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Ni,P/SBA-15 /X FIR & R IS BEARTERE

FAL FA O XPRH xEHE o B kTHK FERE
AL TR TR SR E R S 30 =, JbaT 100029)

FE: DRREANRIE, PR EONBHE, ML SBA-15 Rk, AR B T S a b gk ik
HIRE b, SRR TE AR 2R FRE R THB R B, 45 T NiP i 80N 5%-40%H) Ni,P/SBA-15 fitfb#]. F X
SHERATHHXRD) N, W BB 375 55 - A5 (TEM) 837 AR 421 ARG 35 (FTIR) 35 43 B DB A X i AR 701 1
SEFIEA T T RAE, LAEM RN 2K FREEMy (DB T) WA A A1), 76 S8 18152 R S vy # L e Ak 700 04 i U BB (HIDSS)
PEREJEAT T M. 45220, NL,P/SBA-15 #E4L7IH SBA-15 (A FLASFIRSRAELE, 1E PELH 43 Ni.P HAG BT 4y
I, (HBE NiP 5 130, A4k 790 ) b 2 T AR AL R FLAR 244 BH S i/, Y4 B 3Rk 320 TR, NiP %
N 15%—25% (w) AR 5 ELAT ARG 0 T OB BR A ALk R R AE 360 “CLA IS, ST AL TR AT T 51
TR DAL PERE. NiP/SBA-15 LN — I FHEmy A9 i S AR (HDS) 3 2 LA B AR AL (DDS) i1 7.
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Structure and Hydrodesulfurization Performances of
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Abstract: The samples containing nickel phosphide precursors were synthesized by co-impregnation method using
mesoporous molecular sieve SBA-15 as support, nickel nitrate as nickel source, and (NH,),HPO, as phosphorus source.
Then, the Ni,P/SBA-15 catalysts with different Ni,P contents were prepared by temperature-programmed reduction
method in H, flow. The structure of the catalysts was characterized using X-ray diffraction (XRD), N, adsorption/
desorption, transmission electron microscopy (TEM), and Fourier transform infrared (FTIR) techniques. The catalytic
performances of hydrodesulfurization (HDS) were evaluated in a fixed-bed micro-reactor using thiophene and
dibenzothiophene (DBT) as the model compounds. The results indicated that the mesoporous structure of SBA-15 was
still preserved in the Ni,P/SBA-15 catalysts. The active component Ni,P was well dispersed on the surface of the
catalysts. The BET surface area, pore volume, and pore diameter decreased obviously with the increase of Ni,P
loading. The Ni,P/SBA-15 catalysts had the better catalytic performance at 320 C when Ni,P loading was from 15% to
25% (w, mass fraction) . All of the catalysts showed an excellent deep HDS performance when reaction temperature was
higher than 360 ‘C. The mechanism of the HDS of DBT was the main direct desulfurization (DDS) over the Ni,P/SBA-
15 catalysts.
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R FRER AT ) — A~ EE B AL G I S A Ak
#Z R CoMo NiMo B AL WAL, B A2 4 T0ik
T R AR IR, DR a8 V) 22 3-8 B = A
SUER AL . 20 122 70 4EAQ LIS ARGE IR T A
AR AL PSR T B AR S FE 4 . I Ak,
W ES BBELY), Rl e R bER, B T EA LS Rm
AR IEPEG R T AT R R, fnOyama®s®!
Y T Ni,P/KUSY I GEFRKY Y3 7 )4,6- —H JE —
7% Jf- WE 3 (DMDBT) i) HDS Pk fig, 45 5% B, Ni,P/
KUSY 1L 7119 HDS & H: 3t & F Tolk A 4k ) Mo-
Ni-S/ALOs. Li%EF5Y T Si0, 1 :MoP . Ni,PFl Mo-
Ni-P #AL FIHE K - BEW}(DBT) Ay HDS 1EfE, 44
R, NL,P/SiO, 1 HDS 1% 1 £ & , 7€ Mo-Ni-P/
SiO.M# AL N2 43 R #5 T F2AEH, HFE NI
B RN, #EALTE RIS . Bussell ZEUIEF Y T 158
WME Ni,P/SiO, [ ) HDS PERE, 45 /R, Ni,P/SiO,
HY HDS ¥ 1 J& MoS/SiO, il Mo-Ni/SiO, ) 1.5-3.5
i, I3F H NiLP/SIiO, 44 BoR T IE8 Y HDS £
FETE.

