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ABSTRACT

In this study, the optimum condition of pH was investigated on the hydrogen gas production
under anaerobic fermentation process. The results of the experiment showed that the optimum
condition was observed at pH 6, resulting in 1175.87 mL/L of hydrogen gas production rate and
22.51% theoretical hydrogen conversion ratio. Hydrogen gas production rate and theoretical
hydrogen conversion ratio were 901.77 mL/L and 17.48 % respectively at pH 5. At pH 7 and &,
the production rate of hydrogen gas was little low as 82.15 mL/L. Among the organic acids from
the sucrose fermentation, propionate was observed as the dominant acid at pH 7 and 8 but

butyrate was the dominant at pH 5 and 6.
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[Table1] Component of the Culture Medium

Components Concentration (mg/L)
NH4HCO3 2,000
KH2PO4 1,000
MgSOs 7H20 100
NaCl 10
NaMoO4 2H,0 10
CaClz 2H:0 10
MnSOs 7H20 15
FeClo 2.78

1. Culture medium (1.5 L)
2. Reactor vessel (2 L)
3. pH meter sensor

4. Temperature sensor

[Fig.1] Schematic diagram of the batch reactor.
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5. Liquid sampling port

6. Gas sampling port
7. Magnetic stirrer

8. pH controller

9. Biogas collector
10. Pump
11. 3 N—NaOH solution
12. Gas tank (Ng)

o}A]&= pHE 248317 918 AN—NaOH-E- 4
2} 2% AlA7} 14 H pH controller 4] &@E]
o] FHUEHES 33tk

pHE= Az71e] whe} pH 5914 pH 87H4] 2tzt
A A4 AAFIAOH, 2= 28+E3TE
A Bkt viFNS =3sl7] $18ke] magnetic
stirrerE AMEEF] 200rpmC & WHIA| A F3©
], WEg7]of|A A== 5 7kAE S5 218k

J.of KORRA, Vol. 14, No. 1, 2006



o] 20 (v/v) BAko] ol gl TRl EAS
o k% ST,

= XA %}L gas collectoroﬂ 47& 3
Ao F=5gEke uk-3-7] U head space?] 71~
= gas— tlght syrmgei 100utE AFH3H] IA
) -

(GOW—MAC series 350) & o]g3sl 43131
ot} AREE ZS 6'x1/8" stainless steel SS
350A (Molesieve 13X(80/100 mesh)) ]33 ™
W7t T AT S S8k GCol 23
Z4L&% 80T, injector <% 100C, 81
detector 2%+ 100TC ©]%l9H, carrier gas &

A 40]3 flow ratex= 30mL/minz X35t}

2.2.2 F7|1 M

TR wleke) dARE AAEE1 (11,000
rpm, 5min.) 3t WA 8} S HEslal, s
N 20ulE SUPELCOGEL C—610H(130mm><7.8
m ID) Z4& Z2e HPLCE 43tk 4=
714k peaki= UV detector (Detector
ERC—7215, ERMA CR. INC.) & o]&3}o] w3
210nmellx S48k, 0.1% HsPOsE o5
© 2 3} flow rate 0.7mL/min & &35tk

2.2.3 EtrstE 24
I o] B RS ) 413
o] ek

rpm, 5Smin) 0}04 TAE AAR 7, Jehs Fs
of HE—aba' 0w aAA FHE S 490

nmell A S 3

2.2.4 DATA &M
FAPLANNF TR (DS ©

=
ity 54 % head space®] A} DAE
F 7t=o 2 HE AAtETh

F71EA-Y S}, A48, Al Z, 2006

Vii=Vui—1+Cui (Vai—Vei-D) +Vu(Cui—Cui-) - (D

A7V, Vui 9 Vhi-i ARl W& 73]
AR AAPAE®D 7 o] AREFG-1)
olH, Vgi¢t Vai-i AAl T 7k o]d F 7}
Fe YeEPATE Cuit Cui-1 WH719] head
space°llA] S AAN] G4 (%) 7 o] 2]
T (%) o™, Vi ¥-3-719] head spacelf-

9] (500mL) & HERdIT.

2.2.5 0 5= % COD =4

AL S s I 10w A
A FHsto]
(UV—-1601, SHIMADZU) & OD 600nmelx] =
akelar, HxtAlEge FF2A7 vlaste] g
Avskac), vk vio] pHeb &%= ZH2} pH meter
o} LEANE AMgSt 57 Pﬂ om, 7] 4l
T CODe= wiFe] dA=s Fstel Aplid
(11,000rpm, 5min.) &} ifxﬂ%— AAG & s
NS #5}o] Standard Methodel'? o]ste] =
gakeleh. # A3 ﬁ’“e & AJE FATRA
9 {71 i ARshke 2] s 52 COD
=2 ghkste] Akt

UV—Visible spectrophotometer

E
i
X
>4
>«
TS
_‘>_~‘
or“i
off
N
>,
U‘,
s
ot
g
»
>,
o
>
i

o e 215} 2 Abstsieh,

pH 581 739 oA HjF 21 AZHE] 7k
o] BEEIGLOP], 1 F FAR S BYo
L} 45AIRE 5 T oge] Tibge] A
SkT}, RS 901.77mL/Le] ARFEISLE
2 QT Uor] WA Shx F RS =
A QROER Savkag AT Heix) 7k
v oplaheka® FHYOr o] T olfel
A pH 5olate] BAZL Fahre] e



21 OH =2 Z]—.Q:g]—ofi )\/\}\g/‘\_]_—

o] A}
8 WA 2

G 71y wad g 4E

:

