‘E]ﬁ%DJ"E_ fﬁ:iﬁl*ﬁ%‘-ﬂ; % 13% $£ 118 20194 11 8

Eco-Environmental Chinese Journal of Vol. 13,No.11  Nov. 2019
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074
OF e s
e, MEEER: BEREYMLESFERENK

ot

i £ DOl 10.12030/j.cjee.201901088 HESES X703 SCHRPRIEES A

ZEOSIR, AR5, IR, 45 i ARSI G LR RS R G K PERET]. PR5E T4, 2019, 13(11): 2736-2742.
LI Huidong, LI Jing, ZHANG Zhexin, et al. Calcium peroxide-flocculant joint conditioning sludge to improve its
dewaterability[J]. Chinese Journal of Environmental Engineering, 2019, 13(11): 2736-2742.

1T S A£G 1B 28 G850 R B U o3 K Pk BB
AR, BT RWEK, N, EZ A
WS Tl K2 LR TR B, FEFIWE4FE 010051

B—EH: AR A974—), B, W, @I, B rm: Tk KA A . E-mail: lihuidong@imut.edu.cn
HAEEH
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PLEE . Z5IRSRWI . CaO, B 2R BE (TR W 22 50 sl e SR M ) W] A ok 38 75 R I /K BRI 8 3% /K 5 CaO, B 22
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BB Ca0,, ¥5 YL ad Ab HRS 1 n] 5 PEE S R al i VR 23 1 B o BE R I, 4 & MR L SR A B ES B K g
et H /. L, CaO, A 2R EER AT AL AR5 YK TERE . L CaO, 55 2R BRI 49 BT X T35 Je i K A
FHR

REA HRBK; A BUEWREER; TSI B

Bifi 25 5 K Ab BT s Je HE A& B B WG N, R BK R RIS E . WA ORIEZ A, iR
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SR ARG (CaO,) . FE RMESE Y A AT G, A 2R AR HiE 5K AR Y B Oy ik y
5 T 2 B I 5

SEHRAN AR . WOERLEE 4T (BT-9300S &Y, FHARH RS A FRAF]), Zeta {7 (NanoPlus,
i BRI P AR A BR A R, A E T AR (H 57 &8 S-4800, H Sz mi#i B AR A A
1.2 LWHE

I3 B B — %E i Ca0,0.8, 1.0, 12 gL, AW LER 4.0, 50, 60gL"), 7R 4.0,
50, 6.0 L") T 100 mL 5 ¥, I B I5 U8 1Y 100 mL HEAR & T 50 Xk Sy FEas , wEp P
5min, B PEATIS VR LEBHSCE . i 3 ZHORATSE5, S0 4h R EBCE M .

Ca0,. LY BER] BT BN 15 TR K I

PERERYRE M S RN 1 pron. ATRUE i Ca0, Table 1 Conditioning and dosage
TE 1.0 gmL ™" 15 Je KR e fE, UEY 25t o JERRIE I/ HBASRF/ o
FAFE BRI 5.0 gmL " IR AT I @mlh)  (00mkgh O
S B — %E 7 U BT 100 mL Y5 IR 0.8 9.93 90.06
o, AT AT RIEE . AT 8T 20, 1.0 5.77 83.76
CaO, 128 BE 55 45 Jin it ) X ) B35 e (1) 52 W, 12 10.43 9227
B2 A EREE R 5 CaO, M B4 A, & 4l 40 718 91.04
T JRV5U . CaO, T AE MR EEN . WMAEME  wrwzsn 5.0 5.38 88.41
BER-Ca0,. 5¢BMi-Ca0,. CaO,-7c B, KI5 6.0 11.14 90.20
A3 MR i B B K PR RE IR S AR G HLEE , R & 4.0 11.03 91.48
BN a2 2 Frs . R 5.0 10.48 90.94
S CaO, W FE 5 e i AK A/ I 0y F R 6.0 13.61 92.20
s pHY, WAL Y I pHIKE N 5. 6. 7. 5 0 15.55 9272

8 192 S ABRIE, B B G U8 i K 1 RE Y
M A LY KGR B BERE e, 05 X0 EEBE (SRF).

