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AT AR T L i B - 8 i - MVR GETHLR
PR R A O i B O T2, %L
ERGE N AE TS BB R B AR 7 K] R PR
R IACF B H

1 TAEBL

FAHT R 5 7 t/a BERRERITH L %50 H R
P T 20 R R R VA Bk ™ B R By

JEURHA: PR R Ak, A= e AR rh R B A R — YK
FIZ Pk =K BRI 110 m? /h, —PE7K 76 m?/
h, VK 141 m® /by K rb 325 W43 R R B A%
A5 VB kR A AR B RN, K S B pH
IR R R e B . BEORN K AT FHE
O Ak B S ] I SO 7K v i A R e Tl
FHKZLR B 2R <10pS/em, EiT#E KK AN 1
JiR .

k1 % iFHE R

Table 1 Design inflow water quality mg e L7}
BgE| pH COD AA SO7 P Ca®™" Mg** Fe* /3t Mn?"
—¥esk 1.5~2 0~50 500 1150 800 10~20 0~50 200~300 0~50
kK 2~4 0~30 300 990 250 0~5 0~2 20~50 0~10
| 0.7~1 0~100 7 000 65 000 2 000 100~200 800~1 000  500~800 100~200

2 LTV RBEREE

2.1 IZRE

M TR L T A A WK h 25 iR
B, PR AR AR R T2 R 2K A5 pH E, 2838
WO T 5 S g YRR, Y pH 8~8. 5 REA R L BRIE
KA VB VER VR A R B U A S DR AT
T DTVE » B I 2 AR IR S P X UTVE - g — 43 LA
BERPIE A DIVE , —iR o3 L A B AL HIE X DTVE - B &
BRI UTE . — 2 —H it & A 1 &

BALSRBANT
— R«
2FeSO, + 2NH, H, PO, +H, 0, —>2FePO, y
+ (NH,),SO, +H,S0O,+2H,0 (D
2Fe*" + H,O, + 2H™—>2Fe*" 4+ 2H,O (2)
YA
3C€12‘ +2P();7 4’Ca3 (P()l )2 ¢ (3)

Mg*" +NH"" + PO;" —>MgNH, PO, y (4)
Fe'' +30H —>Fe(OH); y (5

Mn*" +20H —Mn(OH), y (6)
2.2 IEZRE

FR AR K BURAE  W— KR KR & Gefc ik
IR s X RN 7K R B 43 o A PHL ) JEL 6, /K R RI
BAPRFAL 3, YK 28I S B TR A IS SRR
REG i m RS sk, A0 HRHT
MLF B AR H UL IE b+ 240 B+ g & T

20 AR R AR S UTTE MU TE BOR 22 5
S Z2 A TN S ke R A 5 B A ) L, SRR
SEM AR . Beah, il s 4R 0 AR g T 21—
B RE T S UTTE S B B VR F S B TN
i, NRBE RGN RE B TR, T 2R
1R,

P 1 AT, BV e A RN b J52 I it 14
P, 16—t R B RCAUK  FERRE SR T S
JE AR AR B8 B B 2R 0 B . 1T BRI K COD
(b2 E) o 7F it R 20K IE ST pH 2=
8~8.5 ffi & )& B F B R AR B BUTIE SR J5 PR K 3k
NMRHE Z2 558 6 8 AR D8 VR 0 A P 8 B R Gk — b
FBR BT P e A TR B i s MHE 2R ¢, Ktk
NERS TR i 22 Ge itk — 20 B IRkl N4 B 7 it
RERg =K 288 U8 R Gead U8 E AR R R8RS
g5 KA MVR 248, — 3K 5 ZWKIEEE
VIR RN L s FIREALL 75— G0 R it 5
UK FEZ U 0 R 20K R 4 pH & 8~8. 5,
SN P 5 K N W) s P R 5 3 0 o P B e 7K [l
FIRTHARHE RS 777K 5 i R SOB B 1 K FE RV Bt
KIBBRHARBE | K%, REBE 1 RGHKE
ARBE 2 Rt — Wi, B E 1 KRS
B 2WEKIEARBIE 3 R, BB 3 ZG KN
H oK In BT R B35 1 R4S,

