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PR ER R AR . DRI, E 20 B0 SR A AR e i M T ——— P ot 8 S/ BT 3t AR
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Fio BEAh, 18 LUZRE S AE 0 Bt ik Us 1) SE 50 = A EEAT T AR T 2S8R
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1. AVG7KACER ) it [R5 e 23 B8 3R A3 — MRBA R £6 34 J5 08 A0 — BRBRAT
W, ZdTEARE. AEEARAER 16SIDNA 7510041, 43 il 5 A Bt B At
KB (Desulfovibrio desulfuricans) FIBGAF B (Thiobacillus denitrificans) .

2. B E MK, IR IL R L SO, MIEH &k pH 6~8.
WE 25~35°C A E 50~270 r/min, [t EUETAF G HoS 3E T4 F N
pH 6~8. HLfE 25~35C. HEFLESE 270 /min. fELLEM T, HEAHAEKRE,
SO, F1 H,S I AL F 71 HIFE 90%H 91%LL L.

3. % SO, #HWKEE/NT 10334 mg/m’, WA WARER K B E N T
87.31mg/L i, Hifi RN izqT, WBHEA K, SO, MHALELE 95%LA
b, WERER R AR A 2 A IE R SO, 1 1 BEJRALIE B 4.975 mmol/h 341
% 20.149 mmol/h i, He AL ) A B AL I AN H, S, ZEIR BRI REEFE 43 51 4 180 L/h
A 270 r/min 545 T, SN AR HoS SUA M B AR RFFA, LRI/ ER
M AR TE BB FURR R BRI, S SR el ™ Wh R, etk
JUFHEIT 100%.
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FEAESNE], AE AR A R AR, B AR SR BE (38 KA E A R T
B, AHARIR DN 2 A A S R A A KA I L N AT T B R 8.6%~
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ABSTRACT

With the increase of high sulfur fuel application, sulfur dioxide emission to
environment has become a severe environmental problem. Therefore, seeking an
economic and effective desulfurization technology has become an urgent task.

According to this purpose, a technology which utilizes Desulfovibrio desulfuricans
and Thiobacillus denitrificans for desulfurization was proposed in this paper. Sulfur
dioxide gas was directly transformed to hydrogen sulfide by biological absorption
solution, and then hydrogen sulfide which was used as energy of Thiobacillus
denitrificans was oxidized to sulfate and elemental sulfur. Therefore, the biological
characters of the two strains as well as their microbial transformation ability and process
for sulfur dioxide and hydrogen sulfide and intermediate products were investigated.
Furthermore the macrodynamics of biological absorption of sulfur dioxide and the
desulfurization experiment which used waste molasses as bargain carbon source were also
studied. Several conclusions could be made as follows:

1. A strain of sulfate reducing bacteria and a strain of Thiobacillus were isolated
from the reflux sludge in secondary sedimentation tank of a sewage treatment plant. The
strains were identified as Desulfovibrio desulfuricans and Thiobacillus denitrificans
respectively according to their morphology, physiological and biochemical measurements
and the analysis of their 16STDNA gene sequence.

2. According to the experimental study, we can dedicated that the suitable conditions
of desulfurization of Desulfovibrio desulfuricans were pH 6~8. temperature 25~35C
agitation rate 50~270 r/min and the suitable conditions of desulfurization of Thiobacillus
denitrificans were pH 6~8. temperature 25~35°C . agitation rate 270 r/min. The strains

grow well and the SO, and H,S removal efficiency was more than 90% and 91%
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respectively.

3. The desulfurization system could be in good operation and the rate of alkali
consumption was low when the inlet sulfur dioxide concentration was less than 10 334
mg/m3 and the sulfite accumulation concentration was less than 87.3 1mg/L. But when the
inlet sulfur dioxide concentration raised 11 582 mg/m’, the strain was confined and the
system was broken. H,S and sulfide were the transformation substance of sulfur dioxide
when SO; feed rate was from 4.975 mmol/h to 20.149 mmol/h. The quantity of H,S
was constant and residual sulfide accumulated in the liquid phase under 180L/h and
270 r/min. With the increase of SO, feed rate, SO, began dissolved as sulfite because
the transformation rate was less than solution rate. Sulfite didn’t inhibit the strain and
this result could supply foundation for increasing SO, feed concentration. Lactate as
carbon source were all converted to acetate.