*2 EEAEMAR
Table 2 Methods of conditioner dosing

o/ (g L™

JHERF BT SRR/ C
Ca0, THAEYZEEN FoRp
e 0 0 0 300 r-min ' FHE$E 10 min 30
CaO,- AW ZER 0.1 0.5 0 Ca0, 300 r-min $5FE3 min, fAEYIZREERS00 r-min ' 7 min 30
MAEWEEER-Ca0, 0.5 0.1 0 A2 EERI500 rmin” 7 min, CaO, 300 r-min”'#i$:3 min 30
CaO,-7E Kb 0.1 0 0.1 Ca0, 300 r-min” $iiF15 min, FEEMH300 r-min”'FiFES min 30
FERME-Ca0, 0.1 0 0.1 FEEAE300 r-min ' HEHES min, CaO, 300 r-min ' $45 min 30

1.3 9thAak

V5 R Zeta HL A 52 o 43 S LTS U8 AUAS ] I B R A B S RSV IR B T S0 mL B L, LU
10 000 r-min~" AY%% 3 2.0 10 min, UCEE IS

V5 e B ORI AR A o i 2B OB s R AR SRR RIS, SR FH OGRS I 2 15 Ve kL
/é/\?ﬁo

OIE S 43T o 8 2 3 35 H 5U5E (SEM) WF 5T 15 Ve A i I TIOULE B0 RRAIF o

s 4 3B & W (EPS) M 42 BRI 52 o BF kRS B T 50 mL 2.0 304, 7€ 3 000 r'min' %[> 10 min,
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W SE b3 O R ATV EPS(S-EPS); M 0.05% NaCl IS W AE 28 s, 3745 | min ZIUERE 4
VS, 75 2 kHz @B A5 A3 10 min, JR 8 B AT AE 7 000 rmin ' B0 10 min, Y& 2.0 5 A
AN BSG A ) EPS(LB-EPS); fIT A ZZ iR 5048 | min, ZIR B UIIEE WM, 16 2 kHz #8745 40 3
10 min, F¥¥5 52 A RAE 10 000 r-min~' 5.0 10 min, WCHE B0 E 35 WAL N 5% 45 & 1 EPS(TB-
EPS). JHEHER L2 285, K Folin-Lowry 15 %2 2 H 5,

EAIKISE o B —E BIMPE 0975 P8 E T 100 mL &5.04845, 7E 10 000 rmin”' 2.0 15 min, &
£ WA w,, R 105 CHETRIEER, B w,, B ZRTIE R W, W w, Wy w, 4y 5
SR BN [ PR A T 45 A K 1 AR 4k

2 GR5ITR
2.1 RS ARG 3o i e B 7k 1 BE B R P

S L3 7 95 08 5 4l 1 8 i 1g JK CIHm — akE 94
RN PR, CaO, GHUEMEHABTRN £ 1 4 i "
9 19 4 4 4 B S 5 U 19 SRF(7.13x10 . 12.35x : 1 5
10", 5.84x10", 10.98x10" m-kg™") ¥{K F J5i e 2 3 :j i:»
SRF(15.55x10" m-'kg™"); CaO, 5 3 4= ¥y 28 % 7 ;% é § Y o
RAREPALA AR R KR 5 \ {] 50
79.18% . 82.41%. 80.47%. 89.74%, i 55 Je i Zi
(25 K Rk 92.72%, LA L, CaO, Bk & & & & s P
S50 405 15 A LA A 0 BB K G4 @&

PERE. P 1 ATLIFRH, SRF(CaO-HUEMTEEE)< o

fiy a2 N }
SRE(HEDIHEE-CaO)<SRFURIE), SRF(CaO, | RRIBEAIE &SRB G

I %%)<SRF(ﬁ %%_CaOZ)<SRF(J’E e )s Eay) Fig. 1 Effects of different combinations of
W, CaO, & hm it ¢ % 75 P M 7K B9 52 0 %8 K, conditioning agents on sludge dewatering
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H)-Ca0,. 7% H M -CaO, H F V5 I8 pH I TE 6 K 1? [ Sk i 5;8{%%%%"
Fetk. WU %S IEWIE R R YEIRET D, CaO, 7] al S 7%H-CaO,
EBUNEF IS4 R, H4 pH 3 8 1, 75 3 % i
JLR T &L RATTLAR R 564 . CaO, %58 £ 10}

TFHAASIR, B pH BK . HOAEWFE(E, pH 2 8

B, AT CaO, M. [, pH BRI 50

CaO, BRI BN Z . FEfiktE pH I, SRF 1l

(CaO~fH A= ) 82 E 57 )<SRF (T A= ) 2 ¥k 5] -Ca0,) , 0 . p - ” :
SRF(CaO,-7¢ % ## )<SRF(5¢ B B -Ca0,), it n] pH

W, FERAESIET, St CaO,- 0 1075 2 pH %55 REABH M

Ve HEZLBE T -CaO, 18755 B9 75 Ve i /K Pk BE B 4. Fig. 2 Effects of pH on sludge dewatering
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23 i5IR Zeta BAL S HT T 17

