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RO Ni-Al S AKHEE 070 BT N/ AL O, I AUBERR 419

W oy Fid i S JEF7E S 25 7 b v i W R 2
[SE N R E RS, I EUB B S HEAE T L )
F S i | B N B i3 22 e < ) | W i s N )
R, AR L 25 B 4 e s il it & A 1 2
B, PR e AR i A AR B A
X ARG At ) TR i 245 B Co-Ni-
Mo/ AL, 0,5 Ni-W/ AL O, ¥ i fb. & ¥ e R i A ¥,
(A RRTRAEAE— L A R, B, 5415
RS A AR R @ FTOE I ik G 2
TR A B MR 2R G5 A NG R 4 2R PE
SRR EOE RS B 4 8 & e E A, IRG
YIS Ay B s, VB R IR (AR BE AR A PR 4R 1 1 4 4y
AR Z ORI, ARG B ERROL R A9 i = A
LR R RS G i SO N = S SR = OB
BB KON A S T IR AR AR B B 4 R 4 R R
A () T 5 T A A e B ) A A R B A
A, TR R RS K a1 A i IR A e i & i
J7 A G R . EEHE T 20K A VR T
KA A BB A 5, e HE Ni-ALE M &8 oT &,
FIF Ni-Al 7K A AE I ATIRAAR, 38 5 4 s B okE
TREME IR BRLF M 73 O HARFF S A . FRATT
FEA T ZR N CO» B4 & Ni-Al J8/K i A
(faiFR Ni-Al-HT) , 3f LA Ni-AL-HT S RjSRIA ) Ni/
AL O, AT TR I & Bt 55

1 LIGER4y

1.1 7 &

MRS K M A 1) 5 120, AR SLE R NiZAL iy
201,30, 4 VAERBISE. @ 000 A6 2
6] COS™ BB 71 Ni-Al KK 3710, i,
)I% Ni(NO3)2 : 6H20 i AI(NO3)3 ° 9H20 ﬁzj‘jé“z\ﬁ
HIBRIA, Na,CO, Fl NaOH {E A UTHER], e il BH 25+
MU EE A 1 mol - L7 19 Ni (NO,), - 6H,0 #iI
AL(NO,); - 9H,0 JRARIAT, Fihl 0.8 mol - L™ 1y
Na,CO, 7 Fl 1.2 mol - L™ 1y NaOH ¥ W,
Na, CO, Fil NaOH %5335 A Ni(NO, ), + 6H,0 FiI
AI(NO;), + 9H,0 IR & R W h AR +F PH {54 10,
pH {HH 3 mol « L™ #j NaOH ¥y 17, 135877
W, BRI AE 65 CTR#E, fReF 18 h 152128k
AESHITIE , WRIF R A G I8 e 2 pH=17,
TR R EE SR, DIETE 80 C R T
| Ni-Al-HT''*". Ni-Al-HT 7£ 500 °C, H, S8 Fif )i
1 h, i 55 ) Ni-Al-HT 46 i Nis AL O, 40K JBik:

WAL (fRIFR Ni-AL O,-HT). Ni/Al tbky2:1,3:1,
4 155X RE NI B St o Bk 70% , 78% , 82%
YEJx b, R ik il 45 NisAL O, AL (& PR
Ni- ALO,-IMP) ,  Ni(NO, ), - 6H,0 JfErk il
73 Ni(NO, ), BRI, FBE y-ALO, FAE80 C T
H, R TERAERE IR, H, “URTRE 1 h, &
Iy Ni/AL Oy, Ni i it 780k 70% . fxl
PR AL B0 M, A AR A TS R A 10 mL f 44
AT 2 A T I
1.2 {ELFISRAE

