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Effect of Ethane Addition on Methane Dehydroaromatization
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Abstract: The effect of ethane addition on methane dehydroaromatization over a Mo/HZSM-5 catalyst was investigated. It was revealed that
the ethane addition could not promote the conversion of methane but produced methane and increased coke deposition rate, causing rapid
deactivation of the catalyst. However, ethane accelerated the formation of Mo active centers (Mo,C and/or MoO,C, species), shortening the

induction period and moving the benzene formation forward.

Key words: methane; ethane; dehydroaromatization; molybdenum; HZSM-5 zeolite

FH e 1t 05 A4 A (MDA Il X Y J A2 b 3 1L
FIRAR SR A #0857, B BB, E WA
{10 2 FE i S5, AT 5 A T Il P 4k 2 2 i )z it
TETCERSAE T, #2145 B 32 30 e 3 4k % AIK
J& MDA J I 1 I ) 3 22 e) 8. B 7 A B S B
PO N ATIE AR A R e JEURE A TG B 0 25 A
BSUAR R A S i, AT R v R e B A A N D5 R i
#5260 Choudhary 2515V B, L H-GaAIMFI 43 177
N HEACT], IS N Co~Cy il T BERT IE bt SR B I
AT LR K Mg 2 F e ) 7 R AL SO I R, AR 22
FRACLI) 6 AR U2, (B AT SIS IR B S 2 1 1

m%o@%.

FH A A7 45 4 1. Naccache %5 *°1E BCH, 75 K1k [ B
HO N A B, I AR I 2] P C 3N D5 I 4.

Chu 2245 B, 75 Mo/HZSM-5 #4671 b, J &
WILEB B b 5 Cpe L3R, AR i R B 2 T
ot B e e R AR BT R 2 R0, FE BLIRAE D 2ok
2 33k F 58 05 4k (9 9F 9% . Bradford 25 POVRF 95X T 7E
Mo/SiO,/H-ZSM-5 AL T 138 0 £ g X FH e 55 4 Ak
5, 5T CHL/CO, 55 CHL/CO,/CoHy AN [
BNAT R, AT R SHeids ndm i) T g 4. it s
(AP 5 PP K 2ot Jon A 4 P T 52 18

F G B LB AT RSP S B AR T H e, M

BB A: HUA. Tel: (0411)84379085; Email: shen98@dicp.ac.cn
MBI E . Tel: (0411)84379150; Email: linliwu@dicp.ac.cn
HE&KRIF: HEKE ORI R (973 11K, 2005CB221407).



www.chxb.cn

INET & Z TR IR Mo/HZSM-5 AL b 6% 55 # 4k S5 3 (1) 5% i 79

L5 8 43 35 A1 4 TR A, Qan SR 200 1) A5 AE T DU 3k
PR P 20 A, DU A7 R R I T N PR . R, A
AT % %8 T Mo/HZSM-5 i AL 7] F £ e % st
Jot 7 AE K S PR R W

1 KEEs

1.1 EEFEEH &

K R 0 ) % 6% Mo/HZSM-5 1 4k 7).
¥ HZSM-5 73 10 (B T K2 AR ), Si02/ALO;
JEE IR b = 50) 35T T — R B (R AH R B K W, 7
393K T4 )E, T 773 K &5 b 6 h, & v, A A ik i B
#320~40 H M HEAG ).

