H31 % A4l
2017 4F 8 J

T
JOURNAL OF MOLECULAR CATALYSIS(CHINA) Aug. 2017

etk Vol.31,No. 4

XEHE . 1001-3555(2017 ) 04-0382-08

BRI A XX Mo-Ni-P/Al, O, L7
N &A1 R

BOA BHRIE
(P EAE A AL TRFSERE, 127 PRI 113001 )

B L Mo, Ni il PE4Lsy, AL O, a8, R FEFF IR BN N J7 i # T Mo-Ni-P/ Al O, AL, il id 20T
FEFFIHIRIEJE (H,-TPR) | X HLATH (XRD) , BEHHAHREBI(TEM) | XPS SERALT LB SR L rEBL. 45
RBW] . A ZAT IR JS AL B, B T B SR A R R T R BE AT B0 70, (2 A Mo W7l LA\ T (A S A7 22 4% 3R
AL SAFAE , A RO 148 S 15 8w Z B A SR AR HT, 42 1 Mo MR 9 73 U S AL, 153
T BT 2 Mo-Ni-S” N EEVEA, S 1 HEALTI A9 I 0 k. 5 A AR BETT IS AR G, A7 AR I Ak B A 151

X} VGO HA T S InE e . A5 55 @t fdE e,
KR FPREERR ;A R A 1E Tk
hE SRS 0643.32 XEARER . A

I A B A S0 AR A A AL
ISR R it A B B A, AnA B R
IR OP Uy S | ER LTl AN Y i B

A BB R0 12 2 30 A O 7 A A ) o A A A 3
Pz ETE R — R k. ®FsE W il a5
AR = LR (NTA), & W R (EDTA) %4
HLES A7 0T DL 22 2038 CoMo-LA B NiMo-ZE 41k 5]
IIMETEE. A VLAY R 5 AR TE 2 AT &
TR Co(Ni) MoS( 1T 23 HAH ) , REMEH A 3L
MU 55 Mo-2 M 1] A9 A E./F . Cattaneo %™ fY
REM, AHLEA RS Ni BCf/E M2 T Ni
PRI ALEE , SEEFIFE MoS, A il & H AR
R 3 HREE

FRATLAAS [RIF7 A6 R s 0 v ol 8 ) A A 50 Ry
WFFER 4, R THEE IS (TPR) | XRD | £
MM . X OGHL T BETS (XPS) g 5 H1 45 ( HRTEM)
HATRAE, WA R 4 T8 4 o3 8 R AR S R
TRALBE | MoS, &h i HERR 2 BRI HE UK B iR 47 T
985 VL VGO Jhy J5URERE A A 3R 4T 1 5 SR AR A
IEBEAR (HDS) | in & &L (HDN) #93 P 37
T AT IR TS N 5 ¥R R R Ak AR i &I PR

A

s EHA: 2017-03-27; €@ HHF: 2017-04-10.

1 LIGERSy

1.1 FERRRF

y-ALO, ik, TAbH =Bk, B, Kt
TEERHEERARA R frEmR . Kihik Kk
SRR R G AR | Bt . KEife
= Sl 1111V R B S w11 B3 S TR T
1.2 EUEFIBIEFE

i e AR A BCR SR BR Btk R
Wt y-ALO, Flk, T 5 P —E B 1A G IR R
SARB T IR, BUF 22120 °C T 3 h #5344k
H Cat-A CIEREILTITH CEHEN6.0%).

ik B E SRR B ORI — o AT R TR
BV, e — B M RA R E 5, SRS IR
BRI y-ALO, ik, 2120 C 1% 3 h f34#
A Cat-BCIIE LI C &8N 5.8% ).

Tk = Se R AT R R F AR R BRI
AR y-AL O, AR, 15 P SH R A TR
ERBURBULIRE, WG 2 120 °C T8 3 h 1594
B Cat-C M MEALFIT C SR 6.1% ).

JiEVY . FHAHER B WOR F AR BUR A R 5
y-ALO, Bk, )5 Fgad TS AR Cat-D (I

TEE® . BEA(1982-), 2z, i+ (Profile of the Author:Xue Dong, femal, Master degree candidate).

