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Effect of y-Al,O, properties on performance of catalyst for Fischer-Tropsch

wax hydrocracking
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Abstract: Two kinds of alumina are chosen as support respectively to prepare two kinds of catalyst. The reaction
performance of two catalysts is evaluated on a Fischer-Tropsch wax hydrocracking pilot. The structure,and physical and
chemical properties of the alumina and the catalysts are characterized via low-temperature nitrogen adsorption and
desorption , X-ray diffraction and pyridine-infrared diffuse reflection.Over Cat.-B catalyst, the conversion rate of heavy wax
oil can reach 98.46% ,the selectivity of light fuel oil achieves 92. 76%.0ver Cat.-A catalyst, the selectivity for light fuel
oil reaches 95. 58% and the conversion rate of heavy wax oil is 94. 7%, showing an excellent catalytic activity. Type A
alumina with larger mesoporous pores and pore diameter is more suitable as a carrier for Fischer-Tropsch wax
hydrocracking catalyst.

Key words : support; hydrocracking; catalyst; pore diameter; catalytic activity

FET M 5 T 355 AR R B R TR i 2 A T
3R, AR SR T A 80U I Sk 32 A J56 18] 422 Ak B R A
TR R, AT AR 2T A R R A B
PR, RJCHR  TCAR RBEE R LA B i S
JEAE T T T RORE I B I ECRE, (HR, TR AT L
Cy~Coo UIE A Bkl 172 FE RS (C,, ) AR B
SYBCAT (5 B PRI 50% L b TR A L S
P22 ML LBV IR, 5 B K B R
T4 T AL S A R SRR R

TSR E AT A 1 s A S AL T TR
AR E B AR T AR, DK
ELFERERR L AL SR FE I AR E VR, R R P A
Gy BRI TR AR IR Bk ol )
WA ERA TR B AR B kg . PRI, T4 0
SRR e P B AR i TR B A EE A
ARG — RO REAE AR, — A rh 2070 |
AL O, BAia w4l Hr, ALO, N1t
FEAALEL AN SR e SRR

%5 B #3:2020-09-04 ; € B H #:2021-06-11
BEEWH . B K E S0 &5 H (2018 YFB0604600)

TEEBN A RE1971-) B AREL S P TR0, B 58 7 15 A REJR AL 1, 415256303@ qq. com ; FERK A (1990-) , &, Wi+, TRENR, W57 1A M BE

JEAE T, cheng090206@ 126.com,,



- 102 - 4K, AL L.

AL B FR RS gk L YRR R T
0 RN S ) = A = B 1 N e i o ) £
SR A A Kk, AL O, Y fLIE P
JBEXS R34 FROARR R 071 24 Ja Wl LA E A
FH DT SE el 4 A6 00 08 O TG P 8 AR e 13
FRRETE

HTHAAZE iR & B, 56 A FLAL B 2540 B
PR A A1) 3400 T 2 FEE 1) ok B S0 B 7 o Y
SRR T 2 R T R
S RIPERE R P R, 2B 1 ] 2 FhfLIE 254
/) y-ALO, 14 T Ni/W-SAPO-11/USY/AL0, il
AEARALH] , %28 y-AL O, PO 1 2% 4 JR@ ik
FR A AT T SR SO T BE S

1 SKIEERSY

1.1 iKF

PUEK A (ALO, B8R 73%) , M & 18
WEAAE A BR 524 2 | A 75 |l USY 4 T i I
SAPO-11 430 B AL R M 7 1 oo 27 R |
TR IR , s Hrat, B 25 5 AR A PRA Rl A=, H
o BRI UL AFLAR B AR A 4% R A
FoN—FEALER 2 B,
1.2 EXFIRHE