X H 7 Rigaku 2y 7] D/max-RB By X 52k
TESHCHEATRE R YA 20 B ] Cu Koo SR,
B 30 kV, R Y 100 mA, HHH AN
20 =5°~70°, FMHEZEH0.1 °/min. FJH Per-
kin Elmer {i B 258 460 21 S 3% LR 28 5L T XA A
PEAT FT-IR o3 A B AR s R s il e, 035 F
400 ~4 000 cm™'. 3% ] STA6000 ( Perkin Elmer) $H
MO FE S R AT TG 3 il ik, T il 3 2
5C /min, JREEJEE N 50 ~700 C. X AutoChem
11 ASAP 2920 HYAL 70 BN ( S& [ 22 vg 24 W) ) kAT
FEEL ) Hy-TPR J3Hr. UK 10% H,-Ar RE,
TR ETLRE A 100 ~700 C. % ASAP 2020 A4y
W RS ( 8 1 22 528w ) AT RE il 18 N, W8 BAF- 5 B
K. SEIR SRR S 7E 300 °C T 4l EL4 T £k Ak 2 4
h, SR e AR TR TP AR (29 -200 °C) 4%
FT AT A0 W B - B0 3. R 58 [l WAVKE-
SHA 23 m] A= 77 ) ASTM-CFR B =7 L (E AL 7 5 be
{E. SRR TR E e fE, I 5E bR & GB/
T5487-1995.
1.3 fEHFE MR

PEAR T 0 i BB P TE 10 mL L)
PP Bk 7. FCC YR & d WAyl — ) 42
ft, B R WK-2D R 286 (U i
IiFs FCC Y 1y BV 75 542 83. 6 ng/wlL, il <A
T Ig-Ti Ak 7 KOG A% (GC-SCD) 73 #r 15 3| FCC
VR B 16 ) 2 B LA EE W AT C1-C3 o 56 HCA g
W 3, J3 AN T B AL AN A T eyt A R
ik, MIAGR T B Fis. Hy, FIPERIAS, Ni-
AL-HT % A SO0 8 iy e R Be b, fERFREZ T, Jek
eI BRI IR R 1 h, &5 Ni-AL-HT
Ak Ni-ALOy-HT Jf H F&% iR %8 i v i B2 (200,
250, 300, 400 °C ), FCC Y58 1o B 2R (the series
I pump) PEHE, Rk} Z K 0.457 mL/min, 0.913
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mL/min F1 1.371 mL/min, H, @& R EREITR
Wik 8.2 L/h, 16.4 L/h F124.7 L/h, [E SR H7E
1.5 MPa, 2.0 MPa, 2.5 MPa, SZi b (i) AfH 25 i
J2h™", 40" 5h', Hy/oil BEJR IR 300, 400,
500. %Lmlﬂfﬁufir“%%fir“}:ﬁ#um_n i
TN R~ AR R I A, EVBR % 1 2R VL 7 VLAY
BNEHE PR WK-2D T80 480 % A4 T 2 A )

14

16

15
/N

[ R N R R SR S
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K1 B FCC IR hBR AL PI4L SCD 3% 4]
Fig. 1 GC- SCD chromatograms of contents in the used FCC fuel

1.C, _; mercaptan or sulfide; 2. thiophene; 3 2-methyl-
thiophene; 4 | 3-methylthiophene; 5. tetrahydrothiophene;
6 .C; mercaptan or sulfide; 7 2-methyltetrahydrothiophene ;
8.2 or 3-ethylthiophene; 9 .2, 5-dimethylthiophene; 10 .2,
4-dimethylthiophene; 11,2, 3-dimethylthiophene; 12 3 ,4-
dimethylthiophene ; 13 2-ethyl -5-methylthiophene; 14 .2,
3, 4-trimeth ylthiophene 15, C4 thiophene +C8 mercaptan
or sulfide; 16 benzothiophene.

ZRE5R

2.1 NiAl 2K BABIIRMEA XRD 4547
B2 s 13 e iivE Ik A s AR R EE R T

(%) Ni-AL-HT FisRiA R XRD odf , Fods /s A [\] &
IR LU R TSI A4 L A [R] (A S 471 26, 03 S0 A7 % 12 1)
An TR ] 2 PR R, R R0 X FR 1407 5 0
Xof IO F) AR TET(003) , (006) F1 (009 ) Sy 75 T 4 %) B
(3R) M ZIREE ), UERA RS o5t 1 2Rk . dE
X FR AT S T 7 4 AT (110) F0 (113 ) KB T &
SR T A1 4 di R A PP
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Pl 2 Ni-Al-HT Fii3R{AR XRD 1% &
Fig.2 XRD patterns of Ni-Al-HT precursors
(a) Ni-AI-HT(2 : 1) (b) Ni-AI-HT(3 : 1) ;
(c¢) Ni-Al-HT(4 : 1).