Al B, G232t e ek ok o] w7y

AL A gt A e a AR
W71 5 7S =2 4 AARE B pH 69l 21A7FE] 7hbgo

A 24AZHEE Zhs ko] BEEOM, 1 F ) Axsle] FAFA

B0AIZPA] FAS 7 gs JeRfglon 72 pH 67} ¥ w3532 ),

Fast  ARE ol Felli= o ol szl waA) ekgk
oS 454.76mL/LE ¥ 3
o vehiigich pH 8olME

] $HE|Ql o), Flaukalo]
AAFEE BESE 83.25ml /L=
7.08%°) £33 &5 1

ARE o1 F ol o] Jhant MAERITE FAS Bhle] pH TollME oAkl Arios

AR 1175.87mL/LE YR pH 7¢llA ol o= S HeEhisiHiFg. 2.
© 1IAREFE 7h2adgo] gwglom, Agko) [F|g gollr & = 3%e] pHell w54 A
712 st A5AQ1 Zhils UGl o 82 e pH7F 61T} efgE w2 J ool 7 £
@ Cum. H2 production (pH 5)
1400 4 o H2 production rate (pH 5) - 140
O Cum. H2 production (pH &)
1200 4 @ H2production rate (pH 6) o o o L 120
& Cum. H2 production (pH 7) o o
w H2Z production rate (pH 7) o
1000 1 & cum. H2 production (pH &) - 100
& H2Zproduction rate (pH &) o o o o
800 4 c e - &0

Cumulative hydrogen production(mLiL)

[Fig. 2]

1400

Time(hr)

Time course hydrogen gas production under

fermentation process with various pH condition.

Hydrogen production rate{mL/L/h)

anaerobic

1200

1000

400 [

Cumulative hydrogen production (mL/L)

©  Cumulative hydrogen production
® hydrogen production rate

100

Hydrogen production rate (mL/L/h)

[Fig. 3]

pH

Cumulative hydrogen production and
hydrogen production rate under various pH condition.

maximum

J.of KORRA, Vol. 14, No. 1, 2006



) G uge] Bol AEHT Rt 2 9
o At F2ANEEA} 7 F B RS S 5
olek. pH 7 olgo] =, FagNBE 3243) 7
Ak RS AT 5 YAoK, VRS F4E
AR o] ohd 4% Anlehs o] A% 4
S FAEARS Bl & 5 Igick pH 5ol
JUIE O R FagARe pH 6T Hglont 5
AAPSEAME 153 FE Hel T gk
32 B3 $A| Y WEMNE BTSN
WA 0 g /1A% ol gHwA i

CODZ 100%% A43t7 pH 5~87k4] 21zke]
pHollA EAG5AE HEsIth B854 2 Fak
= WXL [Tabe 2o YRSt AAAA
COD 3]5&2 ¢F 90~93%= YEIRIT

[Fig. 4lell vrebd f714ke] 3= pH 73 8
o4 2] butyrate “3AFEFo] pH 59} 6ol H|skod
3] Aol AL}, BAE A ok Zs SIS
t}. 719 ¥H3lo] propionate:= pH 52} 69
A A kgkort, pH 73 8olX&=
WE o] BN, HA| f714re] F= pH
6ol BEte] oF 15% 718 pH 7oA § w-go] 3
2=t &3k pH 62] 7% propionatet 374
X ko butyrate’} HA| F7]Ake] ok
56%% A48t vt

pH 52} pH 6|4+ th¥= butyrate 2} acetate

=R A |
o rF 2

2 BX59 o, pH 7ol4+= butyrate:= HA1E
# kskont, AAE WA f71Ake] ok 58%7)
acetate®™ TFF G om, 7} AHEAE FoME
7 12 k2] propionate”} 44 ¥ 2{th. pH 8]l
= =3) 2% butyrate?} 2AE {714k oF
64%7} acetateZA W= FS AL ISl
v, 53] propionate® 4] ¥|%It) ©]i= pH 5
I} 65F-ZollM= #7384 2310] butyrate type®]
g ggol'? FEg o] F = Hkso] 1FyE 1
o pH7} HobA<E propionate type2] L&Y
o e} Holzs & 4= sick oleld
A= S el AFE kel o] W& pHellA
T ARl wWkd Adph dXEhd
butyrate type®] WEF oA 48] ABAHO]

propionate typel] WEFHoIA HAFE= 4

rl

70
O propionate —
60 - E butyrate
s E acetate
E s0f
c
£ 40f
o
S 30
(&)
S 20f
o
10_%
L . .
5 6 7 8
pH
[Fig. 4] Organic acid profilws with the

anaerobic fermentation under
various pH condition.

[Table2] Product Distribution on COD Balance for the Sucrose Concentration

(unit: %)
pH | COD Organic acl|d rgzn;igsg Others* | Hy |Biomass | Recovery
Formate | Acetate | Propionate | butyrate
51100 | 291 7.71 0 5.46 1.50 60.36 | 5.82 | 8.95 92.70
6 | 100 | 3.33 15.98 0 24.52 0.30 31.77 | 7.50 | 9.62 93.02
7 1100 | 9.06 30.62 12.74 0 0.80 25.46 | 2.95 | 8.41 90.04
8 | 100 | 7.91 21.66 3.89 0.87 0.98 50.41 | 0.68 | 6.87 93.27

*Qther : SCOD — (remain of sucrose + organic acid)
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[Table3] Effect of pH on the Biological Hydrogen Production

pH 5 pH 6 pH 7 pH 8

H. yield (mL Hz/g COD)
mol Ha/mol sucrose

sucrose removal (%)

81.53 |105.05 40.78 7.49
1.40 1.80 0.70 0.13
98.50 99.7 99.2 99.02

conversion ratio of theoretical hydrogen producton (%) 17.48 22.51 8.74 1.60
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