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Study of low temperature-sodium hypochlorite on sludge

reduction and biodegradability
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Abstract: Using municipal sludge as the research object, the effect of low temperature coupled sodium hypochlorite
on sludge cracking and the impact on reduction and biodegradability were investigated. Under the experimental condi-
tions of reaction temperature of 80 ‘C, NaClO dosage of 166.7 mg/g and reaction time of 60 min, SCOD in the crack-
ing solution could reach 13 210 mg/L, and the COD cracking rate reached 42.54%. The mass concentrations of poly-
saccharide and protein in the cracking solution could reach 587.3 mg/L and 376.8 mg/L, indicating that the method
could effectively crack the sludge, and the cost of reagent was only 0.029 Yuan/g. The SS removal rate of sludge
reached 30.71% , which can effectively reduce the cost of sludge pretreatment, realize sludge reduction, and reduce
the cost of sludge disposal. The residual chlorine in the liquid decreased to 0.37 mg/L in 1.0 h after heating treatment,
and the carbon to nitrogen ratio of cracked solution increased from 10.04 to 28.97, but the BOD,//SCOD was only
0.282. Combined with the changes of TCOD and protein during the reaction, and the three-dimensional fluorescence
spectroscopy characterization, it was speculated that the mineralization reaction of ClO™ with some easily degradable
organic matter might have led to the reduction of biodegradability of cracked solution. The results showed that the
method is effective for sludge reduction, with low cost of reagent and acceptable biodegradability, which can provide
some reference for sludge reduction and resource utilization.
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Table 1 Physicochemical properties of sludge

i H g

K% 93.8+0.35

pH 6.7120.1
SRR (TSS)/(g- L") 61.19+1.39
PR MR B (VSS) /(g L7 29.63+0.83
TCOD/(g-L™") 48.36+0.74
SCOD/(mg-L™") 59.40+11.26

FE A/ (mg-L™") 2.206+1.27

Z B/ (mg- L") 2.514+1.06
TN/(mg-L™") 5.876+0.35
A/ (mg- L") 2.063+0.15

A A/ (mg-L™") 2.618+0.15
TP/(mg-L™") 2.154+0.15
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Fig. 1 Effect of NaClO dosage on organic matter
and TN dissolution of sludge
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Fig. 3 Effects of water bath temperature and reaction time on the release of dissolved organic matter from sludge
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Fig. 4 Effect of low temperature coupled sodium hypochlorite
on reduction of residual sludge under different reaction conditions

2 80 CTREEEMITMEXS SSEBR RN

Table 2 Effect of sodium hypochlorite dosage on
SS removal rate at 80 C

NaClO/(mg-g™") 105 CHEF 5 98/(g- L") SSERF/%
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33.3 57.56 8.91
55.6 53.206 15.80
111.1 48.241 23.66
166.7 43.784 30.71
222.2 42.313 33.04
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Table 3  Comparison of the cost of different pretreatment methods to crack sludge

T4k 385 2% 25 5% 25550 91 FEHL A SCOD SS LB/ %
IR A SR BN NaClO 166.7 mg/g 0.026 7JG/g  0.140 8 JG/L(0.002 3JG/g) 13 210.0 mg/L(213.06 mg/g) 30.71
i e R A ks Fe®* 40 mg/g 0.036 5 7T/g — 1374.5 mg/L(204.23 mg/g) 20.38
Fenton 4 fk % H,0,1.1 mL/g+Fe™ 64 mg/g 0.059 6 JG/g  0.093 9JC/L(0.011 55C/g) 1 726.8 mg/L(212.14 mg/g) 38.57
th % 3 AL A LG T 76 Bk A 7 M DL o0 - =ooeD 1000
A
AR A T B I A Y SR 5 119 SS 5 R T 4 Tuaooor BEE o ] {500 ~ |ng
15 10.33%; 5 Fenton A AL HI H L (L7 40% (9 A, %’)zggg / | go 48
15 18 SS 2 i SAUAR 22 7.86% ; [l i, Vi 2019 b 791 4k 32 B s | Z 0k
e L s = \ TS . < 1400 =
J&i SCOD ¥ i AR S diy-, LA R o9 B DR B A A Z 6000¢ G 60
e vy s o o Al v 1 e ir 4000 [ | 2
SMINBRIR, LA A A A Ak 200 [} H] 200 5 2
U B o G SRR 3 9 000 P4 T Y5 O A B ot LI U0 o s
333 UL 22227