BEAALER  USY 2 F i fl SAPO— 11 43T i i
FEES] IRARBT AL, TR R R 5 BN AR M Ab 0] iy 2 A4
Y5 T B T M 5 P e e — 2 %) ot i PR A T 1l
JRVEW, SR FUZ 5 7 B B — E B 4R
WO BT E G, T R R 5 345 Ni/w
-SAPO-11/USY/AL O, fin & LA, 4516 24
4 Cat.—A F1 Cat.-B,
1.3 fEEFIRRIE

FIFH H A R 72 ) XRD-6100 & X -5F 4k 437
SO SR 54 2547 4387, R A Cu Kow 126
(A=1.542 ), FA4ET5 I 260 2y 5~700, FHHH 3 BN
8°/min, F|FH & [E T8 2R K4 A A 77 19 Nicolet 1s50
LT AT SO A 0] 1 2 1T PR 1 2R 47 40 A, A
Fil2h 400~4 000 em ™' ALY LR AR FLA5 1Y
SR 2 [ BRI 28 /1 A2 77 19 NOVA2000e 22 9 fig ¢ B
PGHATINR, DA i/ R A o A . T
FMAUE T BET 30058 LA L4352k H HK
BJH ¥E %, @id H A H AL @ R AR AR
SUS000 4714 L, 7 4 S8 Xof i Ak 700 K 3R AR B ik A7
SEM AL, WA A0 S A4 1 3 D S RRE

F41EFESH

a2 B SR H Agilent 7890B A AH 6,15 {%
(EELHEARA) HEAT AT 5 SR B WA 7= )
() H,C JCE &K A EA3000 J6 R 2 Hr A (3 K]
RRMEREAR ) SEAT R 5 IR SR A = P S N It
&R EAS000 Bt &40 BT (12 I HRE A= )
AR 5 € H S N TG A 58 1S5 X b7 e —1k
ULSLIN
1.4 EEFIBERETEN

FIFAAC RT3 )28 w1 A 7= 5 30 mL &2 RN &R
% B EE 2 RIS [l AL 70 2 2% TS i S AL S
SRR R, LI ZEEE A 160 ki/a 3% —F0 5 i3
B R BEORL S, JRURHH M B ANk 1 FR Ak
FUAT AL R FH 28 P B0A Ak O 2%, DL 3k B ok
(DMDS) 3 B0R 2% (9B 10 0 B Ak 751 R i
FEFNHET W BRR Y THR B AL - 26 1 B fb i 4% 14
HF 1.8 h™'  EMAKALEE A 1 000 ,40°C/h, FHE =
250°C FF4EHRF 4 h 56 2 BERAE A& 10 h' (&
AL S 800, FH iR B % Ry 30°C/h, B 2
350°C JaPREE 4 hy S T 2400 SO T BE N
350°C WS 4.0 MPa JEEZS M 1.5 h' |
SR B R 1000, S R o R R ERORE JE A
12 h, FF U EURER 6] g 4 b, 25 8 S A BORE 12 25 A v
T 2%,

1 ERLHER

i H Hdh TiH Vel
B/ C 76 TCRH (TR 5 % )
HEE/(grem™)  0.76 C 83.90
R/ C H 14. 34

10% 192.5 N 0
50% 442.5 S 0
90% 652.7 0 1.75

H T (= 370°C 1R 4 ) B AL 3 R BRI
( <350°C TR S R kR n =0
ML = [ (JFORLE S W - S S W)/
BB S B W] x 100% (1)
BRITEH R =
[ (S W+ FhiE S w) /
(EREEEE W = P2 E T W) ] x 100%  (2)
SURAIRPEE = [ R bR Wy
(RhEEE W - P h T W) ] x 100%  (3)
K. w RS R g,



2021 &8 8

IBRAES 1y-ALO, HERHBRELE ISR R RIERESTRAN - 103 -

2 #FR5itE

2.1 XRD ##7
4 Fh BRI X ST R AT S A A5 R a1
iV

MawhﬂwLL@MquMA,

W
N2t A ]

k“.l‘ - “ e A
10 20 30 40 S0 60 70
20/(°)

