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New Ways to Improve Volatile Fatty Acids Accumulation in Sludge Alkaline

Fermentation System

LI Xiao-ling' ,PENG Yong-zhen'?, CHAI Tong-zhi' ,ZHU Jian-ping' , WANG Shu-ying’

(1. State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China; 2. Key
Laboratory of Beijing for Water Quality Science and Water Environment Recovery Engineering, Beijing University of Technology,
Beijing 100124, China)

Abstract: To improve the hydrolysis and acidification of activated sludge, two new ways, which were adding fermented sludge or
sterilized fermented sludge to batch-mode activated sludge alkaline fermentation system, were investigated in this study. Temperature
effect was also studied(10°C and 35°C'). Result showed that mesophilic condition greatly enhanced sludge hydrolysis and acidification,
which resulted in an obvious volatile fatty acids (VFAs) accumulation in the system. These two new ways could improve both sludge
hydrolysis and acidification. The hydrolysis and acidification efficiencies of adding sterilized fermented sludge system were 2 and 1.5
times higher than those of adding fermented sludge system, respectively. In addition, VFAs content was nearly constant in a long time
in sterilized fermented sludge addition system while it greatly consumed in fermented sludge addition system. The reason for this
enhancement of two new ways were different, fermented sludge addition increased the amount of hydrolytic enzyme and acid-forming
bacteria, while sterilized fermented sludge addition increased the amount of degradable substances, and the result also demonstrated
that strengthen hydrolysis was more important than acidification. Therefore, mesophilic condition together with sterilized fermented
sludge addition was a more effective way to enhance VFAs accumulation in alkaline sludge fermentation process.

Key words : alkaline sludge fermentation; hydrolysis and acidification; sterilization; temperature; volatile fatty acids ( VFAs)
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AT ALY B AT A AL R A P RE QLS 21 T B R JE Y
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PR A2 A5 T 5 A SR et ik,
1 MBEFE

15 R IR
R TS VeI E WA R EE T AR5 Kb H T —
WUIEM IS IREH, 4 1 mm x 1 mm 2P 185 %
H. Elslekii FASLREfRaiztr 3 ~H, 15
Vet EARTRI R 8 d e S 56 4 VR A 2075 Ve i i
KPP IR IV (N #5 A RUARFLS L, pH = 10,
Ca(OH), J Bl 98 5 K 770, % &, 48 $F 3B 100
vemin ). HTEETS IR FIREAR N B A KA K S e S
KV RS e AR e 1 o L3R 1.

1.1

®1 FiRMBEER"

Table 1 ~ Sludge characteristics

S8 e i e KKK W5 K KSR
pH 7.0 9.2 9.1
TSS/mg-L~! 10 923 16 956 16 956
VSS/mg-L ™! 7187 9 834 10 564
TC/mg-g ™" 342.4 296. 1 273.1
TN/mg-g ™! 62.3 45.2 37.6
SCOD/mg-g ! 6.0 155.2 244.0
TCOD/mg-g "' 919.2 944. 8 972.3
B B APRRKALE Y (B COD ) /mg-g ! 2.0 10. 4 27.4
B LEWR P EAR (LA COD i) /mgeg ! 8.9 42.2 98.7
B B NH) /mg-g ! — 12.3 12. 1
BL LW PO3 - /mg-g ! — 0.6 0.3

1)TC A1 TN A& JE R H B & & TCOD iS5 RIRA Y & & TCOD = TC x 32/12 + SCOD; — Frn ALK H

RIS H

ARG A T AR, 7 B HEAT T il (35°C) il
IR (10°C) 24 °F , BOMA KB K B T5 e , $5 n K
PR ARSI, AR & 5 e (AR D) 3 Rk sUxE
Te oK i B2 Ak o S W BF 5%, R TS R K Al
121°C, 0. 15 MPa, 30 min, #A0HE (KF%50) K
30%. WKE LB E 12 DA AR 500 mL 1 £
L, B — AR AT, S R R 1 I
2. RHWIE 2 [ HERE R (SHZ-82) , 43l 52
BT 35°C A1 10°C (3 B2 A5 1 IR i Br fE 44 28, =
IR AL 10C £2C) , 5% 3# 160 remin ™', K 1#
10 d,pH RH 1 mol-L ™'Y Ca( OH ), % HE 12 h
T —K, pH & HI7E 10. 0 £0. 3.