1.2 EEFIERLE

Yy & 5t 14 fL 5 (SEM) Il ik 7E FEI Quanta
200F 24 HL B8 B kAT, hnad i s 30 KV, R R R A
KiAT 5 FUR A IO FE BT b X 2R AT 5 (XRD) 3R
/£ Rigaku D/MAX- 2500/PC % H} A F7 54X L HEAT,
CuK, %4 (1=0.154 18 nm), H1 [T 40 kV, L3 100 mA,
AT 20=5°~85°, F1 4 3 & 5°/min. N W Bt - Jid bt
&5 26 /E Quantachrome Autosorb-1-MP 74 4 # I it
A B0 BE S TR SE AR 573 K 145 4b B 6 h, 7 UL
AT S
1.3 BRFEERE

PR ot 0 A6 A S5 A T DR A 0 S I 2% (AR 8
mm) R 3E41T. Mo/HZSM-5 #E 4k 7 & 0.2 g,
7F He 4 LA 10 K/min F& 22 45 8 i 5%, 79 NS 4E
RAY (5 1875 ml/(g-h)) HEAT SN . e /< 4 B
(TR EL) A (1) 72%CH4-8%N,-20%He, (2) 18% C,He-
2%N,-80%He, (3) 72%CH,-18%C,Hg-10%N,, (4) 6%
C,H-0.67%N,-93.33%He, (5) 72%CH4-6%C,Hq-8.67%
N,-13.33%He. .11 N, 24 A5, He b #ii B .

AR I B Y R T (e )
SR T 493 K ARl FH T % UK I 4% 1A 7E 26 19 3
HEFEAAH €4 3% 4 (Varian 3800 1Y) #4790 #1. 4K 38 S
IS (16 B8 1 167 D DU P A 9 T AT e A B, 5
I 1R 2 A 56 R 77 ) 1) 308 86 Pk DA R A I 1) 2R R

FI FH 1% (Omnistar QMS200) 7 25 43 BT 75 K4 4%,
5 5 3 v ) 23 A, B Mo/HZSM-5 i AL 7]
L AHP Bl A SRR A R AR AR Ar TR T AL
S, YIS s N A, AL s P R B

[A], F 2 N b F N, # 5% He, #BES0N A
2 FER5118

2.1 fEUFIBRIESER

K 1 &y HZSM-5 Fll Mo/HZSM-5 ¥ i [f) SEM [
Jv. W LUA H, HZSM-5 FRRURL K #7352 N AR AR, K
8~10 um, % 4~5 um, /& 1~2 um; Hop e Ju g — /N J
1 pm 19 EH AR /N BSORE 20 B2 1 v SR AR AK . 4738 Mo Ji5
FLTESRBA R A A A,

1 HZSM-5 1 Mo/HZSM-5 ¥ f:#Y SEM BB &
Fig. 1. SEM images of HZSM-5 (a) and Mo/HZSM-5 (b) samples.
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Fig. 2. XRD patterns of HZSM-5 and Mo/HZSM-5 catalyst.
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Table 1 Surface areas and pore volumes of HZSM-5 and Mo/HZSM-5 samples

Sample Ager*/(m/g) Amiero /(17/g) Vnicro /(cm/g) Viero /(c’/g) Vo /(cm’/g) Vineso/(cm’/g)
HZSM-5 391 361 0.149 0.161 0.227 0.083
Mo/HZSM-5 314 287 0.120 0.130 0.195 0.081
*BET model. *-plot model. “Saito-Foley model. %p/p, ~ 1. °BJH model.
&2 Mo/HZSM-5 W LRI F LR &
Table 2 Methane dehydroaromatization over Mo/HZSM-5 catalyst
Reaction Methane Selectivity (%)
time (min) conversion (%) C+Cy” Benzene Toluene Naphthalene Coke Others®
20 11.6 2.5 40.7 1.6 23.6 253 6.2
90 8.9 49 54.5 2.9 23.1 13.1 1.5
160 7.8 6.6 57.9 3.4 19.1 11.9 1.0
510 5.8 11.5 57.3 4.1 11.7 13.5 1.9
1000 3.8 19.7 55.6 3.8 4.7 13.8 24
Reaction conditions: feed 72%CH4-8%N,-20%He, GHSV = 1875 ml/(g-h), 0.2 g catalyst, p = 101 kPa, T=973 K.
CO, Cq, Cg, etc.
F 3 Mo/HZSM-5 {E1L7 £ 2k Btk = 52
Table 3 Ethane dehydroaromatization over Mo/HZSM-5 catalyst
Reaction Ethane Selectivity (%)
time (min) conversion (%) CH, Cy Benzene Toluene Naphthalene Coke Others®
20 99.6 53.6 0.3 18.0 0.6 12.6 13.6 1.2
90 95.6 48.2 2.0 254 2.1 7.5 14.0 0.8
160 83.7 42.1 6.9 28.7 3.0 44 13.5 14
510 323 49 84.2 2.9 0.2 0.6 3.8 34
580 31.7 3.1 91.5 0.7 0.0 0.4 1.5 2.8
90° 30.7 2.2 93.6 — — — 1.6 2.6