TG T BILHAL LR 2 DL ALO, H#UA,
T ALO; 2R 5L AT IR A 2 (7] 5 & A 5 ZU 1)
YR AR AIPOM, 7E—E FRIE b 2x g ma i fh 0
HDS 6. Si0, B 5 RSk {4 (] () VE F 55, gk
F R AR, T Si0, A1 FE, /LA T SBA-
15 BA B — LR s R LU SR TR A R 471
KRG E VL, [, DL SBA-15 1 AL 7 2 Ak mT
DL A0 700 4 40 b, DT 2 v A A 7] 7 3
Koranyi 214505 2L SBA-15 FIfLHk(CMK-5) Jy
AR TR0 IR BB L P B AL R A b 7],
PL SBA-15 A A i 4 AL 551 9 HDS ¥ 1 & T DA
CMK-5 N AR AL, IF H H B T 76 M40 NiP
5§ Ni,P; ) HDS PERE, 25 F /R NiP i Ak 55 () A
TEIEPE 2 5 T NiPs. H AT, SCHRXT Ni,P/SBA-15 fif
b7 B NiLP 17 35 %5 SBA-15 A FLA> T 45 44 K
I HDS BB A SE M AT A S . A SCR T
THE B 2 28 T — RN [ i AL B & 5 1) NiP/
SBA-15 L, SR H X AT 5 (XRD) (N, B [ Bt
B 325 ) L - b R (TEM) FIE 37 AR e 21 Pl i
(FTIR) %5 2 AFE T B XM AL R W 25 M 24T T 3RAE, I
DA WE My F1 2R I W My S BERLAE G, XA Ak R Y
HDS PERESEAT T AN, WEOY T W fb AR 1Y 1 i &
TR BE XA AL -0 SBA-15 Y454 FH AL F1 35 P 1Y

.

1 XIEHERS
1.1 EEFINHEE

Lo F i SBA-15 Z: BESCHK 7 125 1% 1
35-40 THAMT, ¥ = i Br 22 1m0 16 v F P123
(EOxPOEOy, AR, Aldrich)¥ i i 25 2 1K, ) H:
il A4 mol - L' HCI(AR) . 1F i i2 Z ik (TEOS,
AR), PREFRIZIGEHE 22 h, ¥R S W 2 Teflon i
o TE 100 TR T fhAk 24 h, SR8 e T
i, G TE 550 T T E55E 6 h bR LB, RIS 3
SBA-15 A LA i K.

A4 A 700 T SO ) o A s K — YA R R
(Ni(NO,),*6H,0, AR)FL B, #%P/NIEE/R A 0.8
PNAGE W2 S — ¥ (NH,).HPO,, AR), fii+¥ /5153
WAATTTE, W57 HNO, % JTIE 58 2V, 155
SE VSR, AT SBA-15 A FL4T i,
IR 12 h, 100 CTHET, SRJ57E 500 TTF AR5 6
h, BI75 285 R R Ak 7R T DR 4.

T THAE JE 1 46 Ni,P/SBA-15 4L 5 ¥
1B I ETSR A R R, IR0 5 R 40-60 H H5
B B THRIS I AE EAR N 6 mm Y41 58 S A
HEAT, 7E50 mL-min™ [ H»(99.999%) % T, LA10
C-min™ P FNERF 2 300 C, FLL 1 C-min™
FHE R THEZ 650 C, 44 2 h JFRE = A
1% Oy/Ar(50 mL - min™)IE &S XML I Ei4L 2 h, B
HE AR FRAE.

