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FH i B2 v RG22 ik il 4 T Co/MCM-41 fi#
B30 (43 38 S Cr/MCM-41-ad Fl Cr/MCM-41-
imp) , W 5 B Cr/MCM-41 4 4k 57 1 T PDH 2
7, FEXF ROV L R R, As i, R A5 RN S A
HEATHRAL, TR AR A3 25 F T T R PRI AS 8] 7 2
il A5 AL 00 8 Sk RE B 5. SE 46 P SR XRD
SEM-mapping, UV-Vis, XPS, H,-TPR %5 £/ F Bt
DS N B i (1 o T 1 e O Wl = 1 TR
Cr/MCM-41-ad 1 Cr/MCM-41-imp W5 J7 3% F il %
R Ak TR S R Y 25 5
1 LG H S
1.1 3K

gk = IR AL ¥ (CATB ), NH, - H,0

(25% (R F5rH) NHy ), IERERR DU Z A5 (TEOS) ,
(NH,),Cr0,, KEF7K. 25 BT HHY R 3 pr i

1.2 FHfH &

L 635.5 mL B FIK A1 14 ¢ CTAB Jit T2
Atk 20 min, MIA 54.5 mL NH, - H,0 ZKZe4i
P, B EEY )5 S EL 57.6 mL TEOS 2% 12 3% fin 21
BeRr, FREEBiFE 1 h, SRJG M 5 min, HUH
R, FhpE. T 105 CHEAET T8 24 h. RIEBerE
% CTAB 1 SiO, A8 MERER ) , K5 ke L4 CTAB
FIRE Al MCM-41 2114,

1.3 EeFIH&E

1.3.1 LW (adsorption) H K, Cr, 0, il %%
A 30 mg / L Cr(VI) MW, JF46F HCl Al
NaOH J45E pH = 2.0. 2R)5, K—a& EAH &1
W B0 (AR ABER ) 20 A B BB A 11 IR ( B B e 1) K
FIPRAR4R 5k 200 1 11 mm) , DABRAE IR & Bk 70
mm, W2 B R R G 1. b B 2 5 S A
Cr( VD) B AMILL 2.2 mL / min B9 E N A 285

N
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Fig.1 Flow chart of adsorption column

BEEIR, HEHMM. 8 5T WO (Agi-
lent AAS 240)M5E Cr( VI) e BE. BUT WL R R, #
B 10 h, 790 CTHEA T4 6 h. BEfE A D
PrdEge 5 he IR 2 AT sEE iRl LUE H, 7E
B 58 JIR e B 5 08 O B LB 1, 0 I
R v A R o 5 L R A R 45 AR R A 45
Cr/MCM-41-ad. i i+ XRF FAEF B a] %1 Cr/MCM-
41-ad [ Cr AZHE N 13.5%.

1.3.2 217 (impregnation ) KSR ik
Hil g gk R 15% (i H ) IR, & e
5 MCM-41 B93R7KEH 5 mL KA 1 g #AK. FREC
ERAYRTIK (NH, ), CrO, AR F1 | BEEC 10 mL
KT PP 2 AR AR S8 VA, A2 ¢ MCM-
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Fig.2 Adsorption breakthrough curve
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41 kS —Beaf ). =R T FE 10 h, T 90 C
THEFET TR 6 h. Bl S 3B ki be 5 he il
#r i AL AT 44 Cr/MCM-41-imp.
1.4 L FIAIRAE

XRD FHFHEALFI 1 B 25 F il %2, R X 4
M AR (XRD, PANalytical” s Empyren ) % 4
FEFNR ZER AT RAE. 95 F F W 788 (SEM) 23T
K H A H 3774 SU8220 Rl & St v i, X 5
RCHLFRETE (XPS) 341 PHI 5000 AR 11 G
IM5E Cr TCEMAS, LA C 1s IIL5GHE 284.6 eV Ny
FRUEAS IEFTHL T30% , CasaXPS A0 BRAK {4 T 15 5
THER B4, UV-Vis 2K ] TU-19 BI XU 28 4 mf
WA YEEEEH BTN E , LA BaSO ME NS 1, H13fh
AP G A 200~ 800 nm. H,-TPR JH T-#F5¢ 1k
FIE AL JFEERE. B 100 mg(0.450~0.280 mm ) #E1k
FIE T ASBEEE, 16 100 °C Tl A S (90%Ar/
10%H,) LA 10 °C/min HZFHE 2 800 °C, LL TCD
RSN 2 A TSN

