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Mechanisms of the Improvement in Dewaterability of Alkaline Fermented Sludge

by Simultaneous Ammonium and Phosphate Recovery

ZHANG Chao', CHEN Yin-guang”, GU Guo-wei’

(1. Water Treatment Center of SINOPEC, Research Institute of Petroleum Processing, Beijing 100083, China; 2. State Key Laboratory
of Pollution Control and Resources Reuse, College of Environmental Science and Engineering, Tongji University, Shanghai 200092,
China)

Abstract: Simultaneous ammonium and phosphate recovery could notably improve the dewaterability of alkaline fermented sludge, the
mechanisms of which, however, remains unclear at present. The influence of zeta potential, divalent ions, extracellular polymeric
substances (EPS), dissolved polymers and struvite were studied in batch experiments. Under the optimal ammonium and phosphate
recovery condition [i. e. pH=10.0, n(P)/n(N) =1.3 mol-mol ', n(Mg)/n(N) =1.9 mol-mol ' ], it was found that magnesium
ion could not only decrease the absolute value of zeta potential to 14 mV, but also reduce the monovalent to divalent ions ratio to
9 mol-mol ™', which promoted the dewaterability of alkaline fermented sludge; also, the dissolved polymers and EPS, especially the
dissolved protein and the loosely bound EPS, reduced remarkably. Results showed that all the factors above promoted sludge
dewatering. Furthermore, the struvite formed during ammonium and phosphate recovery improved the dewaterability.

Key words: alkaline fermented sludge; recovery; ammonium; phosphate; dewatering
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Table 1  Compositions of fermentation liquid and the dewateriability of the sludge before and after SOP and NH," -N recovery
Wi KRS/ mg 17! A AR e
P NH," -N SCOD SCFAs i EEl CST/s  SRF/m-kg™'  WPC/%

[l 213 275 8962 4276 222 1801 >30000  41.3x108 97.5
s 18 27 8011 4225 161 1428 21 1.2 x10" 73.4
LR/ % 91.5 90.2 10. 4 1.2 27.5 20.7

1)SCOD . #fif: COD; SCFAs. JHAE TR ; CST . BANWKAFE]; SRF V5 HLEH ; WPC, JBi/K B HFS /KR, [m T4 . pH =10.0,2(P) /n(N) =
1.3, mol-mol ~! | n(Mg)/n(N) =1.9 mol-mol ', W Z5 % J5 (pH =9.35) % m(PAM)/m(DS) =1.0% (DS Ai5ie T 5 ) i bl % PAM;

SCOD . SCFAs, ¥ A EHLL CoD i

F2 #HRARXERH

Table 2 Batch tests for dewatering mechanism study

F5 A B C
1 0% PAM MAP +0% PAM [n(Mg)/n(N) =0] + PAM
2 0.33% PAM MAP +0.33% PAM [n(Mg)/n(N) =0.5] +PAM
3 0.67% PAM MAP +0.67% PAM [n(Mg)/n(N) =1] + PAM
4 1.0% PAM MAP +1.0% PAM [n(Mg)/n(N) =1.5] + PAM
5 1.5% PAM MAP +1.5% PAM [n(Mg)/n(N) =2] + PAM
6 2.0% PAM MAP +2.0% PAM [n(Mg)/n(N) =3] + PAM

PAM,m(PAM)/m(DS) N 0% ~2.0% ; B Hik5 N
AR EOWE M 2R 4 (B A pH = 100,
n(P)/n(N) =1.3 mol-mol ' ,n(Mg)/n(N) =1.9
mol-mol ~") [ 05 & B J& WL MAP, Jf ¥ il PAM,
m(PAM)/m(DS) N 0% ~2.0% ; C k4 I A[H
n(Mg)/n(N) &M FB NS5 PAM. 3 4503
B 500 mL Bt & e 5 e, 00 B A b 78 I R 2R AR
IS SIS 15 R AR AN 600 mL. TEIREEZ AT, %%
pH % 9. 35, HJF P Sy . O dme AF: 1] 05 08 4% 14 s vy 245
W T TRIEA W pH 4 9. 35; @t pH %K M
REY R ).

