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Abstract: Mo-V/Al,Os catalyst samples with different atom ratios of Mo/(Mo+V) were prepared by pore volume impregnation. The catalyst
samples were characterized by Raman spectroscopy, H, temperature-programmed reduction, and high resolution transmission electron mi-
croscopy. The catalytic performance of Mo-V/Al,O3 samples for model molecules (naphthalene) and for real feedstock (Kuwait atmosphere
residue) was measured after sulfidation. Hydrogenation (HYD), hydrodemetallization (HDM), and hydrodesulfurization (HDS) were as-
sessed. It can be concluded that Mo and V exhibited a synergetic effect in model molecules HYD and residue HDM reactions. Because the
metals and sulfurs exist in different forms in residue and the V-S and V-Mo-S phases are more active for HDM than HDS, it is observed
that the Mo-V/AlL,O3 catalyst exhibited higher HDM activity and lower HDS activity compared with the Ni-Mo/Al,O; catalyst.
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Table 1 Characteristics of Mo-V/AlLOjs catalyst samples

Aggr/ Average pore

Sample o (m%/g) Vellem'lg) diameter (nm)
MoV-0.00 — 2.37 141 0.64 18.1
MoV-0.35 237 4.40 131 0.59 17.9
MoV-0.50  2.37 2.37 137 0.62 18.2
MoV-0.75 237 0.79 141 0.63 17.9
MoV-1.00  2.37 — 139 0.66 18.9

Ny, represents the number of Mo atoms per nm?’ on the ALO; support.
ny represents the number of V atoms per nm?” on the Al,O5 support.

The number after MoV means the Mo/(Mo+V) atomic ratio in the
sample (Mo-V/ALQ;).

DL A% 4t (1) Ni-Mo/ALO; i 4 J& i 16 71 o 2 L,
it RefNiMo (7% 1 # /6% nm® & 1 Ni J5i 1 4L
>y 0.80, Mo J5 7%k 2.37), % AL (1 Lb 2 ALK
136 m¥/g, fLAAF K 0.63 cm®/g, “FIIFL4%2 N 18.4 nm.
1.2 fELFIRYRIE

K 55 [ e85 A 2% 22 ] AUTOSORB-6B %! 43
AT AN 5 R A R0 1 L R T AR A AL &5 7. R ] Horiba
JY A F) LabRAM HR B4 JL IR AR Hy 2 0 35, XAk

FIRE S BEAT A b7 2 615 . SR Ha 72 57 i
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Micromeritics 2> 7 AutoChem II 2920 % £ T) G5 W i}
I B REAT, AR & 0.2 g, II#GE %R 10 °C/min, K
1 10% H,-90% Ar 4 (S 50 ml/min).
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IR U AR TR rP AT B K B AR A 5 BR e
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FRE. BT A S TR AR [ 1 41 N OS2, SR
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TR IR, AR e TR K T 30000 nm?®. LA
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KL L AKX (D) B3], i PSRN
R A K (2) THE R
L (nm)=Y1/n (1)
Horp, LS A MoS, F i S SUR A S, n i GEit
DX 35 P TRD et R S
N=YnN;/n )
Hor, N WA i A MoS, BRIV 23, n 2 )2 B0 N,
1) R 2L
1.3 fEeFEEMN
s S, MEARNEMREZ. BT
B H AT 5 A 700 1R I &0 P, AR SCRLZE O BT AL
G, LS AR DL R DY A ZE A28 (B FE X
F ) B AE b Ak RN & RE IR VE A F5 45
AT I E RE PR A1 A it A TR 5 B
Wil R R g BT, AR 1.0 g, K
12 40~60 H, LA HEW 1.5 g A e ib ke, fifh
T TEL A s A AR DX 8, B P 2k 2 40~60
H oA gemb. KOV A Hy K B B s =X
o FRE . BRI 5% CS, + R %, 360
C fifk 3 h, i Ak 2E kL5 0.25 ml/min; Vi 4
1% 25 +99% 1E 2, WV 300 °C, Jskk i it k)
= 0.2 ml/min, H, {4 200 ml/min, £2 52 i [0] 2 h.
g3l 4% (3) F(4) THEZE AL R (X)) R
R =y 4 gy i R (Y).
X = (wg— we)/wgx 100% 3)
Y; = wilwo x 100% (4)
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Reaction schematic of naphthalene hydrogenation [10].

