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Performance of Substrate Transport and Bio-degradation within Annular
Optical-fiber-illuminating Biofilm Reactor during Continuous Photo-H, Production
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Abstract; An annular optical-fiber-illuminating biofilm reactor ( AOFBR ) was developed with
photosynthetic bacteria ( PSB) attached on the surface of side-glowing optical fiber for the formation of
biofilm and continuous photo-hydrogen production. To enhance mass transport and improve substrate bio-
degradation efficiency within AFOBR, a two-dimensional mass transfer model was proposed based on the
theory of mass transfer and kinetics of bio-chemical reaction. Results on numerical investigation revealed
that characters of mass transfer obviously affected biodegradation within AFOBR. With the increase of
inlet substrate concentration, substrate degradation efficiency was increased at early stage but decreased
later. While, with the increase of flow rate, substrate bio-degradation efficiency was always decreased.
The maximum substrate bio-degradation of 43.5% was available with 10 g/L of inlet substrate
concentration and 100 mL/h of flow rate. To regulate mass transfer and maintain appropriate substrate
concentration within biofilm was proved to be the effect way to achieve higher substrate degradation
efficiency within the bioreactor.

Key words: Photo-biological hydrogen production Biofilm Mass transfer Photo-biological reaction

Substrate bio-degradation efficiency

Wk H . 2014 —12-08 (& H#. 2014 —12-30

* [ 5K A RFHF R & % B I (51376056 ,U1404521 51309099 ) | [ 5% i AR B 58 K S 114 (863 1141 %t B35t H (2012AA051502) [ 1
LA R AL A B H (2012M521395) 1 1 48 08 T RH = H AR WF 98 S8 58 B 350 B (13B470119) F0AS I 115 BH B R Bl 4 & J& 3 &) 9% Bl 35t
H (130866)

EZ A RN URE S, 22 S0 T P A R VR A AR S B[R] LT 5Y , E-mail ; zhangchuan@ newu. edu. cn

BIRESE: KR, Z4RZ W LA, FENF A HEAGRE LRI, E-mail: zquanguo@ 163. com



%3 1

SR 2+ BRI L' 2 A Wy IR S I 4% 14 RS ) A B 5 R A e 1 175

5l

T U Y T AR AR A R T SR ] O X
T 28 95 2 B8 T T £ JR A T 5 S F) R D45 R 35
AU LA S R e 7 A RE MR BRI L BRI
F U AT DL 2 Rd A A 7, — R BILAE B AR A
PR G v i K R A 2 T R S R A
TR R AL R, R A TR AR R A
W ) B ARA T L T A TR A 0 L A AR
B REREAR , 7 AUEURE R AR i , [ I B #
Wy I AR, R kR R A AR
S 2 T U B LA R A A G R A T R R
R 38 S A0 335 149 R BH O LR 1 B AL 3 R L A L
0 A A0 A58 000 5, B e LA B 1 2B W o) Dy
Aoz 10T S S R B0 A AR %
FeAR G| A A 7 A R AR . N SE AR AR
AT L3 S A A 2 I 90 B R A 4 il AT, O i
VFS AR E TR . SR T A W A 40 i 1 5E L 7
W, AT LR AL 38y v oA A B AL 5 BEL ) R, £ 4 A
375 6 P FILBR 3R 8 A JE 45 ke 2, o R T Ol 2 4
ALK R EE T

T A A A 400 TR O 5 1 ) 3
R FR R ARDGLT AR W ) R s ™ AT S BB 2
P B2 S A F AT KT S 7 R TE SR
ST S 85 O VERE 5B AT AR B IR G,
A 00 L 5 22 A B 52 R 48 v B 00 7 S5 s o )
R TR S IO 28 AR ) e A P B o 3 i BRI S
X B T L RE (9 K 2 R AT 455 00T, 9T 3RS
T 5 I8 AIGB T IR AR AR, 6 A W ) R
PERTIE I S TR U C TR W) S i 7 g
TR 5% 20 4 w1 A S L 3l 2 5 T, HL 32 Rtk ik
SO0 9 05 1k, % R R T A B 3R A1 R B S
JRANF= U3 1 2 S 1 TR S A W B
527 4 10 A7 A8 5 T PR 5, 4 2 o 1 LA A
(19 978 3 T A SR 4 0 A28 0 PR A A - 280 9 AR R O
X f) R B A . RESEBR AR 3 SR A R AR )
T AN 5 3 X AR AT b S 3 BE A A it AR SC
TEVAFERTE B SE R b, MR 30 5% k% 3% J5U R AT Monod 4E
A SRE BN 7 2, 38 3k 8 3 B U G T A 0 B U
PRI A A 5 VR A 1 — A B AR 7 SC BB 9T
S b ) PR DU IS 7 48 75 3 28 R B AR 4% 1
ARG B S A S5 R IR AR A5 o

