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A Study for the Optimum pH of Hydrogen Production in Anaerobic Batch Reactor
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ABSTRACT : The influences of pH were investigated for anaerobic hydrogen gas production under the constant pH condition ranged from
pH 3 to 10. Carbon dioxide and hydrogen gas were main components of the gas but methane was not detected in the produced gas when
sucrose was added in enrichment medium. When the modified Gompartz equation was applied for the statistical analysis of experimental
data, a hydrogen production potential and maximum gas production rate at pH 5 were 1,182 mL and 112.46 mlL/g dry wt biomass/hr. The
hydrogen conversion ratio was 22.56%. The butyrate/acetate ratios at pH 5 and pH 6 are 1.63 and 0.38. Higher butyrate/acetate ratio pro-
duced more hydrogen gas generation. The Haldane equation model was used to find the optimum pH and fitted well with the experimental
data(r® = 0.98). The optimum pH and specific hydrogen production were 5.5 and 119.61 mlL/g VSS/hr.
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Table 1. Component of the culture medium

Components Concentration(mg/L)
NHHCO; 2,000
KH2PO, 1,000

MgS0O4 7TH:0 100

NaCl 10
NaMoO4 2H,0 10
CaCl, 2H,O 10
MnSO; 7H,O 15
FeCl, 2.78

(a)

Fig. 1. Morphologies(a) and DGGE Profiles(b) of hydrogen producing bacteria. Bacteria were mostly composed of bacilli of

various lengths. Bl, B2, B3 and B4 on (b) was respectively identified as Pantoea agglomernas(SI=94%), Clostridium sp.
(SI=90%), Enterobacter sp.(SI=98%) and" Enterobacter cloacae(SI =99%).

(b)
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Fig. 2. Schematic diagram of the batch reactor for anaerobic fermentative hydrogen production.
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4, Liquid sampling port
8. Pump

3. temperature sensor
7. pH controller
11. Magnetic stirrer
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Fig. 3. Cumulative gas production curve at various pH. Graph

symbols show the experimental data. The lines are
the nonlinear estimation results according to equation (6).

Hated BAST) Fig. 29 AR ANA Ve v 2
o] Wik7|+ B¢ pHe pH ZH7|E &3 ¥t 5
AF5 pHE |ASIES stEon, A4 pHe pH 39
AEH pH 107b4) pH 18 WSAI7)EA 7hx S EE &
Z gk Wt ¢ 24" teE F4ae oidstd
&E FAHO AdAow 7 pHAA EBE ZtEoX A
o AL FEHA Askeh pH 37} 9 2L 1094 7p2
WA gAY m)$ vm o, pH SeA g Fg%
7h2 @A o] 2 HYth(Fig. 3 2Z)

A (6 & zd 74 HWFEL Table 2¢] 293t
pH 33 pH 10914 & 72 BAFLE FAg wF oo
o] e B AFAF Mo FA HAth 1%(wiv)Y
sucrose?t Z71o EFH A 77 7k DAFL pH
SolA <k 2,094 mLo] A& HATL A 7t FPEEE
pH7E 621 AelolA 11953 mL/hrE 24 F3ich 4 (6)9)
3 AEA rsquare g2 0.97 olgolien, 7+ A&d #E
9] p-valueZ} 0.04760]8t2 & s|AHEA ] 95% A= F7H]
AN EARoz Fa3 9rE /KHge AL g st

Table 2. Calculated parameter values from nonlinear regression
of equation (6) for gas production.

Gasp(}:tr:rilil:ltlon Gas production rate | Biomass i
pH P, R, (mg r
(L) p-value (L) p-value | VSS/L)
3 - - - - - -
4 | 128721 0.0476 8.19 <0.0001 141.23 097
5 ] 2094.03 | <0.0001 99.95 <0.0001 569.08 10.99
6 | 1649.65 | <0.0001 119.53 | <0.0001 626.72 {0.99
7 | 1057.62 | <0.0001 70.05 <0.0001 674.84 |0.99
8 43594 | <0.0001 26.13 0.0034 607.14 1098
9 103.83 0.0004 1.15 <0.0001 | 45394 [0.99
10 - - - -
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Fig. 4. Effect of pH on sucrose degradation by a mixed mi-
crobial flora.
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Fig. 5. Cumulative hydrogen production curve at various pH.
The lines are the nonlinear estimation results accor-
ding to equation (6).
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Table 3. Calculated parameter values from nonlinear regre-
ssion of equation (6) for hydrogen production

;(y,gizif:q . Hydrog.en Specific .hydrogen

pH|  potential H, yield conversion production rate P
P, (mL/g COD) I‘E:,HO x

(L) p-value (%) LJg VSS/h) p-value
4 |688.35<0.0001| 60.55 13.15 60.56 0.0002 [0.98
5 {1182.09{<0.0001| 117.56 22.56 11246 <0.0001(0.99
6 1939.25|<0.0001| 88.48 17.93 107.59  <0.0001{0.99
7 |714.21 |<0.0001 | 67.96 13.18 64.73  [<0.0001)0.99
8 1209.64 |<0.0001| 19.68 3.97 21.44  [<0.0001|0.98
9 | 24.13 {<0.0001 2.12 0.46 10.71  [<0.0001{0.99
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Fig. 6. Organic acid profiles under various pH condition. VFAs:
volatile fatty acids.

Table 4. COD balance with various pH condition (unit: %)

pH|COD VA Biomass femain Ofothers H; |recovery
fonnatelacetatelbutyrate Sucrose
3 100 - - - - 96.71 329 - 100.00
4 100 - 2.36 - 1.76  63.85 19.50432 91.79
5 100 024 406 1129 762 048 6854798 10022
6 100 256 1353 885 839 097 58.716.34 9935
7 100 3.84 1941 - 783 201 62.744.18 92.01
8 100 628 24.07 - 813 097 5329142 94.16
9 100 6.04 2425 - 5.64 045 58550.15 95.08
10 100 - - - - 9274 393 - 96.67
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Fig. 7. Effect of pH on specific hydrogen production rate by
mixed microbial flora. Regression of experimental
data was conducted by Sigma plot of SPSS Inc. (*
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0.0470 and 0.0496 respectively).
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