%36 % H17H o 2 K HE K Vol. 36 No. 17
2020 49 A CHINA WATER & WASTEWATER Sep. 2020

DOI:10.19853/]. zgjsps. 1000-4602.2020.17.010

WS R AR DA T Rt

BB, KIFG, KRE, T N
(PEARKT HEFKR, Lx 100872)

B E: FROASKREIAIGR,BEEKBIUEFAR BRI TG R P IR g
KN, %A B B AR T RE AR E KR FRIKE TG R, ARE A BEIRRT & RRER e
B ERRICENRER B &M, EREN, RRBICEN RES T RBRA ETKR L TEGK
AILA L L BRI A 120 REGREA TS5 C FRIAT I 4 8 h, AR AT T AR FRIHE 7T i 3|
2% ,iFRESEKEEE 5% ~10% ;8 5 ERBERAELEF T HEFEH0.2 Wem' BRIk
J 1520 FREAS 8] 25 30 min FRBUE LA S0 C, mAERREAF T IR ELTLZ] 22% , 75 fui&
Lk FEEZE 50% ~60%

XEW: WMTFR; IRE#TFI; FRERE; BERRERE

mESES: TU92 TEkERIDAD: A XEHE: 1000 —4602(2020)17 —0057 -05

Comparison of Two Sewage Sludge Low Temperature Drying Methods
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(School of Environment & Natural Resources, Renmin University of China, Beijing 100872, China)
Abstract; Sewage sludge contains abundant organic matters. Lipid in the sludge can be extracted
by Soxhlet extiraction method and ultrasonic extraction method. Meanwhile, it is also found that this
process could simultaneously reduce the moisture content of the sludge residue and achieve the effect of
low-temperature drying of the sludge. The optimal reaction conditions of Soxhlet extraction and ultrasonic
extraction were explored from different perspectives. The optimal reaction conditions of Soxhlet extraction
method were as follows: volume ratio of n-hexane and ethanol of 1 : 1, solid-liquid ratio of 1 : 20,
extraction temperature of 75 °C, and extraction time of 8 hours. Under the above conditions, the
extraction rate of lipid was up to 22% , and the moisture content of the sludge residue was reduced to
5% —10% . The optimal extraction conditions of ultrasonic extraction method were as follows: power
density of 0.2 W/em’, solid-liquid ratio of 1 : 20, extraction time of 30 min, and extraction temperature
of 50 °C. Under the optimal extraction conditions, the extraction rate of lipid could reach 22% , and the
moisture content of the sludge residue could be reduced to 50% —60% .
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Fig. 1  Effect of extractant concentration on Soxhlet
extraction of sludge
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Fig.2  Effect of solid-liquid ratio on Soxhlet extraction of

sludge

2.1.3 IR E]

Wt RIS [ ) 1, I 988 15 /K A5 P i o5
IRFSETHE I, IR EEHCRZ L ETH (LI 3) o B
MR AR AR, 15 U8 K 3 S8 Wi e B 2 H 1
b LR 5K R B PRIR BE AR Al . RIS
612 10 h i, 75 i & 7K AR flf o (7.1 £0.21) % .
H25 I8 R CERIBGE A TE A ARG R, e itk
£ 8 h yid B AR B E]

S0 IRCE - IR iR kR

60 -
50
40
30+
20
10 |
0

938 %

3 4 5 6 7 8 9
i 5]/

10

B3 iRENE BT R KRR
Fig.3  Effect of extraction time on Soxhlet extraction of

sludge

2.1.4  RBUEE

AR, Hild AR T 70 CR, $RBGH 7%
S R LGN, Tk AE 3 PR B S8 s 28
5 IR EELE 70 ~80 °C B, 15 e i) & /K R P BIA
R NRFRIBCR AL AR AN K, i LA 1 9% 36 'L 1) L
75 C o AR /K AR B L A T g 100 IS O, HE
St BEAE A T B AR A, T IE 2 8 - L% -
7K 3 TR AR Bk R A R A
2.2 BEKRNE
2.2.1 IR

B DR B (UL 4) 15 Pk & 7k &
WK, S AIAE 0.2 F10.75 W/em® 4 BUAS FefiK
{H, R (54.7 £5.78) % F1(55.0 1. 12)% , JRHEHL
RBR ST RIS, 7E 0.2 W/em® WEIEHRIR
g, (22,7 £0.19) % o oA IR 2« 2l
e BE I N, A HOM IR 1 I5 R I R AT 454
B2 (I AT 90 T 1T R R 5 L 224 7 i 1
HR(>0.2 Wem®) B, RIEBOREN T