15U Zeta LA A3 AT 45 SR A0 1& 3 i, RS “sr -5.42
Y H i —6.18 mV, BRI 5 U F H 37 45 5 .t P
T o B W B R -Ca0, 543 mV, K K £ 7
B -Ca0, N —4.58 mV. CaO,-f4 /b ¥y 2 % 71 N Bl
-1.03mV., CaO,-5cRHiH—4.07mV. i DLOV N oot
B, Zeta HL (L EEENT 0 mV, 15 I8 OB B K Ot e
PERE B G . PRI, DL R BCUE AT, CaO,- % 0
Wt ) X 75 R K 1 VR RO BT . ARG RS & ﬁﬁﬁf”ﬁ& @9
CAO %P I BFFE 25 B — 80, MA W T, 5k Rl S
SR 2 18] 23 B Ry s A A ) e g T HE S, TR A S W
RERLE B RS AR 0, AN T e BB 9 K 3 FREIBEAA S5 Zeta BLALE B0
PEfg!, 13 AR B T I A R R 1) Fig. 3 Effects of different conditioning agent combinations on
FLIR] AR BE SR, e 1 by 38 V5 Ve B /K M R 11 the zeta potential of sludge

— R B, WARSER N CaO,, LA B IR L PRI EEN, S B0RL 2 [A] By T 4R Bk
VERIAHEAEE , §HUZ RN, Zetar (7 FRAK
24 SRWESEHH

W 25 15 e HHORLAR AL A A () 8] B Ak 3RS B R AR 3 A AN BT 4 T, IR BILUS 35 U ORLAR 43 A0 45 R
CaO,-WAEMIEREER] (33.73 pm)>{ 2k By 8 5EH-Ca0,(32.97 um)>J5JE (30.92 um); CaO,-7c M (31.65 um)>
7% B B -Ca0,(31.10 um)>J5 I8 (30.92 um), LI I e
2 AUECHR B3R CaO, 1 B 2 AT Y5 I8 i\\+

BT A, 7 DL SR R T AR 35 Al
SRS TR IR, 35 0 A — s T 2l \\\
JE bR AR, S B0 e SOk B W s %
2R BRI {5 PR URLAE A 4 . DUTE RO 4 LA Sz v v sp§
B F T 8 5 TR R B I o
BRI AE K R 2 75 B e 2 & & o & e
[ S 2 A K G B A 2R ) RS R T/ . 2 M A
B 0 1 AL SR B A L R AR S )
A A B4 REBENE A 05K 5 75 AR
e CaOz—fé};@E%ffﬂx#{g{}%ﬂ}ﬁﬂ(ﬂﬁfﬂ%{% A Fig. 4 Effects of different conditioning agent combinations on
25 WMEHETH particle size distribution of sludge
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K, AT, 75 e SR SR TDHURE A P HL i T8N B DR 25 R AL, B Z BORALIR .
R A R M 2E R A R T RE N . 7RI 5(b) 15 YR TE ZREER A AR T Je 2R BE A — > B %% 5
AUREAR, Rk e i, BRIVl CaO, BYSAALAE I TS Je e 1 A AR 2%, SRR B2, WlfIE
R Z LB FERE S(c) Hr, Sed%n CaO,, V5l 2R E5H S 1E A AL VE T K A 240 il 8 Jli A
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FEIUF /N B AR, B 2R R 0] TR A SR AL, TRk DR L — > SRR . AT UL CaO, 7 22
70 Z BB {5 P 25 A B BE RS o

10 ftm 900 60KV £ 00K M) e 10 Hml LS A0 ECM 10 um
(a) JRLJe (b) M 2 5EH-CaO, (c) CaO,- (i =1 2R EEH]
5 RiSEMFERERSRMNEAMERE

Fig. 5 Scanning electron micrograph images of raw and conditioned sludge

2.6 FASNERAY (EPS) 4R 1o

IR [ 8 3 70 2 4 oF V5 U8 L A1 B8 45 0 (EPS) T
WA R A S R 6 BiR. B g -
FUEE 1 1 AT AR M SN B (S-EPS) Al 2 L
A B CaO,- il A= ¥y 22 5 7] >CaO,-7¢ B Ml >7¢ 2 el LB o
BHE-CaO>HUE Y 28R -CaO . 5 B Ll =
Fi i (LB-EPS. TB-EPS) 54k . J5iiE>5 % i - oall
CaO,>l £E 4 2 ¥E 3 -Ca0,>Ca0,-7% % B >Ca0,- Ni: 2 i
Ot W) SRR 454 Wi (LB-EPS. TB-EPS) & & & /ﬁ”@ %cﬁo”
A ;B> B -CaO,> B 1) S MR -Ca0 > A R
CaO,-iH A 41 B R >Ca0,-52 B .y e vl 1, W
5 TR A BT S 60 TP PR AR SRS R T O R AR P B 6 TREIEEFIAS IS RMINE S (EPS) B
O JEE N T 25 5 T MR 2K 2 11 R 0 2 U BEARMSEE BN

