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B 0.085 g(Lh 1 g ii5 iR 1t), #ARER M 9551 kIkg ") F, V5 IR fifit KAl k5] 60.411%, M4 T8
— B AL RS AL S Ve AR B ks, i AR BT R AR T 94%. EHARFPIRRT
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VLA SR 1 0 0 il et A B 9 DR AL R R BRI 5 2%
1 MR57F%
1.1 SRR R
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Br S A AL PE BE
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InanEe 1 fros . JEAR TS R EH A RE T 55 K Ab NO, -N 50 KNO,

T (RS EREAB TS BEGR, NA TP 12 KH,PO,

W Y5 U8 MR EE R 5 000~6 000 mg-L', S ik E R 59 NaHCO,

H: HRT=6h (iFF7K 0.5h, Wi 4h, PLFE 1 h, Mg 8 MgSO,-7H,0

H17K 0.5 h), COD/TN=6 (+£0.5), T=28 °C, pH=
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AL AR G EE T TU 1950); BOD, 36 R BEHEAN 5 TUAL B35 U b s i M A AL 40 B SR FH = 45
RS ICTEAL S B (F-7000, H A H L) 15 ek Rk FHOGREE {53 B (MS2000, 9% [E 5 /R 30); 151
TROULTE $ R A= 40 33 i B 7 2 B0 (SUB010, H AR H ar); ¥5 U8 Hh A9 TS SR A ML T 5 5 32 I 52
VS R (YL24-M338704) H B8 1 5 5E
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2.1 SRFRALIE & R N &R Tk
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P PEAN AN [R50 £ 9 CaO X5 U8 B A 20 2R, 45 R B 1 iR . I La) AT UL, BRI, Bl
# CaO £ 0 5 09 &, 0% i W b SCOD W i =z ¥ hn . e W 4 , T CaO ¥ T 7K & 4 = I
[CaO+H,0—Ca(OH),], Sz i i A& H e b #sg Uo7, 45 OH il i 5 75 U8 224k LA S 4 i i () vh 2R

11000 25000 54
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X : ¥
g 6000} z 13000 & uy
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Fig. 1 Cracking of sludge by CaO under different reaction conditions



ER R XPHEHESE - BRI AR 3 12 it 5 8- B b 35 e s AL B 280 335

I RN N ot & A K A B g U, AR ol 00 i o g o 1 TS B0HAE Y SCOD iR 3 s R 24 h e
SCOD BHUGE R NE , 2 4dWiffIG, 16 CaO #NE-~ 92, 123, 185, 246, 308 mg-g '(LLi5 &
VS Tt i h) B, @ P SCOD {E 43 il BT LLA 2] 7.311x10°, 8.114x10°, 9.144x10°, 9.622x10°,
9.721x10° mg-L™'. 4 CaO iz M id 246 mg-g ' Bf, MM FIH s, 75 -F B SCOD fH 3 A
ANFRE .

it — 2D BTG P R, CaO BN = HI7E 246 mg-g™', /KA IR EEXT SCOD B i
52 25 S a0 1) iR o MR K T 60 °C B, WAH T SCOD b 3, BEHT 60 °C 2 4 it fl fire
MY BAE o YK B R 2t 60 °C B 15 e 4 M T 4h e 228, (45 B PN A AL 5 8 s 28] ¥ A v 52 30 SCOD i
I, X5 WU S WSS E . A, ARENSED B, I5 AR B 40 i AR BN S VR R T
Gy Wi, FEIBRAS R T e W an e e AR R K, S5 A0 i RE JF R IR EPS,  {#i45 OH % 5 K fi EPS K 4
PRS2 T 20 P A R T A, 5 SN A RN N ) )RR . ARG FH T DL B s
TR, Besh, mE 1) TR, Y4B & T 80 °C B X} SCOD Bt $2 SR I A B i, 100
°C I} AH H T 80 °C ¥ AH ' SCOD Hy 2.074x10* mg-L ™' 42 F} & 2.189%10* mg-L™', LI/ T 5.5 %.
I, EHE 80 CAE N SFMFERZT . BB 1(c) AT A, 7E 80 °C T {57 TS Z:BR A bl 24774 fm
BRI EFE, B4 CaO By At 246 mgrg ! I, N F 5 e TS 25 R A T .
e AT BE 2 B T4 Ca(OH), DLTE S 8075 U8 TS 34 N2, MG Bk 450, HAK iRz~ 80 ¢,
fefE CaO # Nt hy 246 mgrg ™'

2) A 7 B P 24 7500 %8 15 Y6 i W SCOD B A% 3 0 L 2 A o F IRl 1 AT 0, 7E 80 °C L M 246
mg-g ' CaO AL N 2R, BARWAHH SCOD nl ik %) 2.074x10° mg-L™", {H T Ca(OH), % fift 1t
WAL, OH & FAREMEE E &R, FE N F K, #Ab B A T KAFF S TR .
I, EERRAGFIEAT, FE5800 246 mg-g' 1Y CaO MIF pH(pH~12) F, BEHE A (92 mg g™
CaO+62 mg-g ' NaOH), 5% i # % K SCOD mYBEatE ol , 45 RAaKl 2 fros .

