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Preparation of highly-dispersed Ni,P/y-Al, O, catalyst and

its catalytic performance in hydrodesulfurization
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Abstract: Supported Ni,P catalysts are prepared via phosphorus source pyrolysis method using commercial

hierarchical pore y-Al,O; and self-made hierarchical pore y-Al,O, by hydrothermal method as carriers, respectively. The

as-synthesized catalysts and supports are characterized by N, adsorption-desorption, XRD,SEM and CO-chemisorption.

Influences of different carriers on the catalysts’ performance in hydrodesulfurization (HDS) of thiophene under normal

pressure are studied. Results show that self-made hierarchical y-Al,O, has higher specific surface and well-developed

microstructure , and the corresponding catalyst shows higher dispersion and better catalytic desulfurization performance.

HDS conversion reaches 95.5% when reaction temperature remains at 370°C , reaction pressure is 1. 01x 10° Pa, volume

ratio of H,/0il is 500, and hourly space velocity is 3.2 h™'.

Key words:y-Al, O, ; hydrodesulfurization; Ni,P; high dispersion

BEA DA AR B SR E BEURNI H 25 B
AT AT oA AT B BB A 75 S PRk B A4
THERE AL E A% ( Hydrodesulfurization , ]
Fi HDS ) BARNE A 44Tl —Fh 8 i i #0eH
AR | SO HAE S B ARAZ O 1 AL 0 A1) T4
FHAT A A R B A B AE 1K P, Ni,P i T H AR
PR R SR AR 3 DL B AR AR e i
SIRE ALY F S HDS MEREE RS (H
T Ni, P RRER A A R, O SR A 5 Tl rh
FHEAK y—AL O Z [RIFFFER R 1 AR FAE AR T
TEPERERHE & O FE— B R LBHAS T Ni,P 1)
TR H

HaiA a2 Ni, P AR ) B2k A 1%
45 TPR MBI  7E Bk 2 ROy i i 5
fitE R AR B IR 9150 5 58 1 y-ALO, &5
PR —E A TR X S A ) L 45 K 2 T £
SERR A, DT A 2844 T i SR 4K 1) 4 3L 24 TR T
R AF T A0 4 o i A G, AR AR Ni, P/
y-ALO, fEAEARHA RS0 HDS Hhfg, ik, i bt
FEHIE DU A 2R 11 J7 G s 2 AR R x 17
B 7 0 W BRRELRE RE 7, 25 ) B 4 HUE B4
B, Peng %51 LIEAT K ik B 2 1 45 ¥4 1 AL —
SAALRESK (DMS) S 3K, Dl £ BA = o B Y
Ni/DMS HEALF , 75 B e 1 2 F 4 rp 2R 300 40 B v 1Y)

%5 B #1:2020-05-18 ; f& B H#A:2021-02-20

E€WA  IIARE E AL (201966X103018) 5 ILARA H AL 5 4 156 & % I (ZR2018LB027 ) 5 LI R4 H AR BL ¥ 5: 4> (ZR2019BB052) 5 1k
T IR ORI 2 T S 6 T GRS ( CRE = 2018~ C =302 ) 5 5 5 1o 280 45 2 €0 A I 1] 58 o 0 52 0 28 T R A ( 2017 -K1 7,
2017-K23) ; & S BHE KSR 31142 2% (010022919,010029063 )

YEHEN . ) 8 (1963-) 5 WA 2o WA SO, 32 2 DS B8 4 Ab AU A i Ak R A B B A0 o R I 8 BT & 5 A AR 5
wginet@ 126.com; £35 (1985-) , 2o Wit @IZER  BF5E J7 o1 ok Ak 3l TR &N, wangfangluck @ 163.com,,



- 158 - FAX AL L

HEALTEPE . Gong 45107 I/K Bl 4% HH 2 Ff 3 i 1
PRI EAFAR ALO,, I L Pt—Sn A& PE4] 4
il 28 T B AL I F T e I &, S5 R R, R
SR T A K (R B AR 1 21 o BE RS BN B4 I P
BRRBIVEF 8 00 i A 700 6 43 B0 R TN ot 1ot
TEPE R QR EES I e AL v A
H B A B A Y y-AL O, 2 il 3§25 4y
ORI B IR S y—AL, O, A EAE T 1Y 1 1]
SN A% BB B HDS 1 PERY NiP/y - AL O,
HEALFA

