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1.1 ERBRERHFZE

1.1 1 Bibk: EMOMENME (Rhodopseudomanas capsulata) 386 BB L0 {3 20 &
(Rhodopseudomanas sp. ) D Witk. HEIILKREEWET HEEEM,

1.1.2 Hidedk. WERBUETR R A RCVBN 5%, KPR a iy R, S5y
R, KR, SREMBE SRR, He&RE,

L 1.3 BERTHESHRMG: oRREE, € 100ml MR+ %E soml #HHE, BABEEL
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ERREMTSR.
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HMAKEH . FEHESUHKESEITE. 1

HITZHBRE L, X, BESEM4HRE
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1.2 HBTEHE
HEANTERAKERRTE

660nm WY, ZWFE. Bk 386

2 % X6 B Jy 0. d2mg/ml, WK DX ) meommswEeSsgrr=amIEn

"8 300 © o §

*Q

500

250

0. 52mg/ml, 2

1.3 BELBELHE Fig. 1 Schematic diagram of immobilized cells
RAEARIEIE R ENESEER ., bioreactor set  up for continuous H, pho-

1.3.1 EEHE: M3ml kFREAK toproduction.

PR (HBRTE 5—6mg) 5 7ml 1. Feed reservoir, 2. Feed pump, 3. Bioreactor,
2 %?ﬁiﬂ‘é‘lﬁ’}j (55 nc ) . ﬁﬁmﬂ]%;fﬁ bll?'] 4. Hlumination with lamp, 5. Gas-liquid sepatator..
. 6. Hz collection bottle. 7. Gylinder for Hyproduction

L/ N Soml FIFW A BT BOR BN A
B E L 4Ra .
1.3.2 WEMAE. WiInl HEASK (SEBETES—6mg) 5 Tml 2. 86 % 8 HELHIH
RE. AEEN R EEME 1. 5% 8 CaCl, IS, Bk 1 /S, AEERKER K,
A UE RPN N

3.2 T A 4 BB 8 Y A b 0 R R AR B R AR R AR
1.4 SiFHE
1.4.1 H, 8. 7F 102G SH B Ei#ETT, HSFEME.
1.4.2 WHESME:. B3, 5s-“HIEKIGHLEEEE.
1.4.3 COD; HEEEME,

2 HRE5H4

2.1 HERFABSFENDSEN

2.1.1 FEEEASEAER. RERAFRYE SR, RIERgEeea, ks
5 200mg/L ZHMHHWENEER, AN FE TR, Z2RABS™Ed
BRI, AEEHTE. SHREFRTH, HRNEERERL, WEEEAN
AL, BiPEE 120 /R, BERMEAANAEmER, HPEREREN 81.2—
88.0%, EMAMAHEENEZRESTHIEECUAE, BEHER77.0MER. N8I E
RE. RABFEMWOEME T, EEFIROATE, KSR 7L BE ek
R, SIS EAFSERIAE. HF 0—120 /08, BFEEREEFS TS (R
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Bz LisiE, BHSAFECENTERAHS=EMER
Fig. 2 The relationship between substrate utiliztion and H, production for immobbilized cells with
agar and alginate

a. Strain 386, L.Strain D — F — Bl Agar . —@ —w- Alginate

SHERBEFEEER SRR, ERTEE, 386 B D B, WEEHN
BEMMAMEF RS EE (BARALFEHRE) MR ATEIGESLAE. &
AT E S RY, 24—48 /7= H, X PR K{E: D 4% 35. 8ml/L « h (279. 3ml/g « h);
386 W #k4 18. 8ml/L = h (144.0ml/g « h), FIZHENS B 2L A+, D Btk 48—
72 PNETER LB AME . % 33. 8ml « Ho/L - h (263. 7ml/g « h); 386 B BRIITE 72—96 /)
B A IR KA 27. Iml/L - h (208. 0ml/g * h) , X W EMSBIESE LMK
BAERGER, EHRCQRAER, BERE—EERE (55C). X — &4 R 7 8 5% 8 m E
REOESE., ERAAREM-CEREMER (LE 2D, B TFHERES B FHLE
ﬁﬁﬁﬁ%ﬁﬁ$.%ﬂwﬁwm%ﬁﬁ%mﬁﬁﬁuﬁﬁgﬁgFﬁgﬁ?ﬁﬁﬁm
HEHME. EHIBEE ARG EET, TERNTEEERA ST RN SRIRER, H
BENERE.
2.1.2 AEPFHIDHEFEAMNAN~EMNER: E3EAAEERMEREMEEWLD
Bk AKT BRAAM=SMEN., SRELMRY. MERDHME, BEtumy
FPEREARHRK, EXHEER, ERUBEEETIBIT.
2.2 FEOENERMBIARE
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2.2.1 E{ESh A% FOER AR %

