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Removal of High Strength Hydrogen Sulfide Gas using a Bioreactor Immobilized with Acidithiobacillus
Jerrooxidans and a Chemical Absorption Scrubber. Ryu, Hee Wook, Nae Yoon Lee!, and Kyung-Suk
Cho. Department of Chemical and Environmental Engineering, Soongsil University, Seoul 156-743, Koea,
"Department of Environmental Science and Engineering, Ewha Womans University, Seoul 120-750, Korea — To
treat a waste gas containing a high strength H,S, the two-stages microbial desulfurization process that con-
sisted of a bioreactor immobilized with Acidithiobacillus ferrooxidans and a chemical absorption scrubber has
was proposed. After 4 times repeat of batch cultures, the immobilized bioreactor has been stabilized and the
rate of iron oxidation reached 0.89 kg - m™ - h™! at steady state. The two-stages microbial desulfurization pro-
cess was able to be operated for a long term over 54 days. The removal efficiencies of H,S were 97-99% at a
space velocity of 70 h™! and a inlet concentration of 37,000 ppmv. The maximum elimination capacity of H,S
was approximately 3.3 kg S - m™ - h™\. In the bioractor, the concentrations of the Fe** and the immobilzed cell
were constantly maintained during the desulfurization.
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Fig. 1. Schematic diagram of two-stages biodesulfurization
reactor.
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Fig. 2. Time profiles of Fe** and Fe** concentrations in the
immobilized bioreactor. @, Fe**; O, Fe™*.
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Fig. 3. Fe?* oxidation and pH/ORP changes in the immobilized
bioreactor. @, Fe**; O, Fe**; W, Total Fe; A, pH; A, ORP.
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Fig. 4. Time profiles of inlet/outlet H,S concentrations and
removal efficiencies in the absorption tower. @, inlet H,S; O,
outlet H>S; A, H,S removal efficiency.
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Fig. 5. Time profiles of Fe?*/Fe’* concentrations and pH in the
immobilized bioreactor. @, Fe**; O, Fe™*.
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Fig. 6. Removal capacities of H,S in the absorption tower.

Al Fe'7l ubgsied AIEE BARH,SOLP 23] wi
22} pH7} A8 S HAF 5 AUTH6-8]. ik 2l
pH 812 ¥x|3}7] $)8led 42| limed pH7} #3512 7
$ 7" o2 ArEE22M pH A3E YA 4 U
o} A7)7F 28R oS wiofle] pHE 48] lime
< ArhsiEeEsn & W3l glo] 1.5-25 GYGolA A7t
7¥s3lget. vl lime A7l 23] Av) AR A=
EA7} A, si3leae] vk BAREE0] A. ferrooxidans
o] gAdel| J3FS A 9ol A% limed AN R
A A7)7t BA o 2 AEERSTI9 Zg]o] 753 & 4
At

H,89] 4] Fatafol wh uh37]e] Al7-83FS Fig. 6ell
EAE e Y F3keEe] 32 kg S-m - hAETAE
97%9) ¥ AAELEE BT, ¥kl 33 kg S-m” b
2 233 vt AAEES FHsP FRaside 224
A3 PEurEA e HS YA Faheke o= 33 kg
S m? - hAHENE 4 sl

g, A7) 2dshke Bt BRI s aA
Aol mAE A s 24 169, 324, 283 Ao
Z74% Fo 540 HAE AF3l A e <
WA BAsch Gl 1 g ez g o A
Rl e) oko z}z} (.11, 0.14, @ 0.12mge2 & W3}
slo] dAsH A= A E DAY Y= 0.56 mg/
mLe]T 33 3] 4.0 Lo| ==, YEuRE7] Ao 1A 3}
% ghie] oke zbzt 240-310 mgoE A9 dA3HA
2] =91}

B Aol EREE sehbg-2 A3t hybrid v
2715 olgsle e E 3 A A EES FARE A3,
AE kg7 FAlel A= AAST A, ferrooxidans®]
biomasse 240-310 mg-proteimo] 1, A7 AZEwl Ak} £%
E 0.89kg-m™ b7 o]} 3, FrFIM 3P F
3 Haldo] 32 kg S-m™ b ofEke] AN 97% ©l
o) we 3 AAEES A4S 5 s