1.2 ELFIBRIE

HEALFIFE 5 B9 XRD FAETE Bruker D8 FOCUS
X S AT A F AT, Cu K, BRATIR, PR
0.15406 nm, 45 HL K 40 KV, 45 HLI 40 mA. BESL I HE
ZR AR FLA2 4341 7F 3 [E] Sorptomatic 1990 (Thermo
Corp.) F45, FESTE 300 TR 4 h, LIRS0
TR AIBIHE . TEM K ] H AJEOL 1200EX 3% 5}
45 328 (100 kV). FTIR Y6353 £ Bruker Tensor
27 FTIR 204N E 58 n, I KBr F B o, SR
B SFEARGI, 43HER 4 em”, FHERECH 64 UK, 4
N 600-4000 cm™.

1.3 EAFIEEEN

WEE W) 11— R I 3 11 T S B 2 o7 7 AR [
IR A EA T, 43 3R FH0.1% () FRBE WS 1 O BE S
OB 5 1000 pg = g ™) 0.5% (w) 1) — 2K I 5y
A ZEVE W (B AN 1000 wg - g™ AR R 1.
¥ 40-60 H HEALFIER 0.3 ¢ 2EAHE N 9 mm
AN S 2 T, SN 2 A it FH A B b IR 7.
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EE SR 300-380 C, KW J1 24 3.0 MPa, JEURHE i
4 0.1 mL-min™, S H (ORI R I & 10 e
{H)R7400. KT, fE4EFIFES00 T H40 mL - min™
HY AT AL TR 3 h, SR 5 v 3 2 R TR A AR R
N SN PR HIAE SP-2100 BIASAR (38 A (Jb 5Tk 43 Fi
F o3 AR A vl EAELR A3, GG B 40 A (HD.
PONA, 50 mx0.20 mmx0.50 wm), £ il #& & FID FiI
FPD, D E My F1 28 I WE Wy (1) B Ak 2 R i AL R0
TSR

2 RS
2.1 XRD ##E5#H

1 & SBA-15 FIAN[A] NiP 7 i) Ni,P/SBA-
15 FE 5L ARG A A F XRD 1EE . IS Ff XRD &
AT LLE 2, SBA-15 41 Lo T 7E 0.86° T HAT Y
— AR, AR AE 1.50°F 1.73° 40 i W5 AN A 55 0, 43
WIXTRF SBA-15 f4(100) . (110)F1(200) =AMiT 5
1A, 7 T S 7S 7 A LB 254 . T ZE Ir A
Ni,P/SBA-15 fE AL i b, Y577 LLBH i b 00 5% %)
X EAVERE IS, F 8] NLP/SBA-15 fE AL FIAT 9K 15455
T SBA-15A9 A FLASF, 5 BFE 1 2805 1 4H 4 NiP
J&, o T A LA TR A AE. NI IR vT LR
B, Fifi 5 10 2 AN, 2540 (100) L (110)F1(200)4F
FIEATT S35 g 5, J3F 00, Bl 22 BRI, 1717 24 NP 5 50 40%
B, FLARRAE A i ARG5S . X T RS2 i T Ni,P %
SRR, TGV A3 430 L1 PN o B A3, %43
T A FLES F RE M /N A A S IE I 5Y SBA-
15 R AufEAL A & B, A P51 A, SBA-

T00 v Nip

(110) v

A Ao g

Intensity
(=% fﬂ

20 30 40 50 60 70 8
20/(°)
1 SBA-15 (a)Fi4[E Ni,P €=/ Ni,P/SBA-15 (b-h)
R FAFS A XRD & E
Fig.1 Low angle and wide angle XRD patterns of
SBA-15 (a) and Ni,P/SBA-15 with different Ni,P
loadings (b-h)
(a) SBA-15; w(Ni,P): (b) 5%, (c) 10%, (d) 15%, (e) 20%, (f) 25%,
(2) 30%, (h) 40%

15/ (110) . (200) R fIE AT 5 048 %) 5iR 25 FRAIC. AR IA
RSy IR ALRE A T — R A, FEA T A LA
TR R | T A FLE5 ) I R BEIR, Au 25
A HUFESBA-154r -0 _F ). e m] 4k, Ni,P/SBA-
15 HEA 5 Hh NP J2 i BE Zr L.