A [ B PR R A2 1R 1 755 U0 ik T 280 S A it R 1) [ i
AR ELA B 1 S B R A
2.2 {RIBEEA NaClO BifE TR A & L1
221 TRk MR Bk

5T A PR K R R T R R R R R A
/N R AP S NS A € . R (R g
51 T TR, 22 W 1V U0 R AR O i AL L R A ) I
P X5 e e U TR 2 . Y. ZHANG 520058 &
L, R K b A LR AR ) 25 B TN 3R R R R 6.0,
T S B 2 It 60 B3 Wl 120 v R ik L L R T e
(B V5 U R A T e 2R EE AR AR A B0 N 1B S B OR .
TE 80 “C/K I R B T M 60 min, /N [ NaClO il i
(0.33.3.55.6.111.1,166.7.222.2.277.8 mg/g, LA SS
i) F 0% 1% W SCOD/TN 43 5 4 17.16.,27.84 .
27.87.27.55.28.97.28.72,31.19, it & T 4= ¥ % K&
TN 09 PRI 77 5K, 1 I 32 5 0 2% A4 T B e v v R Tl 1)
TN A2 LUK S i A ™= A T 5%
2.2.2  FiRAKMBR BRI (DOM) RS

FEIF SRS 15 U8 T VA 26 W 8 fie P P A1k 1
H & BOD,/SCOD™, 4 3k F| [ 4F (1) A ¥y B ek 1% it
BOD./SCOD #3 0.3. 7E NaClO £ i+ 4 166.7 mg/g .,
SN B ] 2 60 min B 4% 1R, 43 A1 15 U8 K i i b
DOM J&43 () vl A AR, & 6(a) s .

FH 1 6 Ca) AT R, 52 7k B2 T v Xof B e 9 1 T A=

—110—

NaCIO# & /(mg-g™")
Bs5 SiREEEFHmALL

Fig. 5 Carbon to nitrogen ratio in sludge cracking solution
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Fig. 6 Biodegradability analysis of DOM components
in sludge hydrolysate

DOM #4 8 LA 5y A= 0y Wik i 1) £ 0 2590 o2 A A 0
R BRI RS . Sl KRR A
NaClO T &k B85 , 5 I8 DOM Y = 4k 9% 56618 KR 1E &
A= B R AR AL, € SR 2E W o RN A W W R A
KGR AW I (C ) J & B 25 i (D
W) S R AR O S YRV R M IL OO R AR &
A= AR AR Y SRR AT BEAE T, CLO R ff 5 TR Y TR B, 575
e L PN 00 S50 e ) YA v 1 B I i 1) £ S R 2 ) I
LA Py B = 2 I & e AR . 3T

NaClO 1 A7 R0 fif 15 JE 1 Rl i, 5 DOM v & 73 5y [
fifk W) 5T A A BN, S BRI St T B R 4 2R )
il P T B

3 #ig

(DARIR A NaClO 4b B Y5 Je s F2 p 7 — 2Tl
[l N, SCOD Fifi NaCl0 % i # A9 3 fm i &= A, (1
NaCl0 # il & # 1 166.7 mg/g J& 0% i SR 32 TH A
. RIRHE A NaClO &b B 5 I8 19 e i 4 1 - IR
80 °C \NaClO i~ 166.7 mg/g . i i} [A] 60 min .,

(2) NaClO 1 8 i xf ¥ e ok 2 b 2o F A o 22 5
Wa , A8 e A B2 0 4548, COD W i R ik 21 42.54% , 2%
AR AL 75 0.029 JT/g, 15 8 TSS Hi 63.19 /L [& K
43.78 g/L, B FR K H 30.71%., A TR B Ak B Y5
5 , 4 58 SS A I 1 213.06 mg SCOD , ¥ T Ji L %
T R0 B AR S0 I asie U] 7 A 3 A 22 U A R L ROKR
T 8 Uk /0 V5 e T Ak B RS A T DR U A