Fig. 1.

A 10 75 1) ¥ S ST P A e s 28 R AT VR
JORE A B R v, AR R R 2 s, AE
Vi E 380 °C A W) IE 8.0 MPa [ 411, %52
HEALF ) HDM F HDS 6%, A0 70070 4 1 i sE ik
AT TR AL, B4k 570 0 5 2% CS, 1 H5E il 6 A4 it
320 °C, £ Jj 3.2 MPa.

F 2 JERERER
Table 2 Properties of the feedstock

%/ VI m(MCR)  m/% m(asphaltene)  m/(ug/g)
(g/em®)  (mm?/s) 1% S N 1% Ni V
0.9988 211.7 159 5.0 0.21 7.7 26.5 80.0

MCR represents micro carbon residue; p? represents the density of
feedstock at 20 °C; v'* represents the viscosity of feedstock at 100
°C; m(MCR) represents mass fraction of MCR; m(asphaltene)
represents mass fraction of asphaltene; m represents mass fraction
of the elements.
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°C, I # 5 /N HCAL S5 K Mo 8 J5i 4 5%, Ja X
FNTERA Mo™* [ HE— 5 38 Ji LU K b5 8 44 AR B A T
BB IR DY A Mo® [ IE JR T2 MoV-0.35 {4k 5 &
519 1 727 °C tBH WA IE R, 574 5 V-Mo-O 4
Py Mo® R V2 [ B 43 3 34 Ji ok Mot Rl VA K,
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Fig. 2. H,-TPR profiles of the Mo-V/Al,O; samples.
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Fig. 3. Raman spectra of the Mo-V/Al,O; samples.
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Py RS B AR IE. MoS, & Ak A & i1k
) G VAR, N8 1) 2R 45 8 A v g R
R AN R R R Z B R sUHERE . X T V-Mo-S
A, H AT A, V 214 Ni 8 Co —FE1&1fi MoS,
F RIS R V-Mo-S H, 784 MoS, 17!,

BRAL A RefNiMo Al Mo-V/AlLO, #4471 fry i 77
HRTEM M 5 WL & 4 F1 & 5. % MoV-0.35, MoV-
0.50 A1 MoV-0.75 # 4k 7] I MoS, 44X 5, 43 3k
1T EDS BE# € M4, K V B2 MoS, v /=4
T, AH O TG VR 2 't L V-Mo-S AAFAE, I A DL
ALO; A EArHU R 471K V-S A TE XAF-AE.

H HRTEM & R 42 vt 4 40 57 b om0 %2 31 1
MoS, v fi I HE B S5 o A I 0 W4 3, I FE 7 A i
W 4.

B 4 RefNiMo L7 # HRTEM B R
Fig. 4. HRTEM image of RefNiMo catalyst. RefNiMo—Ni-Mo/
Al Oj5 catalyst (as reference).

Bl 5 Mo-V/ALO; ZFEWLFIE HRTEM B &
Fig. 5. HRTEM images of Mo-V/AL,O; samples. (a) MoV-0.35; (b)
MoV-0.50; (¢) MoV-0.75; (d) MoV-1.00.
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Table 3 Stacking distribution of observed MoS, on Mo-V/Al,0;
samples

Stacked layer (%)
Sample
1 layer 2layers 3layers 4 layers 5 layers

MoV-0.35 85.6 10.6 3.0 — 0.8
MoV-0.50 71.6 16.8 8.9 1.8 0.9
MoV-0.75 89.1 9.3 1.6 — —
MoV-1.00 85.8 13.0 1.2 — —
RefNiMo 62.5 20.1 8.7 6.7 2.0

