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Hydrogen Production by Partial Oxidation Gasification of Biomass in
Supercritical Water with Fluidization Bed Reactor

LU Youjun, JIN Hui, GUO Liejin, ZHANG Ximin, CAO Changging, GUO Xin

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Supercritical partial oxidation is a new technology which combines supercritical water
gasification with supercritical water oxidation for high efficient hydrogen production from
biomass. Supercritical partial oxidation process was analyzed theoretically, and chemical
equilibrium was calculated using the thermodynamic model. It is found that the equilibrium yield
of hydrogen, methane, carbon monoxide, and the molar fraction of hydrogen decrease, while the
equilibrium yield of carbon dioxide increases with the increase of the oxidant equivalence ratio.
Experiments on hydrogen production by partial oxidation of model compound (glucose) and real
biomass (corn cob) with SCW fluidization bed were also conducted. The results show that the
gasification efficiency increases sharply with the addition of oxidant which reduces the molar
fraction of hydrogen. During partial oxidation gasification process of 10% glucose, the hydrogen
yield reaches maximum when the oxidant (H, ) equivalence ratio is 0. 2 (i. e. , mass fraction of
4.53%0).

Keywords: supercritical water; partial oxidation; hydrogen production; thermodynamics; fluid-

ization bed

AWy TR — b ] AR A B R AR ORI A 2 e
HX R CO, HHERCE D 0. fEFR [ L B4R R
A7 6 AL AL I S CUNAS AT VR 72 55D Bk
AR R S ORJE A5 ) o 3% 28 2 5 1) Bk 0 70 i

HRRRL R RS L Tl I A R A F A ik A5 AH
H— o AR T BEEE A
3 B A P e 8 v ) AR5 T A 0 o ) 4 BRI
SIE T AT Z OGN IR 2R g IR LA oy

Wi B . 2008-04-17.  YEFRIA: BAZEQ978—) 4l 4, kUil SRZVER (R R O B 8 82 lE A S0, 340

B . ERE SRS & BRI P B A (2003CB214500).



6 Po% % @ ok % % 5543 %
B RE RS AR, NI T 2l i3 i AW s NN
A Ry REIE B B L Al R is O RE TR 7™ . C,H; OH + 3H,0 — 2CO, + 6H,

Pl 2 A BRI R A W R FE Y — A AH = 348 kJ/mol (4)

A SR AR, K Y R SR ER K,
A T 95 %0 i TRl A A B AT TR AL
B A W A LA R AR R P R AR A
PR FRCRS . B A S A AR T DL B A 2 5
R A, O S RERER TR R i A
AR R o SR R AR e R L
IR AR Z

A= W) S AE AR G K P AR — AR R
TR B A Ak A 15 SR A ) Rk B 5 Rk
o B B TR R R T AN A SR
A AL R, DRI I w8 (94 T i 0 56 AR U S
B 20 20 80 AFAR K R R Y B I ALK 4 Ak
(SCWOY A AT Z i A NUEF WAL P, &
AT SO PR T 52 7 SRRk 7 P i e o T
H AR FA S — A~ SR G il PG . R I R K
T3 LA AR AT B bR WA ) A S 0 TR ) 4
PSR T E— A 2 i H 58 B S IR B DA B S
AR AL 11 T RGN LIRS ALROR.
Watanabe " 238 1 38 1 #8 I 5K 2 AL 7T LUAR
o 2 5 P R S R TR R ISR A R
— 2R H RN A AR I K P o A Ak
FTHFFE. S5 GA AR B4 T #BI F K
SR AT E R R E IR S — A Tl
FUASE A A BT 00100 A S 2 B 2 Y £ R
I FAKR A A A T R AT 40T, SR AR HE I K
TRAL PR 22 56 o A A L B T K S g s K 3 43
SRR VEAT S B 5. AR SCRIBIF ST T AR M HE I
IR BT AR 2 AR T B MHE L S S AR 5L

IS VI &0}
A TRAE B I ok R AL — A A B R
Antal "Ik 7R3 PR T 4 R KU

BB GEAl 3 44T SO EAAUARR) £ 151
C,H;OH+ H,O — 2CO+4H,

AH = 256 kJ/mol @b
CO+ H,O— CO, + H,
AH =—41 kJ/mol (2)
CO+3H; - CH, + H,0O
AH =— 210 kJ/mol (3)
A e AR AL Hy F1 CO, L B4