1.2 Ik

EPS A LIS MAAHUR EPS(LB-EPS) FI'Z %5 EPS
(TB-EPS). RN R AYIIFARIGE " 2 4R E LB A
TB, 5254 LB BB 0I5 A TB 1Y B0, 73
DZE 5 2 P O B BT, 2850 DNA, 25 F /Y
EFR, 28 DNA Z BN RiZ25R) EPS (I&&. £
RO 2 2 2 5 2R 1 TR AR AR B )
PEIGE s DNA SR 2R R

K H 5% 1) HNO, 755 & pH (/N T2, 4
0.45 wm JE B U8 5, B F & 3% 1% 42 (1CP-
OES, PerkinElmer Optima 2100DV ) 1 #5450 43 J& 25
F Uk BE. R Zeta HL {7 Y ( Nano-Z Zetasizer,
Malvern Co. ) Il & ¢ HL/Z.

CST % CST 4% ( Triton Electronics Ltd. ) Il %€ ;
SRF W7 R SCHR[ 15 ] T By 7 s WPC A 2 %
FHSCER[ 16 ] B9 755 85 100 mL 358181 A 15 cm F 7
=k, 2R 05 FHEZS HLAHUE 30 min, 25 JE IR FE7E

0.05 MPa, BT B 40 S Je P — AR E (W) JF A
WA 105°CHETIERRE (W, ), WPC AT F i

W, - W,
WPC = === x 100%

2 SRS

2.1 ikl s e Mok v fg

B AR5 e Bk e aE. YR IR
B ASE N PAM B (A) 7578 SRF, WPC 1 CST 43
A 41.3 x10%m-kg ™" | 97. 5% 1 >30 000 s; 40
¥ 1. 0% W LL A in A PAM, SRF . WPC F1 CST 43 %]
$738.6 x10"m-kg ™", 97. 1% 15 532 s; Hiff PAM
FHERSNE] 2. 0% , SRF Fil WPC KR WA TE, 1X
WARANBE 2 5 Je K oK. I A BE S (B) , B
ARSI PAM, 75 Y 1) i 7K 1 BE 3 A7 4 B 5 19 i
% U m(PAM)/m (DS) N 1.0% i}, SRF, WPC Fl
CST 75 M 1.2 x10% m-kg ™" | 73.4% K121 s, 4k&L
BN PAM S i ff v5 Je K PEREAR 25, 7E[A)5E PAM
B (1.0% ) WS T (C), [ & B 5 e i
SRF | V5K G MR CST 20 B> 2] A A
BEEDIS VR0 3. 1% | 11.3% F1 0. 4% . M, 254
IR ER R PAM BUMELL 1.0 ~1.5% NH. It
AN BT B LR, 2 n(Mg)/n(N) =1.5 Af,
RERICA) i € i 5 = T
2.2 (H

TEFERE Th VR ¢ A RS TR /N i T e
IRSDE 5 05 %N ORI U TARANE x5 1 D= A
<14 mV BB R & R A B R Kk 2 1T
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Fig. 1 Experiment results of batch tests

UL, SR PAM T E B RN (A) , REEM ¢
LN AEFFAE — 19 mV 245, WERARTAN PAM, TMifY
FES AR MDA HEAT A RN (B ) ¢ AR T
F| - 14 mVZAAT; 4 PAM BOmEH M 1. 0% 8, ¢
H 07 2 B — 4 A, (EUE 2 PAM 3] 2. 0%
Bb, ¢ LT A 48 X S T 38 s S AR, A T Il
RN PAM BHi5 R /Y ¢ AR iR 51 1
s M K 1 BE AR T AR A
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Fig. 2 Plot of { potential

