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X BB A8 (XRD) 7€ Bruker D8 Advance % X BFZEATHHMY F5E , Cu Ko 546, Ni 8O R, 45
ML 40 kV, & HL 40 mA; AT R A AR 4R FEAE Bruker-AXS S4 Explorer X Eﬂ‘%%ﬁ‘tﬁ'ﬁ%ﬁ(t{ﬂﬂfﬁ,
FE & H 2 T AUFIFLASAE Micromeritics ASAP2000 HU 4y B I BFHSC_E 5 5 #%5F THEE B (H,-TPR) 5256
TE Micromeritics AutoChem I UAL22ME BIHY - iEFT, 524 100 mg #£5%T 300 CAATIEL 1 h, I
FE IR SR B 10% (REUMEO H, B Hy/Ar IRAA, BN 30 mL/min, FHEHEZ 10 °C/min;
SEHD-AT DLIE KRG (DR UV-Vis ) 75 FC A5 A7 BRI Y9 Shimadzu UV-2450 #9458 4h-1] WG 35 A i
5E, UL BaSO, fEZH; X SO H T BEIS (XPS) 7 Perkin-Elmer PHIS000 CESAC #Y X SF£ 6 HL 7R
I EMRE, Al Ka $(1486.6 V), RH C,.(284. 6 V) HFT45 G HER IE ; Raman Y% 7E Renishaw inVia
Reflex 0% AL SO FISE , SR 514. 5 nm Z5UHOGRSE ;. RN 5 AL 7 (19 FU% £ 5% ] Perkin-
Elmer TGA7 RIS HT A0 E , 25 A4, FHEEFE 10 C/min.

PEAR RS PRI AR # PR Sh i R s B AT, R 0.2 ¢, KiJE 40 ~60 H, JWVEE 550 C.
CO, AU A M R AL A V(CyHy) tV(CO,) 1V(N,) = 1:2:37, FAHIBEE R AR
V(C,Hy) :V(N,)=1:39, EHHEYIH 20 mL/min. kK=Y H %54 6 m 1K Porapak Q HLFEH: AN FID A9/
FHETRESHT, CO Ml CO, F2EA 2 m K6k 601 43T FEAE A TCD A G AT,
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AR BE IR HE 390 R 30, 60, 120 F1200 BY NaZSM-5 347 i K k& As 2], K1 45 T g ke
i NaZ(60) Fll NaZ(200) ) SEM FE R, H &l 1 nl UL, Bl 44 Jokr S BRIE , K/NEH42), NaZ (60) 1 i
RS2 4 400 nm, NaZ(200) B 5L R SF 294 200 nm, U B REAREE IR HTH S, NaZSM-5 347 (4 i
W RS BT .
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Fig.1 SEM images of samples NaZ(60) (A) and NaZ(200) (B)
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Fig.2 XRD patterns of the Cr/NaZ catalysts with different

mass fractions of Cr and Si/Al molar ratios

ARRIEA T Wk A E AR PR AR R B A Y a. 0.5% C/NaZ (60); b. 1% Cr/NaZ(60); c. 3% Cr/NaZ
Langmuir HEZR AT AN L FLFL A S5 R T LLE H (60); d. 5% C1/NaZ(60) ; e. 3% Ci/NaZ(30); f. 3% C1/

WA BARRE B LEAO T, AR Y LS T AR NaZ(120) ; g- 3% Cr/NaZ (200).
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ALALAMEATHI R, FEE AL Cr B 0 B3N, Wi WM AT o/, HEAR TR i 2 AR 465 ~
509 m’/g Z[H], ALFLASTE 0. 133 ~0. 148 em®/g Z ], PLEA TR Cr I8 3 JEME LT Y FLIA.
Table 1 Textual properties of the Cr/NaZ catalysts with different mass fractions of Cr and Si/Al molar ratios

Catalyst Molar ratio of Si/Al Surface area/(m> g~') Microporous volume/ (em® g™')
3% Cr/NaZ(30) 29 475 0.135
3% Cr/NaZ(60) 62 482 0.137
3% Cr/NaZ(120) 127 507 0. 145
3% Cr/NaZ(200) 213 509 0.148
0.5% Cr/NaZ(60) 62 493 0.141
1% Cx/NaZ(60) 62 485 0.140
5% Cx/NaZ(60) 62 465 0.133

& 3 A NaZSM-5 (60) £ 48 AN 5] i 27054 Cr AEAR ) UV-Vis 18 SUHEE. B H 270 #1356 nm &b
R 2 A 58 AR o] IE & Bk R R 02T SR Cr®* Z (Bl (Y LA BRAE , 456 1 596 nm 4b i 2 4
55 T 435U S A /S B Cr** 1 Ay, —T, R A, —T, BRIE7 . B3 4558 W ) Cr/NaZ (60) fiEAL7)
HY Cr P EZELIDUELAL Y Co B XAFAE. 2 Cr B A B AR (0. 5% F11% ), #F 596 nm AbH-3 A
WLEL S WU, 24 Cr T 3 B0 30 22 3% B, AT U HE B0 B S i Wi g g, HCm R Cor JB0 B 404K
(RFE— 2L ARG, i Cr/NaZ (60) AL HF /SN Co' A BEBEE Cr o 20 B A3 Jin i34 .
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Fig.3 DR UV-Vis spectra of the Cr/NaZ ( 60 ) Fig.4 H,-TPR profiles of the Cr/NaZ (60) cata-

catalysts with different mass fractions of Cr lysts with different mass fractions of Cr

