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Abstract:  This paper investigated the feasibility of forward osmosis (FO) for thickening waste
activated sludge (FST) in long-term operation based on the advantages of FO (such as good pollutant
retention performance and resistance to membrane fouling), so as to solve the problems such as low
thickening efficiency of sludge and high concentration of pollutants in supernatant of waste activated
sludge (WAS) thickening process. When the concentration of WAS was approximately 5 g/L, the mixed
liquor suspended solid concentration (MLSS) and mixed liquor volatile suspended solid concentration
(MLVSS) of WAS were increased to more than 30 g/L. and 12.5 g/L respectively after 13 days of operation,
and the goal of WAS concentration was realized. In addition, the effluent quality of the FST process was

obviously better than that of the microfiltration membrane thickening process (MST) and traditional gravity
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thickening process, which met the requirements of direct discharge or reuse as municipal miscellaneous

water. Finally, the FST process had slighter membrane fouling than that of the MST process with

equivalent thickening efficiency. FST process is capable of realizing simultaneous sludge thickening and

safe discharge of sludge supernatant, which has good application potential in the field of WAS thickening

in municipal wastewater treatment plants.

Key words: forward osmosis;

wastewater; effluent reuse

i 5 3ok 7 75 K Ak L 114 346 o A Ak AR B ) 2
15, A S ¥ 7K Ak BRI 7 A 0 T % 1 U R AR A AR R
T T AR AS R HLA S A RS e R
Rl LB A2 Wk A R S E N N2 Y =W 7
Ve WS Ve Ry T AT e AL B AL B 5 — AN BRAY R 5
W25 BEAR TS Ve AR B AR T 5 Se b S VR FH o %t
1R GE T W 4R T2 AF A6 5 M TR AR 5 e v 4 35 R
25 LTS e Wk B v A 1), BRI B4R T
FI T (M) B 53 825 H AR AT 0 4% 15 Y R 4 1) T
2(MST)™ . AHXT FAEGE R & ) e 1.2, MST T
CHA G M EEUN T AT PR AR SOR = AR (R
WA | T S Y vk B AR S AR . SR, MST
T AT SRAEAE RS e ™ B R K TE i R A HE ik 5
i LI

PLAESR, IEB 5 (FO) B B H R 7 5 #ok ik £
B o FO AR FH W ()95 5 22 K 5 1
% Hi MK T 2 345 B ORI A 75 355 31 7K Ak 2 3
MR IGR A . T FO I AR T B4 s g ELAs
AR5 R B B AR Y, FO R L MF B B I (75
YA B SR AT N S ek A BT RO 4
A RE A T $E R A RO RS HE AT 98 4% 05 e
Wi (FST) , FEPRIE TS U Wk 48R 19 R BFH FO i
) o R P RE 0 SIS s K R SR A HE i 25 [
iR JEA MST T EAFAE AN 27 SR 2
FIHRIE H, FST T2 B 3s 17 B A — A AN i 2 30 h, gk
DAE KW AT A T FO X5 U8 He 46 3R 1 i
FETON BEAN B HGE X RO B KK TR FO
5 e i R G M. L, b T RE FST T2
KWEAFT AT AT, 2838 LA 5 /K A B A0 380 4%
TG IR I RERT S, B8 T WA~ iESLia 17 R
FST T2 1975 U W 46 5505 RO B5E s /K K 5 3 o
FEI5 YL 46

sludge thickening;

waste activated sludge;  municipal

1 #M¥EF*®
1.1 g%

FST T2 W E 1 . FST T 2358
ARG Tk s R ARG MBI A%, T
Y v B ) 3 5 e CHRBE S 4~5 /L) IR 3 28 1A
IR AEHEE . TR R AR B A A 3. 8 L,
Wi — R FO B fF CHE P2 8 15 IR 50
I LA WA 45 ) 245 o AE R V5 P WAL AR E o FO R4
PFR FH =B BREF4E (CTA) M 5 Y FO B8 B, HoA w50
B 0.024 m? WG R SEH 1 F15 mol/L NaCl %
WA IR AR R A 0. 4 L/min, 8 53 7E 4R
P S5 4 ) A2 R U BBV FE AR, B S TR RO
LS AR T 1 mol/L NaCl ¥ Wi % 17 1) H, S 3
He R 2 4 5 mol/L i) NaCl I M FT A IO RE , B &
TR O L T R A 3 A

