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Preparation of high active bulk catalyst for hydrorefining
WANG Hai-tao™ , XU Xue-jun, LIU Dong-xiang, FENG Xiao-ping
(Fushun Research Institute of Petrochemicals, SINOPEC, Fushun 113001, China)

Abstract: Bulk hydrorefining catalyst is prepared by adding inorganic additives (NH,HCO; or CO (NH, ), in
gelation process. The effect of inorganic additives on the physical and chemical properties of bulk catalysts is investigated
by various characterization instruments, such as BET, XRD, SEM, TEM, strength measurement and bulk density
measurements. The results show that the addition of ammonium bicarbonate in the gelation process improves the pore
structure and specific surface area of the bulk catalyst. The active metal is evenly dispersed and the number of available
active centers is greatly increased. The prepared catalyst has good crushing strength and bulk density. And the preparation
cost of the bulk catalyst is reduced. The results show that the addition of ammonium bicarbonate can greatly improve the
hydrodesulfurization activity and aromatics saturation performance of the bulk catalyst, especially for the processing of
poor quality raw material oil ,which can produce ultra-low sulfur diesel products.

Key words: bulk catalyst; ultra-deep hydrodesulfurization; ammonium bicarbonate; activity; inferior diesel oil;

non-loaded hydrogenation catalyst

IR A S T A RO SR i 2k
HAZC R E A o Z5en & Bimfith R i
TR AR MENH A2 > il % i B Y, R
RIE T BN WL 20 Oh 32k B R B M A 7 K 1HL
PTG WIS B GEA o R S T I 7]
R P e 28T I 5 o T 2 e 1 P Y St T
JE I UG AR A )

2001 4E Albemarle Z5/N G5 1EJT % T Nebula {4
MHREALF IR IR T Tall i A AR AL R STk 1
R GEARAL TG P 4 8 B i BRI, kR v 4 s
AALY ) Y BT 3K 70% LA L LR B 5
R T e, A Lo SR P A R0 38 A B S A
CER. ARk, NI A AU il Ak TS B
(FRIPP) K AL | o [ oK 2 (A4 45
WEFE BN AETT AR B AR A AR D7 T T J& 7 R 1Y
W LAE. FRIPP I HF & T FIX (R ARfEALH], 5
LI ZAEAL R A b BATO0 5 10 I &= P RE , FTX A
R B A T AR A IRA R 3.7 My/a

TRASH N 0 )2 B 1 © L2l Tolb i T, Al A
Tl AL V2 b b (B A 4
AR AR AT HE 32 AR A ALAR B DN S B 3
PN R R 7 o S K Iy R Y R R DR S
AR AR AT P A 55 g 45 T, IR S HE 1 RIS A
ML H

ERFHEE T AL UG AR T I A TCHLR X A A
AN WA T 52 180, 0 BRI 3o v i AR TR
SR AT 5 B BOR A AL AR BUR L T AR, 5
IR HIOPE G, S R R BRORLE I R A W -
Mo —Ni 1% P45 i 7R 28 CARHE AL, 5 %0 L A
BEM R BEHR I E A o
1 SEWERS
L1 FER5RH

PR ek R ALEH 3290 Tl — 4%, A e Ak

FUZ RIS 23 F A 5 S ARER, AR BB AGH —)
5 BOK AR RO G0 27 5 AR,

W 7E H A :2016 -04 - 15
E&WE:PEAMLTERA R H (114083)

TEE B LW (1972 - ) 55 B, s AR, 222 DA S5 I 0KS Tl AL R0 % , 38 TREX R\ ,024 - 56389373 , wanghaitao. fshy@ sinopec. com,,



2016 £ 11 A TBEF @SB SRR HUET BV - 65 -

AR, KRR RAL R BR A A AR 7
1.2 fEEFHE

0w 5 R B WAL AR m (WO,) ¢
m(NiO): m(AlO;) =2:1: 1Y Fo i e i il JE 1R 5
W AERIE TCR , &I GRS o(NH;-H,0) =
10% 2K I TS , il 48 & A W-Ni —AL B35 1
SRR, G ug 5, A2 W-Ni —AL [ 9 v 4%
m(Mo0O,):m(ALO,) =1: 1AM A 0 (Mo0,) =
99% 1) MoO, (1) [E AR A, 1585 4 W-Mo —Ni —Al
V4 R RS, B I 0 v i 1 < e AR Ak 0 1Y) o
IR T0% 45 3 [ W ) 6 aek T 6 fe = B g 8
PRV KRR, SR AR AR A (FTX fiEfl
) o PRAR I T 45 T BT i S L L) S ) A SR R
A TERSURE S BEI 53 314% n (NH,HCO, ) : n (AL O;) =
1:1.,n(CO(NH,),): n(ALO;) =1+ LHY He 41 fim A B
MR SR FIIR R , 0 il s LR B FIAEAL ) C.
1.3 fELFISRIE

