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Biofuel Production by Immobilized Living Cells

Hydrogen Production by Photosynthetic Bacteria —

Yung-il Joe and Yong Ho Seon

Department of Chemical Engineering, Yonsei University
(Received August 20, 1985)

Continuous production of hydrogen by Ca alginate-immobilized photosynthetic bacteria was studied in a packed-

bed bioreactor. The dilution rate and input concentration of carbonaces substrate were selected as operating

parameters. To choose the strain for immobilization, hydrogen productivities of Rhodopseudomonas capsulata 10006

and Rhodospirillum rubrum KS-301 were compared through preliminary batch cultures of their free cells: the former

was found to show better hydrogen productivity in spite of its lower specific growth rate. For the continuous production

of hydrogen by immobilized R. capsulata, the optimum dilution rate was about 0.84 h-!. The immobilized cells gave

beiter hydrogen yield and conversion efficiency than free ones. And a kinetic parameter K7, was determined for the

packed-bed bioreactor; being practically constant for a specific range of dilution rates.
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Fig. 1. Immobilized bacterial system
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Fig.2. Schematics of packed- bed bioreactor
1. Air tank 2. Feed tank 3. U.V. lamp 4 . Peristaltic pump
5. Incandescent lamp 6. Water jacket 7 . Packed bed 8. Support (nylon net)
9. Sampling port 10. Liquid-gas separator 11. Circulation pump 12, Water bath
13. Gas sampling tap 14. Gas collector 15. Graduated cylinder
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Table 1. Operating conditions of packed-bed
reactor.
[tem Quantity

Reactor

Bottom area (em?) 2% 10

Height (cm ) 20

Total volume (cm?) 400

Working volume {cm? 360

Packed-bed volume (cm®) 300
Void fraction of Ca alginate bead 0.318
Illuminated area (cm®) 180 (10 % 18)
Illumination (Lux) 12000
Flow rate (cm*/h) 20—100
In:cie(:n (s;:ﬁg;;l_‘)lactate concentra 30, 50
Inlet pH 6.9
Reaction temperature (C) 30
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Fig.3. Time course of total hydrogen production,
cell concentration, and residual lactate
concentration for the batch culture of
R. capsulata
(Initial lactate conc. =50mmol/L).
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R. capsulata and R. rubrum.
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Fig. 6. Effect of initial lactate concentration

on specific hydrogen production rate.

Table 2.

batch experiments.

Kinetic parameters obtained

from

Kinetic parameter

Strain

Initial lactate

conc.

30mmol/L  50mmol/L

Specific hydrogen

roducti A R. capsulata 1.035 0.731
production rate: g rubrum 0. 144 0.176
q, (mmol/g-h)

Specific lactat
uf.j.c’f‘f. U Reoplata 030 0.2

tization. rate, R. rubrum 0. 141 0. 153
g5 (mmol/g-h)
Cell yield, R. capsulata 0.38% 0.393
Y. (g/8) R. rubrum 0.922 0.790
Hydrogen yield, R. capsulata 2.410 2.025
Y,/ s {mol/mol ) R. rubrum 1.091 0.975
Hydrogen yield, R. capsulata 55. 86 45.97
Y,z {mmol/g) R.rubrum 10.57 11.01
Hydrogen conversionR. capsulata 40. 23 33.75
efficiency, (%)* R. rubrum 18.18 16.25
Lactate conversion, R. capsulata 78.27 85. 50

(%) R.rubrum 77.67 77.60

*Based on the theoretical value (6 mol of hydrogen
formed per 1 mol of lactate)
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Fig.7. Change of total hydrogen production,
hydrogen production rate, and residual
lactate concentration with dilution rate
at steady state continuous culture of
immobilized R. capsulata.

(Initial lactate concentratjon=30mmol/L.).
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307
el et
2 QA e mL/L %9 wickel) & 54 xx sl
2242wy 2 F lactate EEE 3|4 St A
H4E Frhehrinl, o4 P4 S 34 20
Z7 el A AR thot thA] zbelm 2 ab & gt
4:1;—_ oS :“_‘:. Py

b 2ot e A B4 55084
4 59 lactate 3% 30 % 50mmol

L°‘“’4, 77zt 80,1 d 108, 2mL/hojgl =}

T4 A4 £5 9 lactate Bl 4w H5 od 4]
314 S xo Frtofl wet Axchrt molxw], g
H HE 0.8¢h7 FZolA Akl ek £9] Ja-
ctate ¥ % 30 ¥ 50mmol/L @ o] 44 wlalid &

5o Ahge 77 595 9 8 0dmmol/g. hol 5.
lactate ®]4v] &= e 247 2,10 ¥ 3.30
mmol/g. h o] o},

gL lactate 719 FAa Fakl
L=

fo
™
2

EE I

bt
N
)

2 HASE Astae 24 weixla gk, 27
2.6-2.8 = 2.3-2.4 mol/mol A% o|g)ct ojnl] 44
A5t g-2 7bzh 43.3-47.0 = 38.8-41.2% Ax7}
e

3

E 6 s

B

E

% 9,

st .