R

B BERER:

P
270

1 FSTI%HkRE
Fig.1 Flow chart of FST process

T IR FO B T5 Y I 4 5 S d S IR B 1R
TR, 75 FO BEAL IS ER 426 T 2 fLAS A TR,
MRS W #E 7 Limin 247 o FST T. 28 7 # v
B TR R A YRR 25~30 °C T T8 5 e e i it T
HONTT EHEE , FST T2 1975 Ve 45 B4 B [H) (SRT) 45
FT LM AR (413 d) . T FO I &2k
B AT I ] Y SE A B W U, FST T2 25K 115 88
B[] (HRT )t 23 Bl 45 FO RS 1 1) 728 Ab i 28 b (A~

BT AR HRT 4 26. 6~52. 8 h) .

+ 100 -



www. cnww 1985. com

BB E. EHEH AR R A BT RG TR

FH40% FHSH

1.2 FEFHETRE

S0 BT R A 1 v S TR B B RS K Ak
PR, 2 0 2 BRAD R SRR S 25 . AR5 e iy
ETRE AR EE (MLSS) R (4. 60. 8) of L, #5 K VEETT
[#] 1A e BE (MLVSS) 4 (2. 00. 5) g/L., MLVSS/MLSS
90. 44+0. 06, %)% 4y (4. 8+2.5) mPa-s.
1.3 S#AE

FO J538 5t 2R FH SRS Fsf (1] A 38 5 0457 B85 1 AR Y
BRI, BN L (m?h) o SR g8 TS TR
AW FEL A 23R FH 8 48 P S SRR 2 . MILSS,
MLVSS #3546 15 U8 L W DL S FO B
7K B NH,"~N .NO, =N .NO, =N . TN FI TP ¥ J& ) % J{]
CRFNE K W I 5387 7736 ) (5% 4 WO AT o i 8
VB R AR TSR I W RO R K B LY TR
FKH TOC /BTN A o I f A 271 (SMP) il
R 5 M B A0 R A W (BEPS) 43 ) oK FH 50 2 i 2 Al
POKIE B OTE BT I, 1 5E AU i L 20 mL
SRR AW E T 8.0 %, 768 000 r/min .4 'CTF &
210 min, Z204 0. 45 pom 8 B 8 5 B9 I RPN
SMP ;K b iR PL3E V5 U B 37 B 77 TS R L8 7oK
o B 7E 80 °CR KA 30 min, £ 415 T 12 000 v/
min. 4 CF &0 15 min, o JE 5520 FIE AN A
BEPS. SMP Fl1 BEPS [ £ LS [ 51 Fl 224 3 & 11
TNAR IR o B RN 205 5 253 51 R FH AR AR 9
RN I~ R VA 5

FST T 281745 R LR, XF FO B85 Ye gk 47 43
Bro EZEEILS cmx5 em B9 FO V5 4L R, 15 i 1 V5 Y
PR m T, DT AR A5 I8 T A ] 365 e, PR 2
Bk ] 335 YL 0 9 FO B IE 2 8 75 (50 Hz, 10 min) 4
BURTAT 598 . FO R AT 33675 G2 9 FNOR A 58635
YL %) AR (TS ) A & [ AR (VS) R R Ok
I AW A3 A7 51 ) (55 4 WO #EA T SE o A, 3%
BT emx1 em (9 FO V5 Y4, 76 35 "C R AL T LU
S5 HL T MR (FE-SEM) W75 YL I B 25, Of:
T X FHER AR ML (EDS) 20 Hr 5 Y B T (19 T &
2,

2 ZR53f%
2.1 STiRRENTL

FST T2 BEAT 1 A Jo 391 #3135 10 Yk 44 5
%o BARRUL, S — RS AT 45 AR HE S O A
TR A TS e SRS N FO BE AT Wy BRI 1, TE AR

(R A% 75 e IS HEAT 5 AN R R VS Ve ik 4E . A
BB AT JE A P95 eV BE B AR AL UL 2. AT LLE
WM HERIRE N 5 /L2, 20t 13 d s 1T,
FST T AAEWAS B A7 Ji 01 #0 AT LACKE 3 2 45 U8 1Y
MLSS F1 MLVSS 43 5l $#2 F+ 2] 30 /L1 12. 5 g/L LA |-,
SEPR T ISR AR . 5 MST T A AH L, FST T 2. 3145
TR TRD R TR 4 5 U0 v A AR L W AR T T e Tk A
Ko W RABAORZ M FO BTG YL  FST T 24847
TR IR A LR U R A (DO VRN 1~2 mg/LL)
FEUMLSS FI MLVSS 19 SR A 5253 135 51 20% 1
22% Fe AT AE—E R ST TS e A

