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Membrane fouling analysis for zero liquid discharge treatment system
in a power plant

LI Yajuan, LU Jian, YU Yaohong, HAN Rui, ZHANG Ning

(Xi’an TPRI Water-Management & Environmental Protection Co., Ltd., State Key Laboratory of High-Efficiency Flexible Coal Power Generation and
Carbon Capture Utilization and Storage, Xi’an 710054, China)

Abstract: In order to realize zero liquid discharge, a power plant treated circulating wastewater by the combination
process of two stage softening and clarification, media filtration, ultrafiltration, nanofiltration (NF) and reverse
osmosis (RO), and treated terminal wastewater by the combination process of chemical softening, tubular
microfiltration (MF), NF, seawater desalination reverse osmosis, electrodialysis (ED) and evaporative
crystallization. After the above measures were taken for 1 year, insufficient NF output was found in the circulating
wastewater treatment system, and serious MF membrane organic fouling and ED silicon scaling was observed in
the terminal wastewater treatment system. Thus, the causes of the membrane fouling was analyzed and the
desulfurization process water was optimized to reduce the chemical oxygen demand (COD) of desulfurization
wastewater from the source. Moreover, the MF operation mode was optimized, so as to slow down the MF organic
pollution phenomenon. In addition, the RO concentrated water of circulating water treatment mode was adjusted,
and the total silicon mass concentration was reduced to less than 1 mg/L before being fed into the ED equipment,
to solve the problem of the ED silicon scaling.

Key words: coal-fired power plant; zero liquid discharge project; membrane concentration; evaporation
crystallization; organic fouling; silicon scaling
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ST 2 GEEIG S 600 MW E FEEEA
PRIGHLZE, SR HRoK AR A =K, R K = HE
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KAEEEZR S 2 5y, TAET 2019 4 5 HRAIEIT.
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1.1 7KK R

1 RIEH K HETS AR AR R K K 5 43 b &5
o BHE 1AW, PEMOKHEGKEHE. CHiE
WEE. SO& JREREE . WifE. L% &E (COD)
LB, SYE R R R, T HHEKEL
460 m¥h, Fr/>E AT [E TR AKE 2440, E
MKBELEEE) WEH. Btk K-S sk
40000 mg/L LA L, CIAI SO2 i Bk i, X4
JE& VA% e B AR s RE AR s, JUHR
B LU, 205 G EE Y 85%, J& TR Stk

. BeAh, JETE/K COD fhim, 23] 1200 mg/L,
FERENIDFEE T, Hrh SO &K
41 400 mg/L; 4sfE >y 138 mo/L, iR o5 HLZ) 89%.
EHUERT L, BRI AR TR 2, [ FH A B vy

R 1 BKKRSER

Tab.1 Quality analysis data for wastewater

WA IR KHEE K BB K
p (Ca2")/(mg L) 431.00 942.00
p(Mg2")/(mg L) 172.00 5 360.00
SatgiEE/(mmol L) 35.93 493.77
p(CH)/(mg L) 1184.00 15 240.00
p(SO42)/(mg L) 1217.00 14 845.00
p(S03%)/(mg L) 398.00
SRR /(mg L) 19.85 138.00
Je AR 5 LR B (g L) 3.47 15.26
pH 1 8.36 8.79
H 3 2 /(uS - em™) 5 986.00 34 740.00
& h&/(mg L) 4 820.00 43 120.00
COD/(mg 1Y) 63.00 1206.00
FARE TR R (mg LY 1.36 22.00
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Fig.1 Flow chart of the circulating wastewater
treatment process
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Fig.2 Flow chart of the terminal wastewater treatment
process