SE T LK BGE AT BR AL HAS AR AR )
PR T A T HAT & LR T 1 2901l y-AL 0, 2K
W I ARV L 45 Ni,P/y—ALO, fEAL7), 18
i ZFPRAET BRI H 5 LR Ak y—-AL O, Nk
28 P A A 790 [10) 45 ) 5 R 7 e A 0 A 2 R 1) P 7
I E

1 SCIEE 4y

1.1 RFI R

T/ OKEBRIR AR (S #T 4k, BT r 50 =99%) |
UBEIR (kBT it 53 B0R 50%) \PU/K A S IRER
(orHrat, B 8 =98% ) WK (4 B4l 5 44
=99%) | LA el B8 =95%) . — K EHT
BERR (43 M 4l B B0 =99. 5%) | 1E 2 Be (fb2
gl T =98% ) , E 25304 B Rl AE 77 5 HE My
(24l it 53 50 =99%) , Sigma— Aldrich 7 24
A A5y =AL Oy, ISR AE 7, DA b Firis R Ak
BHESE B R AT A b B
1.2 SR7 y-ALO, HIEHERK

BT KA FRERES 25.5 ¢ — KA
R 1.5 ¢ THARH, A 350 mL 287K, T 20C
K e 2 A A B VR ARG IS ¢
UK, AREEEERE 1 h, FHEGIE W A 500 mL (195K 7Y
B OImNAT L2, T 200°C T fk 12 by, &
RS AR B 8 N AR T, B0 5 R BT, e
AR FH 25 8 F /K R G BE VR S T 80°C T4 12 h,
600°C TH55E 4 h, BISE 2 AL y- AL, 0, 2 ARl
o % y-ALO, BIRARIC R NL-y-AL 0,

1.3 fHFHA Ni,P #UeFE &

PEARTR) B T I AACR i R A A, H IR
T, PR 4. 24 ¢ VUK A LR THERRH A 60 mL
LB T KIEM, Ak SN A 6.53 mL YK R I 1 %
Lh, ¥4 g BIRIMA LR, B RE, T
T0°CIKE TP 28 T MR, BRIk 2= T

F4BFE4H

MEAA T 70°C T4 12 h, B4k oL FIRTIRIA . I T
PEAFXT HE DX A3, il 3 i B Tl Ak 2844k il 45 o £
143 BIFRIC A Ni,P/NL-y-Al,0, Fl Ni,P/y-AL0,,

165 W) 5 BT A A8 T R A R O a7, B 40 ~
80 H Wi ki, FREL 2 g # A & & K I #% , 76
300°C A 150 mL/min 19 8 &R B R
2 h, BPSERL 6 4R A Ni, P AR A 2%, ol 4% 8 AR
AR T A T MR RBP4 75 B 7 781 N,
I [ E PR O A B 2 E IR IR A AR AN A
T B R AN 5 2L A TR AL AR IR, ) R
HFEAMRB RN 5% 19 0/N, IRES, Lk A
30 mL/min, 2% 1 h J5BCR AL FIHERAEEE . 52
55 b il A Ni, P AEAGGR R 2k Y 20% , Ak 1 2k
O Ni &R i SRR Z L,

1.4 EEFIHRIE

FIHZEE Quantachrome 23 7] 4 7 ) Autosorb —
1Q 7Y N, Yy BRI B 43 BT SORHE A6 700 B 2R i L AR 43
R K L =m0 AHEAT 3 AT, I AT AR S 2 7E 300°C T
6 h,

FIH B A i F ik X &4k 42 7= 19 JSF-6700F %Y
R R SR 7 BB AR il y-AL O, RIIE
LR

FIH H AR B AR 2240 A4 72 59 RINT 2000 % X
SERATTHH SO AT S AR AT AR 34T, Cu—Ka
FREHIR TAEH RN 50 kv, TAEH N 200 mA,
SRR 5~90°, A4 E M 10°/min,