Mass fractions of Cr; a. 0.5% ; b. 1% ; c. 3% ; Mass fractions of Cr: a. 0.5% ; b. 1% ; c¢. 3% ;
d. 5%. d. 5% ; e. spent 3% Cr/NaZ(60) catalyst.

4 S NaZSM-5(60) T AR B & 4340 Cr LRI H,-TPR 3% &. MK 4 WTLIE N, A S R
16400 °C T B 1 ASab B ST G iR J5 R Gl 25 Cr/NaZ (60) AL Cr i34k
ORI, 0 S TR B AT FITRAAIG , BB NaZSM-5 (60) #iiA i Cr BTS2 80CH T Cr Bk 5. 5
—J7 1T, 3% Cr/NaZ(60) AL TF CO, IR NLENEE RN 8 h J5 1) H,-TPR i JFl (K] 4 152K ) imit
INT AL (T 4 354k o), FEA RN T 64% , FEWILE TR Ie i 205 0 3o 4 Hh e A 790 25 T il R 40
Cr YRR SR Cr™r.

2.2 EUAFIMBESIERE

T Tl AL AAE CO, ST N N BEBE A PERE, LRV AE 550 °C T HEATHY, KO iy 2
FEMIRTN , RIFIA e . M. B Cr 80N 3% , %58 T NaZSM-5 R ARRERRBE /R L
X P IE N 2R N s, 25 LIRS R 2. AT Ak 750 %) TR ot 7 A S5 08 I s 7 i ] ) B K T 328 3 e
ik, FERMIIFARI 1 h PR REEARL B S (A) T, 5 2 A% 7 B4 2 PR A 3 456 12 B s o P[] F) S < T 5% o
PEm, FEROVIFARHT 1 h PIREIESH[ B 5(B) 1, RN 3 h J5 BT AT 04 T3 9 28 R 1 AR 35 21 90% L)
e 485 NaZSM-5 SRR A kAR B /R LU AT R T4 v 1 208 Cr AR RARUE PR, N, RESREE R LB 2R 30 B,
PIREHAL R MBI IR 1Y 34. 0% F&AK3 8 h J5 1Y 20. 4% , FRET 40% ; MifkEESEE/R F o 200 B, PAkes% 1k
FIMNHIEET 18.2% FFEE]8 h J519 14. 6% , TRET 20% . HE TN B F R & (35 2) WEHIE T iX
— 2 AL AL e T Y AR e B AR AR R EE R L B AR T R R AR REAR R R el 30 $E AR 60, TN
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Fig.5 Conversion of propane( A) and selectivity of propylene(B) over the 3% Cr/NaZ catalysts with different
Si/ Al molar ratios as a function of reaction time
Molar ratio of Si/Al: a. 30; b. 60; c. 120; d. 200.

Table 2 Reaction data of various NaZSM-5 supported Cr catalysts for propane

dehydrogenation in the presence of CO, ”

Selectivity (% )

Catalyst Conversion of propane( % ) CH, C,H, ¢, H, G, H, Yield of C3Hg(% ) Coke( % )
39% Cr/NaZ(30) 34.0(20.4) 5.0(2.3) 3.2(3.2) 0.7(0.6) 91.1(93.9) 31.0(19.2) 0.87
3% Cr/NaZ(60) 48.3(30.1) 7.2(3.4) 4.8(4.0) 2.0(0.8) 86.0(91.8) 41.5(27.6) 0.64
3% Cr/NaZ(120) 42.7(30.1) 6.8(3.2) 5.0(4.1) 1.4(0.9) 86.8(91.8) 37.1(27.6) 0.62
3% Cr/NaZ(200) 18.2(14.6) 5.2(1.3) 2.9(1.9) 0.4(0.2) 91.5(96.6) 16.7(14.1) 0.34

% The values outside and inside the brackets are the data obtained at 10 min and 8 h, respectively.