R

1—A;2—B;3—Cat.~A ;4—Cat.—B
H1 XHERRITHINER

& 1 a0, A F1 B FE &L 7E 38.01,45.86,
67. 03° Kb 34 B y— AL O, FRFAFE 77 5116 ( PDF#29 -
0063) 517 | FEHEA B 4 4M)5 , Cat.—B Fl Cat.—A
AL v — AL O, HFRAF IG5 B K MR B A, 76 6. 17,
10.23.11.87.15. 69, 19. 23° J& 23.80° 4k i} # USY
A3 T B R AE AT ST 24, 95°40 B SAPO-11 43T
TEEEAT ST I4 19, 5 .24, 88 30. 88 ,36. 50 ,54. 58°4b
L NIWO, PRFIEAT %, H Cat.—B AU FRAE 15 3L
AR KB WO, NIO SFRL Y R AE AT 5 06 | 2 BH £ 2%
&8 A O E A B4y, 4 Jd 443 £ R DL NiWO,
W RAFAE, BR R4 4 USY 4310 Al 55 4 1k B 54
SAPO-11 fR4f b A 47 H AR A f A H I 5] 7 BTE 28
R,
2.2 SEM X{F

2 FiAS ) 2 A4 B LT By A AL 7 1Y) SEM (& 1 &] 2
FFF7R o

(c)A » (d)B

M2 #EREEAMNF S SEM B

ME 2 ATLUE H E AR A BAT K 1 RIRR
S8 AR ZEAE Z A AH B HE S0P i W i HE R 544
2t be In AT U AR R A R LG5 4 5 T 481k 55 B
FAXT G FURL )R 5 R B s ) MERR G5 44
2.3 TESW

2 PR SR AE R A O R e e 4 SR sk 2
Fiis o HHEE 2 AL, 2 R AR ST R AR AE R B
TCR I BAFAEE — 220, AHXTT Cat.—A ff#
67, Cat. -B AL th B ST R A TR B 2, iR
A4 Jm TR B/, NI EL Cat. —B fEALFITE TR
I hn Sk Sy o R R R MR D REAOR , 4B A 2
REALSS , S22 Cat.—B AL AL ME R B0 19 )5
Z—

®2 BUFNSENBHTEAR
J 538U %

HEALF

ALO, P,0, S0, Na,0 N0 WO,
A 98.11 0.04 1.12 0.054 0 0
B 98.87 0.0l  0.54 0.032 0 0

Cat.—A 52.91 3.91 8. 88 0. 640 8. 64 25.01
Cat.-B 50.23 5.24  12.11 0. 650 8.21 23.55

2.4 FLEMR
AL N, 58 B 28 0 FL A2 40 A il £
Kl 3 B,

70
= 60f
2 s0f
E a0}
<
& 30r s
g 20f o oA
= 10 M'aifp Za¥
0 02 04 06 08 10
HHXEI1(p/p,)

(a) Ny W Bt B il 2

1000

100
L& /mm
(b)FLEEs 1
1—A;2—B;3—Cat.-A ;4—Cat.-B
B3 ARG A N, B - dy & fo
LES A

HIIE 3 T, Bk A FIEAK Btk i B i 2k 22



- 104 - FAX AL L

SR, JUH IR = e B 5 IR i 2 A ik A B
A TR0 e W il 2% H3 AU IS M 36 24k B BoA
V RVSETR I R 2R, H RIS [RIER %8 I R i
W BFet /0N A K B 8 A i TR R T AR T 2 Fefra ik 3=
LEARNALEEM, X T 2R A F1 B, Cat.—A Fl
Cat.—B (3 J5 [B1 BRI b ki /), AT DA 4 S o3+
i B 2R AR AR A L5 #4 2= 1T, AT sl /N AL
= [FIE, AR B A FLESH TEIE S AR A SR AL
e 2x i B B R I T s U AR A AN B
G FLIB S5 &4 T B B AL L HOE LA
Tt AL AR ] PR AT