TE ff XRD 3% E (B D AT AR 2, 24 7
H 5% 10% 55} (3% P A4l SBA-15 A% Ak & A1
1, A H B B Y NP FRE I, 355 B Ni,P 78
SBA-15 41 L4 1ifi_b i BE 2 . MNP &
15%H, 7E260°40.6° ,44.5° .47.2°F154.1°40 HU B T 1%
55 AT SRR AR, X RO R AT 3R (PDF# 03-0953)
FISCRR Y 25 S0 30T I J& A NioP A AT S HRRAE 1,
VLBATE 2K SBA-15 FIE A T 46 Ni,P fhAH. - HLBE
# Ni,P S B HEHNE] 30%, ARG kb2 A
HABE, T 24 NiP &5 5N 40% 0}, F5RAE 055 B AR Ak 4
LTS
2.2 R R A

& 2 2 SBA-15 Fl Ni,P/SBA-15 £ /it i A& S W%
6/ 058 o 55 4 (A FFLAR 43 A 1 (B). 207 R B o
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2 SBA-15(a)#0A[E Ni,P &=/ Ni,P/SBA-15 (b-e)
B &SR B -FiE B IR R (A R FLE S R B (B)

Fig.2 N, adsorption-desorption isotherms (A) and
pore size distributions (B) of samples SBA-15 (a) and
Ni,P/SBA-15 (b-e)

(a) SBA-15; w(NiyP): (b) 10%, (c) 20%, (d) 30%, (e) 40%
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%1 SBA-15 #1[E Ni,P &2 Ni,P/SBA-15 i)
LEBSHE
Table 1 Pore structure properties of samples SBA-15
and Ni,P/SBA-15 with different Ni,P loadings

Sample wNiLP)(%)  Seer/(m**g™) Vi/(cm®+g™)  Dpe/nm
SBA-15 - 674 1.12 6.7
Ni,P/SBA-15 10 458 0.68 6.6
20 334 0.50 6.0
30 256 0.39 5.8
40 165 0.33 5.3

Sgert BET surface area; Vi, total pore volume; D, pore diameter

SRR SR, SBA-15 FE i S B TUPAC 5 LI5S
TV S RIS B S5 28, 2 BT A A A LR ) I 255
A, HARRR HA — U A H B SR, X2
LR BN EER IS . A1 R Y B0 42l mT DA 7E HoAth
A 1) Ni,P/SBA-15 fiEfbFIFE S b UREE 3, Ui B 7E
AEIGVEL S I, FESIR R 4F T SBA-15 4 fL 43
Tt B A LA AL, Xt ST IR XRD ()R AEZ,
R—3 53k SBA-15 A FifiM b, 7251 ATGTEA
4y NioP J&, S5 IR 28 (i I 20 e (IR AR G TR 0 %
31, RUMEAR R FLARA B/, 38 1 2R RS Y
LA S5 BAKSBA-15M LR T AN 674 m*- g™,
LA R 112 cm®- g7, L2 6.7 nm. K 1 A LA
Hh, BT NLP a3, bR i b R mi LA
FFLARB BN, 25 NioP % 8 40% ), L7
FE R . FLA LR i B, 2 SRR 3
165 m?+g™.0.33 cm®- g™ Fl 5.3 nm. Kordnyi 5"\ N
B H TR S A T Lo T FLaE
TFAGYEL o3 SR AR K, R4 BHIE T 43 Ui £L 1 F
2, St SR R XRD FAF 45 R—2L.
2.3 TEM RiE

