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Nitriding SBA-15 loaded highly dispersed transition metals for

efficient direct dehydrogenation of propane
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Abstract: Dehydrogenation catalysts with different transition metals of Co, Ni, Fe, Cu were prepared by impregnation
method with SBA-15 modified by nitridation method as carrier.The mesoporous structure of the support after nitridation was
confirmed by X-ray diffraction (XRD) and N, adsorption desorption analysis. Scanning electron microscopy (SEM) con-
firmed that the metal was in a good state of high dispersion.Temperature programmed reduction (H,~TPR) and X-ray photo-
electron spectroscopy (XPS) proved that nitriding SBA-15 changed the electronic structure of the metal , and the interaction
between the carrier and the metal was significantly enhanced.Metal-loaded samples with a content of 1% were prepared by
quantitative impregnation method, and their properties were evaluated. The experimental results showed that the order of
catalytic PDH activity of different metals for propane dehydrogenation was Co—SBA-15N900-1%, Fe-SBA-15N900-1%,
Cu—SBA-15N900-1% , Ni-SBA-15N900~1%. The Co—SBA-15N900-1% exhibited a propane conversion of 33% and a
propylene selectivity of 88% ,indicating its promising utilization in industry.
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2.1

El1 SBA-157%0SBA-15N900 i/ BE XRD i
Fig.1 = Small angle XRD patterns of SBA-15 and SBA-15N900

P2 FIZ 1 SBA-15 FT SBA-15N900 (&)

El2 SBA-15%0SBA-15N900 &S 43R MR B it i S5 i 2%
Fig.2 N, adsorption-desorption isotherms of

SBA-15 and SBA-15N900

P BRI B S B 2 S . Pl BT 2 AT, 2 A T
AR Y TV 2R 45 R 2R R H2 B IS B, A RE S B
AW AFLFLIEZS . R LA, ZEH
A L TR LR FURIFLARARAT BT R A, (EA5 2 15
B B HE R AR FLFLIB S5 . Fi XRD 3% &1 Al
N, 47 B 0 R — d B 235 SR AT LA, RAR SR SBA-
15SNOOOA AP R A Iy i — k7 LA LB S5 .

F1 SBA-15F1SBA-15N900 HIHIERLE IS E
Table 1 Physical structure parameters of

SBA-15 and SBA-15N900

P S/ (m®-g™") VRJH/(CmS'gil) Dyyyy/nm
SBA-15 539 1.20 8.9
SBA-15N900 422 0.95 7.4

VE 1y MBER LRI Vi MR LA : Dy WRER IR

22 RANEZESTHEHTESE
2 A XRE ISR &R r figkiE . haR?2
AIAL, BT A 4 R B R Y TE 2% (i i 850 o4
B IR AY Ni iz i 1.82% (i 7040 | i fie i 1Y Cu
AR N 2.46% (R340
2 FRAXSHEESRAAHENESE

Table 2 Maximum metal load and nitrogen
contents of different samples

FE it w( &8 ) 1% w(E )%
Co—SBA-15N900 2.34
Ni—SBA-15N900 1.82 391
Fe-SBA-15N900 1.85 ’
Cu—SBA-15N900 2.46

B 3 J ok i ik R &R e AR S ) XRD
TR W 3T LA Y I R L TR 20=22° iR A —
AT B AL 0 R TR S AS AR RE . R AL Cu-
SBA-15N900 ) XRD j% & [ 1B T CuO By SRS 5T
W, AR AR BT T CuO okE . HABAE S AT L4 R
AL AR 0, FRIARE L T 51310 Fe .Co (Ni
& IR PR HOR B A R VA SRR LR

B3 RAZELRGBESEEHMNSHAEXRDIEE
Fig.3 High angle XRD patterns of samples after metal overload
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J& . SBA-15 T3 P 455 8 JBE A P 1) 4 75 O £L 1B 45
FOU E LS TR AR AR L AT MR Y TV R A
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B4 RAYEERHESEREHEMR
B/ B XRD 5
Fig.4 Small angle XRD patterns of samples
after metal overload
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Fig.5 N, adsorption-desorption isotherms
of samples after metal overload
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R3 TEERHEYEENSEH