HEAL T 5 EUA AR 1) LR T AR RN FLIE 2548 S50
3 Pm, RS ATALBR A SRR AL
LA SO LR LR B K, 76 T k53 0 4
B 5 IEAFEIHY Cat.—A YR LR 186 m*/g,
MM Cat.—B HA LR HAN 176 m*/g, Cat.—A AYAFL
L& b e B85 T Cat.-B, Cat.—A B FHFLEE N
33 nm, & T Cat.—B MFLEE, IXFE, & A fLAL
i — 7 1A AT R E A LIS, S5 AR se oy 1
fil 5 5 — 7 T A R T 2 0 BB s, 4
TP kS AR T AR R

®3 BUNSELEHLERERMILE LN

STmal/ SMi(:m/ SMeso/ VTnlﬂl/ VMeso/

. Dyyeso”
FE (m?- (m?- (m?- (em®s  (em®-
1 o -1 -1 -1 mm
g ) g ) g ) g ) g )

A 265 41 224 0.846 0.811 69
B 219 19 200 0.333 0. 305 26
Cat.—A 186 73 113 0.334  0.287 33
Cat.—B 176 91 85 0.211 0. 153 22

2.5 Py-IR RiE
2 AN [R 2 AR K X 1 A Ak 7] 1) ML g — 21 12
B AT a5 R an i 4 s

i

1400 1440 1480 1520 1560
BB/ em!

1—A;2—B;3—Cat.—A ;4—Cat.-B
M4 dhwe-24h8 KAt oirgE R
mE 4 bl I, 1 450 em™" A0 (9 XTI 1)

F41EFESH

Lewis iR, 1 540 cm™" Ab Y04 X W 1Y Bronsted B2, %,
T A FI B YRR PE BT IS A AR [F], A AR &2 1Y LR,
[ ERANAEAE B 1R, UAH 2 Fh i ity e 1 o T I
2250 5 WARXT T4k A F1 B, ##E4EH] Cat.—A Fl Cat.—
B & L FRIR A KM BE R mAh | W] 17 H B B B2 1R
PEAL, BRAE T 2 P EA 7 i s g R oA T &
A BRI L BRAY USY I SAPO-11 ZrFififE Ntk
AT FISEF AL BIF] 5 Cat. - B EALFIAY L BRI B FRZE
B3R T Cat.—A AL, AR RS T 2 FEM5 I Al 2
SR FE Y Cat. - B AL Y 244 HERE R 2 9 T
Cat.—A AL IR IR 25 EJirad 2 Fi s A 5 24
BATHA TR AR B, 100 A5 ] 2 25 1 AR R 45 D0 T 1531
Py A SR BRI B A E R B R 2E R
2.6 fEAFIRMERENRER
TEMEAL ) HAZH 3 PR AFAZ AL y—AL O, AR
TEOLT 2 PO FEMEAL R SO HERE AN SR 4 PR,
R4 2FME R ELTB R EREX LL &R
PHEIHALT % IR % PSRRI %
Cat. A ffEAL5) 94.70 95.58 4.42

Cat.B L5 98. 46 92.76 7.24

H1 2 4 751, Cat. B ALY ST IS 4 b R
fi SRR M 98. 46% F1 7. 24% X T Cat. A
AL FI Y 94. 70% F1 4. 42% , 43 138N T 3. 76% Fi
2. 82% 1M Cat.B fEALT A ShBEEEME L Cat. A 1L
FIIK 2. 82%, 5 Cat. A HEALFIAH L, Cat. B fiEFLFI R
B THISCRAG B ™ 2R R A, R 2
AEMA AL T Cat A AL,