! AMLSS
|
35 : o MLVSS
30 AN e
’s A .
- A !
i A | A
. A
g 20 A . "
i
=AC] B Lt
BT et e
A °® : A o0 ®
5 A o® | A .o.
3 [} I, A
.n. ::o'.
0 5 10 15 20 25 30

t/d
E2 FSTIZEITHEHRFTRRENTZK
Fig.2 Variation of sludge concentration during the

operation of FST process
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Fig.3 Variation of SMP and BEPS concentrations during

the operation of FST process

TEVG e aR L fE b, i T = E SR i, EPS 45
DAY R & B EPS W E R R, 7E EPS [t
AR, 2R BEPS 9 AR Wy Bl R /N oy AT AL
YR BN AR, Bk SMP g — 3843, BRI SMP
HHe E R REREE AN K, EiR EPS iR fhfa it — 2
fEUE T FST T 2847 i i S A7 A — i 115 1
HAk.
2.2 FORRBEMRERESENTL

FST T. 2 s fr it # v FO I 2 575 R IR A W
AR AR 4 PR . ATLLE L FEFST T2
BATId AR, RN A G TR A TR SRR
T& 25— A F BT 19 7. 6 mS/em T £ 21. 2
mS/em, M55 A JE &4 19 7. 1 mS/em F+ 5 2]
18.2 mS/em, #hFEF R B T35 Yk BE 19 T+
FVR BRSBTS I 8. SR 1 X e A R AR
TR TR, 15 Bk R 43 75 e #0 ik 46 1) 30 o/L 1
XFCSEE, Sl aE T s U vk o v S 1) R K
SEMER B RE . Z5AERM 15 e BT R S 8
B£8R A B /N T 3 mS/em, T AN 18 47 J5 451 19 i
] £R 47 HCT By #h B R 43 5 13,3 Fi110. 8
mS/em, X 6B FST T. 2 ia 17 f vk B AU SR 2 82
F P F R R, SeAh , A4 O HGEE 0 B a4
WA IR FST T AW is 17 A 1
[ P HOE 9o 3. 52 12, 64 o/(m*-h) . S
R, FO BRIz 1 T i 2 IR T Y
S — AR T 6. 04 L/ (m?-h) T R EIZR
13 K19 3.04 L/(m’<h) , 1 55 =4 J& 19 th 5 00 19
5.36 L/(m*h) FFERIEE 13 K 2. 97 L/(m*-h) . R

Pt O 19 SCRRAGE L FO RS & ) B R 2L T3k
JERLR ARG e Ry T X 43k B R BRI S G
X FO S i 58 081 sk, 658 — s AT R A A R
J& K FO BEHEAT T 38 Uk CR FH g 4 48R 7K 3t
i Y 7 2 BR AT TS e BT ) |, B S K FO R A
AR . SRR FEFST TR — AN B fT
JEI A, FO R 2 1 28 A5 55— BT AE AL, 3 1 1
FEE 5 Gl X RO R T o 9l 9 DT RN K, Fh R R 2
SECFO B A B AN AN s T
6% FO BEA) 46 38 5 I T 58— R Y, 3] FO
BREAEAE — 8 AR Y5 e (Rt MBI Uk S FO
FEA) 43 3 K A T 90% e A, B AT TG YL 2 FO
FEL ) Y5 e 2 Al

7 i n 25
! o FO 5 1
. 6 ‘A: “‘ﬂ%% 20
= et 3 o
A‘IE ., A : ‘AA 15 %E/
. e A
d 4 '.2:" i' Sae® ZE)/
[EH 3 4 ..0| ast .."'o ‘@'
EEEJ AA EAA 10 Hﬂ:‘
o4 la m
1 : >
i
:
0 5 10 15 20 25 30

t/d

E4 FSTIZETHERFOREESFRESHRBSEN
i34

Fig.4 Variation of FO membrane flux and conductivity of

mixed liquors during the operation of FST process
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Tab.1 Quality of influent sludge supernatant,

thickening sludge supernatant and FO membrane

effluent mg- L™
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operating two cycles of FST process
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