Kl 3 A NP 7 3 (19 Ni.P/SBA-15 F il 1
TEM K. t & a] LLVE M b A BIAEAL R i KR

07 1l 14 —_—
“‘"l l".m X108K 50 nm

N

FE A FLHE SR SR A FLBE . BB TE S | A TG 2 43
NLP J&7, AL FRIRE S SR PR T R AT B A FLE5 4,
53U B FLIE 2548 - T B R

Hi4E TEM &, Ni,P/SBA-15 #AL I FLAR 20 K
6-8 nm A7, 55 Ny W k- BRI A5 21y 45 SR B A
— 3. B RR AR BUR ST FLRE, BBk sk
GO i FLIE, 10 A TR 1 R e B 5 2 2R
AR NiP J0RL. 467 2 AR, &l 3(B)FTR, 43
FiifLE R R AT, TP SRS D, Pl
NP 5] 73 HUFE 43 FLIE 36 P 53 7650+
i FLE P i 3 HOCHE R 4P (A REE NiP & & 5 K,
WE 3(C)Frzn, A LUE 3] — Le A8 KUK 1Y NiLP, B
SRFAE A FLHESATI SR AR AE, (HR LA oM AL NiP
T IR AL R SRS 22, X SRR XRD 3R
fESE R —34.
2.4 FTIR RIE

&l 4 & SBA-15 Fil Ni,P/SBA-15 HEAL I HE i )
ZIANERE R W LUE H, B R S AE 10821802 cm™
TR Kb B2 AT W AT 0, 3K 43 i) 2 PR B 2R Si—O—Si 1
AXTFRFISFRAP AR IR S 5 | RS Y, T 1082 em™ AbiY
IR 1100-1300 cm™ 2 [H] {4 J§ WEXT . Si—O—Si
F P AR AR TR BN, X 2 Fh LA 2R 1A A AR 0 A
Jy e . B HR R a] LUE ), SBA-15 /L4 T i
5 Ni,P & 8 K NiL,P/SBA-15 #E LI 7E 960 cm™
LEATHA — 55 B TR IR, Wang ZEPHA R TE 960
em™ [T A IR OISR BT A F I R IATIE 4R 3R Si—
OH ¥R ah 51 R, AT LA B, BEFE NiLP % & a3
T, SRR S0 B P T /N, T 2 NP % f ol 40%
B, R L 2R ARSS, IX AT e i T4 JE R it
A FififLEE, o T Si—O—M i, THAE T 2 10
FKIAIAY Si—OH FrEk.
2.5 HEUAFIFEETENER

3 SBA-15 (A)F1AR[E Ni,P &£ Ni,P/SBA-15 (B-D)# TEM
Fig.3 TEM images of samples SBA-15 (A) and Ni,P/SBA-15 with different Ni,P loadings (B-D)
w(Ni,P): (B) 10%, (C) 20%, (D) 30%

nl? 114 ——
1834 100.0KV X158K 50 nm
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Transmittance (%)

1 1 1I082
3600 3000 2400 1800 1200 600
v/em™

1

4 SBA-15 (a)f0A[E Ni,P & =# Ni,P/SBA-15 (b-h)
& FTIR & E
Fig.4 FTIR spectra of samples SBA-15 (a) and Ni,P/
SBA-15 with different Ni,P loadings (b-h)
(a) SBA-15; w(NisP): (b) 5%, (c) 10%, (d) 15%, (e) 20%, (f) 25%,
(g) 30%, (h) 40%

& 5 NAS[A] 41 335 NiP/SBA-15 ik 71 xif 58
W (A S0 B (HDS) 15 P . i I el LA 3, 78
300 CHf, 24 Ni,P &8 5%I, LG P 22, wE
WAL %N 53%, B NiLP & B934, BEmy 4k
AR, Y NLP R 25%0), WEWY e fb R fi )
M 93%, FIHEIN NiLP 7 80, T52E SO T B 243
M 300 TTF 5 2 360 T, BEMY 5% 1k 3 bifi 771 2% B 1)
AR AT 25 AR R AL, 7E 320 TR, NiP % &8
25%MAEAL TR T BEWY i AL 28T 3K 98% . M4k i 1T (1)
FAELER, XA BESE T 2 T BN e, ARG I
AP TERRAR T 1R Bl ey, (R 8 PR A B 4
> DATHT R Wi T A0 00 0% 305 1 . T 24 B 2R S T
25%I5F, BTG PR S E 53 i bR oA 25, Sk