1 XBRGFERFE

1.1 REZMEEBRKE
P 06 £ A W ) S BB A% ( Annular

il

optical-fiber-illuminating biofilm reactor, AOFBR) %%
P RISE I A B AN 1 R o B 9R OB (¢p18 mm)
b 1o [ A B BT A R AR DR G G A0 R R R IR AR
PR 2 A, el T R BROG 27 72 W] 0O B B AR
B SGR, NTTAR UE 1 A S G G 21 3R 142
IR AT R SE AT I O A T A ) I X 0 A AR
JEB O B R A B R A AR SO mm, Bl m) G R
300 mm, 75 fH % 500 mL,

S5 2 H PR U B O 2T A W ) SRR A
PEHL EUR AL Oy PR L OO S5 A

L PR3 B0 £ A= I S0 B o i 54 6 e
Fig.1 Scheme of experimental apparatus with annular
fiber-illuminating biofilm reactor

LOJEURAL 2. BRURALE LR 4 W O U B 2% 3. AR
4T S MM 6. MEWUIR 7. A
1.2 tEHEMBERE

S HT B Rl O 8 AT 20 B WA B Y IE PR LL AR R
i /& ( Rhodopseudomonas palustris) , % F 5 %5 B AF
b B R AR ) DR, G b B A 2 AN R B IR o
K,HPO, - 3H,0 1.006 g/L, KH,PO, 0.544 ¢/L,
ZnSO, - 7TH,0 0.001 g/L, NaCl 0.2 ¢/L, CaCl,
0.01 g/L,C,H,NNaO, 0.5 g/L., H,NCONH, 1.677 g/L,
MgSO,-7H,0 0.2 ¢/L., FeSO, -7H,0 0.041 7 ¢/L,
(NH, ), Mo,0,,-4H,0 0. 001 g/L FIEEEF 1.0 g/L.
L3 wl7giE

JIE W o R e I R R 3,5 TR Sk UK A R A
% R IAS S 756 MC 550 AT WO 3 et B I ( |k
5, 756 MC) . B3R a oI & {di ] BP114 AU 5
ST RAF (PR BPL14) o S W i 1Y IS ) I A 1 B
IR A6 A r (mmol/ (g - h) ) 1R W I fiff 280 %
X (% ) KAtk

2 REYMtEmSREBREERE

P 2 g 0 B G £ A 1 5 ) 0 L i 1) Jie 4 A%
S AR AR R R o el B AT L R AR SOV AR
U DX R G AN 1A D 2 2l (] A 2 A e A A
o) BEAT AL 3% o AEAE W) IR X B, TR Wy 2E AT 9 O 80
B A A AR o S SRR BIOG BENT & L AT AE S
o Bl ) EAT A L O R R B A ) I DX e 9 A A B
iR AR DRI, W) A B0 U 2 Ol £ A W I 2 S