Table 3 Physical structure parameters of different samples

B Spgrl (m*-g™") VBJH/(CmS'g_I) Dyyy/nm
Co—SBA-15N900 383 0.73 7.7
Ni-SBA-15N900 355 0.77 8.1
Fe-SBA-15N900 325 0.74 8.2
Cu-SBA-15N900 353 0.79 8.0

VE < Sy R ERTTBL; Vo JREGALZR 3 Dy FORE G T EITLAE
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h k FT 7, LA TR 55 A () SEM JE R AHARL, 36
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L B A e 2 A, A B A R AR S Y
#io Ni.Fe.Culy EDS fETELE R ANE of i 1R, 5
&8 Co ML AR L, (55 18 B 30 55 , AT fE 2k A
FROULIN 1] BH (5 1 SR AR A 10 0K, 130 BH 4 8 A 2k A
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£ 5 XRD i [ Hr A7 75 B 0 0 4 T A S e, A 4
KIFRAEAE B AR AE SEM-EDS 25 5 v il 8¢ 3 2 44 -
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a~c—Co—SBA-15N900; d~f—Ni—-SBA-15N900;
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Eo RASEEAZEEREDN
SEMBRETESTE

Fig.6 SEM images and EDS of samples after metal overload
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NiO HYIR i, 580 “CHYE I ) & 5 Ak f5 SBA-
15 45 %5 58 4H B4 69 NiO ) A A 38 J5 78 Fe—
SBA-15N900 A H,-TPR [l £& th B 2 4~ 15 5 1%, 76
200 CZEAT BRI IA TR I I JE oh Fe, 0,38 I K Fe,0,
FIFFAIEIEE , 350 “CUA L B0 JE I U & o Fe O, 38 IR
Fe BFRENE . 8] Fe~SBA~15N900 {3 55 fit) 146 J5 16
W BRI A AL PR AR T Fe F L F-4544 , 722 0 w5 1)
W IR FE SRR 5, Cu-SBA-15N900 i H,~TPR £k
1,220 “CAE A AR T e 32 B2 2 AR T i B ik
AL R IR TR, 380~550 °CAY I8 0GRy 38 4 Kk
SRR AR A T2 AR AN I U 1 T AR RT LR
R ) AR R B 2 LA v By B R A
e M ERZERTT LA, A AS 1 SBA-15 X
e 7B YA RUE R g T B YA R e
Jit B Xk — 2D U B R 4 2 1l A ELAE
BEOR , fAS4 B AT RE A AE T SR R LS B S
REFRRE o

E7 RAZEEZGHSEREHMIIH,-TPR ik

Fig.7 H,-TPR curves of samples after metal overload

A RRIR G JE X N AR ESS G RE . BI8 AN
] 4 JE S A XPS (8l MBI 8a HR AT LU A il
Co RZ L) Co 1, HA IR Co™ . Kl 8b kK
DUE NI, BERAAE S b Ni B Z DANPIE A AE . B 8e
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B RERGT , G EE O X 53 i 5 AR
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Table 4  Standard binding energy of different metals

ey 2p,,leV 2p,,leV PRI eV
Co** 796.4 780.6 784.6
Co** 797.6 782.1 803.2
Ni¢ 870.1 855.3 874.9
Ni** 871.9 856.5 879.1.861.5
Fe** 724.4 711.0 718.8
Fe** 722.6 709.0 714.7
Cu* 953.7 933.5 941.9.943.0
Cu’ 952.5 933.0

