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Table 1 Characteristics of sludge

VSS/(g-L™) TCOD/(mgL") pH  SCOD/mgL") TN/(mg'L") _TP(mgLl') CN C/P
13.54 39146.71 6.81 2999.67 34.96 47.03 85.81 63.78

1.2 LWHE

1) S5 it o A WETR T IE S8 5 i #2 EXRBERITR
I, AR B R 'Y, BE B NaOH fE g Table 2 Orthogonal tests
BRAR AN BT 44 RN E (A= R S R . T AL
£ (WmL"), B=pH, C=# & i [ (min), (W-mL™) min i /h
D= b BB 5] (h)) T 3 7K P 9 158 52 % ! ! 10 15 !
wm 2 s, 2 1 11 25 1.5
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WA A A0 (R 1) i B b i S 4k 4 IS 10 25 2
RBP4 95 DR 5 1450, pH RGESR . # : = i 35 !
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£ 10 000 r-min ' Y 4% 3 FES Ly 5 min J5 R 8 2 1 15 2
W OWC. W RS b WM T R (SCoD, o 7 2; ! i
TN. TP) . % 4vH 50 ml 5 I8 3 45 VSS f ) ﬁﬁgﬁﬁ%?fw’*“’ 152 s, BRI, RIS T T A
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mg-L',
2) MR A FERCEI AR T Ry R DR ] AP R, RS DRI A S (2) P
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Table 3 Range analysis of sludge disintegration degree

Sk R R WAL

%% wmLh P min i Ifl/h %
1 1 10 15 1 2.940.27
2 1 1 25 15 3.54034
3 1 12 35 2 9.5+0.57
4 15 10 25 2 3.0£0.26
5 15 1 35 1 2.840.43
6 15 12 15 15 12.840.10
7 2 10 35 15 5.0+0.09
8 2 1 15 2 4.9+0.14
9 2 12 25 1 13.1£0.70
Kl 53 3.633 6867 6267

K2 6.2 3733 6533 7.100

K3 7667 11800 5767  5.800
R 2367 8.16 1.100 1.300

x4 SRWMERLESN

Table 4 Variance analysis of sludge disintegration degree

HE LTI AmE  Fib FIRAYE D&M
FREFE/(W-mL) 8562 2 4485 19.000 —
pH 131.776 2 69.029 19.000  *
B P N [ /min 1.909 2 1.000  19.000 —
TR Ab T 1] /h 2.602 2 1363 19.000 —
R 1.91 2 — — —

IE: “FORFI>FIRAYE, MR B,
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W, TNRBHX T SCOD 81K, RANH %5 LEBONRESH
CINO - ﬂﬁﬁ\ H1 CIN>15 llﬂi[”] s EBBA Eﬁ Table 5 Range analysis of supernatant C/N
?&ﬁ?ﬂ‘]ﬁifiﬁﬁ%, JI AT S A5 R KT I A o, A P ———
BAE. HRATH, H£EEXNT ONEmRK HE (WmL) pH min A ) /h
JN . P BE S >pH>HE A AL BT ] S5 AL B A 1 1 10 15 1 80.69+12.58
] o PRI, R 42 ) i 4 B 7 A IR Bl PN DA 2 1 1 25 15 59.97+1.40
A C/N I, 3 1 12 35 2 38.3242.94

Kl 228 C/N Bl A [A] X 2= 7K 7 A8 46 iy i 4 15 10 25 2 58.1845.55
2, BEFREE N, ONIEAL 2 TR 5 1.5 1 35 1 44.66:4.23
R, UL TS e AR AR, B A 6 1.5 12 15 15 34.87+1.96
H % SCOD . WANG %669 5% & B, 85 7 2 10 35 15 31.211.09
P AE B, 10~40 min 9 [8] BE T80 45 A PR 2 8 2 11 15 2 23.860.67
T Ak KA G W RS 2 AR TS 8 T R 9 2 12 25 1 34.34£2.02
i HE A K S B B, smBEAE B R T U8 4 i g KI 59287 56727 46277 52917
Ja, Vgl WA HLARE & I A 3G T bh AN W K2 45993 42590  50.883  41.857
B AR, 5 R 1 oAk B L, e Ak B X K3 29757 35720  37.877 40263
TN B A E A ae . el T LL S B IE ) b R 29530  21.007  13.006  12.654
R R, DN A VR 200 e I T Fc A i o = 4 B . . .
PARK 45 02 WL 5€ 5 T 4b 30 % BE 45 8 o o} i i i
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B2 L& C/NYhZE
Fig. 2 Supernatant C/N effect graph
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BAF R BRI o W3k 6 iR, AR AP Table 6 Range analysis of supernatant C/P
9P AR E R TXANEE. X T CP, % - .
ZW R/ . pHSEFE AL R (A >FE AE 2 &% wemL) PP AHAlmin 5
JE >t b B E] o AR HE BT 3 O W C/P AN 1 1 10 15 55.1942.73
ENS I S e AT ES P 8 A 1/ s 2 1 11 25 54.67+1.27
B, 7£02~12W-mL"' LN, AE®EXE 3 1 12 35 56.32+2.69
Ue v Wl B ik ) oT AR B 32 TR S AR T B 4 1.5 10 25 70.86+7.11
) o Y AR BRI, B A AN R A AL 5 1.5 1 35 51.03+4.52
15 f A A= W AR, EL AT LA V5 8 2R A &5 g R 6 1.5 12 15 61.36+1.32
Tl 25 W 20 L 2 2 i L R IR, I B A 7 2 10 35 60.46+1.65
U R 3R T 0y 0 IR AR R R, BRI 8 2 11 15 46.08+1.37
C/P i 75 e % BE 3G K, S A1 K5 8/ iy 9 2 12 25 60.42+3.2
#OERREE=15SWmL'H & K. CPE K1 52.060.  62.170. 54213
pHI K, MK R s, pH=10 K2 - 61083 50597 61983
I de K, C/P WA 75 I [a] 386, S St KR K3 55657 56033 52603
W/ N #aA, B S I [A) =2 min B & K. C/P [ R 9.023.  11.573  9.380
el A 3B ) 48 R, 5 R G S e/ 1Y
oo BALERRSR]=1.5 h B k. HEFELLA NS or :
AE®E=1.5W-mL"', pH=10, #75 A [E]=2 min, |
B Ak BRI [E] =1.5 h, R B E W CR B “r
2.3 SR VSS ABRE
B B R R A4 E VSS sol §