176 & b LW % 2015 4
WA Ao 2 S 1 S 98  UIK 5 2 L o, D, _ L, _L ,._ D
IS DX S RS A % o T A g B X 380 A Ak 9 A Y A R r; O A A °ou,lL
e A R SRR, PR BBy
I LB LU0 TR ;ﬂ;D*@Q;£+ﬁfCaT) (5)
Ly v oo e axd
LRy - BRI (4)
AN i i | C=1 (x=0)
== - o _ v=1
B2 £ e A T 1 y (x=1)
Fig.2 Schematic of substrate transfer and . aE aE,, B L. (6)
bio-degradation within AOFBR D ;ZDR T (r=1 +r7/)
W BeE R DL R 3 O b g A Fha s, A= @_0 (_L)
) BV G 21 Tl ) AR 11 2 51 40 A . ()4 W R 4 A ar T
B RYITE Y R LF O W B Bl R W I A (2) A=W X
W 5L 7 B B 6 P . U W LG FC FCy
SELF E R 2 AT R i A R K B 2 - m+m2+w)‘nﬂ*+mx
BRI EF R RS 2 A AL N B SR RS s
EHTAY ., @h T &Y AR, A IR NG5 ac,
A TFICLFSMUSE R . G5 I A 1 TG I A IR A bl (r=r)
Filo © 2 Bz 4 11 3 3 Ab T 6 5 2 R B, Wi w = € ac
u(r), Doy =l (r=n+ly) (8)
Fh S, 788 360 9 28050 7 A 900 0 I 2 9 ¢ -c (x=0)
{0 PR HCE B o,
(1) 28 ERIX o =0 (x=L)
IR o I
e Gl b (1 P T Y
it S 4 Pe TG asy g
u=0 (r=r+L;) ) i s s
{u:O (r=r) (2) _ rC, _ i
’ b=r KDy =KD
Kb e IME R . :
L—— W B RKeb K —— R
fte 7 JrE(T) (8) Kt 401k
aC _ 1 9C yC_9cC 1 aC, &C, 1 9°C, o°B 2
“ ax_D( r oo or ax2) (3) “(7?+ o I on ) “1aptY (9)
WS AAF oC, o,
c=c, (+=0) =0 (=)
aC B — —
o 0 (v=L) pC_pe 3G (;:nﬁ)
d ar r, (10)
aC ac, (4) _ -
DE:D"? (r=r,+L,) C=1 (x=0)
aC ‘LE_ X =
EZO (r=r,) 6;_0 ( 1)

X D—RWAE ER X T AR
D, —— RYAE L W) X A7 3800 B R KL

_ — _ . — C
L S B N - A Al
¥ " u,, C, A r, ",

Fie B8 22 LA T3S , IS 7E A P I R (0 A
[ EAE TN
D, =eD (11)

HEYBALIR R & Fm ol



553 SRS . BRI BT A W RS U5 0 0 IS 0 % i e e A 177
0.43p"” “r .
e=1- 59 (12) o .
11.19 +0.27p" Wb /\
A p— B BF
C 292\ u C S36p .

- _ _ (s ot s 34F
H eXp( [1 (9.9) ] )K5+Cs (13) »l
AELTRL U BT 1 2 B S B B an g 1 R zg

F1 HEWMMUFANSH

Tab.1 Parameters used in model prediction

Ve 2 S0 fEL FLT 24 S A
p./(kg-m ™) 150. 1 Y., 0. 303
D/(m?-s) 7.94 x10°1° K, 8.367
Bop/h ™! 0. 209 m 0. 827

3 ZRE5HW

NS s oo A 128 ) A LR A IR ) R A
P B 2T A Wy 5 ) 20 L i T B A 1) R R R
WA A DX i A 7 A 0 DX SR ) £ i 5 I A 1
W o PRI, S #2432 52 ) IS i 9
WEARIERE . SO AR s AT HRAE 2 80T 1yt DR Y i
A JSE AL T, 251 3 ) 38 5 g A i R R AR SR
{2 Jo 3R Sl 3R T X A% S AR e DR A Sl AR ST
FURYE KR SE I 45 A 5 B T AR 4 2R R A X AR L
B UE AR B IE A o ARL B IR B SE 5 AR OB IR
i ¥ 6 000 Ix, i& B 30°C ,pH {H 7.0,
3.1 #ORYEREREX R R 3§ b 8RR 02 00

R T Y B 08 B 3L B O £ A ) S
IO 5 P A SR S M AN T 3 BT/ o BRGS0 5
ZOREA — BN, A Z R B R A R 2
9.6% . MIEHHT LA B, 24 7 1% ¥ o i vk A
8 g/ L HUINE] 10 o/ L I, S5 R 7 FY) 3 Fi 2800 M 35%
HEIME 43.5% o i 4k 22 3 0 3k TR TR A
10 ¢/L3| 12 o/L B, S N &7 B9 I ) W i 0 5 A
43.5% W/NEN 29. 1% o UL, 25 SN A 2E 1) o
RN 10 o/ L W, Ol 2 40 B AR W) IR P R e
TR B e fift P S e

%0
o

0.
0.
0.
0.
0.
0.
0.
0.
0.