Reaction conditions: feed 18%C,H¢-2%N,-80%He, GHSV = 1875 ml/(g-h), 0.2 g catalyst, p = 101 kPa, T=973 K.
2C0, Cs, C4, Cs, etc. " Gaseous pyrolysis without catalyst.
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Table 4 Reaction results with co-feed of methane and ethane over Mo/HZSM-5 catalyst

Reaction Conversion (%) Selectivity (%)
time (min) Methane Ethane Cy Benzene Toluene Naphthalene Coke Others *

20 -20.5 99.6 0.7 46.1 2.6 28.5 20.4 1.7

90 -20.6 94.5 32 54.9 5.5 15.8 19.2 1.4
160 -16.2 83.4 8.3 52.8 6.3 8.1 22.1 2.4
510 -1.4 28.8 75.9 6.2 0.4 0.5 11.3 5.7
580 -1.1 26.9 85.5 1.9 0.0 0.1 7.3 52
650 -1.5 26.2 934 0.6 0.0 0.0 1.0 5.0

Reaction conditions: feed 72%CH4-18%C,Hs-10%N,. GHSV = 1875 ml/(g-h), 0.2 g catalyst, p = 101 kPa, T=973 K.

ﬂCO, C3, C4, Cg, etc.
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Fig. 3. Coke formation rate (a) and accumulative coke deposit (b) over
Mo/HZSM-5 catalyst with different feed gases. (1) 72%CH4-8%N,-
20%He; (2) 18%C,H-2%N,-80%He; (3) 72%CHs-18%C,Hg-10%Ns,.
Reaction conditions: GHSV = 1875 ml/(g-h), 0.2 g catalyst, p = 101
kPa, T=973 K.
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Fig. 4. Benzene formation rate over Mo/HZSM-5 catalyst with differ-
ent feed gases. (1) 72%CH4-8%N,-20%He; (2) 18%C,Hg-2%N,-
80%He; (3) 72%CH,4-18%C,Hg-10%N,; (4) Total from (1) and (2).
Reaction conditions: GHSV = 1875 ml/(g-h), 0.2 g catalyst, p = 101
kPa, T=973 K.
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Fig. 5. Product distribution during the induction period over
Mo/HZSM-5 catalyst with different feed gases. (a) 72%CH,4-8%He-
20%Ar; (b) 18%C,He-2%He-80%Ar; (c) 72%CH4-18%C,He-10%He.
Reaction conditions: GHSV = 1875 ml/(g-h),” 0.2 g catalyst, p = 101
kPa, T=973 K.
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Fig. 6. Benzene formation rate at different temperatures and ethane
partial pressure over Mo/HZSM-5 catalyst. (a) 873 K; (b) 973 K. (1)
72%CH4-8%N,-20%He; (2) 18%C,Hg-2%N,-80%He; (3) 72%CH,-
18%C,He-10%N>; (4) Total from (1) and (2); (5) 6%C,He-0.67%N,-
93.33%He; (6) 72%CH4-6%C,Hs-8.67%N,-13.33%He; (7) Total from
(1) and (5). Reaction conditions: GHSV = 1875 ml/(g-h), 0.2 g catalyst,
p=101kPa.
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