AT H AT D/MAX -2500X S A7 S
HEAL R P AH 45 44 5 B 56 [ ASAP -2405 B BET &
I RSN 7 284 EL e T AR LR FLAR 20 A 5 A1
HAS ISM=7500F v, 7~ $iif . G B Al EDX RE TS ALAIF
FUHEAL T A ) UKL B8 I 1 < T ek 5 A
H A JSM-2100 H, 57 5 A i e AL ) 13
FETACUL 25 44 5 F1) FH 35 [ Micromertics Autochem 2910
AW S T TPR (BT FHIR A J5) FRAE 5 AR
AR ZQJ -2 B REAVURL 5 B S 58 AL

(E#% 63 1)

[3] Liu B,Baker R T. Factors affecting the preparation of ordered meso-
porous ZrO, using the replica method[ J ]. J] Mater Chem,2008,18
(43) :5200 -5207.

[4] Jiao F,Jumas J C, Womes M, et al. Synthesis of ordered meso-
porousFe; O, and y-Fe,O; with crystalline walls using post-tem-
plate reduction/oxidation [ J]. Journal of the American Chemical
Society,2006,128 (39) :12905 - 12909.

[5] Jiao F,Bruce P G. Two- and three-dimensional mesoporousiron ox-
ides with microporouswalls [ J ]. Angewandte Chemie, 2004, 116
(44) .6084 - 6087.

[6] Zhao Z,Jin R,Bao T, et al. Mesoporous ceria-zirconia supported co-
balt oxide catalysts for CO preferential oxidation reaction in excess
H, [ J]. Applied Catalysis B: Environmental, 2011 (110) ;154 -
163.

[7] Di Monte R, Kaspar J. Nanostructured CeO,-ZrO, mixed oxides
[J]. Journal of Materials Chemistry,2005,15(6) :633 —648.

[8] Aneggi E,Divins N J,de Leitenburg C,et al. The formation of nan-

odomains of CegO,, in ceria catalyzed soot combustion[ J]. Journal

1.4 EAEFEEITEN

MEALTE PR PO R 200 mL /NI 2 S 17 25
B AR 60 mL, U7 TR A o RO
HEAT T AL TR B0 S Qe T T S B AL P X L P
U 5 DAL S o SRR AT 1 A7) 95 5 S ik
TR BE N BB 6 EA FE A i

2 HR5ITR

2.1 TR AL T 4L 1 B S i

S 1 A 1) PR AR A M BRI L A 533l
F 1R 2 Fros LAz A& a1 s, k1
T W] LUE SRR A HHE, ) B FfE
3R] C Ry bR T AR LR ER B R 3G, e m] LALAR
R A AR T A% , 6B TCHIL B 700 A AR AR AL
RfLARm KA M sh . W3 2 T LIE A1)
B HhfLAE o 4 ~8 nm FL A ALY LLHI D 53. 19% ,
fLAE > 15 nm (FLEAT BRI, iR C £l
AR 8, FLEE > 15 nm B9 FL 5 B FL B Ee 1k
34.22% o A TCHL B, AR fiE A0 0] Y FL A 1
R AR S B 1 DR 2 0 1A R A A 700 £L 20 A1 1) 52
A [, HEALR B HA R G B i o B2,
TIAEALTT] C A0 e e ik B MR R AR T R 2
UL SR 3k v, S AR K A R v BV
Az OB, NH,HCO, TE 7K $AA 25 rp B8 5 oK ik, K ik )
FAARRY HCO; BEXS SIS 5 U SO , AR UBDRL R /)N
HEIH Ni -W-AL ALYy, I ABRIR 2 82 Jm AME PGS

of Catalysis,2014,312:191 —194.

[9] Yuan Q,Liu Q,Song W G,et al. Ordered mesoporousCe, _, Zr, O,
solid solutions with crystalline walls[ J]. Journal of the American
Chemical Society,2007,129(21) :6698 - 6699.

[10] Abdollahzadeh-Ghom S,Zamani C, Andreu T,et al. Improvement of
oxygen storage capacity using mesoporous ceria-zirconia solid solu-
tions[ J|. Applied Catalysis B: Environmental 2011 (108/109 ) .
32 -38.