100 -
_ (el v/ /-/
x ‘»
2 s0p ¥ /
E
| f
S 60F g
g b
2 b
% 40 -
Q
20 1 1 Il Il 1
300 320 340 360 380
T/C
5 7A@ Ni,P £2/ Ni,P/SBA-15 &4 73 E MY
SRR (HDS) & 4%

Fig.5 Catalytic activity of Ni,P/SBA-15 with different
Ni,P loadings for hydrodesulfurization (HDS) of
thiophene
w(NizP): (a) 5%, (b) 10%, (c) 15%, (d) 20%, (e) 25%, (f) 30%, (g) 40%

TEPE AL NP SR AE K, 52 T AL 590 48 1k 76
PE. 220020 BFSE NLP/SIO, %7 DBT 1) HDS M fE
AHIAS RIS I 5T 45 0. OF H i BET A9iR%s
AT 24 NiP 75l i i, A 70 ) e i AU T F&
HR. DA b 3 PR 2 RRAS R T LA A 1 R 4 5.

H I 5 HR R DIE H, 7RG B, 2SR iR 300
CH = 2 360 CHY, Ak R bl i it 128 A7 Bk
R A E R, RIREE T 360 TR, AN [H] 1 2k
AL TR 18 7 M DX AN B S, FE TR B A F] 380 T
B, BT AL TRE i ey S5 58 ek Ak, X n]
RS R T, PR BE SIS IO R AT, T 28 X e
TR 2R, DR I A Ak 38 b 1 2kt 1 28 kAT
IRFUAE. AR R R, RO R, e fb A, 1
R XA R R AN B .

& 6 J& A 7 35 1 Ni,P/SBA-15 %} DBT [
IR PE L B RT LA #, Ni,P/SBA-15
LT DBT A& -58EW ) HDS 5 %5 3 A —
FHHAE, 75 300 CHE, NiLP &8 5% AEAL 7115
P22, DBT ¥4 AN 32%, BEE NiP & & 14
i, DBT #4245, 24 NP % 54 25%HF,
DBT #Ab R =50 75%, TGN NiP 63 &, 5t
SN 28T B B TR BT, BT AR
DBT Ak 5 # 5 =5, {2 DBT % Ak 3 bifi 7 4% & 4 7%
AT R A FIR LA, £E 320 CHE, NiP & & h
25% AL I DBT 4% Ak n] ik 2] 88%. 1EHRE &
T 360 THY, B Ni,P &8~ 5%F1 10% LI 5F,
HoAh BT A AR b %) DBT 423 58 4554k, 1500 i
AR E I B B s ), 6 DBT | i) HDS 1 RE R AL+

100

g 80

= e

fas)

2

S f

§ 60 g

E d

S 40} .
b
a

20 L ‘ : ; ,
300 320 340 360 380
T/C
6 7 [E Ni,P &EH Ni,P/SBA-15 {73 —FFuE
BH(DBT)RI I SRR E 1%

Fig.6 Catalytic activity of Ni,P/SBA-15 with
different Ni,P loadings for hydrodesulfurization of
dibenzothiophene (DBT)
w(NisP): (a) 5%, (b) 10%, (c) 15%, (d) 20%, () 25%, (f) 30%, (g) 40%
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T/

E 7 7[E Ni,P &E#) Ni,P/SBA-15 {47 - DBT fiF:
M= HEZE(BP)FH S ER(CHB) LS
Fig.7 Biphenyl (BP) and cyclohexylbenzene (CHB)
selectivities of hydrodesulfurization of DBT catalyzed
by Ni,P/SBA-15 with different Ni,P loadings
w(NizP): (a) 5%, (b) 10%, (c) 15%, (d) 20%, (e) 25%, (f) 30%, (g) 40%
5. Oyama SE25 ) T 10k MoNiS/ALO; i1k
FXF DBT WA E 1, ZE3RE S 370 C, )
3.1 MPa Y 41 F, DBT 1L R N 78%. %}t
MOoNiS/ALO, 4k 7T 14 AT UL, A% 3T il 45 1) Ni P/

SBA-15 bR HA #F Y HDS #EAb IS 1.