AR A AT SRR TPl kAR B RO A
CHOH+ 5.0, — 200, + 3H,
AH =—509 kJ/mol (5)
CH, + 50, > CO+2H,
AH =— 36 k] /mol (6)
CO+ %02 - CO,

AH =— 282 kJ/mol h)
SE AU (4) SRR I o T 2 B (5) ~ (7)
BRSO » IR AR 73 S8 A AR A AT BEAE [R]— S Rz
i P S B BCRA 5 W AR L AR . X N AR O
TR T AN e B rh AE 7 pO FARE S T
ES Wi f ke v S T 0 | ANE = £ | U 167 T P VR
P T YRR R
TE R T A BIFFE A b AR AL A N 1 A 4
AR A A= Wy Jo A i 5K A SR A 21
BRI, I FH A2 2 % s e K A ) o AR AT
GIHT L BRAS T AR 2 AR AR SC LA ) TR
B PR AR 1) TR T2 R0k R I 5 K 43 4R
A RE AT A A 23 B SR AR D R L T
JETRLE N 500 C 12k 25 MPa kL 4 50N
10 70 h S 2 1 (Er s AR A B 5 P0RL 58 4
AL TR AR 0 FEAED XA SR 7 i (Y, B
A BT B AR S AR A D B 52 DA T
VAR Al OB, 3k 1) A A= 5 5 4 k. X
R4 F % H, .CO, .CO Fl CH, 411 444k
AR NI PSR Yu, >Yco, >Yeu, >
Yo Hrfr CO F= AR /N, AHXT T H AL S AR TT DL 20
AT BEE EAH SR, H, LCH, LCO #-F- i ™
HEWE T CO, B i in. %84k

5

BT SRR 24 P Al A ™ B ) R )



B4

BACHE 4 R W U I K U A PR 2R 0 v B0 S A A i 7

SRR P S 4 Yoo, > Y, >Yon, >
Yeo. FHIEAT UL BRI 220 £ B B I A S8R AR
FIF =gl B 2 &SRB B A AR Y i AR fk
(R . DN RT LA Y S S A87 A = 4 4 i i 4
AR 24 AR A 3 5 SR = B SR R AR Ak
(1B 3SR — B, Rt AU AR 2 i SR
H, .CH, P\ K& CO MRS Ek /b, i CO, iR
STEE .

1001
N Ve
L —0— CH
80 4
-a— co, /A/A
/A
60 /A/A
X __A
s — <A/A
P — b—o—p___
—o0—p

P2 SRR 24 A AL R )

2 SRR SINE

AR S RS INE 3 PR, SCu s E R R
AR N 25, bk 316 BN, AL Br B2
30 mm, & IFE HAA N 40 mm. K e e 915 mm,

VORI K 650 C. K18 30 MPa. 5 #% H i A
WK A2 298 0. 1~0. 15 mm F A SR 1E S R,
SN VRl R 43 A 5 A EAR A 2 mm ) K R4S 33k
FEL A T 3000 S5 7 5 PN AN TR 0t )R s O i S B
T A B 22 ELAR g 0.5 o (149 B T BAG F, 1 ok I 31
JE . ELR S I RS 0 1 5 SR 13 BT i AH [+,

S R ORGSR A BEPE 4 VR 4T, Hot
FUNE Tk Fr g e 1 fros. R bl
B TR E i B0k /N T 60 H. Tkt S
2 RL AR 2 R A (CMO) IR A 1 7 1200 SE 87 5 TR
SAF T 0 S . SERIET R EAR B S AR
PR TE A 0 A A 0T 4 B0 ok CMIC |
VLA T A BR 2 @) 2 7=, kb p CMC 438 19 5
TN 200 ~3 Y. AR i R AT bR 4 ik T
ABR A E A7 S8 fef 0 S AR = T R A R
30719 Hr 4l Ho Oy 5 iy KT HEAE RS 4016 T4 BR
ONEVE R SRR HP6890 AR (35X /34T«
TCD K25 . 85 4l 203 8 A Ry 22 M Ak
YRR FTRER 4 PLOT C-2000 B 40HE, 753 B FE
R DU #8 I R 230 °C L A 10 mL/min, )7
FHEZE 60 CA£¥H: 2 min, L 30 'C/min R F
%150 C,{44% 5 min.