[11] Laha S C,Ryoo R. Synthesis of thermally stable mesoporous cerium
oxide with nanocrystalline frameworks using mesoporous silica
templates [ J ]. Chemical Communications, 2003 ( 17 ) ;2138 -
2139.

[12] Liu D,Lei J H,Guo L P,et al. One-pot aqueous route to synthesize
highly ordered cubic and hexagonal mesoporous carbons from resor-
cinol and hexamine[ J]. Carbon,2012,50(2) :476 —487.

[13] Dai Q,Wang X,Chen G,et al. Direct synthesis of Cerium( [II ) -in-
corporated SBA-15 mesoporous molecular sieves by two-step syn-
thesis method [ J ]. Microporous and Mesoporous Materials, 2007 ,
100(1):268 -275. A



- 66 - A AL T

K1 MANTRE AR 5T H A8 0 S T
WAL TR

eArH) R fUERY el ERURE, R
7 (mZ.gfl) (mL.g*I) #%/nm (g-cm’3) (N-mm’l)

A 138 0.224 4.29 1. 08 16. 4
158 0.268 5.35 0.96 15.9
169 0.299 5.82 0.90 7.1

F2 FEMSELTOLSH
fL4#2/nm <2 2~4 4-~8 8~15 >I5
AL A FLAM /% 2.06  52.88 25.51  8.98 10.57
AL B LA/ % 0 19.62 53.19 12.06 15.13
4L CFLo3 i/ % 0 15.54  33.26 16.98 34.22

0 5 10 15 20 25
L4 /nm

1AL As2— R B3 —fiEfl Al
B o e S AL AR i B

TEZKFAMAR 28 v UK A% , T B 52 )07 3k B 8 A 38 31 R
FOKARIRIE , PRE A 8 27K , T8 AR B (Y R
RINAS— , BEA KA 9 PR R AR R bead 7w nl g s fL
2> 15 nm {8 LR BRI, AS(E 5 A A5 L 23
A SR, AR R T AR BRI FR AT , A A7) i 2
PRI , P71 s AR E 22

XFECHEART A HEAGTR) B CfY B 2 53 31
T 11 11% (16. 66% , fil % H9 VR H i A6 50 B0 908 1k
S8 AL ST S e T0% | JIt LAEAR ) B LC B
(PR B 4 JR o R B B AR T 7. 78%
11.62% o B PRFRTE PR S i A, (R AR i AL R
o FH A L it 2 D S A
2.2 fE{LF XRD 547

PRAAHEILTH) A B A1 C i) XRD 354N 2 frs.

N,
WM WMMWM

N VI

10 20 30 40 50 60 70
20/(°)

1AL As2—fiEl) B3 —fiefl)
B2 fkAEEALF XRD #y i A

F36EFE1H

HiPE 2 mT DL, HEAETR) B A0 C B0 T4 R R Ak
W 1 B, I AR IR B B IR 3R, B U A i
B TCE REHE S
2.3 {&4{t5 SEM #1 SEM-EDS 4347

~

HEAEST A B R0 C 9 SEM R tnl&l 3 iR

(a) AL A (b) AL B

100 nm

(o) fiEfLl ©
B3 il AB.C# SEM ¥

HIPE 3 Al DU Y, ST A AL, L5 B
19452 S AL WP RIURE BB AN /NI 2 2] 20, X Ol
B NH,HCO, 7Kg 7= A= ) HCO; et 25
SR, A FREFR) SN A R /INE 2 5 T A PR SR ) A
3 C s A AL Bl 2% AL R AR A — ik, R
S Z 1] BRSO 1) 25 B8, i DR e A 1 B )7 490
KR /NA— , [RI, BEA KRR PR R e b ad
AR NH, | CO, MR 7t i 18 4 s 4
YR TLR R & IR 45 R S5 AL C £L42 > 15 nm
AL o5 EAL EE B R A 25 A L EIE

T B A A AR AR T A R
SrELE, xR AL S AL R A B A1 C BEAT T
SEM-EDS JpHfr , 25584013 3 s . MAIHEALTR o =
MR e T AL R BT 5 A0 Y
IR B R, S AL B YR Dy = i e AT 119 I
HU AL AT A I R A SR S M 07 5 T L
9 1/2 fiio x .y .z 20 AR W Mo (Ni 5 1 42
SR BUN BT R . 5 AL Y 8 R 0 K
HARE L )OSR, W Fr 2 R nl I, fEAE5R] A
I C IS AL B A5 <6 2H 0 1A Joi ot 23 B 8 3l 4K
R THEAETH) B <5 473 19 o i 0 B AL AN K, ik
— 2 Ul B B o R AR R B, AN A DR L A
AU EL 2 1T BR, 100 L A3 A A e A 700 085 1 <6 s 20
14k