3 &g

Xt 2 M [ S R A B ] o i AR A T
IR A LR E598  AN R] SRR 22 IR <6 40
O3 ¥ FC R T 0 28 B 3 HICA R, BTG 2 ) 3 A
7R B 42 T I S RE MR TR SR AL D RE R DEFCHE | e 2
SRR A I AL TEREAN ] 5 Cat. —B A AL 57
T BE I e A % Ry 98. 46% , % T MR RHIh E £ h
92.76% ;1M Cat. — A A0 57 15 2 50 15 9 5% 1L R
94. T%WITEOL T, B2 B RHI L B E W 38 95. 58%
R TS BT R A R AR50 SR A
R R A fLFLIESS ML A1 0 24T
W AR B A

S 3k

[ 1] Bouchy C,Hastoy G,Guillon E, et al.Fischer-tropsch waxes upgra-



2021 £ 8 8

(2]

(3]

[4]

(5]

I6

—

(7]

[8]

[9]

[10

[

[11

[

(5]

[6

[l

(7]

(8]

(9]

[10]

[11]

ding via hydrocracking and selective hydroisomerization[ J ].0il Gas
Seci Technol ,2009,64(1) :91-112.

Bolder F H A. Fischer-tropsch wax hydrogenation over a sulfide
nickel-molybdenum catalyst[ J].Energy Fuels,2007,21(3) ;1396—
1399.

Penghui Yan, Zhichao Tao, Kun Hao, et al.Effect of impregnation
methods on nickel-tungsten catalysts and its performance on hydro-
cracking Fischer-Tropsch wax [ J . Journal of Fuel Chemistry and
Technology,2013,41(6) :691-697.

Jiang Jian, Yang Chao, Lu Zhongjiang, et al. Characterization and
application of a Pt/ZSM-5/SSMF catalyst for hydrocracking of par-
affin wax[ J].Catalysis Communications,2015,60;1-4.

Janardhan L Hodala, Jae-Sun Jung, Eun-Hyeok Yang,et al.Hydro-
cracking of FT-wax to fuels over non-noble metal catalysts [ J].
Fuel ,2016,185:339-347.

Xander Dupain, Ralph A Krul,Jacob A Moulijn, et al.Production of
clean transportation fuels and lower olefins from Fischer-Tropsch
Synthesis waxes under fluid catalytic cracking conditions; The po-
tential of highly paraffinic feedstocks for FCC[ J].Applied Catalysis
B : Environmental ,2006,63 :277-295.

RS X &My, TR, 45 AL LA AR AR il 2 Ko & 1
REWFSELJ ] RHIET.,2017,46(2) :335-339,359.

Puron H,Pinilla J L, Montoya J A, et al.Effect of metal loading in
NiMo/A1, 05 catalysts on maya vacuum residue hydrocracking[ J].
Energy & Fuels,2017,31(5) :4843-4850.

FEHC Tl RTINS PEREDTSE [ D] LR
TR, 2014.

AR XU PR R, SRR Y SR AC A N S 24k R
PERE(J] . AIIMET,2019,48(1)  11-17.

Bk, BRI XIRMER 45 5 &L Ni/W-USY/AL 0, HEAEF

(k3% 100 W)

Linga P, Daraboina N, Ripmeester J A, et al. Enhanced rate of gas
hydrate formation in a fixed bed column filled with sand compared
to a stirred vessel [ J ]. Chemical Engineering Science, 2012, 68
617-623.

R BRI, 8 . 22 LA 5 P R AR SR B W 185 46
FE[1]. R T,2006,26(5) :27-28.

Wang F,Liu G Q,Meng H L, et al.Improved methane hydrate for-
mation and dissociation with nanosphere-based fixed surfactants As
promoters[ J].ACS Sustainable Chem Eng,2016,4.2107-2113.
Wang F,Luo S J,Fu S F,et al.Methane hydrate formation with sur-
factants fixed on the surface of polystyrene nanospheres| J].J Mater
Chem A,2015,3:8316-8323.

Chong Z R, Yang M,Khoo B C,et al.Size effect of porous media on
methane hydrate formation and dissociation in an excess gas envi-
ronment [ J ].Industrial & Engineering Chemistry Research, 2015,
(29) :7981-7991.