TR @A

%Ev
_®

®: EL%:O: \BEEKEF: EE%E#:O: # R R ool MRAAWEI oY WK DK: #ikH

B3 il FOK AR AL S R

A1 ERGTEMARSE T Ly

w/ %
PAE /K] « kg !
C H N S o) KAy Y Jix RSy [i] 7 e
40. 22 4.11 0.39 0.04 42. 56 9.71 2.97 71.21 16.11 16 650

TE R A A BT 45 R L O B BT 43 B0 38 i 22080 5



543 5

3 SR
HAREDSSEUSUHS
B 4 BRI R 600 C S8 25 MPa, 9k
TR 24.7 g/min  FIHOK RN 125. 7 g/min 1)
AR AR AREE RS AR Y OGR4
WES R T 50 0N 10 %0, SE56 v AR (Ge)
AR (Ce) B LE = A & (Hyp) S5 S HO0 ALK
AT NPT LIE H L Bl A7) 2 b
LG (Ce THaE  CO F=8Z @iy . Sk r=4+ H,
AT 23 0B 2 S Ak 700 224 58 04 385 A W ik 2>, i
CO MIRFR S BOZ BikG I, CH, R FR 2 B4 b 4 46
L=yl N T e e ) | A= W K e e
ARG INAG t b, BAR AR Hy B R
SR 8 Hy PR SR s . e Y
0. 20l 4. 53 %) i, H, PR A E) T A
K. Hy B 2 235 H, = &Rl b
24 A A S — S R I A A R B Ak
FIRTLARE I H, 77 6. SR CO Ry 434k
Feds i S A A RO R — 80 X B2 Y
b2 Al 2 IR 2 S 0 3o R A A ) 2 B 1 S B
S T2 L 37 8 1 2 s .

Sinag " (A 5T 2 B . 45 45 B I ALk <Ak
R AR B R = Y sE R A Y. SR H
2. LSS, W S RGNS kARG
SN A B AR i

3.1

HCHO + W24k &9 — Bl (8
mimA&EALR H. O, J5,H. O, fE# IS K &4 A
F 32 S5 g

H,O, +M <OH + OH + M (9
HCHO 7£ OH 1 i T & 2 43 fift 4= il CO™Y,
HCHO & WiHFE A RO () Bl Bk m A
SECAR R T LAY ) 5 i 45 v SR 1 A B 3 5 S 5 U
FEN 45 R —E
3.2 EXRBESEAEUHFHS
& 5 J& A ] SR ) > X KO AR 52
e o S A5 F R IR EE SR 650 C, 1ok 25 MPa,
Pk BRI B B0h 5% . CMC 11 5 & 43 500
220,k A 25. 1 g/min, HAUK &N 125. 9
g/min. NEIH AT UF L, Bl SR S B340, G
Ce P in, i Hyp 22 #0080, Hy DL K CH, 7=
R URZ SR AN 2o | R =2 N 1N 5 e - e 44
FbAse /DN, T2 Ak 70 22 B KT 0.3 (5t 3 43 B0k
4. 37V I Hy P il b, SR =9 Hy (14K
R B0 A A AR Y 3G IR o 2D, 2 AR Y
R 0.6 BF L H, BB 17.84%. CO, 1)
AR 3B i 4 A 700 244 o A9 385 i 14, CO Ay 4R
Oy BT 1 T A A AF G 8 4 A o S AR R
R85, CO MR B RS £, X FZ RN R
AP AR D B B LA K COs , BT L
PR Ak 7K AR 4 B I A COMe Ak Sk HL DL AL v ik

50
V—v.
40 T _
) o —-Co o
<30 o -v- CO, g
B —~-C,H
S ok e .\2.6 g
-a-CH, T
10F o CH, 20f A——a— A 420
0 d———i——1 0 P 0
00 02 04 06 0.8 1.0 00 02 04 06 0.8 1.0 00 02 04 06 038
Ey R Ey
(a) KM= 1 (D IRFS 45 (0)Ge Ce 1 Hyp
4 AT 2 X R A A AL A SR S
r 80 —e—
O wH, --co P
- s -v-CO MiDae:
25r-a-CH, -~ 2 - C.H
T 90 | - C,H, — CH, 60 2776 —h Tw
) 2 k)
-4 - -a-CH, -
S 151 < 40, o
& s —-—C,H, £
= 10f o
'\.—.\-_\1\. 20k
sk
) P e
2 $ 0 : 3
0.0 0.2 0.4 0.6 0.0 . 0.4 0.6
Ex Er
() A =i (b) RFIT 5L (0)Gg. Cg 1 Hyp
5 ALY B F RS A SR 5w