P 2 TR, AR R B AR L A .
TF 24 h {7 L S T AR SCOD ., AT 22000 |
Aol Lol PRl CaO A B A H SCOD 1 ik 20000 |
S8 3.218x10° mg' L™ WY T 20.7%. $EMA& T 1800f
ERIE AR B R R, Kok B U]
B SR IR ] 5 R 72 h S 5 0 A 9 1 S B 4 € 1000
11 SCOD A fl A #s TP-28 MBS CaO " 1oo0n

—a—246 mg - g' CaO

E"Jﬁﬁ%{@—lr’_‘ SCOD EE?%‘:&%‘E*%%[, U‘EEUEJT:E 8 000 —e—92 mg - g! CaO+

I 1) 9 5 BT CaO M 5 U 1T RE AR 52 4 Rl SUPEUPEEN il
LR L A K S SRR A T A o
LSO R BN AY gy mEesT, RERE SRR R
ZUcrE. Wik, ZEAERE 2 AR, 7K SCOD K%M

IR 80 °C FHNE S W v 24 h i fE e Fig. 2 Effects of different alkaline agents on SCOD in sludge
I Sk cracking solution under the same conditions

3) 3K S X6 TR A 75 e B SR AR A . SR DL 15 A ABOE R TS e, BARE W AR K
P s 3, HY5 YR AR T v K o TR i 1 RBOR A ML BT TSR AR B S8 0 AL, i L S A A PR A2 &
B, BRSNS (RERLE 1:22, 2R 1~1.5mm. %% 3 300 rrmin™") Zb PRJ5 A] 72 A2 RE AT 1 pm DAR
/NIRRT SRy ik — 20 4 s U8 VR B U ) FE A A, R IR S PR S vk A TS e, Bk
fift 3= 72 HPOBAH P Y SCOD it COD B il 1 15 4n 141 3 I/ .
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Fig. 3 Influence of SCOD and COD in cracking solution under different reaction conditions

WA 3(a) B s, SO 24 h e, BOMERIE | BAGH L BR P FATRAE 7 vk b o b SCOD fEL 23 S AT
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H1 SCOD ¥ th AR VR, (AR TSR AT b8, 10 W 33K B o 445 =1 VA A A 00 o 40 ik LIS i 25 L)
J5 T AR AN BAR P {H [ COD {E A H T X BRZH (BRES AL 2 . FABa AL B ) A W 4R T, Al
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FH G T 0 46 75 Ul TCOD {H B K 5] 95.1 % [7] B 33K B BB G V25 Ml it V5 Ui £ B g 4] 000l i i v
SCOD fH Al COD {EL¥J =5 T 50— BRI V& sl BB % ,  Ud WML AR PR Bl A 56 FH 7 B i 375 90 75 T vl AH
fEFE o B ol fp AL, B BILARCRE B Y

10

A TR I B3 097 e 58 98 B e 8 = i
PR ZE RGP {75 R T O o 5 5 422 ful O 3¢ g [+ PRI

AN, fEHERE A LR A ;R 7 A
BEAE T, 5 U8 EPS & A UK M, B A0 i
(%) w9 i o 2R S AR B R, /N T LA R
fRAOBE ), IR T BRI R . BE A BRI N1 )
A& B35 4 h 5 B W COD {H e AR 3] 3k 1)
BR . 6 B I I 5 8 22 1A % 4R i &5 4 2 58 00
R, R R TR A0 i AR A i 14 S 20 A AL R B 7 '