# JHTAEEER N, E-mail ;lvzhenhui. fshy@ sinopec. com.



54 30

BE AL IR NS ZXT Mo-Ni-P/Al, O, AL & I M i 220 383

EMALHI T C SRR 0% ).
1.3 SHRAE

AL ) 2 e FHIR A JR (TPR) 7£ 3258 Micro-
metrics2920 % B FHEAT . RIS o 0 A A OBz
#£0.180 ~0. 154 mm, #4100 mg) E—1 U JEA
FERNAE T, N, I TRE AN, 7E N, s
SUNBEAER L 10 °C/min R THE ZE 100 C, [HIR
30 min, ZRJGRHIE 50 °C. YIHIRF 80 10% H,
A IRA A, 4T TPR 5288, FHE K 10 C/
min, G E N 50 mL/min, FHEZ 700 C, it
FETHES H, MRS5S, XRD FAERH H AR
D/max2500 A X ST . Cu Ko 4L, A5
B, EHE 40 kV, EH Y 80 mA, 4 v [H
10° ~70°, 264K 0.01°, HHHE 1(°)/min. fiEfk
FITRMEFAF R FH Nicolet 6700 FT-IR 281X 4> #E%
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WA (HRTEM) X IE S #EFT LSS . T2
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Fig. 1 TPR curves of the oxided catalysts
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Fig.2 XRD patterns of different sulfide catalysts
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SRR AL Y D e & M B HDS TR R
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PR | L R ¥ L B 18 I g b, AE AR X 2 118 /)N
AL TCELE. (RIR 160 CF, 4 FEALF B BRIk
YA Cat-BS > Cat-AS > Cat-CS > Cat-DS. T L fR &
FAMKIR F Cat-DS > Cat-AS > Cat-CS > Cat-BS.
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RKEIEYE Mo, Ni YR B0 & 5840 952, Xt
i AL J5 B0 A Ak 77 E 17 XPS R AIE . XF Mo3d L)k K Ni

® 1 ARWMASELT P REERE

Table 1 Surface acid amount of different sulfurized catalysts

160 °C 250 C 350 C 450 C
Item
B acid L acid B acid L acid B acid L acid B acid L acid
Cat-AS 0.102 0.279 0.077 0.190 0.049 0.110 0.021 0.090
Cat-BS 0.137 0.236 0. 100 0.171 0. 060 0.081 0.021 0.074
Cat-CS 0.081 0.242 0.021 0.186 0 0.123 0 0.058
Cat-DS 0.056 0.297 0.031 0.198 0.010 0.129 0 0.092

2p REZE R HEAT 20 I b ) 45 B % 2 TR, Mo
3d 1 AT 229. 0 F1232.2 eV 4k Jy i A 5 iy
BRALZS Mo* W Ff, 232.6 F1235.8 eV AL AHELHIF A
BRAL) Mo #yFf, 230. 7 1 233.9 eV &b JiF Xt R 1Y
0-Mo-S i) Mo™ My 41 i7" Ni 2p 1% & iy i T

853.3 ~854.2 eV Z [ HRALAFAL T 856.5£0. 2
eV AL RS Ni R . 2 nT L, ik
— I AL ) Mo-Ni-S | 1y, /Ty, U4 T AR L 9] B 65
T HEIER AR, RUZ MR A 2
AL Mo-Ni-S | MoS, 1% 4.

R2 FAEMUSELFFEESEE Mo, Ni WRLERTALEREFLL

Table 2 Sulphidity of Mo and Ni and metallic atomic ratio in the sulfurized catalysts

Catalyst Cat-AS Cat-BS Cat-CS Cat-DS
Mo 3ds,,/eV 229, 232.2 229,232.2,230.7 229, 232.6,230.7 229, 233.9,235.8
Ni 2p,,,/eV 854 854.4 853.2 856.5 854.1 856.8
Mo sulfide degree/% 82.4 79.8 72.5 70.1
Ni sulfide degree/% 95.2 92.1 88.6 83.5
1,./1, 0. 189 0.172 0.160 0.1333
I./1, 0.032 0.044 0.058 0.069
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Fig.3 TEM of different sulfurized catalysts
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Table 3 Average length(L) and average layer number( N) of MoS, lamellar crystal in the sulfurized catalysts