1.2

W Ty i
R h COD, NH, -N, PO, -P, TSS. VSS 4>
Br4IoR [ 58 3 B AR 47 B JR & A A A o 9kt
B R Lowry 357 1 LA BSA AR Ed IR,
KAk G W >R 28 1 o 2 2 LA ) 760 0 S A HfE )
JE S pH (] Multi340i B (WTW 23 &) i #E %2
itie DO, pH A I 5E A 7 3 VFAs W % F1 H] 7890
SIS BE A E el 0, fE AR, SRR
R EE R 250°C , R A AR i oA 1 1
WITEY IR 70°C , 4E4% 0 min ( BDAIREE) ,SR)5 L) 25
C -min "' A ETHE ZE 170°C , 458 2 min; FID K
& 3R 300°C , S E N 45 mL+min ™' VAR

14 450 mL-min ~'. FEAHPH G, N TR S =N E

1.3



2660 AN 5%

B 35 %

FFH VARIO Micro cube JUZR M. RIRE IR K
PRUTA T A 28ME. SRR, Ak AL & Wi A
S COD 24 R A0 1,51 AL 07, 2/,

IR . TS TR, IR S5 IR AL~ COD 1)
MR 1.07 . 1.51, 1.82 F12.04 5 k¢
EH B FH6 000 1 min ' HYFE R ES L 5 min.

x2 REMKEE

Table 2 Initial settings of reactors

Y4l
i 1 2 3 4 5 6
HE/C 10 10 10 35 35 35
A K T K 5 e/ mL 150 0 0 150 0 0
K K5 I8/ mL 0 150 0 0 150 0
B 5 IR/ mlL 350 350 350 350 350 350
BAB/mL 500 500 350 500 500 350
B K B K BTG Te ik & .
2 GBREHSH
H =21.4899 x exp( - x/10.3756) +1.8273

2.1 R BEARIN K BT A TS Ve X TG Ue K Al Y
Al

Gk T 7 S il 0% P B A I g R B
ey, TR E T 15 e 7K A B2 B ROK M R, K fi
it 7% P 1) 70 R IO A 3 R I B B AR Y
T 2 4 o K A Bl 5 ML R AN [ AR B R
R b B & BT A B TS A AL B IR
BERARE, AR K 2ZE S [ WA 1 (a) B ],35C )
PR T 10°C. KRB ARG R R, B
KGR TS P AR 3R, 150 K T e 1 e ) 4k 3R
b B FE B 10°C 755 35°C, SCOD ~F- 177 5 43 Jil)
PR 2.5, L7, L5 A5 L 35°C 444 T fms ik &
P RE A R K TS e RO AL

SR, AH A AR 251 AS R B JR AR 3R
TEY T R WA BN ZES B 1(a)]. 35C
FUEF , RBOIN KBS RIAR (6) | BIMA KR &
FEG IR AR & (4)  BINKE K BTG Je ik & (5) 1
SCOD & &4 B #I 4R 6.0, 60. 8, 100.2 mg-g~
B B 52 E 5 177 i 106.2, 156.8 270. 4
mg-g ", B TEIG IR COD HEANHE7r51 4 100.2 . 96,
170.2 mg. EARFTPIAAR Z b (3G & A0 >4, (B oK
BIR BT VR A R A HLY o R 28
1F 168 h A Bk BB m A, 45 SN A F XTI Y
SCOD Y= BRI 1 (b) , 435I & — B de o
WAL, KA A RS AR

KB EBEGIIAR .
H = 4.784 17 x exp( — x/18.286 19) + 0. 366 51

(R* =0.98)

BNNAR K R WET5 Je R 2

H =10.683 1 x exp( - x/23.721 11) + 0. 893 96
(R* =0.98)

(R =0.96)

FHIE 1 (b) AT A1, 7K A 35 2k AR R RER 0 R Aif
48 h  HARBIN & W15 Je IR R A LY 5= A R
SARTF HABPIAAR R | I LK B A AL 0 1
RN, BN KB & TS Ve AR 2R A0 7K i o 56 B did
fr THOM A KB & B Je AR 2 X i B K & 1
THIRE AN T Al K i . PR e
ik (14) ) x5 U R AR 2R R B0 — 2 B IO AR KR R T
V5P RN IR J5 1) A 1 e 33 R A =2, 347 RE sk
ik 5 U 0 K S R SRR B 1T LS A R N
A

X 1 1 1 1 1 1 1 1

0 24 48 72 96 120 144 168 192
x :

16 (b) K fiftd 5 : 2 A3

12 3 -4 —e—5 —h—05
: ...... Fit in exponential

Vscon/mg-(g-h)™!