R B SR A0 7= e 8 0 A B A TROR SR A 5560
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1. BRI HE S AR b fE A4
ESHEW R,

5 [ S At 40 i i L i) B TR R FF & — 4

REshFi%, B,
—dS/dt=KS
HaER: InS/S,=K: (1)
AP Se——MBEFEKE (mg/L)
Si——¢ B ERIKE (mg/L)
K——Z{ RN HFHE (1/b)

MBS E ek D EHAERN (i 1000
<Imm) 7E#] 4 S0 5. 45g/L Frig#
MEBRACE, TR, RV A - 1 N

InS,/8,=0.012 (+—1.8) 24 48 12 96 120 la4
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BH et (SERRRED. (D Wi #%)

B AR, AL B, M LA N — Fig. 3 if]f;ct::;: Par{)ic):]e size Eftimtmobti.ilijzed
ERFREEN, EEL D HER A A o and £, production.
S HETFS BN, HPshAEEHK A——A D<1. 0mm
¥ 2.1X10 *h 1, @ ® D=3 6mm
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M HEATELAE, AT TN Thicle ¥ @ MAXE T 5. ERIEF R EFRT UL BMER R
R eI Rm, XE oMy M RE RS, 458 X8,

C=RNER/YHMBEE=R K/D, (6) -
7= [EZ A A RV EE R /B i AR A B A R

34 1 1
ZV/V"’":Eltanhém?ﬁ] (7)

B R R RN AT AR D, N 4. 1X 107 em?/min®, RIEFEL D
HHAAESD HE SR K E. RBEE 3. 6mm, 4. 4mm F E LM BB A9 Thiele &
¥PsrHlA 0.126 # 0. 154, HRAMHFRETH 0.999 1 0. 998, BEAE SE/TF 0.3,
7==1. 0%, S B E AL & MBS By B TR A R B WY R O AR R R A
Fo E—ERNINE LA T AR R K AT 55T R AR P S8 e R I A A R
B (E 3,

2.3 BEMAEELRLEBEE~S Mt

ATEREEMESMEEES, ST TWE LR VR, WS
B 6131 A 1) S e 40 B K2 300—500ml, fH {08 R 4 Wi % B AN FLAR . B COD ¥ KRBT
6 000mg/L I 4 000mg/L 7oy . RIW AWM ETRM LR, 0 T 2P ER COD R EM ™
FOEE, FEIETTH HRT 275 3. 8d (EPRBEEZE N 0. 26d ). LI INFE 1 ME
d4a. b Fi,

¥ BERFSFEERNBT AL BT EEETER

Table 1 Performance of immobilized ceils bioreactor fed hy glucose substrate.

X Inf. Volumtric H, Substrate H, i
Time Eff. CODy COD Remaoval H production ‘
Strain COoD producing rate producing rate |
[{}] {mg/L) percent {%) {L/d)
(mg/L} . (L/L = d) (Lig=~h) ‘
\
2/ 1803 711 0. 184 0. 409 0. 166 ‘
3/6 2339 62,5 0. 184 0. 408 0. 189 ‘
4/6 2787 55.3 0. 289 0. 642 0.335 |
86 6237 ;
5/6 2787 55. 3 0. 165 0. 367 . 191 :
6/6 3564 42,4 / / / ;
Averge value 51. 4 5. 206 0. 457 0. 220 3
11/6 2962 55.1 . 381 0. 584 G414
12/6 3027 54. 1 0. 314 0. 483 0. 352
D 13/6 6647 3549 46. 2 0. 152 0, 234 o 19%
14/6 3317 44, 7 0. 178 0. 274 . 217
Averge vahe 51.3 0. 256 0. 3494 0. 297

