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CATALYTIC COMBUSTION OF HYDROGEN AIR
IN MICROCHANNEL REACTOR

CAO Bin, CHEN Guangwen and Y UAN Quan
(Dalian Ingtitute  Chemical Physics, Chinese Academy o Sciences, Dalian 116023, Liaoning, China)

Absgtract The caaytic combugion reaction of hydrogen/ air mixture was sudied in a microchannd reactor. The dfects
o operation conditions on reactor behavior were invedigated in detail by usng both mathemeatic nodeling and experiment
work. Bxplosve mixtures of hydrogen/ air [ 3 %(nol) —15 % (nol) | were sfely handled in this reactor. The results
dowed that cataytic combudion reaction can be operated a high gace velocity , iotherma and kinetic controlled
regmes. Under the conditions of inlet hydrogen concentration of 8 %(nol) , reaction temperature of 150 , ace
velocity of 10°h™*, hydrogen converdon was gill higher than 90 %.

Keywords microchannd reactor , hydrogen , catalytic combugion

21

20 80 ,
(1 31,
2002- 09- 20 , 2003- 01- 20 . Received date: 2002 - 09 - 20.
: : , , 21, . Corresponding author : Pof. YUAN Quan. E - mail : qyuan @
: (No. 20176057, No.20122201, diep. ac. cn
No. 20396009) (No. 200108711203) Foundation item: supported by the Nationd Naurd Scdence

Foundation of China (No. 20176057, No. 20122201, No. 20396009) , the
Key Pogram for Internationd Qooperation of Stience and  Techrology
(No. 2001CB711203) and the Sate Key Development Program for Basc
Research o China (No. G20000206401) .

(No. G2000026401)



(4 81 Janicke R/Y -Al05
1.3
51, 0.1 0.12MPa, 30 170
, 3.0x10° 1.0 x 10°h !, 3%
/ 15 %(ol) . 8810 ,
1.8x10°* 2.8x10°*m B5A ,
1 1m; Ar, 4Om-mnt; 30
) 70 , 100 mA.
1.1 )
1. 10 % , 2 -min? 350
, 4h, H.
(GHY)  GHSY = /(
X ).
2
2.1
3 H,
Hg 1 Schemaic diagram o experimenta flow )
1 —feed gas; 2 —pressure gauge; 3 —massflow controller ; ,
4 —dedccator ; 5 —regulaing vave; 6 —eactor; 7 —hedter;
8 —three-way vave; 9 —QAC8810 gas chrometograph _
suppont catalyst 1.0
g .
.g 08 .,
2 06 | \\
8
:N 04
0.2 . : *
0 5% 10% 15% 20%
| H, initial mole fraction
Fg 3 Hfect of H, concentration vs H, converson
Fg 2 Schematic of reactor (GHSY =8.0x10°h™ Y
T —thernpoouples; P —pressure transducer ——cdcoddion; =77 | .8F ;97
Tabe 1 Parameters o reactor 4 10° h~ !
Length of Height of Width of Armount o Arrount of
reaction reaction reaction zone Support R (5 % 8 %) !
one/ m one/im /'m /' mg /' mg ,
0.02 150 0.02 8.3 1.8
. H, 8%
1.2 (nol) 150 , 90 %.

- 5 20 150 ,
Y -Al,0s , 5Uum. R . ) )



44 -

2004 1

1.0

08
06 |

H, conversion

02

L]

Fg 4 Hfect o reaction tenperaure vs H, converson

H, nolefraction: = 10%; a8%; 5%; ——cdcuaion

1.0

50

100 150

reaction temperature/C

(GHSY =1.0x10°h" %)

200

08
06 |

H, conversion

0.4
0.2

Hg 5 Hfect of reaction tenperature vs H, converson

GHS//h™': w3.3%x10%; 46.5%x10°%;

1.0

50

100

reaction temperature/C

(H, nole fraction = 8 %)

9.8x10°; —cdculation

150

08
0.6
04t

H, conversion

0.2

Fg 6 Hfect of gace veocity s H, converson

4100

GHS X 10"%/1!

(H, nole fraction = 8 %)

’

60

; ——cdculdion

0 20 40 60 80 100 120

2.2
2
2%,
Table 2 Pressure drop o reactor
GHSY x10° 4 h ! (Pin-_Pod) - pin¥ %
93.3 1.80
87.5 1.63
76.6 1.56
65.8 1.39
44.1 1.13
33.3 1.05
2.3

7 8

65 100
© &)
E B
E 2
g g
2 60 | 4195 &
: M :
e 2
8 g

55 — 90

01 2 3 4 5 6 7 8 9

position of thermecouples

Fg 7 Hfect o GHS/ on gas tenperature prfile

(H, mole fraction = 8 %)
GHYV/h™': w 09.8%10%; a
reactor control temperature/

6.5x10°;

.o

3.3x10°
100; = 4o 60



45 -
85 100 , 1% 15 %(nmol)
PR " |
&) )
£ 80 4 95 B ;
2 g ,
5 s | { 0 & . ’
g & 3 (
70 e e 85
0 1 2 3 4 5 6 7 8 9 A B Q .
position of thermocouples _ ky Cc')4.7 o, (A)
M T 1+ KCy + KCo)
Fg 8 Hfect of feed concentration on ki Cii Co
temperature profile(GHSY = 8.0x10°h™ 9 fh, = e (B)
(s taperature p T Kyt KkG)?
H, nole concentration: = 0l0%; a 8%:; 5%
resctor control terperature/ 1o 100; = a 80 - k1 Ch, Co, ©
T (14 KiC, + K Co)?
’ kl ’ Kl H2
, K O
3
3.1
: (DS
N_S , ( . E S\ 2
Re 100), DSS = 2 (yr- vd) (4
: ; ; i ;Y
, ; ( <200 ; S E
), Pe 1000,
Table 3 Egimated Kinetic parameters
[7 Parameters A B C
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om; o - L
pw?n;‘ _ _aax[p ‘Fmﬂ ) A Hy/ K- mol 10. 47 19.80 3.24
X A Hy/ k- ol -t 33.59 37.48 23.0
o= F?r( Zmi/ M)t 3) Koo/ ol - m™3 2.97x10°° 1.61x10°*  0.0893
' Koo/ nol-m™ 3 3.55x10°7 1.0x10°% 2.30x10°°
m=mg U=ul(x), z=0; i=1, DSS 0.0029 0.0023 0.0026
2,3 H, O, HO.
MATLAB P
022 gy w=0x=0 , 3. Boudat ¥ 273 373
pD-a—m‘—o o - n K , 0.52%R/ 390,
' ox N 7.5k ol "¢,
X y Z 4. ,
1 H B y F B
. o =0.05 ) B
3.3 .

H. lkeda Ho/ Air R



46 - 2004 1
0.15
4
010 } (1) ,
S
005 f -
* -
= ) /
>
0 0.05 0.10 0.15 ! 5 .
yE 150 1.0x10° h~ H,
Fig9 OConpaiond experimentd outle H 8 %(nmol) 90 %.
concentration with smulating ,
Table 4 Satigical tet of modd
- Modkd (3
Setidic
A B C
N 87 87 87
M 6 6 3
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L 0.0395 0.039 5 0.0395 G — i s I‘r‘[)l-l’ﬂ'3
P 0.962 5 0.9705 0.966 7 D, i kg m2gt
F 201 248 225 »
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No— o, K —— i , mol-m™3
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