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Synergistic Effect of Syntrophic Acetogenesis and Homoacetogenesis for Volatile

Fatty Acids Production from Sludge by Anaerobic Digestion
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Abstract : By using metabolic inhibitor ( BES) to block the methanogenesis and adding butyrate to enhance syntrophic acetogensis,
syntrophic acetogens/homoacetogens synergism during the acidification fermentation of sludge from anaerobic digestion was investigated
and then the acetate accumulation mechanism was clarified. The results indicated that the acetate concentration was 6 g-L™" in the
condition of the AG was about — 15 kJ+mol "' and no methanogens, and the proportion of acetate were produced by syntrophic acetogens
and homoacetogens is 7: 3. However, the syntrophic acetogens/homoacetogens synergism did not occur under the condition of H,
pressure was 3. 2 kPa,the butyrate concentration was 4 g-L.™" and the acetate concentration was 6 g+L.~'. The acetate can be produced
by the syntrophic acetogens/homoacetogens synergism but it is restricted.
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N , 5 mL
(BES) AR
R R 1.3
, ( VFAs) . (
, GC2010), PEG-20M,30 m x0. 32 mm
, x0.50 pm. 250°C , FID
250C. , 80°C,
1 2 min, 15 °C/min, 190°C 1
min, s (4- )
1.1
(H,.CO,.CH,): (
, , , GC2010) , ProPark(, 0.3 cm X
2000 () 250 200 em,50 ~80 40°C , TCD
g 12 L. UASB , 3 80C , 80°C, 50 mA, :
mol - L.~ pH 7.0, 35C ( )
; ; pH pH pH ( - FE20).
2 s pH 4.5 VS (81
1.4
[6]
2 1 (AG) (AG")
1 , ( Nernst)
Table | ~ Characteristics of anaerobic sludge and seed sludge (Van’ t Hoff)
(TS) /% 87.25+1.54 30.45+0.72 (1 mol/L, 105 Pa,
(VS) /%  54.47+2.28 85.47+1.21 298. 14K) "/
& /% 59.60 £1.47 65.32 +1.01 C,H,0; (aq) +2 H,0 (1)
VS /% 12.52£0.81 20.84x1.74
VS /% 1.24+0.22  1.7+0.28 —2C,H,0,7(aq) + H" + 2 H,(g)
C/N 12.22 £0.72 NDV (AG’ =+48.1kJ - mol™) (1)
— /% 0.31 £0.02 ND 4H,(g) +2€0,(g)
— CH,CO0 (aq) + H(aq) + 2H,0 (1)
1.2 (AG" =-55.1kJ - mol™) (2)
4 1L ’
)1 ( )2
( ),3 BES ( 2.1
BES) ,4 BES( ),
1 . 8 ¢/L,
, 250 ,
g, 25 ¢ , ) 26 d .
700 mL, NaOH pH 7. 0. ( 10d) ,
3 min , 17 d , 49/L
120 r/min 50% .
35C + 1C . BES( 99.5% , ,
) 50 mmol/L  90.8 ,

mmol/ L.,

[10]
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Fig. 1 Profiles of butyrate (HBu) degradation in different reactors
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Fig.2  Accumulation of acetate (HAc) in different reactors
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Fig.3 Profiles of H, ,CH,,CO, accumulation in different reactors
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Fig.4 Gibbs free energies of homoacetogenic H, consumption and syntrophic butyrate-oxidizing process calculated from different reactors
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( ) s C,H,0; (aq) + H,0 (1) —
(AG> 1.1 kJ-mol ™). : CH,(g) + HCO; (aq)
’ (AG" =-31.0kJ - mol™) (4)
(AG >0 kJ-mol ™").
BES ( ),AG ’
(AG < —-15 kJ-mol™"), 1/3 ’ ’
ATP 1 ’
(b) b ’ / , 10 d
< =29 kJ-mol ", 17 d
-53 kJ-mol ". BE
53 kJ+-mo S 3(a).
2d , 4
(AG= —15 kJ-mol "), (a)
a b
BES (p<0.05),
3 (2)
2 BES 10 d 5 ’
(a) 0 ,
gL, ,
24 d , 6 o/L.
7:3.
, 1 , 17 d ) ,
. ’ Table 2 Consumption of organic matter and contribution
1/4 ~ 1/3 mol ATP ( AG < -15 to acetate (HAc) in different reactors
kJ+mol 1)1, 4 , BES
BES , /g L7} 5.0 7.1 5.1 6.1
, —15 kJ-mol ™' /% —2 100 — 42.2
, BES CO,  /kPa 26 23 39.4 42.3
H,  /kPa 0.85 113 26 3.2
/gL 10.9 4. 60
’ /g L™ 0.62 1.84
. BES o S
, [ 3] - .
[ (4)] , (1)
H, , (1)
, ,H, , 6 o/L,
(2) , 4g/L
’ ’ H2
. 4
HCO, (aq) + H® + 4H,(g) — (1) ’
CH,(g) +3H,0 (1) ,
(AG’" =-135.6kJ - mol™") (3)
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