OB DINI— O
SN OO D

-
-
—

AR X A2 AR /um
5 2

58]
o

TS0 100 150 200 250 300
&ﬁ%%iﬂ(ﬂ?ltéf;‘f/mm
a

s 9 10 11 1
R R e L)

3 T o 5 40 A 0 B
Fig.3 Effect of inlet substrate concentration on

degradation efficiency

2t DRI B N 10 g/L A 12 o/ L i, piy 4
T A5 2 A S g A 0 DX 3819 G DR e ) Tt
R INE 4 Fros . WA LUE B 7R AW
I DX 358 JEE P I e ) A B L g Bl i) R 2
AT 1) BEAR 33X 55 R 23 ) 9 A R (A2 1)) RAL 3l
(CHh ) )2 AT 1 5 Ko fige 1) 4 B et P — B 1R IR W) I
R B 0 10 ¢/L A 12 ¢/L 2 M LU T, AL T 2
JO7 s 0 S P9 A 0y I DX 30 ) S 2 58 ) UK R A
%, Ul U B 2 PR 4 R 5k 5 L, RE RS AR AT PRI IR )
WY % o HEECIA] 4a R 4b 38 0] LUK B, 24
N g 22 10 JEE 0 M8 AR, 29T IXC 5 AR R X8R 2 1]
(1) 2 Jo IR 2l 43 3o i 588 1 1 RS 0 AN T U IX ) AR
W S X301 % i, {687 11 4b e A g I XS PN G IR )
R WL $ e AR W X SR K

BS 45 T SORLAS AR X R 2 Bl YR R
XN ICR R o R B o A i O o LB B,
S i i VR AR RN 10 o/L 3 E) 12 g/ L
S, T2 9 XA - 24 0 0 o e T P Bl 2 B e T
1o R E A 2 b B0 A A W 5 R RS 0 A 1 D R
A, YU TRY N 10 g/L SN E] 12 g/L i, N A%
IR ik 2503 a1 D DR < T TR0 1) 6 s
TN T IXC i A DX IR £ T O A A R IX
SR IR T R o LA W I R ) I i 3 R A2 LR
6 SR By g 2 BRI 55 A A% 0 B0 TR AR R 1 R
iqfobﬁfﬁiiﬁ%ﬁ%ﬁﬁFﬁEETE%ﬁﬂfﬁﬂo ™4 T

0.0200

801

LB
-

3
5)
8
0
3
S
7
0

60

40

EEXZFKE /um

204

50 100 150 200 250 300
&M%%iﬂa(rﬁl){%fg/mm

P4 AWy I X R ) Ok R 0 A
Fig.4 Substrate dimensionless concentration distribution in biofilm zone of AOFBR

(a) C;=10¢g/L, ¢ =100 mL/h (b) C, =12 g/L, ¢ =100 mL/h



178 & Ml

2015 4

U X 2 W T e (E S A A AR T R A B
Geo LU PR B £ A= Wy o S R A Y R )

FFX AR A mm
o o =

N~ Oy

50 100 150 200 250 300
&Fj%%iﬁér'?&fg/mm
a

3.2 iRt N AR b AR AR R

o X A 8 ' 2T A W b S S O 4 U ) I
BORBIRE M AN 6 Fr s , MB350 5 S0 245 2R 2 [H]
M de KA IR 220 8. 7% o WNEI BT /R, ML 24 1Y I
Py e itk 200 23R ) S5 0 (L MR R 10 AT ot 5 9 e 114 344
TG 2 08/ o i AN T R] DL S A Y JEE 0 T FE
R AR 5L B S B s kN B LA, HS RE
100 mL/h I, JEE W) I G R 1K Bl fe KA. B WIAE IR
B 40 mL/h HE AN E] 100 mL/h B, 5L 2R S0 4 Y I
W ek ol S8 R T W (LS RE 3 )JER ) T R R AD
ATSAERE T, DRI 3 RF 52 7 5 £ ff P8 BE ATS A 2 o
R Wt i 250 R 14 T 2 ey B 25 A5 L 60 77 394 4 i
PRGER .

65
60 = . S
ssl — it
sof
4of
35k

30f

25t

0 60 30 100 0
#id/(mL-h )
6 i X 5N i TS 0 AR A 3% 1) R T

Fig. 6  Effect of flow rate on substrate degradation efficiency

060 80 100 120
i/ (mLh 7
7 3 X R A IS 4 T R TR 5 )

Fig.7 Effect of flow rate on substrate consumption rate

8a /R 1 il 4 40 mL/h N, A= My JIE e )

—OOO0O0000
SONNNB =D
SONROROVG
S=RBUG 0D
[S S e

N B 3y o0

50 100 150 200 250 300
&M%%ﬁi(rg&fg/mm

PS5 U XS 4 ke 0 A
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