HIE 5 (A) ATLAF Y, NaZSM-5 G148 Cr EALFRITE CO, U PN e I S0 A s S 07 oA 1 3% R
4. H,-TPR &55R (1814) I, fEAFIRER C* Y
FTE SO AR TR AR I Ry ' 33k SR AR 57 2% 3% 1Y 1o
JELPR 22— 110 R S A TR 2R T Y 5 — A R
PINTY 3 — i A AT A R ITIESE (R 2) . h 1400
THE—D T AR R AR 2R T XS CO, R '
TP AT 8 b JFHY 3% Cr/NaZ (60 ) AL it - b
177 Raman YGiERME, 258 ILK 6. 7E 1600 cm™' 4k . . . .
E/\J—Sli }j % m%m‘ Uﬂ E ﬂ‘]E 7;% E!ﬁ;)% ( G m%) , Tf 1400 1000 1200 R;lnoa(lll Shé‘sgr(rllﬂ 1800 2000
em™ LR 55 Fir 2 W T T JE N TG E TR (D 1) Y Fig.6 Raman spectrum of the spent
Raman JYGIE&5 REW, K 8 h J5 A7) 2 i iy A1 3%Cr/NaZ(60) catalyst
B LA S5 R .

[ %€ NaZSM-5 #MHERREE /R R 60, 545 T Cr B 0800 el SR RS20, S5 5R L3R 3.
F3 I, B Cr BRI TR, R L R 4R R, 7E 3% Cr/NaZ (60) AL _Eik 5 .
25, kSRR Cr BT M S BN B AL R TR, th H,-TPR RAE (K 4) 3B A AL e

Table 3 Reaction data of the Cr/NaZ(60) catalysts with different Cr content for propane dehydrogenation

in the presence of CO, "

Catalyst Content of Cr%*/ Conversion of Selectivity (% ) Yield of
(mmol - g™') propane( % ) CH, C,H, C, Hg C3 Hg C3He(% )
0.5% Cr/NaZ(60) 0.082 19.4(13.4) 2.2(1.7) 2.9(2.2) 0.3(0.3) 94.6(95.8) 18.4(12.8)
1% Cr/NaZ(60) 0.154 36.0(24.6) 3.4(2.1) 3.9(3.2) 1.1(0.9) 91.6(93.8) 33.0(23.1)
3% Cr/NaZ(60) 0.279 48.3(30.1) 7.2(3.4) 4.8(4.0) 2.0(0.8) 86.0(91.8) 41.5(27.6)
5% Cr/NaZ(60) 0.267 43.5(29.1) 5.1(3.1) 4.3(3.8) 1.9(1.0) 88.7(92.1) 38.6(26.8)

% The values outside and inside the brackets are the data obtained at 10 min and 8 h, respectively.
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Yield of propylene as a function of reaction
time for 3% Cr/NaZ(60) in the presence of
CO,(a) and N,(b) , respectively
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XPS spectra of Cr,, for the spent 3% Cr/

NaZ (60 ) catalyst after propane dehydro-

genation in the presence of CO, (a) and

N,(b) , respectively

Table 4 XPS results of the spent 3% Cr/NaZ(60) catalyst for propane dehydrogenation

in the presence of CO, and N,, respectively

E, of Crzpz/z/eV

Atmosphere n(Cr*)/n(C)
Cr3+ Cr6+
CO, 577.1 579.6 2.0
N, 577.0 579.7 1.4

Li BRTIR, WAOKSE NaZSM-5 Jif1 2k Cr EALFIXT CO, 50T P e it il PR M ELA e A B
PERE, MM A E AR AR EE AR L 60, ffd Cr &80 3% , HEALFIBAT R O S X R B m e
J G PR E AR ], CO, Xt be i S B e BEAE T, RO CO, A AT R i A B 2 i Y
Cr™, I H CO, A3 i 338 KRR 4 S 7 o3k 2 Ml 0 5 oz A Al )
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Oxidative Dehydrogenation of Propane to Propylene with
CO, over Cr/NaZSM-5 Catalysts

ZHANG Fan', NIE Ying-Ying', MIAO Chang-Xi’, YUE Ying-Hong', HUA Wei-Ming' ", GAO Zi'
(1. Department of Chemistry, Shanghat Key Laboratory of Molecular Catalysis and Innovative Materials,
Fudan University, Shanghai 200433, China;

2. SINOPEC Shanghai Research Institute of Petrochemical Technology, Shanghai 201208, China)

Abstract A series of Cr catalysts supported on submicro NaZSM-5 zeolite was prepared. The obtained sam-
ples were characterized by N, adsorption, XRD, UV-Vis and H,-TPR, and tested as catalysts for dehydroge-
nation of propane to propylene in the presence of CO,. The highest activity was achieved on the catalyst with a
Cr content of 3% and a Si/ Al molar ratio of 60. In this case, the propane conversion and propylene selectivity
were 48.3% , 86.0% and 30. 1% , 91.8% , respectively after the reaction at 550 “C for 10 min and 8 h.
There is a good relationship between the initial activity and Cr®* content of the catalysts, showing that a high
content of Cr® species in the calcined catalyst is crucial for its high catalytic activity in dehydrogenation of pro-
pane to propylene with CO,. A higher propylene yield was obtained during propane dehydrogentaion in the
presence of CO, than N,. This can be attributed to a higher surface concentration of Cr®* retained on the cata-
lyst in the presence of CO, as well as the elimination of hydrogen produced by propane dehydrogenation.
Keywords Cr/NaZSM-5; Propane; Dehydrogenation; Propylene; Carbon dioxide
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