B4

BACHE 4 R W U I K U A PR 2R 0 v B0 S A A i 9

A LA - CH B ARR 3 B 40 A 790 224 1209 i i sk
A AT L A AR TR A A AT LA CHL /Y
A B E MR AR,

4 %5

DA 255 4 Ry 191 B I S KR o SR Ak SR N 2
Tk i M . T8 5 L 3R I Bt 25 SR AR 7 24 e )
Ban. Hy, . CO L& CH, §yr= g, CO, 7=
s SR Hy B RF S 080 CO, IRy
H . AERR G B R A PR T X 5 2 LA B KGR
HEFT R A A A i A S50 2 B - in AR R L AR
RS T He A9 ABU 8 (R & TR R <
2R, TRIEHI ] T £ 9 9 7= 2 AR R B0 1026
(AR 25 1 50 o A R fb e B o, X R S =
0.2 /0 B0l 4.53%0) W), K15 T & K He
PR

S 3K :

(1] B2, 3RS, SREUHR. Aol A= ¥y B i 7K <Ak

A SERATFELT ). PE42 38l R4k, 2005, 39(3):
238-242.
LU Youjun, JI Chengmeng, GUO Liejin. Experimen-
tal investigation on hydrogen production by agricultur-
al biomass gasification in supercritical water [J]. Jour-
nal of Xi’an Jiaotong University, 2005, 39(3).238-
242.

[2] YOSHIDA Y, DOWAKI K, MATSUMURA Y, et
al. Comprehensive comparison of efficiency and CO,
emissions between biomass energy conversion technol-
ogies: position of supercritical water gasification in bio-
mass technologies [ J]. Biomass and Bioenergy, 2003,
25(3) . 257-27.

(3] /. A=y Bl i F oK ALl & LD, P9 % . 1Y% 38
W RAEREIR 5 30 ) LARERE . 2004,

(4] LUYJ, GUOLJ, JICM, etal. Hydrogen produc-
tion by biomass gasification in supercritical water: a
parametric study [ J]. Int J Hydrogen Energy, 2006,
31(7). 822-831.

[5] HONG G T, SPRITZER M H. Supercritical water

oxidation [EB/OL]. [2004-03-257]. http: / www.
doe. gov/.

[6] WATANABE M, INOMATA H, OSADA M, et al.
Catalytic effects of NaOH and ZrO, for partial oxida-
tive gasification of n-hexadecane and lignin in super-
critical water [J]. Fuel, 2003, 82(5) :545-552.

[7] ARAI K, ADSCHIRI T, WATANABE M. Hydro-
genation of hydrocarbons through partial oxidation in
supercritical water [ J]. Ind Eng Chem Res, 2000, 39
(12): 4697-4701.

[8] WATANABE M, MOCHIDUKI M, SAWAMOTO
S, et al. Partial oxidation of n-hexadecane and poly-
ethylene in supercritical water[ J]. Journal of Super-
critical Fluids, 2001, 20(3): 257-266.

[9] ARMBRUSTER U, MARTIN A, KREPEL A, Par-
tial oxidation of propane in sub- and supercritical water
[J]. Journal of Supercritical Fluids, 2001, 21(3): 233
-243.

[10] JOHANSON N W, SPRITZER M H, HONG G T, et
al. Supercritical water partial oxidation [ EB/OL ].
[2006-06-20]. http: // www. doe. gov/.

[11] ANTAL M J, MANARUNGSON S, MOK W S, Hy-
drogen production by steam reforming glucose in su-
percritical water [J]. Adv Thermochem Biomass Con-
vers, 1994, 3(2). 1367-1377.

[12] YAN Q H. GUO L J, LU Y J. Thermodynamic anal-
ysis of hydrogen production from biomass gasification
in supercritical water [ J]. Energy Conversion and
Management, 2006, 47(11). 1515-1528.

(13] BAZE. ALY oK AR AL R R 5 X
A E AR AR FE LD, 7Y% . V9 2388 K= Re IR 5 3 )
TREEBE, 2007.

[14] SINAG A, KRUSE A, SCHWARZKOPF V. Key
compounds of the hydropyrolysis of glucose in super-
critical water in the presence of K;CO;[]J]. Ind Eng
Chem Res, 2003, 42(15): 3516-3521.

[15] SAVAGE P E. Organic chemical reactions in super-
critical water [J]. Chem Rev, 1999, 99(2):603-621.

(G IR