2016 F 11 8

®3 KBTI SEM-EDS 54745 R

1 2 3 4 5

w(W)/%
MAEF A x+2.25 x+0.82 x-4.24 x+6.52 x-0.96
fEF B x-0.42 x+0.35 x+0.15 x-0.28 x-0.55
fEEF C x+5.24 x+1.12 x-0.24 x+8.08 «x-8.24

w(Mo)/%
MR A y+2.01 y-4.08 y+0.15 y-3.11 y+0.95
fEFI B y+0.51 y-0.38 y-0.29 y+0.14 y+0.45

MAEHIC y+4.01 y+1.56 y-6.89 y+0.01 y-2.01

w(Ni)/%
AEFI A z-1.12 2z2-1.98 z+2.25 z+0.94 z-3.58
HEEF B z+0.65 z+0.38 z-0.41 2z-0.27 z+0.39
AEHIC 2+6.98  2-035 2-3.68 z-0.08 z-3.21

2.4 {45 TEM 547
AL SAEAL R A B A C /Y TEM B 70 & 4
N

(a) fEfL5) A

(b) AL B

(o) fiEfl ©
K4 misErF AB.CH TEM K i

T8 - v D0 2R 45 6] L 25 TE 3 A 1) WS,/ MoS,
(2 ARZE R, MR AL R AL S B MoS, 58 WS, -
J2 o e S, B A A B R SR R A R
f BB L 2 A S R T L ki
F R AFIHEAL T T WS,/ MoS, FrJ2 1354 B 1T
e BRI E S S AU T 10 000 nm®,
ZERANE 4 Fim. B4 I3k 4 ATRLE AL
B HA MoS, 5 WS, A 2R ZHRZ , iR 25
WREN T 6,71, B RUA R R O R S AR oA
NH,HCO, , 1% 142 8 959 40 8, B Ak 5 LR i WS,/

TBEF @SB SRR HUET BV - 67

MoS, “FHHEFRZEIEZ . TIRF A G, L) C
WEPERE AT 2], MoS, 8 WS, R Z45HFEGuiT i
BN AT FE A 5], EOF P HE R R RS AR A

B A
F4 WS,/MoS, FEFHKEMELHEERY
fiEf ) FHHERERL N PHHKJE L/nm
A 5.57 6.99
B 6. 81 7.02
C 4.75 6.95

2.5 f{E4LF TPR RAE
Xl g AR AR ARG BEAT 1 TPR SRAE, 45 R 4N
K5 iR

100 300 500 700
ELE/C

1AL As2—fiEfA) Bi3—fiEflA)
B5  fotrff TPR B

MELS AT LU AR ] A B LC 38 i
TLEE 737 A 490,400 ,460°C , T 1A AH A A6 57 1 P
4@ T A3 AR, VR R R ) 1 3 T AE 400°C
DL b ARG Btk S S A, AR R B S PR
JEST AR S) AR TR 1 A 4 S AR TR A
FRZ A s FEm A i 2 B Ak, v i
S3E I A T A A R SN e 43, AR T LR
B e A

TS AR AR A R A B AT Y, R
Z2 T AT BRUBE BS Im AAS [R] TG AL Bl 391 (e g & e A
PRZE) XA AR A AL 550 b 2 1 AR L FLARRR Lo A T
P4 S A3 HePE RO T AR A ) 52 ), B 7E K
JE S R H i A Tl PR A B T AR A L T R R R
(i
2.6 fELFIFEETH
2.6.1 bk AR IR AL L LR

DA IR G o SRR R4 TR R fi A7) S 7ih
VREE I B 6 T X EE PR i, T2 2 A%t L
P IRIR A R AN 5 Fow .o

W% S Al LA H R il 7= ot A o i o B0 T
10 wg/g B, fEALTR B A% S h i BE L AR 7R A il
AT C 1 52N EE 53 AIREAIR T 6°C 1 8°C, /N bEfE



- 68 - LA AL T

x5 ZTFRGHBREMSBGE LIXEER

i H HEALH] A LA B il C
TR A
A JE 1/ MPa 6.4
RS /b ! 2.0
AR LE 500: 1
S ikt JEE/ °C HeME +6°C SR JEUE +8C
el 2 i P B 5 i N 1 A 7 N 3

WHE(20°C)/(grem ™) 0.8583  0.8482  0.8401  0.8468
{8F%/°C (IBP ~FBP) 193 ~358 165~350 196 ~350 165 ~350

w(Bi)/(pgg™") 7200 8.8 8.3 9.2
w(A)/(pgg™") 691 1.2 1.2 1.2
w( F5IE) /% 36. 1 21.7 21.1 21.5
S PAY Al 44.0 48.9 49.8 48.6