2.3 IZETHA

AT B AP R O e 1 FH T B Rk R
IKEFZHER” S T B LA B BB - B % - MVR” R 32
R FHE T2 B R A T % T2 e
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Fig. 1 Process flowchart

th 4 A P s SRR RBUE AL« AT R DR I
TENL A AL T2 WA B 22 1 5 B0 8 8
FEEAT B A A IR T, e R FH R T i D, O
A8 By FLA BRI PTT5 YL 6 75 HLI5 Y2 J5 PR FH R R
SRR R A AL A U, AR TR RE A, BLAh . B R
TN B v ELAS T e R A A AR o
MRk I K IR BEAE 40~70 °C 22 [a) 75 I i TR A 22 v g
BRI R 7 KK B ELA R RRORR R ) LA B

ROR . Bl DRI RE S 1 — A0 AR B K Bk L A
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3 EEMAMEBESK

3.1 FEMHEY
FER P U 2 iR,

3.2 FEEESH
FER/SEUE 3 PR,

K2 ERMHEY

Table 2 Main structures

g S LEiR REFILXWXH /(mXmXm) GRER/m® KI5 HHE /b B/ R

B T B RN 8X5X5.5 220 2 1
— GRS 6X5X5.5 165 1.5 1

TN 5X5X5.5 137.5 2.5 2

2z it 3X5X5.5 82.5 0.75 1

FRALUE 3X2.5X5.5 41,25 1.1 3

IR Gz it 3X2.5X3.5 26. 25 0.24 1

AR ER K M 5X5X5.5 137.5 1.25 1

VEK T B R 5X5X5.5 137.5 1.27 2
— G SN 5X5X5.5 137.5 1. 27 2

TN 5X5X5.5 137.5 2.53 4

Zzwjrith 4X5X5.5 110 0.5 1

R K 4X5X2.5 50 — 1
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Table 3 Main equipment parameters

B4R FESH
biE 3 /.M CS/HRL, B4 it JE T AR 450 m? s R4 4 5.3 1 1 4&,Q=150 m’/h, H=120 m, P=
110 kW, EMIKE 2 6,Q0=20 m* /h, H=120 m.P=30 kW
R 2 4 bR 3161, S HETEFR 220 m 5 1 12 ANUUERI .5 ¢ 4 = 3 HES . AR AN AL PFH 61 P
) i85 SR FH K B T R M B B T - AL Oy o5t JERS B 50 nm, BAEE 77K 5 =>60 m® /h
i pg £ B CS/HRL, HLMS @2 400X 3 000, 45 F 44 RIS IC A MBI 28 1 5.Q=50 m® /h
s R R 125, 2 SR IAR 3 570 m? 77K =135 m’ /h SR A A B i B JW-2860- PVDFE #UE R 1, 85
‘ AR 51 m?
SRR 2 48, A KRR 11232, 5 m® /h, A2 80 S, SR ARFS XC70,XC120 & KB I, 45 3 s iy
I HOHE 5 B, 11 ¢ 5 HES L RTHE A 11 L/ (m « h) 5 [IR=50%
MVR 125, 8 AbF A 71, 4 t/h, ERHERE 25~38 °C, ikl TDSGA itk & s ) 150 g/L, 2 & it 61.
68 t/h, HEhH = 9. 33 t/h, ZZIKIHFER 0. 25 t/h, #MNIELRENR 0. 39 t/h
K S 4 B 3161, B JE TR 165 m? s 1 9 DNALRIE. 4 = 3 ¢ 2 HEF L AN PRI 61
; B SR A B BHE M B I A T o= AL Oy SRS BE 50 nm, BTk =50 m’ /h
SR 1 34 AEPKAES =100 m? /b, 4 156 S, R LIS BW30-400 5 K 5218 7 s 4 52 A2 I
~ HUME 6 SR, 15+ 7+ 4 H\F) L EHHER 17,3 L/(m? « b [AeE 75 %
SR 2 12, 3K e 1 =>85 m’ /h, 45 180 SCE . 5 FIALF SW30-400 /KR AL I 18 15 1 5 15 52 i Ay
o= B 5 R, 16+ 10 ¢ 6 ¢ 4 HE5 L E R 12,8 L/(m? « h), [ 85%
SR 3B AEKAES =109 m® /h, 48 108 L, AL BW30-400 1 K 52 15 i 1 45 52 52 Y
- HEKE 6 S, 102 6 2 2 HEF) L R HE S 27,3 L/(m” « by, [ 85%
3.3 RFiEITER 373.5.172.9.71. 4 mg/L. VKA BE L E55