4. The kinetic of the desulfuration system by suspended organism was studied
through “gas/liquid absorption-biological transmission” theory. A dynamic equation

which based on Michaelis-Menten type equation was obtained as follows:

V=V, —Ci——
CI + _Km
Hk

The maximum convert rate V,,.and saturation constant K,, were determined to be
42.19 mol/ (m® «h) and 0.243 mol/m’ respectively. We can concluded that the absorption
liquid of Desulfovibrio desulfuricans has high ability of treating SO, owing to high V.
and K,,,. The linear correlation coefficient was 0.998.

5. The relation between biological and chemical oxidation of H,S was studied. The
results suggested that the biological oxidation rate of Thiobacillus denitrificans was 1.9
mmol/ (L * h) ina pH range from 6 to 8, temperature from 25~35°C when H,S inlet
molar rate was 2.1mmol/ (L «h) and the strain was confined under acidity and alkalinity
and high temperature conditions. The biological oxidation rate rose with the increment of
dissolved oxygen concentration. The chemical oxidation rate increased: as the increase of
pH value (5~9), temperature, but decreased as the reducing of dissolved oxygen
concentration. Chemical oxidation rate represents about 8.6% ~19.1% of the total

oxidation rate at the optimal conditions for bacteria growth. Therefore, biological
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oxidation played a main role during H,S oxidation by Thiobacillus denitrificans.

6. The continuous desulfurization process of low sulfur dioxide concentration
(1500~2 000 mg/m’) suggests that waste molasses could be degraded by anaerobic
bacteria under the anaerobic condition and produced various organic acids including
ethanedioic acid, tartaric acid, pyruvic acid, lactic acid and acetic acid which could be
used as carbon source of the desulfurization process. Moreover, the 5m’/h gas could be
treated by SL biological reactive liquid when the medium feed rate was 175ml/h and the
agitation rate was 590 r/min and the final removal rates of SO, and H,S were 95% and
98% respectively and the final outlet SO, concentration was 18.65~335.2 mg/m’ which
was less than national SO, maximum permissible value in pollutant sources. The system
was in good state and there was no accumulation of sulfite and sulfide.

7. The intermittent desulfurization process of high sulfur dioxide concentration (the
most part of SO, inlet concentration were more than 2 500 mg/m’) suggests that pyruvic
acid and lactic acid in culture solution were consumed as carbon source of Desulfovibrio
desulfuricans. The substrate must be supplied because most of organic acids have been
degraded after 24h and the supplement rate was 3L culture solution/d. There were no
obvious effects on desulfur rate and strain as the increasing of the oxide contents from
2.3% t010.5% when the inlet sulfur dioxide concentration was 1 865—~4 637 mg/m3.
The final removal rate of sulfur dioxide was 95.5% and the final outlet concentration
was 18.65~335.2 mg/m’ which was less than national SO, maximum permissible
value in pollutant sources. H,S produced was nearly all transformed and the removal
rate was 98%. There was no accumulation of sulfite and the concentration of sulfide
dropped with addition of metals. Temperature, pH and the bacteria concentration were
all stable and the system was stable during process operation.

8. Two byproducts were produced during desulfurization process. One product were
nanophase PbS, CdS and ZnS of which the average size was about 5~15 nm, 15~20nm,
10~25nm. The productivitiy was 0.134 g/L, 0.051 g/L, 0.06 g/L respectively when the
flow rates of PbNO; (800 mg/L), CdCl, (300 mg/L) and Zn (CH;COO) (500 mg/L)
were 50ml/h. Nanophase sulfide could be applied in optics, electronics, magnetics and
catalyze. The other product was single-cell protein. The single-cell protein productivities

of 17 bacteria was 0.52g/L and the crude protein amount of bacteria was 73.2% in 17

vii
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reactor and was more than import fish meal (40%~65%) . The recovery bacteria could
replace fish meal as high protein additive because it had 18 species of amino acids which
had high content. These two byproducts all have application value.

In this paper, the direct absorption process of Desulfovibrio desulfuricans and
Thiobacillus denitrificans suspension were used for removal of sulfur dioxide. The
process was used for treating large gas rate of flow and relatively high concentration of
gas containing SO, and a dynamic equation of SO, absorption by microbial suspension
was obtained. The effect of oxygen on Desulfovibrio desulfuricans was firstly studied
during desulfurization process containing other bacteria and the results suggested that the
system was in normal motion. Nanophase sulfide were firstly acquired using
Desulfovibrio desulfuricans during desulfurization process. The industry application of
microbial desulfurization had high feasibility through these studies and could secure

environmental efficiency as cost reduction.

Keywords: Sulfur dioxide; Hydrogen sulfide; Microbial method; Desulfovibrio

desulfuricans;  Thiobacillus denitrificans
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