FIFH 2 B micromeritics 2\ 7] 42 7% Autochem 11
2920 A4 F{ ZhFHR A= O AE R T CO ik
PRI BRI R, S A CO A R B 2 A Ak 790 2 T T
PELL A3 3 B0, DN AR AR S EAR B 850 20%
) Hy/ Ar S50 T 300°C TR 1 h L pRE i A
=3
1.5 £#E Ni,P EX T AR IEM

PEAR T 28 S8 BT, T T 1 R R rh ik
FPPERBITAN . VEAN T 46 115 5 17 256 B b 38 o
150 mL/min [ H,, 2K 43 20 min, PP IR N
370°C ,JEJ3°M 1.01x10° Pa, FF A AIM N 5 o/L
FAIBENS/ IE S BE T, HERHARE K 0. 15 mL/min,
i H, Vi 75 mL/min A543 A0 LR 500,

2 HREITE

2.1 &L HDS &t
AR EEMY B H T HDS 15 A 52 an & 1
s,



2021 4 B

100

80

60_

40t

AL %

20

1 1 1 1
0 3 4 7 8

5 6
S TE] /h
1—Ni, P/NL—y-Al, 0 ;2—Ni, P/y-Al, 0,

W1 F R B HDS 6 i
L NS5 RS IR Sl 370°C , /1K 1. 01%10° Pa,

& 1 R AE TR 3~8 h AL AT
PP SHIEA Y O, UL NI, P b AH 3R I A AL B 4 4
FRUIT GO P AT AR E W 11 5 Ak SR AR
FGE . TE 370°C MW R4 T, A Ni,P/NL-y -
AL O, IBEMMFEAL B 1A 95. 5% , AR T LI 38 y-
AL O, HEARHT Ni, P LTI HEAS Ni,P/y—AL O, 7E
WEMMEAL R [ 485 T 22. 9%, IEW] NL-y-AlL,0, H
T A ERE W s T f A Ni,P/y-AlLO,
PEALT s AT DL 4 5 S 1Y HDS 6
2.2 HEREKFHSRESH

PEAETR AR A ) XRD 3% R A& 2 fis

o NiP
. v AL,

*
X3

— ¢ — ¢
Es
x

R [a.u.

0
20/(°)

1—PDF 03-065-3544Ni,P ;2—Al, 0, ;3—NL-y-Al, 05 ;
4—Ni, P/NL-y—Al, 05 ;5—Ni, P/y-AL, 0,
B2 A B XRD 3% F
HE 2 Rl DLE ) 2R AR 2 7 20
45.912°F0166. 951°AL HiEL T y—AlL,0,( PDF 01-075-
0921) HRFE I, HL ik St 34 AW & | 36 I 1l 45 1Y
NL-y-AL O, ZARFIFT ik y-AL O, 7E MRS I
B, 2 MMEFIREA R T 2 FRRE
W, —JEAE 20 O~ 66. 951° 4 H B A T & T 24k y -
ALO, R 1F W6, — J& 76 20 9 40.715 ., 44.613
47.363 ,54. 198°F1 54. 999° 4L J& T Ni,P (PDF 03—
065-3544) IRHIEIE , BERA G B 2 LRI R4
¥k y-AL O, 513k Ni,P 1L
2.3 BUAFEEASSEENST
N T i — ARG AR AR T B R R L

FI 8% . SDO8UNLP/y-AL O, EFINGIS RENSBRRIEEEHR - 159 -

SR CO W S Xl A 750 2 1 6 4 21 4343 IS 3264 T
FAE, P SCHRIRGE , A Ak 00 b oA B A 4 I 2 4y
B, 26 A8 2514 T, CO 3 7 0T LA 36 50 b W B 7
Ni, P fAR 288 i Ni JEF b, Hg R 5 Ni R
TR AR IR, AR B 38 2k e FE A
XF CO B B £ BV AT XA A7) B Ni 3% P A7 a5 1) 2
g IR T m AT, R I AR DO R R RE AR 13
PELH A3 A3 B0 (0 R /N o A Y 2 A Ak )
FEAR I 3 i e %2 1) CO IR B a6 1 iR,
F1 2WELTA CO WM EHTE