%0 = fRIRCE - R SKE 5k SRR

0.4 0.6 0.8 1.0
YR E/(Weem™)

B4 BEDEREZEXNEERRIENZMN

Fig.4 Effect of ultrasonic power density on ultrasonic

0 0.2

extraction of sludge
2.2.2 [AWI

SLIRAS RN, BEE EI LR SE N, 15 e
FAEREIG T e R B BTt Y B 1
I, 15U B K FE BN R A, O (66. 79 + 12. 37)%
PEARIBCRIA R fe e, 24 (22.3 £0.50) % , HR LR
IREER 5, RGN 20, 5 KT m R
PRI BRI, SRIBORA TG
2.2.3  HEHUETE]

BEA P I ) R S (LIS ), 75 e i 5 /K 56
SEREJE T IRERIBCR Se TS e o A I E] 2 30 min
I, 58 S K F A A,y (66.79 £12.37) % , Jlg 42
WOR B, (22,31 £0.50) % o 55 G4 B[]
9 8 h AL, A RO SUIR $12 BRI, i H.48
ST ISR RAS o

7J<

- 50 .



T OE % K H K

www. cnww1985. com

%36 % FH1TH
= JRIZHOR o R SR = 5 & KR
801
60t
=
& 40§
s
20 ¢
O s ! s L
10 20 30 40 50
B (8] /min

B 5 REXAT E XI5 7 R FR B =
Fig.5 Effect of extraction time on ultrasonic extraction of
sludge
2.2. 4 FEHGEE
TER S BAIAE TR, B4R BGR Y 20 ~ 80 C
I, TG YR ) KR BT e S KR A AR
Jel G THR S TEERIBURE O 50 “C i, IR 5 K
REEPN AL, (9. 72 £5.67) % ; 15 PR HINIR 2 HUR
BT ER S 16 50 C, JERBURA IR F , M
(22.31£0.50) % . H T8 75 A9 L RE A ML RE ¢
TBCARE , LA S 28 A0 FIBLARAE T, B 2RAS I LR 2
P, S SN g N YR d 2 B TF 2 (50 £5)
C, O 50 C Ayl 75 g 5 Y R85 1L, B mT
PATRAEAR B2 B, SCn] DA/ PR I A 2255 A o
PE— 2L I3l A PR [R) S IO 125 & 8B 2K
Gy, WA 6 R .
(60%~70% )
EEEE
(13%~20%)

R AR

KAWL

MTAGEIAINPIN
(%1 86.67%)

(5%~10%)

P B TS Ve
a. R B AR 17K 53

(10%~20%)

FEERA

REETNUIN
(50%~60% )

P RRCIA
b 74 S K 53

(10%7% 1)

W T5 R K | R

(%9 86.67%)

E6 ZHRRREUEFBEKRIENKSRE
Fig.6  Moisture flow of Soxhlet extraction method and
ultrasonic extraction method
3
MRS 1R, R IG5 ek &K R %2
SEIURIAEE | 18198 LU R W K5 R 4 5 7K 3R 3 [ i

Lo BRI (] BRI BE B 52 e A K i 4 R A7
W BE S A A K o R ER AR B foe HE A5 PR I T
BRI ki S B ARRI S 1 1 B R
1220 $RHUSE] N 8 h FREGRE R 75 °C. #A I
FERGEAIRT T2 RS HGE , S EU B R, B
PRI BRI BOE I A A R R 2
RGN 0.2 Wem® [FR N 1 2 20 SR [A] A
30 min IR K 50 °C . BRI X5 TR 1
MR AR T —E e, Hh R RARBGE
Xt 75 PR AR BT b A5 R B A 4

S0k
(1] HER R XN, 55 15U AL 3H R &
REBHENALI]. TTRE S MR ,2015(2) :68 - 70.
Ma Xueliang, Xiao Shijun, Liu Hankun, et al. Sludge
resource treatment technology and application of
complete sets of equipment [ J]. Energy Conservation
and Environmental Protection, 2015 (2) ;68 — 70 (in
Chinese) .
JRELEE. T V57K 35 VR FAOK i ek BT T e sk
BORWIFELD]. HOM WL, 2012.
Ma Study Thermal

Characteristics of Sewage Sludge and High Performance

(2]

Honglei. on Hydrolysis

Dewatering Technology [ D ]. Hangzhou; Zhejiang
University 2012 (in Chinese).

FEILIE. BUBBEAK 75 8 FAoK fifk Tk 33 5 T I /K 1)
WIRWIFED]. N TR, 2013,
Fu Study

Hydrolysis Pretreatment and Dewatering of Mechanicaliy

(3]

Chenglong.  Experimental on  Thermal
Dewatered Sewage Sludge [ D ].
University ,2013 (in Chinese).
BIRAR BRI, TS KAL)V IR IR B K R GE it
PRIsAT )] HoKHAR ,2015,34(3) .72 - 75.