(3) 454 I i # o TCOD AR 1 5 19 22 4k, LA
Ko = 4t I 43 B, AT HEWT NaClO 75 % i 15 e 1
[F B, 2 5 VR v 0 ) B A A DL K R A B,
SO A W TP Al R A R AR AR PR B AL, B B/C X TR A
#]0.282,

5 % 3Tk

[1] BOUABIDIZ B, EL-NAAS M H, ZHANG Z. Immobilization of mi-
crobial cells for the biotreatment of wastewater: a review[J]. Envi-
ronmental Chemistry Letters, 2019, 17(1): 241-257.

[2] KELESSIDIS A, STASINAKIS A S. Comparative study of the meth-

[t}

ods used for treatment and final disposal of sewage sludge in Euro-
pean countries[ J|. Waste Management, 2012, 32(6): 1186-1195.
WEEL T, R AL o [ g K AL BT YA ROR WF 5T
JELJ] Ak A B, 2020,40(7) : 18-23.

XIE Kun, YIN Jing, CHEN Xing. Research progress on sludge

[3

[l

treatment technology of urban sewage treatment project in China[J].
Industrial Water Treatment, 2020,40(7):18-23.

[4] WALCZAK J, ZUBROWSKA-SUDOL M. The rate of denitrification

[

using hydrodynamically disintegrated excess sludge as an organic
carbon source[J]. Water Science and Technology, 2018, 77(9) :
2165-2173.

VI, JEMERE, BEAEIT, A5 Uk SRR 0T 7 70 14 43 i e 1 S S
PR L 87 8 AT LT ). a7k kK, 2019, 45(6) : 54-58.
LIU Lijun, ZHOU Yalin, RUAN Jianming, el al. Decomposition

[5

[l

characteristics and chlorate formation rules of sodium hypochlorite
disinfectant[ J]. Water & Wastewater Engineering, 2019, 45(6) :
54-58.

[6] WEI H, TANG Y, SHOEIB T, et al. Evaluating the effects of the

—111—



AR

Tolk K A3 2023-04,43(4)

[t}

[

preoxidation of H,0,, NaClO, and KMnO, and reflocculation on
the dewaterability of sewage sludge[J]. Chemosphere, 2019, 234:
942-952.

HAWKINS C L, PATTISON D I, DAVIES M J. Hypochlorite-
induced oxidation of amino acids, peptides and proteins[ﬂ. Amino
acids, 2003, 25(3): 259-274.

ISHIHARA M, MURAKAMI K, FUKUDA K, et al. Stability of weakly
acidic hypochlorous acid solution with microbicidal activity [J]. Bio-
control science, 2017, 22(4): 223-227.

AR, IR, @f)‘%f‘e E NS R X7 SORERIEY 3 FS YA
IRFCR I [ ]. FREERE 224, 2021, 41(8) - 3130-3137.
GUO Shaodong, LI Chenxi, HUANG Xinghu, et al. Effects of so-
dium hypochlorite and ferrous iron on sludge disintegration and de-
watering[]]. Acta Scientiae Circumstantiae, 2021, 41(8): 3130-
3137.

10] M, 2= 58, X0 i ake , 5 . A SRR T V5 K A B AR R R SRR
MR L] 4k HEAK ,2021,57(4) :45-52.

SUN Jian, LI Lu, LIU Haiyan, et al. Study on the effect of re-
sidual chlorine on biochemical system of municipal wastewater
treatment plant [J]. Water & Wastewater Engineering, 2021,
57(4):45-52.

AHN Y Y, CHOI J, KIM M, et al. Chloride-mediated enhance-
ment in heat-induced activation of peroxymonosulfate: New reac-
tion pathways for oxidizing radical production[J]. Environmental
Science & Technology, 2021, 55(8): 5382-5392.

SRR, PNHEAE, 2R b T K R A S s ],
TE 4K HEK L 2006, 22(15) : 47-49.

XI Zhaosheng, SUN Jingmei, LI Xiangzhong. Effects of boiling on
concentration of chloroform in tap water[ J]. China Water & Waste-
water, 2006, 22(15) : 47-49.