FEMITE PAM S EMEHR T (C), M #E
n(Mg)/n(N) BI3EIN, 15 V8 8 ¢ HAS 246 %o 7E A B
FEAG, Mn(Mg) /n(N) KF LS B, 1 £ | FEZE 14 mV
PR, BT Mg WA I, P Mg® ™ /i A2
SR TR S — A HIER R,

2.3 BT
FH S FE 20 /N 15 YR 0RE 22 TR R AT (il 15 YR T B

BRIER, RIS I LRI —E 5. W&, FHE
T (Na®, K* Mg*, Ca’" )W LUS— M PHE T
(M) 5 MBS T (D )YWEZI n (M) /
n( D", JE 5 M 5 e TR R R RN /K M i 114 5 B P
Rz Femi i K B R, F5 BRI NaOH
DIERE R GE % pH AE, NS I A T RE R Na* |, 5
n(M*)/n (D*") ™5 KM, i & ik 100
mol «mol ~' A1 (& 3) , iz 5 T3l A 15 Ve /K 1 Ee
BIXE [ n(M*)/n(D** )5 0.3 ~4 mol-mol ™' ]. %R
M, R TOL RN R w2 5 (B) , A FHE F Ik
BEIAE] 11.2 mmol-L™",n(M*)/n(D**) Hfil T f&
9 Zc47 , 7E PAM WAEHTE , DL A, 1
N R IR 25 7 TR B B K I AT, T e 7K
BUMGE. E 3 fos, ZEARFR n(Mg)/n(N) T
(C),ZGH M HEFUKL n(M*)/n(D*) 1748
PRRZE 5 P 1 rf s U8 B /K 2 R A0 28 1k il 2 A —
B OB BEE R A IR T B, T EL
e EHt T KREN BT, T R2ETH
n(M*)/n(D**) Hefl, fEit T 15 MK,

PR S8 AT A, T R R B S T R 11,2
mmol - L ™", [ AF 045 14) Wl R AR 25 7 A1 20 1 1) Wk 3
4394 0.6 mmol -L ™" F12.0 mmol-L™". ¢(Mg*") -
¢(NH; ) - ¢ (PO} ) BITRAR N 10775 KT pH K
9.35 B A PRV BEBL (10722 ) 2024 P i % 4k
SV TVE ARR IR EE B 7 | BRRRAR B R B+ 1Y)
WRBE. SEBR b, W W0 S 9 B N 5 2 ) SR
JERRAA B R A s, 7E [ B R B 2 )5, T 25
THREE R 0.16 ~0.20. 7E AN & A9 B 75 B AE H
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Fig. 3 Variations of cation concentrations

T,pH K 9.35 B LIS KA E RN 10778 X
ATRIE 1 SR A o AHGE, PR TR s s /U =2 )5
(1) 22 0 T AR R4 i B B TR, AT 412 3 ik
PE R TS TR R K.
2.4 EEY

SIS K R A WA R G (E
BURZHEREE AT ) A5 RSN R A Y (EPS). 4
AR T VA PR SR B Wk BE /D B AT A DR T
ALBR A E 2 1T DR PERE AR 4T, Gl 4 PR 7E0A
SN (A) B PAM RSN, 7 %k 2 5
Yy & B AUl 1342.5 mg L7 [ AR F) 1252.9
mg-L~", Hrh Z W 198.5 mg-L™' F &3] 180.3
mg-L™"  EHEHFH1144.0 mg-L™' FREF1072.6
mg-L™". FEAUSIN PAM BTEHL T, 5 AN ENISC R AH
o e AR T2 40 T R R & (B) , REEH
2R A B B0 FRE(HT342.5 mg-L™" T FE %
1152.4 mg-L™") ; 7EfAE PAM $ohnait, LR Y&
ik — L TP 10511 mg-L™"; 1 4k 22 34 i
PAM , Z 54 & 8 AT B 2 A8 k. 78 PAM
BH1L0%H(C), M n(Mg)/n(N)KF 1.0, &G
T Z R G R X UL TR EZ RY
TR SCHE R R T AR Mg (i G i 1 e iR
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