Kl 3 AR EE R LAY Ni-AL-HT RN 5 k19 2
(1) Ni-Al-IMP 7E2E A 280 1h b 5 515 219 Ni-
AL O;-HT iy XRD [&], 255 SR il AT /A 20 =
44.5 OXF N A4 A NiRF 1 (111) S, H4
J& NiRL 1 (111) & 1A X6 B ) Ni-AlL O,-HT (2 :
1) Ni-ALO,-HT (3 : 1) I Ni-AL,O,-HT (4 : 1) fij
SR T, B Ni-AL-HT 38 Ji7 7™ 9 /2 J0 2 B,
THEAR R NioRF Bk AR 53042 4. 1 nm 4.9 nm F
5.4 nm, [MEEEE SR Ni-AI-IMP 7E 20 = 44.5°
S %) A3 S W R 0 LN R, 38 Ao 35545 B NUkL - Y

Relative intensity

20/(°)

& 3 Ni- Al,0,-HT f¥) XRD % &

Fig. 3 XRD patterns of reduced catalysts
(a)Ni-ALO,-HT (2 : 1) (b) Ni-ALO,-HT (3 : 1);
(¢) Ni-ALO,-HT (4 : 1); (d) Ni-ALO,-IMP(2 : 1).
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KIARJZ 29 nm. {5 PEE R AORAR UL B 1 H
RIUZR, BIRMEIGTE Sk, SO MR
2BEZ AR
2.2 FT-IR 43 %7

i FT-IR S04l ial ] RLAR B2 AK A1 )2 18] B
BT AR SR B S ARSI A SRS R, AR
T RIOK I A1 Jad 5 4 K4 e A A W ) 4
. T 4 JgANTR] Ni/ AL B 28 7K 3 A1 i A Y £ 5
PER, NEF T LLE -, Ni-AL-HT (2 : 1), Ni-Al-
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Pl 4 Ni-AL-HT Frak{& g FT-IR St &l
Fig.4 FT-IR spectra of Ni-Al-HT precursors
(a)Ni-Al-HT(2 : 1); (b) Ni-Al-HT(3 : 1);
(c¢) Ni-Al-HT(4 : 1).

HT (3 : 1), Ni-AL-HT (4 : 1)4357£ L4 3 435 em ™,
3497 em™', 3518 em™ Jy O AFEAE—ANTE MM 5 A
Wkt , I3 & 2 AR 5 R K 4y - SR i 4 ik 3
v(OH) W s iy & . 3 F b9 1 Ni-Al-HT ¥ 7E
1639 em™ BT 45 5K H9-OH 25 thiRsh, J&h
TR A B K AR RS BUEA T — 2 #1
H,0. Ni-AI-HT (2 : 1), Ni-Al-HT (3 : 1), Ni-Al-
HT (4 : 1) 4% HEFAE1 363 em™, 1 370 em™',
1376 em™ RSN COL> M f4atRshIE. AW
e Ni-AL-HT 7 400 %] 800 cm™" i BLAYiEAH Ky
JOK A EW AR HE T NI ALY SRS IR 3l
FT-IR B4l 45 5 5 XRD 35 B 45 A XN,
—UEB T NIAL 2K A 1254
2.3 RESWT

R T LB R RS o i A, FRATTEE
17 TIREST, B 5 S Ni-Al-HT gk A # i 2k
B, MR LUE HAS [ B ] i Ni-AL-HT 357 52 3
P BT B R, 2R 1 BB R B R R AR TR
100 ~250 CZ[A], 2k 20 3220 JZ A 7K A 3L fh
K, KM AR R R L2 ARG . 5 2 BBk
L F2AE 300 ~450 C 2z [a], Xfpi A Ni-Al-HT 24k
FILAZ] COL> 45 LA H,0 Fit CO, yTE R k2,
KK A R IREE PR, LRI S0 B Ni i
OO R VL A R, R v R L 1Y) 2K A R
18, V6 BAAR R, A48 pa e P 2.