P

e s

=

& 4r

= &

S

E

£ af

- o o—" Yp/s\

=

& 2f ° D/q“:"“‘“8

Ry 5

< o

E Ll

E 1

= g

=)

0 0.2 0.4 0.6 0.8 1.0 1.2

Dilution rate(h ')

Fig.9. Change of specific hydrogen production
rate(q,), specific lactate utilization rate
(gs),and hydrogen yield(Y, ) with dilu-
tion rate at steady state continuous cul-
ture of immobilized R. capsulata.
(Initial lactate concentration - 30mmol/1.)



308

9 {mmol/g-h), gq.(mmol/g-h), Y, s(mol/mol)

o s
°*——84°._.—-0\o
2 r / Yp 8
o
ir
0 1 L a4 1 1

0.2 0.4 0.6 0.8 1.0 1.2
Dilution rate(h™')
Fig.10. Change of specific hydrogen production
rate(q,), specific lactate utilization rate
(qs), and hydrogen yield(Y, ) with dilu-
tion rate at steady state continuous cu-
Iture of immobilized R. capsulata.
(Initial lactate concentration=>50mmol/L).

o 7ol Al Afr FAlok st FA 54 AAF
< Wl@dA) 9lEted chew e 2% 8% AL

A o] gk,

2 s FAede 2 s vlAA SE
7T AR FAAY AN F4 wAA E=
+ Age A, FH EE oAE lactate 7]
% 30mmol/L gl 73 1.9—5. 7, lactate ®=7] *

50 mmol/L ¢l 7 f-oll= 4.3—11.0 =7} =}
ol A= Rl A HEsle] wolof & 4
7b Aok, nA el ofdted Fx w4 FE}

Aedsl AQe debde Aol Ag ARE viw

o
T

=

s, 4 g7 Y v4 A r Ay st ol
o o4 FAEE o 5 sl

(2 fx4le| TE

Ad A3g AE3dted A B)ol oJsted FAEF wl
2-71oll A& R B Michaelis 24 Ka e +3h
= g3 3ot
D, (1/h) 0.21 0.42 0.63 0.84 1.05
K (g/L) 175 144 143 140 131

Kor.J. Appl. Microbiol. Bioeng.

o] Ad= firol Fotstwd AAZY FAs 7
a3A sle A AR HElie ez B o5
Ak 2 A £E 021h e ASE A
e A9 A4 Foz MolE £ Ald], ol
& Ca alginate®oll 9 43} FAE o] 88 4
a Aakel glelA, 34 £ xt o)Wl gk olatel
oS B A Ao A Falst gA e

slelehe Aoz ¥ 4 ek zed o) £4)
2

L Koo
o

§ o
Sl
2
g
I
[a ¥

il
[0

% AHAAY Ba
17 R E kel mofob & ook

94

/M
T

a5t FiA FAE ol &3] Al A B
Aol shal #42) A4 Aol Batel A A
B, oes ge AL 4 4 ek

1. A{ FaAF A2 3F Ay A=, Falg
| Z Al A e = Rorubrumo] ZAjul 4 ALY
R.capsulata 7} 53 Aoz Idsgloh

2. R.c

apsulata ] Ca alginate 743} F &

A8k FAHE 4E-g7]10lA4, =9 sodium lactate 5
|

1 2

=
-3
x
25 We2 ol AL Sa A
~
o

1 & gk A2 g4 45 0.84h 7 H ol A
b

4 F7eE

. . ’
7] Michaelis 24~ K,
A A

£ 57} 0.42h o)Ak

I =
An

AFE GF oE AT ddel 1984UE

A7) Aol lalel £ Rez, = ARtel 7

Ae Y

2) #FE AT FA

g (@3
5w o

e 2§
43

o},

1 Og j=4 j=] 0%
stet €4, of @F 9 (4T k)
e W (57 B AthA, Ay sAe
= EslE 2 5, 2 B4, B AL ¥

34l A A=A,

D,

ABI1E

. molecular diffusivity of substrate in
liquid (m?/h)

: dilution rate (h™")



Vol. 13, No. 3,

Ja . flux due to diffusion for substrate

(mol/ m?2-h)

Kn . Michaelis constant {mol/L)

Kn . apparent Michaelis constant (mol/L)

Ke I saturation constant (mol/L)

L I effective boundary-layer thickness (m)

P . product

S ! substrate or substrate conc. (mol/L)

Se . substrate conc. in bulk solution (mol/L)
(So) in . substrate conc. in bulk solution at column

inlet (mol/L)

(SgYour - substrate conc.in bulk solution at column
outlet {mol/L)
S, . substrate conc. at immobilized  bacteria
surface (mol/L)
Va . maximum reaction rate
Vi D=1V,
X L overall conversion in the packed-bed
r ! proportionality constant
t : time (h)
v . reaction rate
¥ . specific growth rate (h™)
“m : maximum specific growth rate (h~!)
7 . effective factor
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