2 RS

2.1 &40k

FNE SEAFAE R DS e fi A i S A v — AR 2
MR 2, RHEARI R RE A 5 EZ RN, RS
SR N A A, R R RO S R R T
ZEXT Cr/MCM-41 840500 B0 7S Joe I8 S0 1 e 7 A 5
M. LA Cr/MCM-41-ad #4670 5517 73 g i S0 S 07 B
AR5

FHEAREXS Cr/ MCM-41-ad #4677 P BE A 52
Wi, 3l 1 535, 585, 615 H1 630 °C XAk
PPV, S UL 0.4 g MEALFIIEAT, BEAT PR ke Y
fRFRZS 3 4500 mL - h™ - ¢7', JE /1M 0.1 MPa.
Kl 3a IR, PN ER AL 3R BE IR BE T i B, SO
FE, VG b R, RO IR EETE 630 C R
BE AR, R 8] 63% e 4. IRl % 830 X 1A
I e PEPERSE R, I 3b BT UL, 7 585 °C I 4 11
VEREME SR, (HUEE T BE R AL R RAIK, 00 40%
ey, 1E 615 F1 630 C WMk S AL T, 2
H83% Ji Ay, LG H &, RN A A AR EE R
630 C A 4.

TESVIRE N 630 C | R 25 3k 4500 mL -
h' - g VR, BB T RN JI A Cr/MCM-41-ad
EALRERYSZ I, SEERLL 0.4 ¢ MEALFIIEAT. SOV SE50
EENE 3(c) M (d) Fian, BEE R R 7B K,

e AR I e B N . SR 1 0.1
MPa B} BT ETE 63% /47, BLET, TG IR ek
KB RAE, FaE e 85% /247, 24K J1°4 0.2 MPa
F, TIBER AL SRR ETE 50% A4, {H LI Yk ¢
PERN 60% 247, MK T1M 0.3 MPa I, INEEFE 1k
FRETE 40% A7, NG BEVERR ETE 35% /2
4, BohmAR. AR, AT A Y SN
4174 0.1 MPa.

FE B R 630 °C |, [N J1 ok 0.1 MPa 1Y
KT, BE T N IR A B Cr/MCM-41-ad
HEALRIMERE R RE M. SO0 e AR R 0.2 ¢, B2
FRPE : 15, 30 F1 60 mL/min il 5E 25 8 %t i3k
PEPERE . SEEGE5 R NE 3 (e) M1 (f) Fias, K
RS OO AL AR T R Y G BRI 5 ), 23 B
TR R M. 2553400 4500 mL - h™' - g "I, PR
AL RRRETE 58% oA, FeAb i m. 25 3 9000
mL - h™' « g7'H1 18 000 mL « h™" - g i} %5 b R %
fiX. I3 (f) ATLAE e M I s 3 A 1 o -
1, AHAZBR TP BE &0 R g 3l 1 24 W BRI, PRI
FRIP R R, 253 4 9000 mL - h™" - g™ I 18 000
mL - h™' - g AR IRROETE 31% oAy, IXE
J2425 3 5= T 9000 mL - h™' - o I kRS AL RN
AW, RABAT M B s, AR LR
TRE" . GRHIE, AT A I B %S
94500 mL - h™" - g7
2.2 BMAR G & ENELFEENEEE