<G 392.3°C Ni-Al-2-1 TG
o0
£
= 245.7°C
DTG
—_—
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Ni-Al-3-1 TG 375 C Ni-Al-4-1

135 °C
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&l 5 Ni-Al-HT FigR{A& ) TG-DTG ] £k
Fig.5 TG-DTG of Ni-Al-HT catalysts precursors

T/C

2.4 H,-TPR 4 #7
K6 Bs T AEEEIR e Ni-AL-HT M 100 %]
700 C ¥ H,-TPR F/p TR M 2. ME P LIA

ANFEEZR FEAY Ni-ALHT 75 500 C 22433 HA —1
U, EPAFE LR B Ni-AL-HT v by FUf7 —Fh R LY
N Ni 43 Ja B, R JEUIRLE Ni-AL-HT (2 ¢
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1) > Ni-AL-HT (3 : 1) > Ni-AL-HT (4 : 1), 55}
NRSE Ni 5 AL O, B9 BAE A 2 42 B 341 vk
W5, Ni 5 AL O, Wy [a]5 WA B4 3 17 1%
P4 m Ni Fs e vk, TR ke G e S L i 4 4 T
e, e Ni-AL-HT (4 @ 1) i 7E 350 “Cfffi
AP, N Ni SR E R, RS NiT IR .

546.6
514

482 l

(c)

TCD Signal/a.u.

L 1 L | L | L | ' | s
100 200 300 400 500 600 700
Temperature/°’C

€ 6 Ni-Al-HT Figk{k g H,-TPR & /7 FHi £k
Fig. 6 H,-TPR profiles of Ni-Al-HT precursors
(a)Ni-Al-HT(2 : 1); (b) Ni-AI-HT(3 : 1);
(c¢) Ni-Al-HT(4 : 1).

2.5 FLEMSH

% 1 45 T Ni-AL O,-HT FI Ni-AL O,-IMP f#j%%
WEE, WNRFTTLIEHBEE Ni/AL ELissem,
FEFN L R AR R Z 98N, Dy Al Dy BEZ 3K, V,
B3, o Ni-AL O, -IMP (4589 S 407E L R 1Hi
B/, D, D, M1V, sk, SRR R
RS RN OE A ATV NI A VAKX 7
FORBRAE. FLARMN, SR AT, XHER AL 1 32
PEAT.
2.6 EILFIEME
2.6.1 A EEIR H i Ni-AL-HT X i & i % 14 5% il

Bl 7 AAS[RIEE JK BB %) Ni-Al, O, -HT 7E i & B i
W SR, ALY TE L 7E 400 °C, 2 MPa,
RBIAS A 4 h™' Al H,/0il BEZR HEH 300 (2514 T
AT, B AT LA ), NiZAL=4 : 1 [ s %
FARF 3 : L A2 = 1, [RIRFFRATHEAT T 25 Be fE i 2k
A I, 45 RS Ni-ALO,-HT (2 + 1) By 4 2R {E
5.02, Ni-ALO,-HT (3 : 1) Bt 2 {f 5. 94,
Ni-ALO,-HT(4 = 1) (R AE 6. 73, “FhefE i A
Ni-ALO,-HT (4 : 1) > Ni-ALO,-HT (3 : 1) >
Ni-ALO,-HT(2 : 1), 35 PE4 & & mdl Kb &5 4
FEAL A TR B BB s R M R AR T2 he(l, 258 % 18
TEFE Ni-ALO,-HT(2 = 1) #E— 50

% 1 Ni-Al,0,-HT #A Ni-Al,O;-IMP £S5 %]
Table 1 Surface properties of Ni-Al,O;-HT and Ni-Al, O,-IMP