I B SR 7K 2 3R 1 B R AT K 5 28 5 i N — 2%
SSETEML, A 2K BRI R K R ) Mgt
SiOy. EJFEMIMIEL Sy Ca2t, SO AW, 15E

T IR G2 P ERRRAE R SENLIEAT A3 . — R YT
M KEEN B N, N PN NaCOss 78
a3 RN J Fe HAKHE N IR i, MF RS
W2 T, MF #OKEIE RS, iRgabHER K
2o K s e gt 5] FH A BRI IS, MF =K
KH HoSO4 15 pH (B 5 #EAGNIESE E s NF 151t (A
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SWRO # it [mU K 60%, SWRO %7K 6] F] g3
KRG, SWRO W/KHEEHEZBITEE; ED [H%
Wit 80%, ED F=/KHEE MG /KHG KA R4,
ED WR/KFNZE R M E; BRBRITEEEN
6 m¥h, KH MVR LZ, MVR iRZEHHELE 2%,
MVR F4h & #s 1A BRI 28K R 490, 45
A B O BN TR R AT, #h 3183 — 4
Tolk ER I ER fE 4T A
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2.1 RN KANELE A2

TR KHETG /K G Ab FREE B 43 NFL AT NF2
24N BT, R K 3E NFL, NFL R R 514 80%,
NF1 &K NF2, NF2 BRI TR 75%, NF2 3%
KAVE MR TZHK. AERFRKERIBIEREE .
YN8 RGUREAR ICR B 95%,  HE 70y 346 m3fh,
BsBRIZAT Y H geiA 2] 85%, H /1R IKE
310 m3¥h. Bl T4 R, 2 NF IS4 5
95%M}, EZEMKIER, RFBITAFRE. K2 N
YN RIS A) T 85%F1 95%IF, NF I 7K 7K J5fi 43
e,

3 2 EIRKHESKIRALIE R NF SRAKKER

Tab.2 Quality of the NF concentrated water in the
circulating wastewater treatment system

TH [E] 5 = 85% [l 2 95%
p(Caz")/(mg L) 24.00 59.00
p(Mg2*)/(mg L) 12.00 32.00
JATE EE/(mmol LY) 2.20 5.62
p(CH/(mg L) 1 216.00 1 248.00
p(SO2)/(mg L) 9 738.00 29 450.00
4efit/(mg L) 15.64 16.24
pH 7.47 7.56
B 5 R /(mS em?) 12 140.00 34 420.00
COD/(mg L) 248.00 662.00
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SiO N, Jir LASE R R Ay 85%F1 95% 2 Fhiz 47 T4
T, NF2 WK ) Cl. SiOp Jl B IR AL A K. 44
JEXT CaZt. Mg AL 215 2] 80% LA I, {HAEFA/K
TE P 2] REPTIE I R 4038 3 $5 0 NaOH- NaxCOs fff
3 K E <<0.5 mmol/L, NF2 ¥ /K o sUid i 45
ik, #4 T NF B CaCOsz. Mg(OH)2 4535 A
REME . NF XF SO # B % =90%, NF2 #/KH SO
R, JUIHRLERNE 95%0, K H
SOZ i EIEIAH] 29 450 mg/L.

IRYETHEAE My 85% 1 95%I CaSO4 S
TR 6.09%10°5, 4.54x104, KT CaSO4 %
JEAR 4.93x10°°, H1T NF iz {7l R #in 7 #4545
B HIREIR, KAE 85% [m] iy Z& N 4 A I %,
CaSO4 ¥ I ABEARAG; 1HAE 95%[FICH AT, CaSOs
FIEFRUS I A ERR 10 f5A4H, e 5
JERL CaSO4 5%, hAl, 443Xt COD [ etk
£ 80% /Ay, “NIERE/KH ) COD K/ #kE 7E 1
WK, TERSCR Iy 95%0T, NF2 /K COD

K ZHIERIEDHZ, N TRV 5 18 2E 7
LFBURFLAEN . 5 ERTIR, 75 95%[FIY 3 264 T,
YNPENEAEAE CaSOs 5 IR A WS e, T FER
GUE WK, BITARRE .
2.2 Kim B K ER R THE

