b, 7
35 C Wit 4 h RGBT 2.56 ¢ 1F T B, Ifi%
S HEZ 1 h, Z )5 A 4.09 ¢ TEOS Fl I ik
ZSM-5 TR W, AR SRR AL FE 24 h ARG KR &
Yo A R 28 v, 1 AR R EE 43 SR 100 °C
120 °C . 140 °C . 160 °C 180 °C, § 1k 24 h, R 5 ¥ 15
1) ) [ A T b 2k D8 PR TR 7 S 3R 550 °C
55 ke 6 h, 153 B 5 AL IR BEAS R 0 25 6 RHd A
ZK-100, ZK-120, ZK-140, ZK-160 F1 ZK-180. [d]
BF, # BR R i 75 ik il & T ZSM-5 A, AN TR 2
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Fig. 1  XRD patterns of the samples at (a) small-angle

domain and (b)wide-angle domain
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BN TE 966 em™ Kb Y W i g N A BR B Y
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LK o T T Si—OH AT {8 Bl % 155 i1 T
=, Si—OH 3 A Z 0] & A |’ & L X ™ A oK
Si—O—Sif, Milk ¥ m T — B, T2 84 m
FRAG PR, 5 A o A A 38 3%, L Ff A 19 Si—OH
FEWIHR AR Si—0—Si# . P, ) FTIR Bl tha] LA
B2, A3 Si—0—Si B 1) W Wi 5 13 I A L 1Y
Thven 12 RGBT Si— OH 5 P 1) W M5 06 36 477 ek 55
mm AT BE 2 180 CIWAE it JL-F- 1% A Si—OH A 1Y
Wi, 55 Ah ZK FE ShAE 574 om0 B B H 055 1Y
WL U4, FH X T ZSM-5 7E 550 em™ 4k B 4R HE 0 77

100 nm

B2 #H&TEMEH (a) ZSM-5, (b) KIT-6, (c¢) ZK-100,
(d) ZK-120, (e) ZK-140, (f) ZK-160, (g) ZK-180
Fig. 2 TEM images of the samples: (a) ZSM-5; (bh) KIT-6;
(¢) ZK-100; (d) ZK-120; (e) ZK-140; (f) ZK-160 and (g)
ZK-180
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Fig. 3 FTIR spectra of different samples
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Fig. 4 N, adsorption-desorption isotherms of different samples
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A TIRA AR P123 FUIE T BERY 454 ° . P123
(PEO-PPO-PEO) J& — FJE 25 R 1 15 M7, 1 2%
JK B PEO 1 BEFBE 7K 19 PPO fx BELH R . Y4 HiAE K
VW TP VR FE A, PPO ik B I B R ST, 25
K IE W LA B K 19 PPO ik Bt o N %, LA SE 7K 1) PEO
RESSEAGAIE S\ N § 3 S R AP S
ANRENE R E M A7 TR, T LA 3K 26 15 R 78 8 1 19 4
J1 T A E G TE B R e A AR 2 A
A P R TR 2R TR T R0 R R O TR
BN 5 P123 — A IR G A . XS E 5%
W RE D A A BAE T T 2 S BROE URE A 4
I = AEPAR G54 . Y S A IR B B, R B0
B SR AN FE 1K) PEO it B 1) 355 7K 2 BEAK , 85 7K 1 3
5, I PEO i B2 ik ) Fh 22 18] 0 AH BLAE AR 55
AT A J SRR ok 118 2R 4 7 1 i 7K AR B3 I, = 4
PR 285 4 1 31— PR IR B S S BOR U ZK 2
GBI LRI R S5 P A2, i TES
POBHLAR IS R, B0 kY bE 2R i AR/ )

F1 FEMHEAERSH

Tab. 1 Textural properties of as-synthesized samples

FEa LRI (m¥g) FLEE/ (em'lg) FIFLAE"/ nm

ALOs 165 0.24 3.5
ZSM-5 304 0.43 -
KIT-6 892 0.97 6.9
7ZK-100 844 0.86 4.6
7K-120 804 0.79 5.7
7K-140 670 0.74 6.8
ZK-160 567 0.67 7.3
7ZK-180 464 0.52 8.4

¥ o Jl i BETBEALTFE b BIHASTRY M 43 S0P #5442

2.4 fEHFIH HDSTEG

AR A S it fin B8 A 1 BE T T L 6 s, A
B ar LA ] ZK 525 Ak 5 7 4 Ak 790 4R
FEI Y B 00 B B M B L NiMo/ZK-100 45 % I 1 4
TR 1k, WA R ik 5] 96.4% . BE 1L IR B TF
i, HEAR TR HDS 16 PE 2 T R 3, 3 2 A0 T 5k
PARHH R A o 3% 2 R 7R A R TR AR
KT R A B A T ZSM-5 1 B L &5 # A
KIT-6 [ A FL &5 K4, 4 RH 0 445 b B 55 v, FLE HL 8%
AT HLIN A F TG b i A 4y 7 AL IE
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