TEAEALTA 0.4 ¢, TREER 630 °C | 25 # A 4500
mL - h™' - g™ JESIM 0.1 MP &0F F 5T PR
) 7 VA5 A AL 3R] Cr/ MCM-41 78 75 B2 B &0 5 1
H AR TG PR 09 L. SERRZE R AN 4 s, 725
WE IR T, Cr/MCM-41-ad (1979 BE 55 1k %3k
BT 63% AT, RN E PRI R R E TE 85% 4
A1, T Cr/MCM-41-imp B9 e 16 RAUA 30% /2
A7, TRV M e B AR e A 55% 2247, BT LA G/
MCM-41-ad 7 PDH (L ERE S Cr/MCM-41-imp
L, BAT B B Cr/MCM-41-imp 4L 7] Y
TP B s 7 B[] %) 38 I B ARG, 1 Cr/MCM-41-ad
BTG PELE 120 min NORFRERE . B X OV JE B9 Cr/
MCM-41-imp F1 Cr/MCM-41-ad fi# 4k 57 JE 1757 2 Y
FME, PrEOSEIELE 1200 ~ 1700 cm™ £ W4 FHLH
W, X & B Cr/MCM-41-imp Y FRUBR U6 25 T+ Cr/
MCM-41-ad, 8] Cr/MCM-41-imp #4657 7E 5
PR R 24 Cr/MCM-41-ad. % [E AL 2
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Fig.3 Effects of reaction conditions on catalytic performance

(a) and (b) are temperatures; (c¢) and (d) are pressures; (e) and (f) are space velocities

W EAAEOL, XS ARSI FEd ik 2.3 BUFINRE

RGN, % B Cr/MCM-41-ad fEALTE L [ C1/MCM-41-ad 5 Cr/MCM-41-imp [ XRD %
AR ) B . A B G Bk T 28 Cr S5 4L 77 B E 5 Brzs. 78 (20 = 24.5°, 33.74°, 36.1°,
LA H A i 1 2 0 2B M RE. 50.84°, 54.6°, 64.04°, 65.8°) HiBLAGAT s 4%
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(@) (b) ——Cr/MCM-41-ad
60 - 90 —@—Cr/MCM-41-imp
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< I
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Fig.4 Conversion of catalysts (a) and selectivity (b) for two different preparation methods

a: Cr/MCM-41-ad
b: Cr/MCM-41-imp

10

20 30 40 50 60 70 80
20/°)

5 Cr/MCM-41-ad £ Cr/MCM-41-imp ) XRD &

Fig.5 Cr/MCM-41-adsorption and Cr/MCM-41-
impregnated XRD pattern

20 m

K a-Cr, O, Fh A A RRAE I, BT B CrO, B £ 5
et 1T g B vk R Cr S5O L 3R e R
(1004.619 m*/g) & TIZEA (925.147 m*/g) . 455
VLM, CrO,7E Cr/MCM-41-ad | A4 43 BOvE 7T 68 e &%
I, i Cr/MCM-41-ad P97 5516 B /N Cr/MCM-
41-imp P FIT ST 06, FWAFE Cr/MCM-41-imp | JE AL
KM a-Cr, O, H LR BT R, 201t 5 G/
MCM-41-ad I Cr/MCM-41-imp | a-Cr, O, i Ak 12
T 1, B Cr/MCM-41-ad | a-Cr, 0, fhifkifz
/NF Cr/MCM-41-imp.

&l 6 2 Cr/MCM-41 AL Mapping [, BH5%
XA Cr 438 K (a) A1 (b) 78 Cr/MCM-41-
imp I Cr M1 F Cr/MCM-41-ad 43452,

&l 7/ Cr/MCM-41-ad Fil Cr/ MCM -41 -imp [

SE MAG: 20.0 kx HV:15 kV WD:15.1 mm

E 6 Cr/MCM-41-imp(a) 5 Cr/MCM-41-ad(b) f#4k 5 1Y Mapping &l
Fig.6 Mapping diagram of Ct/MCM-41-imp(a) and Ct/MCM-41-ad(b) catalysts
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% 1 Cr/MCM-41-ad #1 Cr/MCM-41-imp K7 XPS #iE &
Table 1 XPS data of Ct/MCM-41-ad and Cr/MCM-41-imp

Binding energy of Cr 2p,,,/eV

Catalyst Cr* % Cr* % Grain size/nm
Cr3+ Cr6+
Cr/MCM-41-ad 575.48 5717.5 39.56 60.44 40.334
Cr/MCM-41-imp 575.35 576.46 60.30 39.70 47.264

Cr*%=39.56%
Cr**%=60.44%

Intensity/(a.u.)