& AR F 25 [ Duraflow 2 &4 7 ) PVDF
Begk MF I TePE, Wt BE &N 2>34 m3h, 81745
RRY, MF G E, ARG RERT 1 IE
LA T B, TR 2R F IR A2 0T 53 2 2%~5% 1)
NaClO, &%t/ MF il & AT LUK . T MF
JiEys 1 e SEIEE, REUSYE TAREEM A
IR, T HARAE B K Ze I BE R A DAL B
SRR b, BT BOEA R R K AL R A RE
SEPESHEAT, WRBRIERA L 40%. R1ERGiE
ITIEBLA T, FEMF 53 1) 5 B R R KA L
W e I S AT, R R 7K COD £ 1200 mg/L,
W& IZ4TIIAIZE K, COD #K-% 1 800~2 000 mg/L.

s, AF1 663 molL, KATANESENF B P8 BB RGO TR
| 7R AR
ok E gk Bmh, : Liasm
WA R G A L 25 mih | KL R4 | 2Sm/h P
e A M 8 A 3/ PR A AN ETERATT | Ak
g ¥R IR A 1] : :
I = Tty oy ST BRI s ~ Jsomm
M OKNFiok  35mYh | BREE (133 m'/h TERART 33 myn| N T Lkl Y
| TEkAE 46m'/h [RFEH 46m'/h et R LY
S b He ANFY Ak L 2m'h el

K

3 BMMAFKEFHTE
Fig.3 Water balance diagram of the desulfurization system

HIP& 3 AT UL, FJ R rRK . DEIA K BAR R B PR
K AR B A 487 AR K HEYE 7K BL S 9 g i K S 4 D9 i
i L ZHK, BiBikhKF ) Ca?*. S04 % LIATE 1)
FEAXBIA T, (BN A HL A B AE
RN, K #EANBBR K, 285 BB R K
A LA 38 N A S PR 7K HEE 7K B B kK o
CONPERIK L BB R G LR IBAT AN T BB T
IKAED, 1K 2 K AR 2 48, B HULEN
B RGP AWEAE . BEhh, W) AP KN
BT HK, HOKAH IR IR AE 40~60 mg/L,
KK EIEF] 2 000 méth, KR KA EHRR KRR
NBEBRIR RS s A AL B S KA D3 A KA K . T8
MRS 4 15485 A K — S AR R 4
7B EANTEAKHE G KA BE R G, K AL PR
ARG KM PEAOK BN T BB R SE. LA
s WK LR K R 2K 2 4 COD #RAE i

http://rlfd.tpri.com.cn

W RGNIEIR, EAWEE Tk COD ik, 2
EfLEE K COD AW, M ™ HEE | K
JRIK AL EE RGBT
2.3 Kim Bk BT

LB AT 1 2% SR F 102 H AT 7 A &) A2 7= 1
TRE o TR, B AL B E Dy 30 m3th, JRIKE
EEAEHITE 20% /4 4. EhRE T4 R KW, ED 17
TEMEHBAIE R, BB E TSRS, ol
F BRI ED RHE NAFTERESE IR IR TS0 Ik
F HF R GHATIE e fa v WK R Ge itk fg . & 3 91
PR AN i R K M B % T2 e R i 5 3. |
300, PEMKHEG K SOz R EHKEZ) 20 mg/L,
PREERACAL BRAY 2B T AR AE, 7K SiO, &k
FER 16.27 mg/L, ANIEIEANE SiO2, RO [HIHR
14 90%, RO /K SiO, i &k 1A F 152 mg/L.
JBLER 7K SiO2 i N 138 mg/L, {H Jhifin &
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K Mg i 9K FE =5 5 000~6 000 mg/L, IX7E
TR P EIN A KA pH (AAE 115 DA
M, BT KER MgSiOs ITiE, f#iHi/K SiO, i
BIREE 1mg/L LU N . &% Nt /K2 MF,
NF 42, NF R/AKFIEIRK RO WRAKIRA &1 FH
By, JRAK SiOp R EIREE A 78 mg/L. FH
B AR A, HH/KEEN SWRO,
SWRO [mlYst ¥ty 60%, HK/K SiO, it &k e
1A% 186 mg/L, SWRO K/KFEH#E N ED % #%. BT
K SiO, iR &, H ED AHE KA —IK
PEIEIE, TR I IS A TGRSR S s AR A,
JKTE ED #4415 B A1, i 33 ED %4
Bl Si0, 453 -