2 o

e gl 7RAE AASP] $lsle] AEmil Fet
& QARY 4 Q)= HARS}L AT A, ferrooxidansg T34 Ml
b whalel] sk AEuk-gr)e} 3sleav) Fette) 3t
ko] 2)8) elemental sulfur® A AHE F4 9H-87]
2 FAE oxHA AESH wEgAd dTsidd A
$7)%= 43] ojAke) WME- 334 wiokS B <3 HAUA,
A A o o] B AR 45 0.89 kg-m-h ol%
o} 25t AR 2R oF 549 B9 A7 AEHL
2 z29¢] 7¥ssigich 5 iR IeME FEES 70
h'e] A3}l 37,000 ppme] T H,S7HAE 97-99%
o] T AAEES 4S5 AN, HS AlA 4A F
s 33 kg S-m7-h'2 5ol AT 23
Bt A3 M2 SR dASH FAEAE

HALe| =2

o] QT 20044% $AUTS wRATHS 2)s)e]
=i3lom ole] A=,

REFERENCES

1. Barron, J. L. and D. R. Leuking. 1988. Growth and mainte-
nance of Thiobacillus ferrooxidans cells. Appl. Environ.
Microbiol. 54: 3101-3106.

2.Cho, K. S., H. W. Ryu, and N. Y. Lee. 2000. Biological
deodorization of hydrogen sulfide using porous lava as a car-
rier of Thiobacillus thiooxidans. J. Biosci. Bioeng. 90: 25-31.

3. Cho, K.S., M. Hirai, and M. Shoda. 1992. Enhanced removal
efficiency of malodorous gases in a pilot-scale peat biofilter
inoculated with Thiobacillus thioparus DW44. J. Ferment.
Bioeng. 73: 46-50.

4. Dalai, AK., A. Majumdar, and E.L. Tollefson. 1999. Low
Temperature catalytic oxidation of hydrogen sulfide in sour
produced wastewater using activated carbon catalysts. Envi-
ron. Sci. Technol. 33: 2241-2246.

5. Gadre, R.V. 1989. Removal of hydrogen sulfide from biogas
by chemoautotrophic fixed-film bioreactor. Biotechnol.
Bioeng. 34: 410-414.

6. Halfmeier, H., W. Schafer-Treffenfeldt, and M. Reuss. 1993.
Potential of Thiobacillus ferrooxidans for waste gas purifica-
tion. Part 1. Kinetics of continuous ferrous iron oxidation.
Appl. Microbiol. Biotechnol. 40: 416-420.

7. Jensen, A.B. and C. Webb. 1995. Ferrous sulfate oxidation
using Thiobacillus ferrooxidans: A review. Pro. Biochem. 30:
225-236.

8. Jensen, A.B. and C. Webb. 1995. Treatment of H,S-contain-
ing gases: A review of microbiological alternatives. Enz.
Micro. Technol. 17: 2-10.

9. Park S.J., HJ. Oh, and O. Seishi. 1992. The characteristic of



REMOVAL OF HIGH STRENGTH HYDROGEN SULFIDE BY A HYBRID SYSTEM 333

odor emitted from sewage and nightsoil treatment plants in 1995. Refinement of low-grade clay by microbial removal of

Korea. J. Odor Res. Eng. 24: 52-55. sulfur and iron compounds using Thiobacillus ferrooxidan. J.
10. Park, S.J., K.S. Cho, M. Hirai, and M. Shoda. 1993. Remov- Ferment. Bioeng. 80: 46-52.

ability of malodorous gases from a night soil treatment plant 12. Sublette, K.L. 1987. Oxidation of hydrogen sulfide by Thio-

by a pilot-scale peat biofilter inoculated with Thiobacillus bacillus denitrificans: Desulfurization of natural gas. Biotech-

thioparus DW44. J. Ferment. Bioeng. 76: 55-59. nol. Bioeng. 29: 249-257.

11. Ryu, HW,, K.S. Cho, YK. Chang, S.D. Kim, and T. Mori. (Received Oct. 20, 2004/Accepted Dec. 10, 2004)



