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Abstract The desulfurization wastewater zero discharge process in coal-fired power plants needs to set up a pretreatment section to
remove suspended solids, calcium and magnesium hardness, etc., to meet the requirements of stable operation of subsequent
desalination equipment. In this paper, the desulfurization wastewater in the production process of a power plant was used as the raw
water, and through on-site batched experiments, the Mg* and Ca® eliminating effect of two softening methods which were called
NaOH+Na,CO, and Ca( OH),+Na,CO, were discussed respectively. The effluent Ca® of NaOH+Na,CO, softening method could be
controlled at 23. 20 mg/L, Mg™ could be controlled at 73. 65 mg/L; the effluent Ca™ of Ca( OH) ,+Na, CO, softening method could be
controlled at 16. 00 mg/1., Mg could be controlled at 7.35 mg/L. The amount of sludge produced by adding NaOH+Na,CO, was
about 37. 5% of the sludge volume of the amount of sludge produced by adding Ca( OH) ,+Na,CO,, but the Ca(OH),+Na,CO, had a
higher settling rate. For low-magnesium desulfurization wastewater, it is more economical to use NaOH +Na,CO; combined dosing
method.
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T, A T2 BT AR ST AR
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AR (ZRIR AR IR W 4 FUER IR R R T
BB/ B HT (UF/NF/RO/ED) B He 4 , 75 & 45 v/ T
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(A 5% 1 25 7 2 R - A N 2 5 R S S
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AT F AT B BB 1 K K S B2 2%, BT B i 1

JK ZIRFE AL H T2 To vk e SRR SR e S e
B K HE L T RE AL 4% 42 /i 75 X BAL B T 2 ik 47
Ak LB | LI 2 I v v 4 el ot 1. 25 Bt (CR A ED i
A +RO ) AR E BT, 8 BB AR ]
7. 2P A HN BT T 7 it s it
1 #Rt5FH*®
1.1 REAHK

SR FH 0 7K R BB I 5 F T 00 2 A Ak RS Vi
e 3 K AS W H: pH  Ca® Mg™ .SO% .Si0, #1T
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Tab. 1 Test Water Quality Indices

T KRR HfH
1 pH 6.73
2 Ca®™/(mg-L7") 916
3 Mg/ (mg-L7") 3 896
4 SOT /(mg-L™") 7 750
5 Si0,/(mg-L™") 130

1.2 AWEESHE
I S S H A 2 iR,

R2  PUALE T A A R A

Tab.2 Main Equipment Configuration of Pretreatment Process Screening Test

A=) £ A LiXDa Bkt
(a) VB 7K IBOK 3 R 3R 1 m*/h,30 m,0. 55 kW, #54kK = fa 1
(b) JEAR IR A 5m’ ,PE # R S 1
(¢) JEK SRR 1 m*/h,30 m,0. 55 kW, SRRl =) 1
(d) ARAL BN % L 1R £ 1
ey 0.5 m’, PR = 1
& 20 L/h,0.5 MPa = 1
(e) A b B N2 E 1A 15 = 1
eEpse] L5sm’, St = 1
A 150 L/h,0. 5 MPa = 1
() TRIR AN AL BN 252 1A% & 1
] L5sm’ Siip s £ 1
TR 150 1/h,0. 5 MPa = 1
(g) TRA STV (5 — 55— 9 = SR DU i) 0.5 m’,PE ¥R 3 4
(h) ULVEM 3 m®,PE # & ES 1
(1) KA 1 m®,PE #1J5 = 1
AR K Bk B g it g, T A AR B 1R,
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1.2.1 pH Pitbiks:

Bl L &850 5 e R /K DL — e e sl A
PGB A AR B Ca( OH) ,/NaOH F & A 1
() pH , 752 B 6% % 7K pH Bifi Ca ( OH),/NaOH # il
R VR A S
1.2.2 Ca(OH), NaOH F& LI E

S UCE 100 L BAR K, A [A]50) & 1Y
Ca(OH) ,/NaOH #4748 +E 15 min /5 #FEIUHE 1 h,
FH0.45 pm 38R U8 b WS 0 SRR Cat
Mg™ \Si0, , SOT SE¥ o iy 7 i, X 2% B B A 1Y
Ca(OH),/NaOH F i #EA 704k , FRAF AR
1.2.3 Na,CO, #fki5:

St EL 100 L JBEARLE K, A Ca(OH),/
NaOH e AEH N5, HEFE 15 min J5 F2- 51 AR
[ 71 Na,CO, , ¥ 15 min J5 8B DIE, FH 0. 45
wm JEAE T IE T WS e SRR P Ca™ \Mg2+%%
JERY i, AR E I e g5 Rk PRI Ca (OH),/
NaOH 214 F i fieHE Na,CO, F 2, il g H R 25
IR iprie S e £ o)) ESE QL e
1.2.4  J5let XTSRRI

308 3 X O A 7K T Ak L A A B B S BV
Yy FEHEATINE | T AR S5 P Fh Ak 25 5
AT e A TS5 e i

X RAAL R AK AN R ERA n 24 21 A5 A B S 7 e T B
A5 ISR A TUTTE , X E A5 P Flon 265 07 X 45 A
FITTRETTIERCR , DL 1 L S U A,

2 AWERE5ITL

2.1 BimREkHtRikLe
2. 1.1 i E K pH i€ Ca( OH),/NaOH fil
2yt

AT K R BN AS [R5 5 Y Ca(OH),/NaOH,

I SE R TR E S5 10 pH, &5 a0 E 2 B,
HRYE Mg™ 9B TUUE 1) pH ¥ Bl ol 41, 4% i
Ca(OH), i Mg JLIER) pH {E A 9. 56 ~10. 03, £
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Flow Chart of Desulfurization Wastewater Softening

Br —m— NaOH#finph 2k
—e— Ca(OH), Bt £k

(I)I;IIIOlIISIZIOIZIS
HINE/(g L
Bl 2 WiBiE/K pH B Ca( OH),/ NaOH finZh& 28 fhi#a 3
Fig.2 Variation Trend of pH Value of Desulfurization

Wastewater with Dosage of Ca( OH),/NaOH

NaOH B Mg* YT¥E R pH {4 9.55~10.00, FH

Ca(OH), #1 NaOH XJ A & /K #£47 pH #8551, 35

FNAARI A pH AR, B8] Mg UTTERY pH X )3

Bl S5 HES LAY A .

2.1.2 J#HE/K Ca(OH),/NaOH ALK 56

(1) Ca(OH), MALIRXE:

FRE 2. 1.1 /TS 45 5 %4 Ca(OH),
IR HE AT A R B BRI BE B E K R Mg
Si0,,S0; &k, HEE R WA 3 PR,

FE 3 A] 0, bifi s Ca(OH), &0 & ry 3 hm,
Mg e B R BTRE AR, 4 pH {8 10. 50 B, Mg™ JiT i
WEEREARZ 60 mg/L, £ & J5 28 T 2 i A i H R %
SKIEHE, BB Sio, FTE R EE R 1. 18 mg/L,S0; T
MRS 4 035 mg/L, M Ff# Ca(OH), HINE
pH {4 10. 50 I}, Ca™ 5T 5 ¥ B £ K 4 780 mg/L,
Zi I, Ca( OH) , SeEERINFRI &Nk 20. 99 ¢/L, LLHT
pH {4 10. 50,

(2)NaOH 1AL 5

5 Ca(OH), bk 25 L, H 45 R an &l 4
B

B NaOH B 34 i, pH FH &5 Mg™ & &
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Optimization Experiment
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Fig. 4 Treatment Effect of NaOH Dosage
Optimization Experiment

FA%, pH {H 7T 4% i 76 10. 50 ~ 12.00; pH {H 3] ik
10. 50 B, Si0, & kR F) 1. 25 mg/L, Z 5 i %4
BN r 3E , Si0, e BE H BL/INGR B TR, PR,
Ak pH (EHH A A 10,50 BT, %5 1, NaOH %
FEBNFIE R 12. 54 o/L, KA pH {4 10. 50,

R /K T HER AL B T 25 rp AL B S Pl 2R
HMHas T 20 ED, Huk 45 5 &, XK Ca™ |
Mg %5 5y 2535 88 T2 SRS s #E il AR B ARK S, B 1k
MR AR A%, B 4 Al AL, NaOH A8 nxt Cca®
A —E LBRAEH X 2o TR & NaOH B8 i 3
K, WTE R D) Ca(OH), UITE, H. CaSO, VA fi#
JEFEE pH BT A TREAR, A DA i, Ca™
Fr I HIEL,
2.1.3  Na,CO, tAbikss