FRIBIZELER=KE  HA: mg/L

Tab.3 The total silicon mass concentration
in each process unit

TiH MK KA RS KPR RS
Bii N 19.85 138.00
SRETTTE I H K 16.27 0.59
IIEIK 15.64 0.47
RIBERRIK 152.00 186.00

3 R
3.1 BERBRETE 7K COD

T HL R R K A B R G AR R K B R HE
TKAETEHERR AL, SERZKAK COD A
Wire de. NBORAR IR K AL R AR E BT, TE
MIESLBEAIE COD. BT, WK IR K LA B R o R
KA HE R G HEVE K B HEE H K AL R SE 5 YR iR
i, BT YRR HEE AT K b, K
BAMNSAEE . AL, BT IEERR KRR b A K A
RGN NF oK WA E NG T 2K, HEH
PEMIK NF #7K COD AHXFEUE, Al AHsoE, H
T COD #mi R K /K NF IROK I THE R
BRI K.
32 BERARIEEITARNMKL

HT MF AHLGH ™ E, HHmE, WRaEm
SRR, FESIMA MF a7 7 R it
1) MF & e 2R gedr PEAb 2205 e, 15 TE 257K H
NaClO, 4 MBS Nt R 11K 2) B RGHIR,
B IR (1 S 356 B B 45 min/YRccA 30 min/ik. @it
FEAMLEE K COD Aiflifk MF 1247773, AliEk
MF 1k 225 5 A 28 5~7 K.
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HL) BRI K RO 7K BA 31 m3/h HEZFH
A HRARET, BT IR ER A R K A IR AR
fa, ERTSORE L HE 2 AR IR K A K I R AR IR K TR 2D
J& Mo R EIREZ) 2 600~2 800 mg/L, SiO2 i &k
FEZ) 145 mg/L. Z8 3k i % B S LY It 7E 38N 2K
(R SR B P PRI T, R B A2 7K Mg o B B v 1Y)
R, R BRAEERE (1) [R P [F) 25 BREERR SRR i . R
PikIa g R, KRR E IR AT PR 1 mg/L,
WG T ED WA TEISAT IR A AR Ak 5 35 1) 1)

4 FHiL W

1) KA “PRRAETE + 5 I+ IE+ 40
e+ BB HA T BIEA KD K, BRgypE Rl
WeR sk m, SEPRisfr ek e sh, Hl& T2
BIGIBAT RIF, W I EK.

2) KR AKE IR RFIS T EA ML
TGEEPEE . A SEIE TR ) R JE s A Sk BRI
WA K K COD. flift MF 3247 7750, A iE 3k A
M1 RIEEE 5~7 Ko

3) R R K BB T A& AE B AT P A AERE S Y
W, I K RO R K AL EE A7 B 2 A1 2 B At
PR, DASEIR R D BRAERR A, MM fif ok ED
T 25 35 1) )

4) JIBIE - YNPE S REACEE T2 T o R K
ARERIT, [EIWCER ., I S S AR AR AKOK i R
RIEEEE, AR E. KK HRRKERHTH
R, THERB RSN, FEXELEL
N, YT A RE N A BEA A E 4R .

5) #EKANAIF Mg i1 &K 35 5 3 5L
MF V5%, ARZEIRE T %R N, B K
B Mg K MF, HIX &S TREKR. 2
AT 9 DL o T AR 38l 1 o A ATLAZ) A Mg+ i i
FE = 7K AN BR A AR AR, R SR
1 XUBE A HRERETE T2 .