Bk BRVEIREEA B T M Al A oh §
H+OH, i [ o EER Y, R P8 fh ] ke 45 e
1) 4 21 fie 8% 012 12 Ha R T 8 20 AR BE LA RR 2R (?";vﬁﬁrf LJ%; AP I /min. AL )/

Jfi . EPS KA B, SAHINKAYA %5:B7 i 18
TR R A OK R AL B YR GRE R IR 1.0
W-mL™", #E IFE] 1 min, #OK % IR EE 80 °C,
FREETH) Vhy,  TREEEAL G VS B 555 5 e
P 37.8% ; SAHINKAYA 55 Ui ff i 5 1B
A B TIAL BRYS R (b BRSOk B kg TS HE
AEm 22-500k)', & gi5 e A & TS 0.1 g)
IRAATHAL VS B R B I e 2 755 38.7% o 1R &%
BSOS R R 75 - -2 (BROK R R 73 °C,
gTS ok & 4 0.085 g, 4f kg TS M 7 G & 4
9551 k) ARBTG5, VSS &bk & H ke
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HA R AR5 el s 3o .

3 Lb3ER C/P Rk E
Fig. 3 Supernatant C/P effect graph

®T HXWVSS EBRE
Table 7 Removal rate of TS & VSS for each experiment
S RREE i VSSZ:
gi% owmL  PH O fffil/min BR2/%
1 1 10 15 36.04+1.02
2 1 11 25 35.01+2.21
3 1 12 35 37.67+2.68
4 1.5 10 25 34.71+1.41
5 1.5 11 35 35.45+0.66
6 1.5 12 15 35.01+£2.43
7 10 35 30.87<1.17
8 11 15 37.81+1.25
9 12 25 26.88+1.84
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Condition optimization of ultrasonic-alkali treatment of excess sludge
SHEN Tingting', ZHANG Jie', ZHANG Guangming"’, WANG Hongjie’

1. School of Energy and Environmental Engineering Hebei University of Technology, Tianjin 300401, China; 2. School of Eco-
Environment, Hebei University, Baoding 071000, China
*Corresponding author, E-mail: 2020017@hebut.edu.cn

Abstract Excess sludge hydrolysis is an important way to reduce sludge and solve the carbon source shortage
of biological nitrogen and phosphorus removal in sewage treatment plants. In this study, the combined
ultrasound-alkali treatment was optimized by orthogonal. experiments to optimize the sludge disintegration
degree and the C/N, C/P of the supernatant, and the economic analysis was carried out. The results showed that
the three factors with the greatest influence on sludge disintegration degree, supernatant C/N and C/P were pH,
sound energy density and pH. Considering comprehensively, the optimal operating conditions are: sound energy
density = 1.5 W-mL™', ultrasonic time =15 min, pH = 10, alkali treatment time = 1.5 h, and the sludge VSS
removal rate can reach about 35%, which can reduce the cost of sludge disposal. Supernatant SCOD> 7 600
mg-L™', C/N>30, C/P>60, can prepare high carbon, low nitrogen and phosphorus sludge supernatant to return,
which is more cost-effective than adding carbon sources in large-scale applications. The results of this study can
provide a reference for the actual engineering of ultrasound-alkali sludge disintegration.

Keywords excess sludge; ultrasound; alkaline adjustment; sludge disintegration
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