SRAR, FOENBEEEA A, FNSETRARE, UABEYTHE
TR B9 BCRY 48 4B, JL COD £BRE AR E A 60—70% ; MG HIZEITH MY B . PIREH
BATPERE R M T8, COD EBRE TR A 20-50% . K COD KRR . H5h,
P AR TP RPURIEAE N N BRSNS, X — S S RAEML 2
A, MPREBIGERRE . MBS AR, 386, D MW RN E E AR E £
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g, ¥ ¥ ™= € ® b 0. 206L/d, 31000}

0.256L/d, % & = 4 ® % 0.220, Fo-so0f X_;
0.250L/g +d, A H, kEFHE, %%Bi‘“*“*’“’ D .

FEB BT, DRRE R R B O ' '
AR, RTHEERA 0.659L/d § & oo oo
fo.4as7L/d, PHAR G FEE: T L o> —— 3
1.OIL/L » d, 1. 02L/L - d, RE& R § j::;f R L ettt :Z
& 70—90% ., BT EAMBEHETERE o0 —

‘]40

RE, REBKRSTEREK, EHRES T
1‘363%! ﬁﬁﬁﬁmﬂ&f?m- ﬁﬂﬁ?g Feeding Operating time(d)
BRATH, ERSBRAABEM, K b

BATHES, REXHEEE, xE S0 ,
TRESMEITHE. RTEBERSY 5 .l o 0
RO FHRASSEATIORE, & 54 o oo} -
HEGAH . SERALRAFRY 22 b S
g —HE, ANEBERERE, & § ] Lo
KRB Lo oL —
N 2000 ~40
3 % YE § 1000 : A 20
SEHALPRRY, FEALESE R R R TREY
ERAAFRALHT, FEALBRER Poading e

AMHEAR. ERFMANFER R B4 Beranenmmdies™KEme

BN . EWsi %M RS REE, {& Fig. ¢ Performancce of the immobilized cel.ls bioreac-

| By SMEARER., ';;Jr fed by lactate substrate for strain 386 and
E%k%ﬂ@ﬁﬁ%ﬁﬁ“%ﬂﬂﬁ]ﬂﬂ a. Strain 386 b. Strain D

HHE=E 58k COD KEE, HIEEFIE

e AE KT ENER, B, TH—FRRUFSTHERAE, DORBIE R EE

BE. E8. BAMEITHRE.
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Kinetics of Substrate Utilization for Hydrogen Production

with Immobilized Cell of Photosynthetic Bacteria

Xu Xiangyang Yu Xiue Zheng Ping Chen Wei Feng Xiaoshan
(Department of Environmental Science. Zhejiang Agricultural University, Hangzhou 310029)

Abstract  The kinetic characteristics of substrate utilization by immobilized cells of
Rhodopseudomonas capsulata 386 and Rhodepseudomonas sp. D for H, production was in-
vestigated. The results shown that substrate utilization didn’t proceed s‘multanecus
with H, formation, H, producing capacity of immobilized cells with agar was higher than
that of alginate immotilized cells , but the apprearance of maximum H, producing activi-
ty was later than the last one. The kinetics of substrate utilization (glucose) by immobi-
lized cells of strain D fol lowed the first-order reaction, rate constant K value was 1. 2
107%/h, analysis of macrokinetics indicated that substrate utilization by immobilized cell
in H; producing process was governed by biochemical reaction other than diffusion trans-
fer, because the Thiele modulus were 0. 125 and 0. 154 for immobilized cells with d=
3. 6mm and 4.4mm particles, the corresponding eifective factor were determined as
0. 998, and 0. 988 respectively. An immobilized cells bioreactor, fed by glucose and lac-
tate, was employed as continuous H; producing system. It was found that H, production
were 0. 659L/d and 0. 477L/d in immobilized cells system of strain 386 and D when lac-
tate used as H, producing substrate, while the volumtric H; producing rate were all up to
1.OL/L + d.

Key words Immabilized cells, photosynthetic bacteria, H, photoproduction, kinetics,

bioreactor
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