Cr/MCM-41-ad I

1 1 1 1
595 590 585 580 575 570
Binding energy/eV

Cr*%=60.30%
Cr**%=39.70%

Intensity/(a.u.)

’ Cr/MCM-41-imp I
1 1 1 1

595 590 585 580 575 570
Binding energy/eV

7 Ct/MCM-41-ad (a) Fl Ct/MCM-41-imp (b) [ XPS
Fig.7 Cr/MCM-41-adsorption (a) and Cr/MCM-41-impregnated (b) XPS diagram

XPS J%K, 5 Cr 2p, , MK N RZEAREWFE 1. T fy
HEALFILE 579 1576 eV ALAIFFAE Cr Fl Cr** AL
PR Cr/MCM-41-ad Al Cr/MCM-41-imp )
Cr 45 A BEAT W& 577.5 1 576.46 eV, H IS
4518 &, Cr/MCM-4l-ad 19 G 25 & e m T
Cr/MCM-41-imp, Uil Cr/MCM-41-ad L= Cr 53k
AR AR e Y. 9 HL XPS B /R Cr/MCM-41-
imp F B Cr(VI) l Ct/MCM-41-ad i) £, 454
K6 Uil fE Cr/MCM-41-imp | %) & W 9K 57 &
Cr(VI), I Cr/MCM-41-imp ®Y 3% P& X F
Cr/MCM-41-ad.

i# 1F Cr/MCM-41-ad Fl Cr/MCM-41-imp £4]
UV-Visl IO % BLAE MCM-41 2 i _E 7776 A 5] il
K E LY. K 8 (a) 45 R, 1E 270 #l
370 nm T H BT A A0, S O—Cr (VI AU HL
far RG22 AR R Cr (T BT A, —*T,,
YA, T, FIPA,, T, BRITAE 370, 460 Fl 600 nm
BRI 3 & REHS . AE 460 nm ARy IR T Cr
(VD BRIE'T, <A, ('t,—2e) , 1% 5 DU A& FR )

Cr( VI) F: A1 B4 2 V1A 56 . 7 600 nm 4b (43
WX T a-Cr, O, T, <A, BRIT, S5 R FHIFE M
HAEFE AR AR Cr, 0,177 133 [ UV-Vis 45 R 5
XRD %5 R—3.