R4 Mo-V/IALO; L F L AT W E B A9 MoS, FUKEH
7

Table 4 Slab length distribution of observed MoS, over catalysts

Slab length range (%)
12nm 2-3nm 3-4nm 4-5nm 5-7nm >7nm
MoV-0.35 303 47.7 16.7 53 — —
MoV-0.50 72 38.9 32.7 17.7 3.5 —

Sample

MoV-0.75 34.1 40.3 21.7 1.6 23 —
MoV-1.00 — 23.6 379 28.6 9.9 —
RefNiMo — 24.2 44.3 24.2 6.0 1.3

i bk g R 4515 3] MoS, Fdl P K% L
VRS EH NI TR S HEAI, 5 Mo/ALO;
A LE, RefNiMo 4k 71 | 1) W %2 1] (¥ MoS, F it T
YIMES Z B0 116 2% 1.66 2, 1t nl W22 5
MoS, J it~ 359 1 5 W) W& A7 AR . 3 WA i 1) Bl
71 Ni k59 7 Mo 5 844 (8] i AH BAE H, 445 MoS,
e HERURE A . 3X 5 SCHR[19,20]45 1 — 2.

5 Mo/ALO; #LE, ¥V &, 24 Mo/(Mo+V) Jit
T4 0.35 F10.75 I, nI L% 2 1) MoS, b db P4
HE B R BB AR, 1T 0T 2 F 1) MoS, Fr i3
KW BAK. 5 Mo/ALO; HlEE, MoV-0.50 {44 5]
RIS B ) MoS, Fr ol HE & 2 B B g, i wp
MELE 1] MoS, Fr it 1 35 K 8 ) AR Jid

AL Y, MoV-0.35, MoV-0.50 A MoV-0.75
T AL 7 AT W %2 B 1K MoS, Fr i ~F 2 K 3 N T

F 5 Mo-VIALO; fE 7 L AT M EL B B MoS, A K itsE
B

Table 5 Statistic results of MoS, on Mo-V/Al,O; and RefNiMo cata-
lysts

Sample Layer L/nm
MoV-0.35 1.20 2.49
MoV-0.50 1.43 3.20
MoV-0.75 1.12 2.47
MoV-1.00 1.16 3.80
RefNiMo 1.66 3.70
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FEBEAR. WV JE, AR B o] B2 R MoS, i
i 3 B KR B A, BP0 4% S L 3, K4 &t
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Table 6 Naphthalene hydrogenation activity of the Mo-V/ALOs
catalyst samples

Sample X(naphthalene)/%  Y(tetralin)/% Y(decaline)/%
MoV-0.00 35.8 35.8 —
MoV-0.35 75.3 75.3 —
MoV-0.50 78.8 78.8 —
MoV-0.75 65.7 65.7 —
MoV-1.00 72.4 72.4 —
RefNiMo 100.0 12.6 87.4

Wl LLR I, 24 Mo/(Mo+V) it 1tk 0.50 I,
Mo-V/ALO; AL K136 7 B . 5 Mo/ALO; AH L,
AR MoV-0.50 4k 71 = MoS, F i ~F- 34 4 i 1 %
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% P H e K IR P R
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T H AL R 1 HE 1 Mo-V/ALO; i 46 57, 15 WA 7 ¥ il
HDM & 1V Fl Mo t B A W A2 M. Xtk 6
537 w4, BUAR Mo-V/ALOS AL 31 i i &5 PEAR
T RefNiMo ## & 5], /4 MoV-0.35, MoV-0.50 F
MoV-0.75 18 4% 75 ¥ it 4 J8 22 35 51 T MoV-1.00 Al
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S 41 S POV A T e 7R 307 75 4 ) 1) 4 A 3R AE AN
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Table 7 Removal rate of metal and sulfur on Mo-V/ALO; catalyst

samples
Removal rate (%)
Smple
S \ Ni

MoV-0.00 12.6 17.5 12.0
MoV-0.35 37.0 43.8 22.0
MoV-0.50 37.4 48.8 20.0
MoV-0.75 325 43.8 18.0
MoV-1.00 21.1 36.3 22.0
RefNiMo 24.5 38.8 36.0
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