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ABSTRACT

The effect of gas sparging on continuous fermentative Hy production was investigated using
external gases (N, CO.) with various flow rates (100, 200, 300, 400 ml/min). Gas sparging
showed a higher Hs yield than no sparging, indicating that the decrease of Hy partial pressure by
gas sparging had a good effect on Hy fermentation. Especially, COz sparging was more effective in
the reactor performance than N, sparging. The composition of butyrate, the main metabolic
product of Hs fermentation by Clostridium sp., was much higher in COs sparging. H, production
increased with increasing flow rate only in COs sparging. The best performance was obtained by
COy sparging at 300 ml/min, resulting in the highest Hy yield of 1.65 mol Hs/mol hexoseconsumed
and the maximum Hs production of 6.77 L Hy/g VSS/day. Compared to N sparging, there could be
another beneficial effect in CO sparging apart from lowering down the Hy partial pressure. High
partial pressure of CO. had little effect on Hs producing bacteria but inhibitory effect on other
microorganisms like lactic acid bacteria and acetogens which were competitive with Hs producing

bacteria.
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[Table1] Average Liguid and Gas Phase Parameters in CO, and N, Sparging

Flow Hzyield | Glucose Hz yield Biomass | SHPR Gas partial
Gas rate (mol Ha/mol | removal (mol Ha/mol (mg (L Ho/g pressure
(ml/min) | hexoseadded) | (%) |hexoseconsumed) | VSS/L) | VSS/day) | Ho(%) | COo(%)
100 0.90 60.2 1.50 980 4.37 11.8 87.5
200 1.15 711 1.62 943 5.77 9.3 90.2
o 300 1.20 72.9 1.65 830 6.77 6.8 92.5
400 1.21 79.0 1.53 768 7.56 5.6 941
100 0.90 97.9 0.92 963 4.37 11.9 15.1
Ny 200 0.94 98.1 0.96 1178 3.74 7.2 8.8
300 0.93 97.4 0.95 1097 3.99 5.6 7.1
400 0.92 98.7 0.93 1125 3.55 41 5.1
spa[\rlging - 0.82 99.4 0.82 1200 3.18 66.0 33.7
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[Table2] Concentration of Volatile Metabolic Products on COD Basis and its Composition

Gas Flow Bate Butyrate Acetate Propionate Tg?gﬁg%rz prigilc?f)n
(rnl/min)

(mg/L) | (mol/d) | (mg/L) | (mol/d) | (mg/L) | (mol/d) | (mol/d) | (L/d) | (L/day)

100 3425 10389 | 665 | 0111 | 148 0.020 | 0.980 | 22.0 21

200 4,137 | 0470 | 800 | 0.133 | 127 0.017 | 1.188 | 26.6 26.6

co 300 4,297 |1 0488 | 910 | 0152 | 173 0.023 | 1.255 | 28.1 28
400 4,449 | 0505 | 1,046 | 0174 | 141 0.019 | 1.339 | 30.0 28.2

No 100 3,435 | 0.390 | 3446 | 0574 | 126 0.017 | 1910 | 428 21
200 3,358 | 0.381 | 3421 | 0.570 | 162 0.022 | 1.880 | 42.1 21.9

300 4,070 | 0.462 | 3,487 | 0.544 | 223 0.030 | 1.982 | 44.4 21.7

400 3,459 | 0.393 | 4235 | 0.661 | 201 0.018 | 2.090 | 46.8 21.5

Sp;\rlgmg - 3,488 | 0.396 | 3,623 | 0.603 | 199 0.027 | 1971 | 44.2 19.0

*HBu = butyric acid; HAc = acetic acid; HLa = lactic acid; HPr = propionic acid; HVa = valeric acid;
HCa = caproic acid; HFo = formic acid; EtOH = ethanol; N.D. = not detected

J.ofKORRA,Vol.12,No.1,2004



[Table 3] Comparison of Performance Data Obtained in this Work with those in Previous
Studies
Ho vield Composition SHPR
Substrate | 72" | (mol Hy/mol : (LH/g | Ref
UbStrale | pe Mol M/ Mol Butyrate | Acetate | Propionate g ererence
hexoseconsumed) | (g (%) %) |BPe| vss/d)
Sucrose | CSTR 1.65 71.1 8.8 2.4 8.05 6.77 This study
Glucose | CSTR 1.46 76.8 18.2 24 | 4.22 45 |[Mzmoetal,
2000
Sucrose | UASBa 0.75 368 | 3.7 | 138 |L16 13 | Changand
) ) : ) ) ) Lin, 2003
Sucrose | ASBRa 1.3 71.4 133 5 |537 1.2 Lin and Jo,
2003
Food _ Han and
i ALBRa 44.1 13.3 1.5 3.18 Shin, 2003
UASB = Up-flow anaerobic sludge blanket; ASBR = Anaerobic sequencing batch reactor;

ALBR = Anaerobic leaching-bed reactor; B/A = butyrate/acetate

ol#] 714 B2 E9] Clostridium sp. = URE 1] AR A o)8slal, HEAL olAEAL gk
AEEANAE A3l 28-S Foka e 9l <, 24t 5o] Clostridium sp.ell SJaiARE A
C} 1819 o 7Pgshd FARE ] 4S8 B3t o] 24
X 2yrh) LEAES A mlAdEo] Alst 2 AATEES TRS-0] 2] (1) 3} o] PPt
[Table4] Comparison of Theoretical H> Production with Real Hz Production
HBua HAca HLaa HPra HVaa HCaa HFoa | EtOHa Total
Flow rate
Gas (mi/min) (mg (mg (mg (mg (mg (mg (mg (mg (mg
COD/L) | COD/L) | COD/L) | COD/L) | COD/L) | COD/L) | COD/L) | COD/L) | COD/L)
6,234 709 570 224 7 3 211
10 783%m) | 89% | 720| 8®w| 01%| P2 ©ow| @re| 98
7,522 853 857 192 8 2 1,172
o, 20 q09% | ©1w| ©G10| wsw| ©n| NP 0w | arie| 1060
. 7,812 970 774 261 12 4 1,156
00 7w | ®sw| 70w | aw| 02| NP 0w | aose | 10989
8,090 1,116 874 214 10 5 1,329
100V easm | ©6%w| 75%| wsw| ©1%| NP ©1% | alae | 168
100 6,246 3,676 3,419 191 42 63 23 1,728 14.938
41.7%) | (21.9%) | (22.8%)| (1.3%) | (0.3%) | (0.4%) | (0.2%) | (11.5%) ’
200 6,107 | 3,649 3,482 246 36 106 20 1,521 15.167
N (40.3%) | (24.1%) | 23.0%) | (1.6%) | (0.2%) | (0.7%) | (0.1%) | (10.0%) ’
? 300 7,400 3,487 2,876 338 52 122 18 1,382 15.675
) A7.2%) | (22.2%) | (18.3%) | (2.2%)| (0.3%) | (0.8%) | (0.1%) | (8.8%) ’
400 6,289 4,235 3,375 201 60 125 11 1,420 15716
(40.0%) | (27.0%) | 21.5%) | (1.3%) | (0.4%) | (0.8%) | (0.1%) (9.0%) ’
No _ 6,342 3,865 3,033 502 69 112 49 1527 15.899
sparging (39.9%) | (24.6%) | (22.2%) | (3.2%) | (0.4%) | (0.7%) | (0.3%) | (9.0%) ’
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