FEA 44 Ni,P/NL-y-ALO,  Ni,P/y-AlL0,
CO W B/ (pmol - g™") 29.2 6.8

2 1 T LUE 5 Ni,P/y-AL O, LTI
Ft,Ni,P/NL—y—AL O, fEALF] L6V 2H 434 10 o
1, X5 A RIS M N R — B R A AL
A3 PO 5 A 0 0 2 ) K 52 %) — JE R, 10
P e A7) G HCRSE 252 e e L R0 D S 0 A 1 44 oy e
K, S5REM, A& y-ALO, 2R T A 48 &
TEME AL 43 4 WORE , DTG 3R 45 14 BE AL 5 1 HDS i
B,

2.4 KPGEFIEH y-ALO, BEKREF IR
2 Fly—AL O, #iAk ) SEM BEH- I 3 iR,

P
e N

B AL 4
R« .
it Y 4,

(a)NL-y-AL 04
3 R y-ALO, #kth SEM FE K

HiE 3 Hral LU K Rk S iy -
ALO, , BIRE S NL-y-AL0, S8 H T AN H A Bok:
R A2 0RO 5 JUREE X 51T ALY y-
ALO, FERIE R T B0 22 5, J5 & B SR 8N
— ol by R RN R FCSLAE AR O BRI . B
BALER S BE S NL—y— AL O, [X Fh &t # &7
JURAR AR Fr) 7K A 2R ) BRI A A IR
KL, B R RIURL A A T8 T A A A 7 2
A LA T v ) L 2 T8 RN T Ry SR AL 2544

G55 TE RS K oy B RAE AT LIAG Y NL—y~
AL O, T HA AR 254 17 24 2 AR A 1 R A A 57
AR EZRE . NS 1o S5 AR T

(b)y-Al,0,4



- 160 -

AT RS = A 3 FIRRARAE A e — i a4 2 —Fh
HAFFFLIERIRGS# , AT T30 ¢ - AL O, MBIk
GEHE LR RE NS T L b AR R FL R AL 25 A
FITF Ni, P A Ak 550 i £ s AR 9 S5 0 2k A fil A5
Ni, P RE % 5 47 b A R i AR 20 FH i A B 5 O
TR T HOGELAY 3 y - AL O, , NL-y—-AlL,0, 7E4%
b ELA T i R B el B A0 Ni, P AREAL AR
e BTN i, A AR AR R R 2 77 A Y R AT, A
TR Ak B A 4 R s H =, NL-y - AL 0, 4544
(AT T HAT B ) JIORAR 28, 33 2% 1) A7
FEATEAS LR T L A% e v MR B, 7 1E — 25 3 n 4 4
FLES L) 2 5 5 11 [R) BF, 3 BE 8% O B 35 7 480 14 26 T
Ni, P FiT 9K (A BRI e 14 A B B 5, 2 08 O 22 17 43
Ni, P (A ORI R AR
2.5 HEREUFOILEWSHT

TR S LA Y N, IR B S5 R 2 an 18] 4 B
IR FEA I FLES A G a2 2 IR .

g

i //

®1 27

Ry 2

g e

Sl 2 oo el

g 3 J

BLA oo ===
0.0 0.2 0.4 0.6 0.8 1.0

X EF(p/p,)

1—Al, 0, ;2—NL-y-Al, 0, ;3—Ni, P/NL-y-Al, 0, ;
4—Ni,P/y-Al,0,
B4 R EEAAME AT BN, BRI 4 IR 4
x2 AEHERELFIHILEEERE

A AL T

F4BFE4H

¥R X2 H T Ni,P X R LB 25 1
B AT EE y-AL O, , NL-y—AlL0,
ik Ni,P J5 b RE B TR TERRIZL, Bk E
Ni,P A5 H 7 B iz R fLE 5t b, X2
i NL—y—AlL, 04 B3 LR TH AR Hh 2 1 AR B0kE
AT HLRE 25 A AL X Fh ZR R U FLIE S S )
B Ni,P frdEi7e, [Am, B4k Ni,P/NL-y-ALO, ¥
Fe T AN T Ni,P/y-AL O, fH7E HDS I #4757 T Aij
HHE TR A R LR RS A P ) AR Ak T
AN IEAR