% 8 (b) N Cr/MCM-41-ad il Cr/MCM-41-imp
() H,-TPR Hi£E. 250 5| 280 °C &b H B AY I8 Jr 4 2
T HE a-Cr, 0, ) Cr(VI) FYIE 5 5 X
S RriF i XRD Al UV-Vis 45 R —2. 1£ 350 ~
500 °C HELIAJEIE R Cr( VI) 3K JE N Cr(TIT) 18
JEUE 70 TPR B R, Cr/MCM-41-ad (3£ J5 i
f B AHE T Co/MCM-41-imp 5%, & T C/
MCM-41-ad | Cr 52K M AH B /R, Cr
FERMAR 1Ay By, SE AR TE YR DY XS Map-
ping 1 XPS FTf3 2 45 5 A0 —3. IE 8 il LIE
i, Cr/MCM-41-imp % [t Ct/MCM-41-ad £ — 4
525 CHIJA W, 78 525 °C HPLAYJE 16 IR S7 25 1Y
Cr(VI), H B Cr (VD) a5, E—Fh AR
P Cr(VI) . HE5E R S8 Co/MCM-41-imp (1)
TR T Cr/MCM-41-ad.
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(a) —— a: Cr/MCM-41-ad (b) —a: Cr/MCM-41-ad
e b: Cr/MCM-41-imp e==b: Cr/MCM-41-imp|
E
:% ‘\/\/\ %
< a = a
)
£ 2
g g
2 o
< b = b
1 1 1 1 1 1 1 1 1
300 400 500 600 700 100 200 300 400 500 600 700
Wavelength/nm Temperature/°C
8 Cr/MCM-41-ad Fl Cr/MCM-41-imp B9 (a) .UV EIFI(Db) . H,-TPR [
Fig.8 Cr/MCM-41-adsorption and Cr/MCM-41-impregnated (a) :UV and(b) :H,-TPR diagram
[2] Haifeng Xiong, Sen Lin, Joris Goetze, et al. Thermally
ZE
3 ‘ale stable and regenerable platinum-tin clusters for propane
3.1 A N S IR 630 °C . 2578 4500 mlL - dehydrogenation prepared by atom trapping on cerial J |.
W 0L MPa, AIERRKLRATFRERE e oo Bl S0 S SR
N . N u Xin-pei (13£%5), Wang De-lon = , Yao
ALK 63% 2eAT, P HFEIEN 85% 70 4. . oo e e
S = 3 TR (A 30 S 47 078 Yue (Wk H), et al. Research progress on chrome dehy-
3.2 3 XS PR AN [ 6 R e PSR AT drogenation of propane to propylene catalysts ( PN %Ef &
) Sy NP rhz 4 e FEL ik s
MRS, TLMS L, RS MRR AR Cor BT H R AL FIBFIEHER) [1]. Nat Gas Chem In-
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S 5‘@@ . BT Cr ad B PERE T (5] Shao Huai-qi (FB#FJH), Zhong Shun-he (% ITAN).
Cr/MCM-41-imp. Study on dehydrogenation of propane in CO, with MoO,-
52T V,0,/Si0, catalyst ( CO, & 1k N ke i & MoO,-V, 0,/
Si0, fEALFIAFE) [J]. J Mol Catal( China) (53F 4
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Preparation of Cr/MCM-41 Catalyst and Its Application for
Nonoxidative Dehydrogenation of Propane

ZHANG Ya-liu'®, YANG Shuang®, SHI Mian'*, MEI Yi'*, LUO Yong-ming”,
HE De-dong' >
(1. Faculty of Chemical Engineering , Kunming University of Science and Technology, Kunming 650500, China;
2. Faculty of Environmental Science and Engineering, Kunming University of Science and Technology ,
Kunming 650500, China;

3. The Higher Educational Key Laboratory for Phosphorus Chemical Engineering of Yunnan Province ,
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Abstract; In this work, Cr/MCM-41 catalysts (named as Cr/MCM-41

pared by column adsorption method and traditional impregnation method, respectively, and they were applied for

, and Cr/MCM-41

-adsorbed

-impregna(ed) were pre-
the non-oxidative dehydrogenation of propane. The reaction conditions such as temperature, space velocity, and
pressure were optimized. Moreover, catalytic activity of the catalysts prepared by the two methods was compared un-
der the optimal conditions, with reaction temperature of 630 °C , space velocity of 4500 mL - h™" - g™', and pres-
sure of 0.1 MPa. Furthermore, XRD, SEM-mapping, XPS, UV-Vis, H,-TPR were used to characterize and ana-
lyze the physicochemical property of the catalyst.The results show that Cr( VI), Cr(III) and a-Cr,0, were detected
in both Cr/MCM-41-ad and Cr/MCM-41-imp. Among them, XRD and SEM-mapping results showed that the Cr
crystal obtained on Cr/MCM-41-ad has a small particle size and good dispersibility; It is indicated by UV-vis, XPS
and TPR that Cr/MCM-41-imp catalyst has inactive isolated Cr( VI), which was difficult to reduce and affect its
reactivity. In contrast, the catalyst prepared by the adsorption method allows Cr to be highly dispersed, avoided the
formation of inactive isolated Cr( VI) , thereby improving the catalytic activity of propane dehydrogenation. There-
fore, the chromium-based catalyst prepared by the adsorption method has a certain reference for the dehydrogena-
tion of propane to propylene.

Key words: propane; propylene; non-oxidative dehydrogenation; Cr/MCM-41