(& % X #k]

(1] SIS, AREEMH, B, JRE SRR Tk k1K

R 43 4 BB W [J].  E SR g G R A, 2017,
35(2): 43-47.
MA Shujie, ZHU Liyang, WANG Yahui. Analysis and
suggestions on water conservation of high water-intensive
industries in China[J]. China Resources Comprehensive
Utilization, 2017, 35(2): 43-47.

(2] W75, XIESR, k. A E KA KR ST
A[J]. HE /Y, 2017, 50(11): 158-163.




182

#A%E 2

2023 4

PAN Li, LIU Zhigiang, ZHANG Bo. Comprehensive
analysis and related measures on current situation of water
saving of thermal power generation in China[J]. Electric
Power, 2017, 50(11): 158-163.

BRI KZE RS ST H T[] iR, 2017,
39(10): 74-76.

WAN Yonggang, XU Feng, TIAN Xufeng, et al. Analysis
on desulfurization waste water evaporative crystallization

[3] HHEEMEAES. FEBIITIEERERSE project process in Guodian Hanchuan Power Generation
2020[R/OL]. (2020-06-12)[2022-05-10]. https://www. Company Limited[J]. Huadian Technology, 2017, 39(10):
cec.org.cn/detail/index.html?1-284218. 74-76.

China Electricity Council. China power industry annual (8] M=E4, Fig, Wik, & KW IEEY KK KER
development report 2020[R/OL]. (2020-06-12)[2022-05- JRIM]. AEst: Ly H Rk, 2018: 294-299.

(4] BFELL. BRSO TKIRHE AR R % R B[], saving and wastewater zero discharge technology for
A1k, 2016, 45(9): 95-99. thermal power plants[M]. Beijing: China Electric Power
YANG Baohong. Features and key process of water saving Press, 2018: 294-299.
and wastewater discharge reduction in thermal power (9] kT ik, w=Ad, FRE, 2. BRIERT RigE /KRS
plants at current situation[J]. Thermal Power Generation, T AR K H TR0 S E 7, 2018, 51(6):
2016, 45(9): 95-99. 48-53.

(51 FMRFE, TRWIE. SR Mo K B LR 24 YAO Zilin, YUAN Weizhong, CHEN Biao, et al.
WEFC[I]. Tk Ab#, 2018, 38(10): 102-105. Technical study and demonstration project on the quality
SUN Zhenyu, SHEN Mingzhong. Case study on zero control and drying of terminal wastewater in coal-fired
discharge engineering of desulphurization wastewater in power plants[J]. Electric Power, 2018, 51(6): 48-53.
coal-fired power plants[J]. Industrial Water Treatment, [10] ZigE, B, sUle, & Kl IHRKHEG K9
2018, 38(10): 102-105. JEALFRLG[I]. # Ik, 2016, 45(12): 137-142.

(6] HRE%S, Jitk. BB K IEEE B 48 % HEle LI Yajuan, SHEN Jianxun, WU Zhongquan, et al.
AREIR ] kK 4EFE, 2016, 36(8): 109-112, Experimental study on circulating water treatment in coal-
SHAO Guohua, FANG Li. Application of MBC zero fired power plant using nanofiltration process[J]. Thermal
liquid discharge technology to desulfurization wastewater Power Generation, 2016, 45(12): 137-142.
treatment in a power plant[J]. Industrial Water Treatment,

2016, 36(8): 109-112. e e N
(7] FBRI, i, M, 5. [ A I 2 B Gt #2E)
N - - - -—-—- - - - i i 1

IR =g= DN

(RBERY = |

BRI TALIRFH A A S BHEEL
AL FA LRI TAZAFEAN Bl E#AE2
TN AT TR AN 8ot EHE3 !
B S A LA IEAT AN B oo EA#ELT
QA BB Y AT H...oooooooooooo oo BHHES |

AR T TR B AY Bl e EHH
IR TR (B D AR Bl B#HIEL0

http://rlfd.tpri.com.cn