Sulfurized catalyst L/nm N
Cat-A 4.22 2.6
Cat-B 4.75 3.9
Cat-C 4.92 4.8
Cat-D 5.21 6.7

HHIE 3 A5k 3 Al UL, J7 ik — 4 MoS, F
i PR BN 4.22 nm, SFIHERUZECN 2.6, 85
P = DU MoS, AT 2K E 43 ) AR
T12.6% , 16.6% , 23.5% , “F-HIHEFRZ 5000 5] F
KT 33.3%, 45.8% , 61.2% . XJ&H 5 k—1
e 2RI G AL BRI , — 5 TR R R A T 2%
TRE AR R R IEIE A A A, W55 T 2R 57

P Jm Z (B s AH ELAR T, A AR A 72 ke
BB 11 Mo Py IR BOFE T, TR AR T i A7) 2%
11 Mo Wyt I ERUZ R 75— J7 T 80 AT A5 TR
ST 1 0 N AR S 1ol R A A A —
&, R HIRAR B e R AR R L, AT IR S 4
JE 2 73 22 18] AR ELAR T RE A8 X0 16 P < S Mo Wy 7™
A=A IR, T B T R R Mo Y 23



386 a4 F  fiE

$31 &

gﬁﬁi[n—sﬂ .
2.6 EAFIREEITMER

e/ N 2 RIS R B B R T AR 9 TG PR
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Table 4 Property of VGO feed

Feed VGO Feed VGO
density (20 °C)/(g - em™) 0.93 distillation/°C
S, % 2.02 IBP/ FBP 246/575
N/pg- g’ 1157 MS, %
C, % 86.20 alkanes 25.6
H, % 12.98 Total cycloparaffins 32.7
refraction(70 °C) 1.46 Total aromatics 41.7
CCR, % 0.16 resins 0

AR
FPRRTRAN [RI AN N7 0 1l 2 AR A [ 2 2 5%
TE R B S7 R AT P DL 4.
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Fig. 4 Activities of catalysts in aromatics saturation

&5 FE 6 FTs B AT B R AN IR 0 7 vk il 2%
HEAL I EAH [R] T2 2% 4 T 9 HDS Fl HDN % 1
A

M 4 AT, FEARR T2 460, &R ik
Jir R J7 IR TG P Z A Y, Cat-A | Cat-B |
Cat-C, Cat-D 19 35 & 10 F 3% 1 4 %1 b 26. 0%
21.7% . 19.2% , 15.6% ; HE 5 AT UL, ZEAHR] T2
MR, SRR TR BLR) HDS 36 A Y,
Cat-A . Cat-B, Cat-C. Cat-D i HDS i 14 43 51 K

97.50

97.00

96.50

96.00 -

HDS/%

95.50

95.00 |

94.50

Cat-A Cat-B Cat-C Cat-D

5 AEMEA R E) HDS {5 1
Fig.5 Activities of catalysts in hydridesulfurization ( HDS)
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Fig. 6 Activities of catalysts in hydridenitrogenation( HDN)
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Effect of Addition Method of Critric Acid on Hydrogenation
Performance of Avtivity of Mo-Ni-P/Al, O, Catalyst

XUE Dong, LU Zhen-hui
(Sinopec Fushun Research Insititute of Petroleum and petrochemicals, Fushun 113001, China)

Abstract; Mo-Ni-P/Al, O, catalyst was prepared by loading Mo-Ni metals on Al,O; support, treated by different
citric acid addition methods. The physicochemical properties of the catalysts were characterized by H,-TPR, XRD,
TEM and XPS. The results show that the treatment not only promotes Mo species to form octahedral coordinated
multi-core plyoxomolybdate acid, improving the distribution of hydroxyl on the Al,O, support surface, but also in-
creases the dispersion and sulfidation degree of Mo species on the Mo-Ni-P/Al, O, catalyst by weakening the inter-
action between Al,O, support and active metals, resulting in more “Mo-Ni-S” active phase and higher hydrogena-
tion performance. Compared with the catalyst prepared by other methods with citric acid, the catalyst of post-treated
with glycol solution shows higher HDS, HDN and aromatics saturation performance than other methods catalysts for

VGO.

Key words: citric acid; preperaion method; catalyst; hydrogenation; activity