2 FH R G BRI R 24 BistT —4F
Z. F’@ A R A BHE I 20 & T 20 B BCR AR

R E(E S5k 18, 7,43, 2,18. 7,20, 4 mg/L,
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Fig. 3 Water quality of washing water
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Fig. 4 Water quality of mother liquid ceramic Fig. 5 Water quality of ceramic membrane
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Table 4 Water quality of ceramic membrane production water
miH pH Ca?" /(mg+ L") Mg /(mg+L ') Fe*" /(mg+L ') Mn* /(mg+L1 ME/NTU
BT 7.35 5.3 3.2 0.21 0.18 0. 23
eIk 7.36 2.1 1.6 0.16 0.32 0.22

T W B K B Il pH i

H138¢ 4 T, R P I K B AR VT
W FESA/INT 6 mg/ L, YK B 8 5 7= K 8 L6 Lk LA
JE WY /NT 3 mg/ L, X A5 25 TULTE S+ ARAE
B R A FA B T2 A i AR P R K A R
TRLBE S SRR T WTVE SN P 3 3 RO, HAE 1 Py 2
M2 A BERBR 100 %0 MPTTE Y . Wi 2 R6 R FH 4 T aod
DRI S5 [R5 S P R AT AL TS )
FE R TR, A= 7= v Ak 18 i8] SR s 7 I YR X P
BRI TIEVE

B R ROBIBIELTIE 1 5~7. 5 MPa, {b24 35 Uk
W1A4H B3 187K 1 5~2 MPa, fb2# i
VR 2 A A L B E 2 847K ) 2. 5~4 MPa, fk
VR 2 ANH B E 3BT E T 0.5~
1.5 MPa, fb2435 Ve A1 3 A~ H .

ZERGIN 5 18] FHZK K B A A B 22K, [l KK
Wz 5 R,

PRI L B JIT A T e s o Tl R ) 2 T
#)(GB/T 535—2020) T #Iy= & ZoR , £ & SRl
ZERNFE 6 Prn,

4 B

“BHE RE R E BT A, BK G R
330 m®/h, Ii7K S #E 28. 28 JT, 45 HL 2. 25 7
B FEM A YT IH L T[] 5 Ak 5 0 7K B 55
25. 77 JC , WG BRER A H K WK BIs 17AA 2. 51
JC. BHAERT A K 260 J7 t, GHFRLEE A ingR 7
FR

%5 ®WAKKR

Table 5

Reuse water quality

WA pH SR/ (pSecm ) fERE/(mg» LY A/ (mg+ LY
WiTE 6~7.5 <10 A0 <10
SEBRE 7.1 6.7 AR H 1.4

k6 FRBESM
Table 6 Quality of ammonium sulphate G5y % @)
=] H(ND) (S Wess R (H, SO, K4y (H, O) IKAREY) BTl
BEHE =20.5 =24 <0.05 <2 <0.5 <1
SLR{E 20.7 24. 1 A 0.37 0.21 0. 02
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Table 7 Economic benefit analysis