Adsorbent Syer/ (m - g7™) D,/nm D,/nm V/(em® - g)
Ni-ALO,-HT(2 : 1) 180. 1 7.1 6.23 0.402
Ni-ALO,-HT(3 : 1) 151.53 8.76 7.51 0.408
Ni-AL O,-HT(4 : 1) 134.2 9.43 7.89 0.411
Ni-AL O,-IMP (2. 98.6 10.62 8. 64 0.416

a. Sppr, specific surface area calculated by the BET method;

b. V,, total pore volume;

c. D,, pore diameter corresponding to the maximum of the pore size distribution obtained from the adsorption isotherm by the BJH

method ;

d. D,, peak main diameter

2.6.2 JREMRIH

B A2 I, AR B A A5 F 0 2 MPa, £
BUaA 4 b7 H,/oil BEJR L 300. AP 3
IRl A Hh Bl 362 T i AR S0 R, 4 IR B A

el 8 AN Al ILE 25 AF 1 1Y

200 3| 250 C Jid B R L PR JE KR, 2 i G
250 CIBRTAR A IS8 TP A, JATRIE AL
FITER R LR T REE BB AR T, TERAR Y
[F i 25 2y (o Ao 1 2 R AR A, v o (L T2 1 3
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P 7 ANTRIBE 7K HEXT I A58 64 52 )
Fig. 7 FCC gasoline desulfurization rate over Ni-Al-HT
with different Ni/Al molar ratio

HODTHRIE. SR LY P 1 78 250 °C, XAFBERETS
Pl B B BRUSOR SURE R 3 b fEL AR 5 K

100

) —— e e

60 -

'—W—-

Desulfurization rate /%

40
—a—200°C
S0l —e—250°C
——300°C
—v—400°C
0 | | 1 1 1 1
0 100 200 300 400 500 600 700

t/min
P 8 L X Mt AL = A 2 )
Fig. 8 FCC gasoline desulfurization rate at different

temperature

2.6.3 ARy K9 RAERA N 250 C , I
253 4 b7 R H,/oil FEZR LR 300 A1 T 2%
2T X BB R AR N T3 ATA R
FIRER, 7= R A AN, A R
1A B TR e OB AR, (R BE SN A REAT, B
BRAEAL, (EIESERT 2.0 MPa AR 5 i
B, I RT3 REREREZ 5N, BT LA SR (4 1R
J1i%E#EH 2.0 MPa.

2.6.4 RBUE=ERRI BN 250 C, KN
2.0 MPa il H,/o0il BE/REE 300 251 T B4 11K
PR R AR 3 ) S i 4 2R AN 8T 10 B R, A A

P9 Hs g X I Bt S ) 2 1)
Fig. 9 FCC gasoline desulfurization rate under

different pressure

100 —_
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S 40r
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=
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[=] 20 F
0 1 1 1 1 1
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] 10 fAFR S X A % 14 5 1)
Fig. 10 FCC gasoline desulfurization rate under

different volume space velocity

M2 mT LA thBE A AR 2 R 5, e 23 2 B k%
&S NI, X2 i TR s
K4k 1 FCC YR ALy OB B[], H, ANRE S
NI B A S W AT SR A B R, BRI T AR
R ZS B/ Hy 765 R8P0 H 0 B Ak
YIiEAT 7800 W B Y TRT B, 7 4 ) 3 e e )
LA H R IR RS H o 4 h

2.6.5 H,/oil FE/R LAY 5200 THEER 250 C , &
J14 2.0 MPa FIARIZS @l 4 b &I F A& T
H,/oil JEE /R LG0T I A 238 79 52 e 235 2R an 1 11 i s
M2 B H, /ol JEE IR LU 1 35 KA
FAWIHE K, 78 H,y/oil BEIR H/NT 300 B, A
02 Ao 1SR 70 < E D IVALE P N (170 e )| B e 8 7
{H24 H,/oil BE/R LU AT 300 J5 Bifi 3258 in R 1R
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2%, Hy/oil FEIR LI RARN A H, 70 He 3 K g
BEZ 3K, BrLL Hy/oil IR HLESE 300.