E1 PREREFGTEREERFFINNEHERKFEER
Fig. 1 SCOD content and hydrolysis rate in different
systems under 10°C and 35°C

2.2 RBERBIN K G & B Ve X5 R R LAY
A

V5 e K 5 A5 B A 4378 HL AR 1 B R
KA G W5 8 I P BRI W WA FH 2 554k R Ny
THPLIR' A W) B 451 R 5 U8 & B Y
VFAs i S P2 R i 2 s (PA CoD it).
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15l KBS R VEAs & 1 A8 b2 B 11T Bl /K
A ) R BT IR A 72 24 LA R AR 2 PN TR T E TR 1) 90
¥, W77 AL [RIVE FH A Z5 5T 10°C &4 T 1%
IR RFEARLA VFAs 19774 1 G VFAs 276 TH
¥E. 35°C &M T H 10°C &4 T Rkl A5 3] Tm
i HAR R R TR AR SR, B KR
REEGTRMIR R (5) /= i Kk 125.0 mg-g ™", T
G W — B RS s BN K & B 5 e R &
(4), fE K | 28 h If VFAs & & &5 4 101.1
mg-g ' fAZJE VFAs FF4E N, 7E 184 h BFFE{L 5]
33.5 mgeg 'y REBIMEREGRMNIER(6), /R
B GAT] 41.8 mg-g ™' ,64 h JEWIFB TR
SR BOMEBEGTE R IS RGP IR ™ B R T
RN Wi Ve A R 3= B8 n K 1 0 e 1) Ak 3R
AN A KB % e 15 Ve i IR R 7 R WERTIH Y 28 h
7= IR A 2 LB 2 R IR B) 9 ZE 4 VFAs [
SRR T IR R TR, B A AN K &
TG e IR R VEAs B9 R B8 i R e e FR7E
130.0 mg-g~'. 35CHRR TR fb R WA AT & —
B B AL A Y | R AL R T R A BT
KRB K BTG IR .
A =3.4332 x exp( - x/32.368) +0.0750

(R* =0.98)
PEINA K G AR5 e 2R
A =4.558 x exp( — x/47.63) -0.02
(R* =0.99)
BINK B R BT A .
A =4.200 x exp( — x/46.09) +0.551
(R* =0.99)

M 2 (b) AT LA B, SR KB A i e i 1A
F 7 TR A v T O A K B R B S e IR &
AU AR K B A B PRI B RGPS IA T —
SE R RR TR R, AR 2E 17 AR . (B Hehn
AR ARG VR IRFR RG] VEAs B 5945 K I
LR THEMKE LB TR R VFAs BURIBR
IR Y BRAE Jiang 551 (RS b, JEL IR AT B 2 B
AR K KT Ve R 2 PRI AE R 5 S AR X AR
it LIE R R T B MR AL A A

AR |, 515K R A AR, iR A id
PEFFSEATAE TR A e v, I HoE AR/ F 158
K AR, XAt A B Ak B A D — Fof i e i Ak B
F-BL AL/ R AR RERS B R AR T4
P F2ZORE A, oK a5 A E Y
KR 1] A BRI IS AR A ML L 7= IR B A

R #E4b R VEAs 28905, (B & B 1H] SURFER K
PUA s i VFAs A%,

140 | ) BLEAE

40 |
20 ‘@m
0 1 1

1 1 1 1
0 24 48 72 96 120 144 168 192

z 33 e OEEEK  —o- 1 o2 a3
3;2- -4 —e—5 —A6
%: ;'0 -+=+ Fit in exponential
st

£10}

e

L 1 1 1 L
0 24 48 72 96 120 144 168 192
th

B2 PREFHTERNFRFERBAORRERBULER
Fig. 2 VFAs content and acidification rate

in different systems under 10°C and 35°C

2.3 PRIRSAM T SRR T I R A
2.3.1 HERPHEVDA 0

15 PAEBPE IR A5 1 R st A WL E 2 R
FIT . BRAKALE W) . VFAs FIIEE4E b g2 &
RN, T PALE A AT Bl . &3 (a) HAs
RZ AL L B 3 (b) s HLA
7 SCOD 1 BT 43 40, £5 W A8 0 A WL & 1 43
LLCOD &ratit. A=Wy i) 2 1 MoK b &
Yral LAE R = IR AE D R DTG 46 VEAs 38
HRIERARAA Y23 T B 7 R A R e
RS T 5 2R S e R O BT AR 3
AT LA, £ R 40 8 F1 T L e = Tk fe G
Yy AR AR TS Y 4 A G, B T TS e AR
JE2 41% kb G2 14% 2 i Tk ied
VIR & EL B3N, T DL KA VA SRR F 8 A
KRk, AR T, SRR EA S
TEHRH ( >40% ), 1H VFAs F= 85K ( < 15
mgeg ). PR, BN KBS ViR R KAk
TN KGR & s Ve AR 2 v R B BT o LR 35/ N
30% ,fH VFAs ik 45% ik e iR 461 T 15
Jeus A TR KL% A T VFAs, iR 80n &
BTG Ve AR R B BT & )53k 43% , VFAs & ftls
AT ALK
2.3.2  REERIPINE T

AW REA LY A R, B 20
Hi5le /KRR A C. NH, FZoRIET&
FIROK R AL, PO, SR TR 15 U8 4N i P £ B W iR
KA 4 (a) FoR  BOINK & BTG TR Y
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