PEmm 5 A RAL, PR EE AR UL, R S o
A NH,HCO; nJ st AR Ak 550 1) L 285 4 F0 3 1 4
JB A3, TEAE AR M2 B AR, 1 1k 4 8 S e D
TEOLT AR B T S B 15 2 AR e A e i Y
PE  TEGE TN 5 AF T AT AR 77 0 2 [V A 1 1 52 il
P o
2.6.2 R E AR L LK

R T 25 SR AL R T Ak BE 45 R ST Y RE
77, MBS0 S JEORE R AT AR Ak 700 6 R B &
PR TG P X EEPEA 16, TS AR OGS B PR

RN 6 R
FT6 EALMEREMSPET LKL R
TiH AL A AR B AL C

PR AT

S JE 1/ MPa 7.2

PRAEs /b ! 1.2

SRR L 500: 1

F i/ C FAE +10°C e HE +15C

R ] A T A LCARE R ieo SO T N R I v R
HERE(20C)/ (grem ™) 0.9234  0.8678  0.8634  0.8691

1H#/°C (IBP ~FBP) 228 ~389 202 ~382 205~380 205~382

w( )/ (pg-g™") 15430 8.2 8.5 7.8
w(A)/(pgg™") 786 3.2 1.8 4.3
w( F5IE) /% 66. 1 44.8 40. 1 44.5
kA 25.5 35.1 37.3 35.2

H1Z% 6 A LI, HEAL ST AR AT S i it )

F36HBH11H

0T, BB BRI IG  A E T E  F) XE E
SR Kl i TR U T 10 /g I AL
MBSz EE ] FE AR R A A C IR 10°C AN
15C, FoNbefi i 17T 12 DRz, AR FLA Y
K, G B FLI A B TR I3 11 — 28wy S
AR T 16 P v O, B2 AR TR X R 2 1Y
i JE U RE T RS KRR BE ) o AR 7 s 4 R R A
AT B3 T I AR PR 45 B S

3 #hig

(1) BB S et 8 v I AR R S0 B o 95 A A £
ST BAT K R I BURIALEY 16V s 0 g 21, 4L
Ao AT N B, AR RS P O ROH BB 2 3
< o A PR R 2 42 15

(2) il 5 A AR IR 1)1 AL A0 1 S B o
JE, SR FR S M 4 e S L FTX HE AR R RRAIR T
7. 78% , AR H AR il A

(3) P & R W, il o (9 M AL 7R AT 00 57 14
TR TR B I SRR T 4 A0 55 e A AN 1 R, JEHGE T
TN TAR PR 5 SOk, 7 SR T 2528 1R A i
AR S ™ o

S 30k

[1] Mayo S,Brevoord E,Plantenga F, et al. ULSD in real life: Commer-
cial performance of stars and Nebula technology[ C/CD]. NPRA An-
nual Meeting, AM —02 —38. San Antonio,2002.

(2] JEAIIER S, AR B C S L H W, % B B & R it
AT S 00 E B HG ) B HE AT g oh [, 1342102 [ P .
2002 - 03 -27.

(3] Figd R XURTE 55 FIX (RAT S M B0 B ik 1L
BRI ]. Tk fitfl,2012,20(6) :32 - 35.

[4] 24l JHT St 2UBRR i 2 42 JB A i AL 00 B i B RN T - o
[#,101153228 [ P].2008 — 04 - 02.

(5] ALWF, Bl e M BE, 4. AR 528280 NiMoW Jill LA AL 531 By il 4
FALAPEREPE O [T ]. Al 4k (Al ), 2012,28 (5 )
730 -738.

(6] JAME, FHpv  ARp %, 55, FIX AT 2L S0 205 ke B Y
LAk HILT ] R AR5 T, 2016 ,46 (4) :47 - 50.

[7] Eijsbouts S,Mayo S W, Fujita K, et al. Unsupported transition metal
sulfide catalysts ; from fundamentals to industrial application[ J]. Ap-
pl Catal A:General,2007,322:58 - 66.

—
]
[

Chianelli R R, Daage M, Ledoux M J. Fundamental studies of transi-
tion-metal sulfide catalytic matearials[ J]. Advances in Catalysis,
1984.26(3/4) :361 —393.

[9] Hensen E J M,Kooyman P J,van der Meer Y. The relation between
morphology and hydrotreating activity for supported MoS, particles
[J].J Catal,2001,199(2) .224 -235. W