100
R 80 /_/"._.'—‘—.’.
P
®
i
g —=—200
5 —e—300
S 40 —a—400
g —¥—500

20 |

0 1 1 1 1 1

0 100 200 300 400 500 600

t/min
P 11 H,/oil BEIR HEXT LR ) 720
Fig. 11 FCC gasoline desulfurization rate under

different H,/oil ratio

2.6.6 HEBUAMIXL 12 PSSP
ol AN ] F) RTSAA NG/ ALEE 25 2 ¢ 1 D ) A A 5

100 -

(a)

80 -

60 © ® d *

40 -

Desulfurization rate /%

20 -

(s 1 1 1 1 1

0 100 200 300 400 500 600
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P 12 A T iy S8 A 0 JE 70 36 ) 2 )
Fig. 12 FCC gasoline desulfurization rate over different precursors

(a)Ni-Al-HT(2 : 1) ; (b) impregnation(2 : 1).

Ni-AL O,-HT JE47 % 10 B R 28 i 2%, SE b % 51 2
TEIERRE 9 250 °C, JE J10 2.0 MPa FAFLZS 8
407", Hy/oil BE/RELPEFE N 300 94517 T 1551,
Ml 2R T AT T LA O S A VT O R A R
Ni-AL-HT 7638 505 15 81 19 Ni-AL O,-HT i85 15
FR Ni/ALO, (BRI LA SL T3 7 sk &
JRFR) 2K A A A T SR A o B R R A R
.

3 &t

1 28K A 1A TR AR TE 20 B be ok Ji e
A WPE R 5 S e AR AR ], R ) 2
TR A A R TSR AR ) B P A AR Ni-AL O5-HT 347
INE BRI ST . FRATE T I VTTE A A T A
[F] EL 3 i) Ni-AL-HT, 43538 8 XRD  FT-IR FI#AE
AYMEXE A A EE B B Ni-AL-HT [ 258 #3847 17 40 #r,
XRD i BT Ni-ALl-HT fRRAENE, 383 FT-IR 3F
—UFSE T Ni-AL-HT (454, A Hras R
BN REN- 5, B T Ni-Al-HT A 4 B
IKANZE SR LA R CO» 1k 25, i@ ad XRD JESE T 38
J5U5 9 Ni-AL O,-HT Y2544, GIESE T 3k J5 )5 /9 Ni-
AL O,-HT {254, 38 33 F )3 T il R JR A5 2 7 A ]
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Synthesisand Performance of Hydro-desulfurization ( HDS) Catalyst
Ni/Al, O, with Ni-Al Hydrotalcite-like Compounds as Precursors

ZHAO Yuan-yuan', DUAN Zhen-wei', QI Sheng-jie’, MENG Xiu-hong', WANG Jiang',
DUAN Lin-hai'* , SONG Li-juan', WANG Qiang’
(1. Key Laboratory of Petrochemical Catalysis Science and Technology, Fushun 113001, China;

2. College of Environmental Science and Engineering , Beijing Forestry University, Beijing 100083, China;
3. KunLun Gas Co. Lid. , PetroChina Company Limited, China)

Abstract: Ni-Al Hydrotalcite-like Compounds( HTLCs) as catalyst precursors with different Ni/Al ratio were pre-
pared by impregnation method. The hydrodesulfurization ( HDS) catalysts Ni/Al,O, were synthesized with Ni-Al
HTLCs as catalyst precursors and characterized by X-ray Diffraction (XRD), Hydrogen Temperature programmed
reduction (H,-TPR), thermogravimetric (TG ) analysis and Fourier Transform Infrared Spectroscopy ( FT-IR).
The catalytic performance of thus synthesized Ni/Al, O, catalysts was evaluated by a 10ml fixed bed at different con-
ditions (temperature, pressure, volume space velocity, H,/oil ratio). Both XRD and FT-IR results showed that
the Ni-Al hydrotalcite-like compounds are sucessfully synthesized. The strongest peak in the XRD pattern of Ni-
Al,0,-HT is corresponding to the diffraction angle of (111) crystal surface of Ni metal particles and there are two
distinct weight loss processes in the TG curves. The synthesized hydrodesulfurization ( HDS) Ni/AlL,O; catalysts
have good desulfurization performance and the sulfur content in the FCC fuels can be reduced to below 10 ppm
(w), suggesting that synthesized hydrodesulfurization ( HDS) Ni/Al,O, catalysts may have good prospects in
hydrodesulfurization field.

Key words: hydro-desulfurization; catalyst precursors; Ni-Al-HT; Ni-Al,O,-HT