B R R C 20,- 20 H B A I 4 Fig. 6 Effects of dlffe?rent conditioning agents on protein and
B B B 5 B A g 1 polysaccharide content in extracellular polymer (EPS) of sludge
BERlE NS o XS JLT

w3 ERRBMEGAIT el wl L e |

SR . ULREYE . JE4TERBLKYE S SEPS S 106 e

4 R EANSE, [T 5 LB-EPS. TB-EPS (94 5 cal " 1% 3

o B, SRR CaO, S5 R A HE T 4 £ 100f Jo0s 2

27 GBS £ ol //A\\% oo £
LEEIK AT HT LI EE H (i 7 R, TR B g4l {004 =

D S5 R BT T TR DL 0 A T Al H (] e

oK AL RS — B, H9k CaO,- B ) e & S e

22 R <CaO,-7 B B < 2k 10 42 5 F -Ca0,<5% B R L

R -CaO,<JEE . 5Kt S 5 T N A2 4 N

£ Zi R —3 . CaO, lH
’&E%ﬁﬁﬁifﬁ*ﬁgﬁ?jna;;%wwf B7 WEESESLRELKEBELOHM
H 1% e Kk z‘zﬁ@ﬁﬁw o BRBER 2B 2 Fig. 7 Change in bound water content of conditioned sludge
s e AR . BifE—5K3. & Bk, Cao, after centrifugation
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TEL BN Z BN, CaO, B EALME £ 15 V8 1Y Zeta HEL A7 EHEUT O mV . V5 PR W0k TE K | V58 ™=
AR R RALIR . 15 U6 SRR A0 I 25 K g e SR A IS, AE R A A AR R B 2 A AR BERE L, B,
SN Ca0, A Bh T M IR 4 M BE DL K2 5 M EPS, T G b B 35 35 YR B K Mk

3 %ig

1) VA B B 0 ¢ B SE 0 0.1 gomL™'Ca0,. JE i 0.5 g-mL™ o 2E ¥ 2R e ) sl 52 R pE 5 U8, i
KPR AT . B & ACREEAL 20% A 47, HBHAE 73518 7.13%10" m-kg™ F1 5.84x10" mkg™'.

2) i i T AU (SEM). Zeta LA . 15 IR BUREIN /04T, CaO, 7 Bl 2 4 2 7 B % 7
RWEZ AN, V5 Ue i AR R A, TR RUE/NEURL, BT 0mV, 15 TR KSR
1§ S

3) V5 e EPS & & MK 25 R iR, CaO,- i/ W R BERI Il CaO,-se BMEALBET5 R J5 . vl ¥ 1
WIS AT S R AR S, M SRR BARU LS A KRG EV B, X RY
CaO, 1A= ) 2268 570 o 76 B 2 Wi B8 It B A1 75 18 B /K R 8K

2 £ X W
(1] FwE, ZEATHl, sk cHT, 5. fb2r B BEE 15 R MK AYBFFT BE R[], Tol/KALE, 2018, 38(11): 1-6.
(2] T232%, HfEE, RS, T8 TEARHG IR [T]. BerE R R 2AR, 2018, 36(4): 17-22.

(3] KA. — BRI P R B P A A B . SEE MO R IR AR R A BRI SE (D). AR: PUNTIRFE K%, 2015,

i

(4] . SERAHERSL RS UK Y il 48 Ko v YR K MERE[D]. M /R EE: M /RIE L K%, 2010.

(5] Wit 0B N o 2R BRI 5 I B8R AL TR A5 DR A B0 K S RE B HAE FIBLIRI TSR [D]. RIS A5l Tl k27, 2016.

[6] CAIM, HU J, LIAN G, et al. Synergetic pretreatment of waste activated sludge by hydrodynamic cavitation combined with
Fenton reaction for enhanced dewatering[J]. Ultrason Sonochem, 2018, 42: 609-618.

[7] WANG H F, HU H, WANG H J, et al. Impact of dosing order of the coagulant and flocculant on sludge dewatering
performance during the conditioning process[J]. Science of the Total Environment, 2018, 643: 1065-1073.

[8] WUB, SUL, DAI X, et al. Development of montmorillonite-supported nano CaO, for enhanced dewatering of waste-activated
sludge by synergistic effects of filtration aid and peroxidation[J]. Chemical Engineering Journal, 2017, 307: 418-426.

