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Investigation of performance of Ni/W-USY/Al, O, catalyst
with full mesoporous in Fischer Tropsch wax hydrocracking
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( Hydrocarbon High-efficiency Utilization Technology Research Center,
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Abstract; Ni/W-USY/Al, O, with full mesoporous structure was prepared and used for hydrocracking of Fischer
Fropsch wax. The catalyst was evaluated for its reaction performance, product characteristics and catalyst
properties change. In a 312 h experiment, the result showed that the catalyst possessed high initial activity, and
maintained stable after 120 h, and did not show obvious deactivation afterward. When the heavy wax conversion
reached 73.95% at the stable stage, the fuel oil selectivity reached to 98.46% and C,, constituted the most
cracked gas. Gasoline, kerosene and diesel, as the products, were transparent and composed of paraffins and
iso-paraffins substituted by methyl-groups. The iso-paraffin contents in the three products were 63. 98% ,
52.26% and 48.90% respectively. The fresh catalyst contained two main active states of WS, and NiWS, had
good metal dispersion and rich mesoporous structure. With transition from high activity to stable state of the
catalyst property, part of W migrated and formed more Ni-S-W bonds with Ni, and some W-S bonds broke to
form W-W bonds after releasing S, resulting in the increase of active states of NiWS and the decrease of WS, ,
and forming more Bronsted acid sites and less Lewis acid sites.
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Table 2 Elemental composition and properties of Fischer-Tropsch wax

Content w/ % H/C Density
Element . . tsp/C
C H N S 0] (atomic ratio) /(g-mL™)
F-T wax 85.01 14.53 0 0 0.46 2.05 76 0.756
Boiling range distribution
10% 20% 30% 40% 50% 60% 70% 80% 90%
192.5 234.0 287.5 370.0 442.5 491.3 534.3 588.4 652.7
1.3 EAFBRERZ M T REARIRIN 5 (S0 S | R i1 B 2R A 0 5 SR )
SR H A HEA B XRD-6100 8 X BHEEATST  Agilent 7890B M (03545 Xt 2 14 7= 4y 47 55 401 2%
PO R IEA T AR SE R RAE R Cu Kee 46 (A= 1843 Hr; R ] Agilent 7890B-5975E Jii i1 {3 % A7 i

0.1542 nm) ,5°=70° 14 ; KEA 0 LR I ALURFLZE ol Sl O G L BT T
PSR FH 56 [ BEEE /A A A2 P72 19 NOVA 2000e BIZTfE 1.4 EUAEFIRMEEEITEN
W RFHASCGHEA T, b 2 T AR ok BET 35 I3, Sl fL K FH 30 mL [ 72 PR S 25 B E A7 4 40 70 1 1
AL BICR A HK BIH 05 s R A SRR C BEIEAY . SRR ML R EA TR THE Bifb 2
/R 2 A Nicolet 1s50 BILLAMEIEAL /BT AE R IR FEATab 31, AL FITEM 25000 IR 355 C,
TR 1,400 —4000 cm™ $ 4 ; R ] NETZSCH 7 Tl NS 4.0 MPa, i 25 1.5 h™' |, Sl AR
A2 STA449C P AT AAE 2 A P X BRI E 1000, Jsz i BREURE JE 310 24 h, 45 U EBURE ]
fEHI#4T O,-TG-DTA 7347, THEE A H20 C/min, g1, HFikE( =370 TN Hb R ZMS(C, )
R Agilent 7890B UM @ISO B U™ M bk SR B0ORHIT (<350 4 ) BEREE i
HEAT A3 BT 5 R IS 1) OptiDist & A3l W IE sl Rt F .
ZRAB SO IRAH T ) 2R 47 V) H 25 18 5 SR P B b 1) 22 AR conversion (% )=
A2 R A7 ) DMA4SO0M BUEC SO XA paw (=370 ©) —produce (=370 )
TH RV ST Y % B R AT A5 >R FH JHO 91002 £ raw( =370 C)

x100% (1)
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Figure 1 Curves of reaction performance with time

2.2 FFRER

TEIUEAL TR PE A A B B (S s [ 288 h)
(2L ) AT H R DD HI Z2 08, AR A A il
M ST A , IR P B M B AT b, ELR
W3,

®3 FmEEER

Table 3 Physical and chemical properties of the products

Item Unit Naphtha Kerosene Diesel
Chroma colorless/transparent colorless/transparent colorless/transparent
Density p/(g-mL™) 0.717 0.733 0.759

SP t/C - <-51 -26
Bromine w/(mg- (100 g)™") 25.5 23.7 20.3
Sulfur w/ % 0. 0004 0. 0006 0. 0006
Calorific value Q/(MJ-kg™) 47.17 47.03 47.48
Cetane number - - 71
Normal/isomerism m/m 36.02/63.98 47.74/52.26 51.10/48.90
Boiling range distribution

10% t/C 62 143 189

20% t/C 86 158 204

50% t/C 131 173 244

70% t/C 152 211 271

90% t/C 174 228 305

Final distillate t/C 199 241 348
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Figure 2 GC-MS analysis for the products of naphtha, kerosene and diesel
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Figure 3 Carbon number distribution of naphtha, kerosene and diesel oil
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4 Jpr AL 5R DH 528 )5 465 DH-R
AITCER AR, 833 %F L n] 1, DH-R Y Ni W 4 )&
TR LI AL Si JUER 5 DH JEA A ], 2 B4 16 71
DH 7E e Biad 72t JC W] B R ik R, 4 AR
JE ,fH DH-R fi b it S TTRIEAR

F4 EAFHTELR(XRF)
Table 4 Elemental composition of the catalysts ( XRF)

Content w/ %

Sampl
ampe WO, Sio, NiO ALO, Na,O SO,
DH 27.16 8.65 8.28 53.30 0.27 0

DH-R 27.26 8.67 8.38 53.30 0.21 0.74
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Figure 4 XRD patterns of the catalyst samples
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Figure 5 N,-adsorption desorption curves and pore size distribution of the catalyst samples
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Table 5 Specific surface area and pore structure of samples

Specific surface area A/ (m’-g™")

Volume v/ (cm®-g™")

Sample - e/ MM
total micro meso total meso
DH 208 74 0.307 0.261 31.1
DH-R 144 35 0.250 0.225 32.5

2.3.4 Py-FTIR RI1E

K6 & DH 5 DH-R () M BE-41 4h 6 1% % &,
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Figure 6 Pyridine-FTIR spectra of the catalyst samples
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Figure 7 XPS of the sulfide catalysts
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Table 6 Percentage of the surface metal species of sulfide catalysts
S 1 w/ %
ample
P w’ WS W0 Ni*'S Ni** WS Ni*'O
DH-S 18.05 51.05 30.90 23.52 22.53 53.95
DH-RS 21.74 49.26 29.00 19.08 32.76 48.16
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Figure 8 TG-DTA curves of the sulfide
catalyst under air condition
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Table 7 TG-DTA analyses of DH-R and DH-RS

Lost weight w/% Exothermic @/ (kJ-g™")

Catalyst I/ (1+11) /% I/ (1+11) /%
1 I 1 II I+11

DH-S 11.10 10. 51 51.37 0.81 2.13 2.94 27.55

DH-RS 2.01 7.08 22.10 1.24 1.32 2.56 48.43
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