B8 AE&BEHEmMEXPS
Fig.8  XPS spectra of different metal samples
BIXT AR B i Cu B 2 DL Cu™ I A7 A (I
8d) , 3 5 H H,-TPR 45 RAUX B . A S5 R UL,
WS R FE UL T IE S T EIAR . 5
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J& 5 ALO BUR M BAE IS . Co™ 1Y 2p,, bR
AR 782.1 eV, K] 8a H Co™ ) 2p,, 137 T 782.2 eV ;
N ) 2p,, FRUAERL A 16 856.5 eV, 17 K] 8b 1 Ni* [
2p,, 17T 857.1 eV Fe ) 2p, FrfEIl &5 711.0 €V,
1M & 8¢ HH Fe™ 1Y 2p,, i T 711.4 eV, 34 & i 45
GREfE—ERE LY A g A Re AL UL Ak Ak
PERBOS G R 4 Jm B T S AR Z M A EAVE R $E
LB BT HEREE . 245 RS H,-TPR 458 —
H., Cu™ B 2p,, FRifERL G 1R 933.5 eV, 1M &1 8d T
Cu™ I 2p,, 1 T 932.3 eV, &5 A fE AR S5 & e w5
X AT e T KA CuO BURLZ i Tl
23 RAEEZFENHERTESE

T I R BRSO B AT T R T AR R it
78, K5 & B MR E N 1% (FREA8) . RSAH
T RAE LN AR GRS AR G, AR
5 iR Rf LUA HASE il b S 42 JiE 7 1 0.90%~0.95%
(B o3850 2 SEI0 B (A, VLR W b 48 SR
RS AR R, PR A e IR BRI i T2k 4
JEYIFh .

*5 RAEEFEHIESEERINSESE

Table 5 Metal contents of transition metal samples
prepared by quantitative method

w
(&JE)1%
Fe-SBA-15N900-1% 0.90
Cu—SBA-15N900-1% 0.92

v o w %

FEdh (4 J8)/% FE
Co—-SBA-15N900-1% 0.95
Ni-SBA-15N900-1% 0.93

P19 S R i £ 2 4 Jm A R i 9 XRD
TR FEI9a T LIA T, BT ARSI TE 20=1 .1.5.2°
b TR S AT SR, A VA T SR 4N T A5
#(100) (110) #1(200) fh 1A . H1 & 9b AT LUA Y, B
ARSI HAE 20=22°" kb — AR i i, U3 E Ak
A AR RIS T & B T REAL T R AT
STHCRAS . AL, A JE AR R AT AT
WY EE A

X R A SBA-15 1138 19% (JF B 43 K0 42 J8 1R
AT T e SR TR PR PR, A E 10 BTn . A
& 10 HA] L H : Co-SBA-15N900~1% £ i AL 1%
PR, I A 505 33% , TRV V3R 15 88% 3 Ni—
SBA-15N900-19% FF fi (4 A ot 7 Ak #6825 100% , 15
T BN 20% ; Fe—~SBA—-15N900~-1% £ i
TR ot 6 A R 55 T 20% , TR M 8 5 M R 80% 5 Cu—
SBA-15N900-1% Ff i N BESE AR A E] 20% , N %
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B9 RATEEENHERHFMAINEEXRD(a)
&R E XRD(b)iEE
Fig.9 Small angle XRD(a) and high angle XRD(b) patterns of
metal samples prepared by quantitative method

a — Co-SBA-15N900-1%
100 — Ni-SBA-15N900-1%
—Fe-SBA-15N900-1%
o 80f — Cu-SBA-15N900-1%
§ 60
& a0}
= 20 g
0
100°

®
(=

PRI/ %
& 3

— Co-SBA-15N900-1%
— Ni-SBA-15N900-1%

207 — Fe-SBA-15N900-1%
— Cu-SBA-15N900-1%
0o 5 10 15 20
SN [R]/min
E10 RAEEXHBEEEHEBEA
B4V 3R (a) FNIEFEE(D)

Fig.10  Reaction conversion(a) and selectivity (b) of
metal samples prepared by quantitative method
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Mo 1 EIRESR AL, A AL SBA-15 D AN [F] 5 )
Jei RGeS AR RE i R E/ NI R
Co-SBA-15N900-1%, Fe-SBA-15N900-1%. Cu-
SBA-15N900-1% Ni-SBA-15N900~1%.

E11 ¥EMEYaTh
Fig.11  Product distribution at initial stage
E12 BREMEFYSE

Fig.12  Product distribution at stable stage
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