[9] CAO B, ZHANG W, DU Y, et al. Compartmentalization of extracellular polymeric substances (EPS) solubilization and cake
microstructure in relation to wastewater sludge dewatering behavior assisted by horizontal electric field: Effect of operating
conditions[J]. Water Research, 2018, 130: 363-375.

[10] YU W, WEN Q, YANG J, et al. Unraveling oxidation behaviors for intracellular and extracellular from different oxidants
(HOCl vs. H,0,) catalyzed by ferrous iron in waste activated sludge dewatering[J]. Water Research, 2019, 148: 60-69.

[11] YU W, YANG J, TAO S, et al. A comparatively optimization of dosages of oxidation agents based on volatile solids and dry


http://dx.doi.org/10.11894/1005-829x.2018.38(11).001
http://dx.doi.org/10.3969/j.issn.1000-5811.2018.04.004
http://dx.doi.org/10.1016/j.ultsonch.2017.11.046
http://dx.doi.org/10.1016/j.scitotenv.2018.06.161
http://dx.doi.org/10.1016/j.cej.2016.08.096
http://dx.doi.org/10.1016/j.watres.2017.11.060
http://dx.doi.org/10.1016/j.watres.2018.10.033
http://dx.doi.org/10.11894/1005-829x.2018.38(11).001
http://dx.doi.org/10.3969/j.issn.1000-5811.2018.04.004
http://dx.doi.org/10.1016/j.ultsonch.2017.11.046
http://dx.doi.org/10.1016/j.scitotenv.2018.06.161
http://dx.doi.org/10.1016/j.cej.2016.08.096
http://dx.doi.org/10.1016/j.watres.2017.11.060
http://dx.doi.org/10.1016/j.watres.2018.10.033

2742 o T OB % MR %13 %

solids content in dewatering of sewage sludge[J]. Water Research, 2017, 126: 342-350.

(12] 2530, 25811, SKPEAT, A5, FeSRME 5 REsE IR BT SV )], SARHI S PREE TR, 2017, 39(1): 140-146.

[13] P, Bk, kAR 7E, 45, i S Es Tt BOOHE PEVS TR K PERE Y 2 BLI [J]. PREERRE, 2017, 38(3): 1151-1158.

[14] LIU H, YANG S, SHI J, et al. Towards understanding the dewatering mechanism of sewage sludge improved by bioleaching
processing[J]. Separation and Purification Technology, 2016, 165: 53-59.

(15] kIrEs, SREEAk, BB, 45, BRI 21 ki A i 15 e UK PERE A BT [0]. BRI 41, 2019, 39(3):

780-789.
(AL %% 20, T3 5, #roeth)

Calcium peroxide-flocculant joint conditioning sludge to improve its
dewaterability
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Abstract  Sludge was treated by the combination of CaO, and flocculant, its dewatering performance was
obviously improved. Through changing the initial pH, dosage of conditioner and changed the adding order of
conditioner to condition sludge, its dewaterability was improved. The sludge before and after conditioning was
characterized by Zeta potential, laser particle size and combined water analysis. The effect of different dose of
conditioning agent on sludge dewatering performance was studied. The sludge dewatering mechanisms with
different conditioning agents conditioning was discussed. The results show that CaO,-flocculants (microbial
flocculant and chitosan) joint conditioning could significantly improve sludge dehydration and reduce water
content. Both particle size and Zeta potential of conditioned sludge by CaO,-flocculant joint conditioning
decreased, and more significant decrease occurred when CaO, was dosed before flocculant. As CaO, was added
first, the layered structure of the sludge could be disrupted under oxidation to form small irregular flocs, and
sludge was thoroughly destroyed. The concentration of soluble sugars and proteins in conditioned sludge
increased when CaO, was added before flocculant, while the change amounts of bound carbohydrates, proteins,
and bound water were reduced. Therefore, the joint conditioning of CaO, and flocculant could optimize sludge
dewatering performance, and the dosing order of CaO, and flocculant has a significant effect on sludge
dewatering.

Keywords sludge dewatering; calcium peroxide; microbial flocculant; sludge conditioning; adding sequence


http://dx.doi.org/10.1016/j.watres.2017.09.044
http://dx.doi.org/10.11835/j.issn.1674-4764.2017.01.020
http://dx.doi.org/10.1016/j.seppur.2016.03.037
http://dx.doi.org/10.1016/j.watres.2017.09.044
http://dx.doi.org/10.11835/j.issn.1674-4764.2017.01.020
http://dx.doi.org/10.1016/j.seppur.2016.03.037