FAR A AL I RE AR BIH fLAR A dn i 5 fr
o MBS Hal DUE AT 58 y-ALO, , FEA
NL-y-AL O, M FHfLAETE R, 454 10~30 nm fL
FAEFE N AL 2, TR 5 1 FLE 254 (4%
TR B2 5 AN EGR ) BB T, i Ni, P BEfE T
b FE IR A A B )T A 2 R S8 H B
SyEL, FEEAE S 532 g T LR, K
LB TR NL—y—AL 0, 7E i fb i) 5
Eb 2 AR LA BRI B B 1) F2 B2 A i
JEARH A FLE D ) - AL O, 78 38 A AL fe AP35
LA, LR AR AR e AN Ui rh A LAY
B 20 SR R T A AR ) SRR

I
ﬁ/“ T

(=
e

(=4
=)

e
)

dV/dlog(D)/(cm3+g™)
(=
N

- LRI/ L5/ Lz
(m?-g™") (em®+g™") nm

NL-y-Al, 0, 284. 195 0. 769 6.563

y=AlL 04 235. 586 0. 693 3.825

Ni, P/NL-y-Al, 0, 69. 969 0.222 3.835

Ni, P/y-Al,0, 126. 765 0.238 3.825

& 4 thaf LUE A R 2R A TR X
FRE 145 TUPAC ML@E RO IV B Z8 R R MAT &

e
=)

I

20

40 60 80 100 120

SRR ISTE p/p,=0.5~1.0 BYTE A H BLRA LAY
Hir J5 P, U BH 3 26 bR P AE AR R A AL
454,

MR 2 AT LA Y AR T y - AL O, , NL-
y—-ALO, ¥4 3 R b R m A FLAE L R fL#R,
NI, P 5,2 FhviEAb A AH 35 T 2R A L 3R H BRI FL

0
L2 /nm
1—Al, 05 ;2—NL-y-Al, 0,
(a) #ifk
05
w 04f o
E osl |
= Lo
S o2f ,\2;"\,
= | ,‘\
® 00F€
0 20 40 60 80 100 120
L% /nm
1—Ni, P/NL—y—-Al, 0, ;2—Ni, P/y—Al, 0,
(b) fEALF
B S HAR Al A AR S BJH L A

7E NL—y-AL0, %% Ni,P J5 ¥ A Ni,P/NL-
y—AL O, HEALF H 38R T LI ER 31 K i s A FL IR A7



2021 F£4 B

T 3368 T AR TR 35 1 A B2 8 02 A ALY, Chao
A5 PRI R B, FLAR R/ INTEZA BB A A A L X i 3
Fe BBR W BN, R IR AT A AT SR W, 7K
FrRER R fLALAR S AL FLAR M A VS, A
AT — 2D G R R Al A W T 2A N B S 3 T Y
fEp

3 #ig

DLIK A ) 28 1) 250 2 AL S5 4 S A Rl 2K
R BER IR IR 6 T Ni,P/y—ALO, fEAEF],
ISR y - AL O, B B T B Ak 50 2E 17 %
e, B8 TR R R Ao ALFR in S R BE 1Y BE )
R AHIY y—-ALO, BAKFT BA 1250
1o LB N FLESH , T A R IR 4 Ni, PR 23K
VIS0 I3 P, R 17 2 B0+ O g %) A I 4 1
e, FERNREE 370°C W 18 1.01x10° Pa,
A/ AT R 500,25 3 3.2 h i 4544 HDS
AL RIRF] 95. 5%,

S 3k

[1] Nguyen T T, Qian E W.Hydrodesulfurization , hydrodenitrogenation
and hydrodearomatization over CoMo/SAPO-11-A1,0; catalysts
[J].Catalysis Today,2017,60(6) :301-310.

[2] Fujikawa T,Kimura H, Kiriyama K , et al.Development of ultra-deep
HDS catalyst for production of clean diesel fuels[ J].Applied Catal-
ysis A General ,2007,111(3) :188-193.

[3] Kawai T,Sato S,Chun W J, et al.In situ x-ray absorption fine struc-
ture studies on the structure of Ni, P supported on SiO, [ J].Physica
Scripta,2004,115(254) .822-824.

[4] Oyama S T,Wang X,Lee Y K, et al.Active phase of Ni,P/Si0, in
hydroprocessing reactions[ J ].Journal of Catalysis,2004,221(2) .