K 7 A ASTA] 1 2 & 1Y NiP/SBA-15 fiEfL 7
DBT M 5 7™ )54 (BP) A A L 2K (CHB) Y
TR B 0 B B 2RO R IR AR, TR
fEAER) | BP (BRI &, 7E 63% L) |, IR A
SN B TR, SRR A RS Hop NiLP 5
h 5% WAL ) BP 1E £V A, I Bl 0 280 A 3
i, BP B FEPERRAR, (HAE 405 = T 20% 0, £+

+ H.S

bipheny!l(BP)
dibenzothiophene (DBT) S

tetrahydrodibenzothiophene

|

cryclohexylbenzene (CHB)

8 DBT 7EBUMELT ENEZEBRTR
ISR & B4 EE
Fig.8 Mechanisms of DDS and HYD of DBT on
phosphide catalysts
DDS: direct desulfurization; HYD: hydrogenation desulfurization

PERE 7 3 AR LA B, BB S T 20%
if, B 28 W A R B BE PR S R K. T NP/
SBA-15 4k 5] I DBT B fi S i (174 A BP Fl
CHB, JIiT Lk Ni,P/SBA-15 f#{b 7] |- CHB AL EAH
XTI

UL F 779y 53 A1 7T LA i, Ni,P/SBA-15 fi
A659) I DBT i s s b (A AT PR o] B8 2 LA B H2 I
fioh 3, N8 HRTDBTHYHDS [z ) 3= 5038 1o 4 (& 8
ISP APHLER A T, B AL IR (DDS) A B ™
Y1 BP, S & s B (HYD) A= % 1) 7= 4y CHB.
E 731, Ni,P/SBA-154#4L 7] I DBT & i s e bz
1) F 2 W) BP, RUIFEZ ML I DBT DL H %
AR ALEL(DDS) N .

3 & it

R TR A S ) £ 1Y Ni,P/SBA-15 fiEfL 7
TG PEL 73 NLP J5, AR AR DR EF R AT
ALEEH. FE NP & /N T 15%0F, 34T H 3 NiP
) AR S, 5 I 6 2H 0 v B A BOE A FL AT
i A LB P 8. NiP 7 1 15%6F, JF 45 H 81 Ni,P
A, I FLBEE NiP & 5 B30, SRz i A8 K.
Ni,P 75 1 X A0 ) e 2 i AU FL A FFLAR A 3R
S, NiL,P & &N 5% NiL,P/SBA-15 fi# k77| H A3 ¢
K 22 AR FIFLAR ; NLP & 1l 40% ), i 4k 5
) b2 TR FNFL S I S i/, 30 B3 2 2 4 s A
K, TE4F Ui bR a2z, nlfens i T i afLiE
PR FE . 07 28 A Ak R 5 e B J, NiLP %
h 25% FIMEALTR HAG e AR AL TE 1. Ni,P/SBA-15
AR A 700 7E AR B Bt EL A AR A R AR S Pk, 7
320 THISMTF, NP & 58 25% 4k ) e my
Al DBT #54k2% 43 5]k %) 98% Fl 88%; 476 % = T
360 CHY, AT AL - BEM 24420 58 2 4% 4L, NiP
EE N 15%-40%11) Ni,P/SBA-15 | DBT ({5 {k4%
ISE A4k, R T Ni,P/SBA-15 fit AL 70k 5 A i
SR PERE, IF HAE DBT By E a3
B EH LB T
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