BARBER W P F. Thermal hydrolysis for sewage treatment: a criti-
cal review[J]. Water Research, 2016, 104: 53-71.

WANG R, TANG A P. Influence of the dissolution laws of N, P
on the activated sludge by ozone oxidation[J]. Applied Mechanics
and Materials, 2013, 295: 1215-1221.

LI'Y, HU Y, WANG G, et al. Screening pretreatment methods
for sludge disintegration to selectively reclaim carbon source from
surplus activated sludge [J]. Chemical Engineering Journal,
2014, 255: 365-371.

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

SUDHA M, RENU G, SANGEETA G. Mineralization and degra-
dation of 4-nitrophenol using homogeneous Fenton oxidation pro-
cess [J]. Environmental Engineering Research, 2021, 26(3) :
190145.

—112—

(18] & &, ¥t [, Mt B S B A Fenton AL XS T5 e 5 ik

BORIGBEFELT]. PR, 2013, 33(2): 293-297.
GONG Changxiu, JIANG Jianguo, YANG Shihui. Effects of Fenton
oxidation with ultrasonic coupling on sludge particle size and soluble
substances [J]. China Environmental Science, 2013, 33 (2) :
293-297.

[19] WU Y, JIANG Y, SONG K. Carbon source recovery from waste
activated sludge by low-temperature thermal hydrolysis process[J].
Journal of Environmental Engineering, 2020, 146(1): 04019098.

[20] SRHIEL, 22205 Wi, 55 . o 7% il Al — e S0 Rl A T 0 A G il
BB IE R AT R T]. AEWEORERE 2020, 10(1) :40-45.
ZHANG Mingxia, LI Anzhang, CHEN Meng, et al. Progress on
nitrogen removal related enzymes and their coding genes in hetero-
trophic nitrifying and aerobic denitrifying bacteria[ J]. Current Bio-
technology, 2020,10( 1) :40-45.

[21] SREF, kT, Z5—5 45 . Fenton S AL X T A0 75 R AV AR [T ).
Tk K 4bFE,2018,38(1) :20-22.

ZHANG Yanping, ZHANG Qian, LI Yibing, et al. Lysis effect of
Fenton oxidation on residual sludge [J]. Industrial Water Treat-
ment, 2018,38(1):20-22.

[21] skEZF Ml 4 —0e 45 i Bk R AR AL TR0 A 15 0 148 ML Dl ek
WEgELI]. A E 2k HEK ,2020,36(15) :59-64.

ZHANG Yanping, HU Ruiqi, LI Yibing, et al. Lysis and reduc-
tion of excess sludge by ferrate oxidation [J]. China Water &
Wastewater, 2020,36(15) :59-64.

[23] BRI SC, X BH P, HOHLII, %5 . Fenton 4816 W A 980 4% 15 U 1 52 56

WRFELT]. 3R TR % 40E,2011,5(2) : 409-413.
CHEN Yingwen, LIU Mingging, HUT Zugang, et al. Experimen-
tal study on excess sludge disintegration by Fenton oxidation [J].
Chinese Journal of Environmental Engineering, 2011, 5 (2) :
409-413.

[24] ZHANG Y, LU G, ZHANG H, et al. Enhancement of nitrogen
and phosphorus removal, sludge reduction and microbial commu-
nity structure in an anaerobic/anoxic/oxic process coupled with
composite ferrate solution disintegration [J]. Environmental Re-
search, 2020, 190: 110006.

[25] ZHANG L, HUANG Y, LIS, et al. Optimization of nitrogen removal
in solid carbon source SND for treatment of low-carbon municipal
wastewater with RSM method[J]. Water, 2018, 10(7): 827.

[26] ZHANG Y, ZHANG P, GUO J, et al. Spectroscopic analysis and
biodegradation potential study of dissolved organic matters in sew-
age sludge treated with high-pressure homogenization [J]. Biore-

source Technology, 2013, 135: 616-621.

[YEZE @A ] XPHH(1997— ) B LAFSEA: . E-mail: 1039195319@qq.
com o

[ EHEI] 2023-02-21 (& k)