Zhao Lele,Chu Qing. Design and debugging operation of

Hangzhou: Zhejiang

[4]

sludge deep dewatering system in sewage treatment plant
[J]. Water Purification Technology,2015,34(3) .72 -
75 (in Chinese).

Ohm T I, Chae J S, Kim J E, et al. A study on the
dewatering of industrial waste sludge by fry-drying
technology[ J]. J Hazard Mater,2009,168 (1) :445 -
450.

CiE W /N S R AT RERE AU R e
BersE [J]. PREE T4k, 2013, 7 (11) : 4575 -
4580.

(5]

(6]

Shen Weizhen, Zhang Hongwei, Zhang Yu. Experiments

- 60 -



www. cnww1985. com

BB RT T R B AAK IR B AL 6 BT R

#3645 H17TH

(7]

[8]

[9]

[10]

[11]

(12]

on optimization of sewage sludge drying by paddle dryer
(1.
2013,7(11) :4575 —4580(in Chinese).
WeSr WL, E B A, S FRIET T YR Ak BEEAR B
AROIT. BIRTIRRE,2015(3) :10 - 11.
Yao Liming, Gong Yu, Zhao Mengshi, et al. Technical

Chinese Journal of Environmental Engineering,

situation of municipal sludge treatment[ J]. Heilongjiang
Science,2015(3) ;10 — 11 (in Chinese).

FRANAR, BRIFD, w57 , 5. Sk {5 e A= T AL i wE 5T
PERES B[], PlE g KK ,2010,26(15) 102 -
105.

Guo Songlin, Chen Tongbin, Gao Ding, et al. Research
progress and prospect of sewage sludge biodrying [ J].
China Water & Wastewater,2010,26(15) :102 —105(in
Chinese) .

Deng W Y, Yan J H, Li X D, et al. Emission
characteristics of volatile compounds during sludges
drying process [ J ]. J Hazard Mater, 2009, 162 (1)
186 - 192.

W HH, EaR, % Bl T RPRRY
(BTEX) AR S H B0 XU [T ], BRI R
41%,2009,29(4) .777 - 785.

Chu Yun, Weng Huanxin, Zhang Jinjun, et al. BTEX
release and its carcinogenic risk assessment during
dewatering [ J ]. Scientiae

sewage sludge Acta

Circumstantiae ,2009 ,29(4) :777 —785(in Chinese).
BIGHT, R XL, 4. 15 JRAT R R4 J5U R (SRB)
Sl E R [)]. PR AR, 2009,29 (10)
2094 -2102.

Weng Huanxin, Gao Caixia, Liu Zan, et al. Sulfate-
reducing bacteria( SRB) in sewage sludge and release of
H,S[J]. Acta Scientiae Circumstantiae,2009,29(10) .
2094 —2102(in Chinese) .

SR, AR X, A ISR T R AR RS
ERILT]. P EFEER-,2011,31(7) ;1171 - 1177.
Weng Huanxin, Zhang Jinjun, Liu Zan, et al.

Characterization of ammonia release during sewage

.61 -

[13]

[14]

[15]

[16]

sludge drying process and its control [ J]. China
Environmental Science,2011,31(7):1171 - 1177 (in
Chinese) .

HAL RIFTY Ko 2. IS e 2 T e 73 5
A TE PRI FE )] E R SR 42,2019, 39
(5) :2063 -2070.

Dong Yi,Zhu Fenfen,Zhang Rongyan,et al. Preliminary
study on separation and purification of ceramide in
sewage sludge[ J]. China Environmental Science,2019,
39(5) :2063 —2070(in Chinese).

Zhu F F,Wu X M,Zhao L Y,et al. Lipid profiling in
sewage sludge[ J]. Water Res,2017,116:149 —158.
Zhu F F,Zhao 1. Y,Zhang Z L, et al. Preliminary study
at lipids extraction technology from municipal sludge by
organic solvent[ J]. Procedia Environmental Sciences,
2012,16:352 -356.

Zhu F F,Zhao L 'Y, Jiang H M et al. Comparison of the
lipid content and biodiesel production from municipal

sludge using three extraction methods [ J]. Energy &
Fuels,2014,28(8) :5277 - 5283.

PB4 : SRR (1996 -

L - ‘~

20

VI O B | o0 NS 10
FEHE RTETT 1) R AR IR S B I AL o

E - mail ;15280921963 @ 163. com

55 B #E:2019 — 06 —22