Bagherzadeh S A, Moudrakovski I L, Ripmeester J A ,et al.Magnetic
resonance imaging of gas hydrate formation in a bed of silica sand
particles[ J].Energy & Fuels,2011,25(7) :5496-5507.

Sloan E D,Koh C A.Clathrate hydrates of natural gases[ M ].New

RS .y-AL O, MEFDNBRITIENI SRR N ERERY R0

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[12]

[13]

[14]

[15]

[16]

[17]

- 105 -

B BB AN AR PERE L ) ) AL 2422 31, 2019,47(3) : 329~
337.

Qin Zhengxing, Shen Baojian, Yu Zhiwu et al.A defect-based strat-
egy for the preparation of mesoporous zeolite Y for high-performance
catalytic cracking[ J].Journal of Catalysis,2013,298:102-111.

Yu Gan, Chen Xinging, Xue Wenjie, et al. Melting-assisted solvent-
free synthesis of SAPO-11 for improving the hydroisomerization per-
formance of n-dodecane[ J].Chinese Journal of Catalysis, 2020, 41
(4) :620-630.

Sheng Na, Xu Hua, Liu Xiaolong, et al. Self-formation of
hierarchical SAPO-11 molecular sieves as an efficient hydroisomer-
ization support[ J].Catalysis Today,2020,350:165-170.

Pan Kunming, Wang Feihong, Wei Shizhong, et al.Low-temperature
solution synthesis and characterization of enhanced titanium dioxide
photocatalyst on tailored mesoporous y-Al,0; support [ J ].
Composites Communications,2020,19:82-89.

Wang Xilong, Zhao Zhen, Chen Zhentao, et al. Effect of synthesis
temperature on structure-activity-relationship over NiMo/y-Al, O,
catalysts for the hydrodesulfurization of DBT and 4,6-DMDBT[ J].
Fuel Processing Technology,2017,161:52-61.

Gao Xingian, Lu Wenduo, Hu Shouzhao, et al. Rod-shaped porous
alumina-supported Cr, 05 catalyst with low acidity for propane de-
hydrogenation[ J].Chinese Journal of Catalysis,2019,40(2) :184—
191.

Wittt JEHGE , 22307 % BB X Co-Mo/ AL O AN
JBBR AL VERE A REIR [ )] MRRHE 2241, 2014,42(6) : 738~
742.

BRA BB, W — ik, 55 0 O L 25 1 Yo A e e A S 14
FYSZIR [T ] A 24 (AN T.) ,2018,34(6) :1057-1066. A

York ; CRC Press,2008.

Botimer J D, Dunn-dankin D, Taborek P.Evidence for immobile
transitional state of water in methane clathrate hydrates grown from
surfactant solutions [ J ].Chemical Engineering Science, 2016, 142
(3) :89-96.

Gayet P, Dicharry C,Marion G, et al.Experimental determination of
methane hydrate dissociation curve up to 55 MPa by using a small
amount of surfactant as hydrate promoter[ J |.Chemical Engineering
Science,2005,60(21) :5751-5758.

ZESCIR R R , B ST BH A 3R T A 0 I X AR R e K A
AR IRZW [ 1] AL T2 40,2017 ,68(4) :1542~1549.
Verrett J, Posteraro D, Servio P.Surfactant effects on methane solu-
bility and mole fraction during hydrate growth[ J].Chemical Engi-
neering Science,2012,84(52) :80-84.

Jacobson L. C,Hujo W, Molinero V.Nucleation pathways of clathrate
hydrates ; Effect of guest size and solubility[ J ].Journal of Physical
Chemistry,2010,114(43) .796-807.

Gayet P, Dicharryc, Marion G, et al. Experimental determination of
methane hydrate dissociation curve up to 55 MPa by using a small
amount of surfactant as hydrate promoter[ J].Chemical Engineering

Science,2005,60(21) :5751-5758. 1