T H 7K 2% HH /75 H/E
H, 2 13.77 B, #9422 0. 75 76/ (kW » h) it
2557 2 9.01 BUEEIK BK BRR R TR AR TR B3 vk 711
i) 1.28 Ve AN PVDE BBUE R 5 R4 IH L RIB SRR 4% 3 4T IH LI I4% 0. 25 4E9TIH
AT 2.2 AN A FER L 10 4E4TIH
AL 0.34 HHE5 N,3BE
I 1 4ub 1. 68 [ % &b & 4% 500 I/t it
ATHFE 28. 28
TR 21.77 TR 4% 800 I/t 11
ik 4 thoKE% 4 J0/ 03t
psVi ey 25.77 TR  hK
FSREY EII N 2.51 SIHAE — Bl

T A K 2 P B A B K B3

5 %k

D DM &R - 2% -MVR” O T 26
5T I R IE B R kA 7 B K B HE O T oK B
i+ AR A T 25 T Ak B SO B S B B 7 7K ke
JE<C0. 3 NTU., 45 BE i i FE 4 /N T 6 mg/L, 8k,
BRI EER/NT 0.5 mg/ L, R AFA B BEASCR IR
BT BB RS EETT,

2) FRHEAK 5T 4P % 0 7K FRBE VR B o A 3
PR AR S M R B EH G RBERS
ML E T INA3, ] A 2 0] HEER 28 R 45 i
JUT AR e Tl IR R R 4% ) (GB/T 535
—2020) | B EDR,

3) F AL F K S AT, MK BB AT A 2. 51
I, B4R 5 2 FHK 260 J5 t. 5 RIS 2025
ITEN
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An example of “zero discharge” project of iron phosphate
wastewater from ammonia processes

ZHUANG Li ,CHENG Junjun ,DONG Kai ,ZHENG Xiujun , DAI Qizhi
(Jiangsu Jiuwu High-Tech Co. , Ltd. , Nanjing 211808, China)

Abstract; Taking the “zero discharge” project of iron phosphate production wastewater of an enterprise as
an example, the “zero discharge” system with “ceramic membrane + reverse osmosis + MVR” as the core
was introduced from the aspects of water quality characteristics, process flow, design parameters,
treatment effect and economic benefits. The conductivity of recycled water was less than 10 ;S/cm, and
the quality of ammonium sulfate salt obtained by evaporation and crystallization met the requirements of
type I products of “Fertilizer Grade Ammonium Sulfate” (GB/T 535—2020). Practice has proven that
ceramic membranes could efficiently separate precipitates from wastewater from iron phosphate
production, and had excellent regeneration performance. The pre-treatment process with ceramic
membranes as the core ensured the stable operation of reverse osmosis and MVR systems. According to
the conversion of treated water, the total operating cost was 2. 51 yuan per ton of water, which could save
2. 6 million tons of water every year, and had good economic and environmental benefits.

Key words: iron phosphate; ceramic membrane; reverse osmosis; MVR; zero discharge
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(L35 145 T7)
Study on membrane cleaning process of membrane
distillation treatment of aniline wastewater

ZHANG Fangli"*, WU Cheng" *, CHEN Rizhi"?,
WANG Zhaohui'*, WANG Xiaozu®, CUI Zhaoliang" *

(1. State Key Laboratory of Materials-Oriented Chemical Engineering, College of Chemical Engineering,
Nanjing Tech University, Nanjing 211816, China; 2. National Engineering Research Center for
Special Separation Membrane, Nanjing Tech University, Nanjing 211816, China)

Abstract: In this article, membrane distillation process was used to treat aniline wastewater. Membrane
pollution in membrane distillation process was investigated, and the effects of different cleaning agents and
cleaning sequence on membrane pollution and membrane flux were investigated according to pollution
types. When the mass fraction of hydrochloric acid was 1% and the mass fraction of sodium hydroxide was
0. 1%, the flux recovery rate of membrane distillation was the best, which was 97% of the initial flux, and
the water contact angle of the membrane recovered to 114. 6°, which was 96% of the original membrane.
After cleaning, the stable operation time of membrane distillation was extended to 38 h. It provides a new
idea for the selection of subsequent cleaning procedures for membrane distillation treatment of aniline
wastewater.

Key words: membrane distillation; aniline wastewater; membrane cleaning