263-273.
[5] Chianelli R R,Daage M, Ledoux M J,et al.Alternative synthesis of
bulk and supported nickel phosphide from the thermal

decomposition of hypophosphite[ J].Journal of Catalysis, 2009143
(1-2):94-107.

[6] Chen T,Yang B L,Li S S, et al.Ni,P xatalysts supported on titania-
modified alumina for the hydrodesulfurization of dibenzothiophene,
industrial & engineering chemistry research[ J].Industrial & Engi-
neering Chemistry Research,2011,50(19) :11043-11048.

[7] Prins R, Bussell M E. Metal phosphides: Preparation,
characterization and catalytic reactivity[ J ].Catalysis Letters,2012,
142.1413-1436.

[8] Cho K S,Seo H R,Lee Y K. A new synthesis of highly active Ni,P/

Al,O; catalyst by liquid phase phosphidation for deep hydrodesul-

EEF . SDEINL,P/y-ALO, EAFINHISLRENSHRIEREHR

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

- 161 -

furization[ J ] . Catalysis Communications,2011,12(6) :470-474.
Peng H G,Zhang X H,Han X,et al.Catalysts in coronas: A surface
spatial confinement Strategy for High-Performance Catalysts in
Methane Dry Reforming[ J].ACS Catalysis, 2019,2(9) : 5833—
5840.

Gong N, Zhao Z K. Peony-like pentahedral Al ( Il )-enriched
alumina nanosheets for the dehydrogenation of propane [ J].
Catalysis Communications,2019,9(10) :9072-9080.

Liu D P,Wang A J,Liu C G,et al. A strategy for preparing highly
dispersed Ni,P/functionalized CMK-3 catalysts with superior
hydrodesulfurization performance [ J ]. Catalysis Communications,
2016,77(5) :13-17.

WRISERR R 2R, A 7 I 0 # 1 4 JR 42 Btk Nio P i fl
FR S e KB R RE Y S e [ 7] L AR 2R R, 2017, 45
(2):213-219.

KA AL RAEMR. N, P IR BRI [ 1] A2k 2012,
24(5) :757-768.

Song H, Wang J, Wang Z D, et al. Effect of titanium content on
dibenzothiophene HDS performance over Ni, P/Ti-MCM-41 catalyst
[J].Journal of Catalysis,2014,311:257-265.

Huang T T,Shi W J,Xu J D, et al. A strategy for preparing highly
dispersed Ni,P/functionalized CMK-3 catalysts with superior
hydrodesulfurization performance [ J ]. Catalysis Communications,
2017,93:25-28.

Dong Y Y,Chen Z,Xu Y R, et al. Template-free synthesis of hierar-
chical meso-macroporous y-Al, 05 support : Superior hydrodemetal-
lization performance [ J].Fuel Processing Technology, 2017, 168
65-73.

Dong Y Y,Xu Y R,Zhang Y Q, et al.Peony-like pentahedral Al
(II') -enriched alumina nanosheets for the dehydrogenation of pro-
pane[ J].Applied Catalysis A, General,2018,559:30-39.

Song H,Dai M, Song H L, et al.A novel synthesis of Ni, P/MCM-41
catalysts by reducing a precursor of ammonium hypophosphite and
nickel chloride at low temperature [ J ]. Applied Catalysis A:
General ,2013,462-463:247-255.

Chen T, Yang B L,Li S S,et al.Ni, P catalysts supported on titania-
modified alumina for the hydrodesulfurization of dibenzothiophene
[J].Industrial & Engineering Chemistry Research,2011,50(19) .
11043-11048.

Chao L, Zhou Z ,Huang Y ,et al.Support effects on thiophene hydro-
desulfurization over Co-Mo-Ni/Al,O;, and Co-Mo-Ni/TiO,-Al, 0,
[J].Chinese Journal of Chemical Engineering, General, 2014, 22
(4):383-391.

Asadi A A, Alavi S M, Royaee S J, et al.Ultradeep hydrodesulfu-
rization of feedstock containing cracked gasoil through NiMo/7y-
Al,O5 catalyst pore size optimization [ J].Energy Fuels, 2018, 32
(2):2203-2212.1