. 1 10 100 1 000
FHAH T, FEAER 4, 5 g R AL S Hif2/mm
PORIE S WAE B T BB S5 R . AL oA Bl 4 TERE&GTSRBMARENREDHER
T, BRALWEERSE N . EKIBIR)E 80 C Fig. 4 Particle size distribution of cracked sludge under
. BnE S (92 mg'gfl Ca0+62 mg~g71 NaOH) different reaction conditions
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15 AN A AR B 5 OUIE S AR AL an 1l 5 fr s . WEl 5(a)~(b) s, WItRIS e 2R S5 M 2 % H &2
P R, T E AT L S TR A TR A R B R TS Ve AR T . A&l S(e) R, & A
WIS, 15U RE IR, AN SR AT RN, 20 B A0 32 30 T S R SRR ST A R
HRIES LA SRS IR H S, W S) Fros, T5 U 2S5 B 5 20 i B ik e
Fy IR AR A K ) R A 5 A8 R IR 235 4 L 8 A A, T L Y5 U 400 5 A T — 25 e LA B
I, M ALY T AR S R . U T ER B I AER T TS U B AR AR, T L A OK G R
R, AR T YRRV Y T A ) R
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Fig. 5 Microscopic morphology changes of sludge under different treatment conditions
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» ;& % Ny EF‘ 7>
L - £ e o TS VS A7 LRI optimal reaction conditions
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Fig. 8 Effect of the optimal reaction conditions on fluorescent organic matter in sludge cracking solution
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Fig. 9 Biodegradability of soluble and insoluble carbon sources in cracking solution
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Efficiency of sludge cracking-carbon source release and sludge reduction by a
ball milling-thermo-alkali coupling method
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Abstract In this study, the efficiency of carbon source released from sludge by a ball milling-thermal alkali
coupling method was investigated, and the feasibility of directly replacing the external carbon source with the
cracking solution for denitrification was further explored, as well as the effect of this method on sludge
reduction. The results showed that, for the sludge with concentrated water content of 93.8%, at the water bath
temperature of 80 °C, the compound alkali dosage of 154 mg-g '(calculated by sludge VS dry weight), SCOD
and COD in the cracking solution reached 2.013x10* mg-L™" and 4.725x10* mg-L™" after reaction for 24 h,
respectively. As indicated by three-dimensional fluorescence spectra, the fluorescent organic substances in the
sludge cracking solution were dominated by easily biodegradable tryptophan and microbial metabolic
byproducts. Before and after sludge treatment, the TS decreased from 61.7 g'L™' to 15.6 g-L', and some ultra-
fine particles were recycled with the upper turbidity solution, and the sludge reduction degree reached 74.7%.
VS decreased from 30.4 g-L™' to 4.6 g-L™', and the removal rate of volatile organic matter reached 84.7%. As
suggested by the particle size analysis results, the median particle size of the original sludge decreased from
28.1 pum ( before pretreatment) to 12.6 um, and fine particles with a particle size of about 2.5 um were produced
and suspended in the cracking solution. Subsequently, the upper turbidity solution after sludge cracking
sedimentation was directly used as the carbon source. In the simulated denitrification experiment (with the
potassium nitrate added externally as the nitrogen source). Moreover, the removal rate of NO, -N was higher
than 97.0% after continuous and stable operation of the reactor. As demonstrated by the above experimental
results, the ball milling-thermal alkali coupling method is a tremendously efficient sludge reduction method.
Aside from that, the cracking solution can be effectively used as the denitrification carbon source owing to the
satisfactory effects of sludge reclamation and reduction. Altogether, it is a considerably promising sludge
treatment and disposal method.

Keywords sludge cracking; ball milling-thermal alkali coupling method; cracking solution; carbon source


http://dx.doi.org/10.1016/j.biortech.2012.09.034
http://dx.doi.org/10.1016/j.biortech.2012.09.034
http://dx.doi.org/10.1016/j.watres.2021.118036
http://dx.doi.org/10.1016/j.watres.2021.118036
http://dx.doi.org/10.13205/j.hjgc.201401009
http://dx.doi.org/10.1016/j.biortech.2012.09.034
http://dx.doi.org/10.1016/j.biortech.2012.09.034
http://dx.doi.org/10.1016/j.watres.2021.118036
http://dx.doi.org/10.1016/j.watres.2021.118036
http://dx.doi.org/10.13205/j.hjgc.201401009
http://dx.doi.org/10.1016/j.biortech.2012.09.034
http://dx.doi.org/10.1016/j.biortech.2012.09.034
http://dx.doi.org/10.1016/j.watres.2021.118036
http://dx.doi.org/10.1016/j.watres.2021.118036
http://dx.doi.org/10.13205/j.hjgc.201401009

	1 材料与方法
	1.1 污泥来源及特性
	1.2 实验方案
	1.2.1 污泥预处理实验
	1.2.2 反硝化实验

	1.3 指标分析方法

	2 结果与讨论
	2.1 污泥预处理最佳反应条件的筛选
	2.2 最佳反应条件下污泥的结构变化
	2.3 最佳反应条件下对剩余污泥减量化的影响
	2.4 球磨热碱耦合法破解污泥其碳源的可生化性分析
	2.5 球磨热碱耦合法破解污泥其碳源的实际NO3&#8722;-N去除效果

	3 结论
	参考文献