(1)NaOH+Na,CO, iR 45

MR NaOH FI ARG 25 5, bR Ca™ 20

JEJEEE ED #E/K R 1 20 mg/L, [A]H} 2 i Na, CO,
5 Ca™ BER LA 11T A IS Na,CO, N , i
AR Na, CO, B, K 30 min J& 5 13
Wb Ca™ I Mg YR 13336 3 P B

®3 BRI pH HZMF T EHR Ca™ Hl Mg YR
Tab.3 Concentrations of Ca** and Mg™ in Supernatant under

Different pH Values of Desulfurization Wastewater

0 Na, CO, pi/| 275 v Ca*t/ Mg2+/
b (1) (mg-L)  (mgel™)
10. 00 3. 151 31.00 402. 60
10. 50 2.639 24. 00 73. 90
11. 00 2.402 32.00 46. 80

SR ik 3 UG A Ty B 25 7 i A
TR SRR 4 s,
R4 AR pH E AR K Ca> R T 257 hn liAAE 5
(NaOH+Na, CO,)

Tab.4 Chemical Dosage Cost Estimation under Different pH
Values and Different Requirements of Ca®* in Effluent

(NaOH+Na,CO,)
O f NaOH NZ5i%  Ca®/  Nay,CO, MMZH  mzhing
/(L) (mgelT) A/ (GECY) A/ (DB
10. 00 40. 74 31..00 8.29 49. 03
10. 50 47.01 24. 00 6.94 53.95
11. 00 47. 82 32.00 6.32 54. 14

{E:NaOH 4% $% 1 100 T/t {8 (30% 415, Bl NaOH % [ 3 667
JG/1) H, Na, CO, #2500 J0/t(95% 44 % ) i
(2)Ca( OH),+Na,CO, X gugh R
WA Ca(OH) , Fl AL IEREE R LBk Ca™ &
e J5 2L ED i K ZEOR 1) 20 mg/L, [F] B 2 B
Na,CO, 5 Ca™ BE/R LN 11T EE S Na,CO, #
i, B B Na, COy BOMIHR , SR 30 min J5 U
JE FVEWRH Ca® FI Mg™ R BE 153158 5 i
R5 K AKAIR pH (AR Na,CO, 25T
iR Ca® A0 Mgt e
Tab.5 Concentrations of Ca® and Mg™ in Supernatant under

Different pH Values of Desulfurization Wastewater and Na,CO,

Dosing Concentration

o i Na, CO;4 JnZytt/ CaZt/ Mg/
(g:L™) (mg-L™") (mg-L™")
9.50 16.532 22.00 1 688.00
10. 00 17.152 29.00 364. 20
10. 50 19.974 17.00 7.56

A3t ik 3 dimzy A 5 A BOm 245 75 AR
AT g5 Rk 6 i
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#6 A pH AR K Ca® BR T 255
BARAALEE [ Ca(OH),+Na,CO, ]
Tab.6 Cost Estimation of Chemical Dosage under
Different pH Value Conditions and Different Effluent Ca®*

Requirements [ Ca( OH),+Na,CO, ]
o Ca(OH), M2y ca®/ Na,CO; MZHIE  mfnghng
WA/(T) (mgeLh) A/ (R AR
9.50 2.36 22.00 43.51 45.87
10. 00 16. 38 29.00 45. 14 61.52
10. 50 18.03 17.00 52.56 70.59

U+ Ca( OH) o 024 AR T8 3 24 4k 40 5 452 650 T8/ 919% 4
F£) i1, Na, CO, #5218 2 500 T/t(95% 46 ) 11

R DAL BT fin 25 R A HE R A BEZE S 7E Ca™
FrER B R 20 mg/L 2 AT TR T, 285 VAL 5 15
4 B 5% ] NaOH +Na, CO, fn2h 44 7 =03
pH {E7E 10. 50 =47, BLIH N 245 B AR Ry 53. 95 J0/t;
#iK M Ca(OH),+Na,CO, M2 77 Afa il pH {5
£ 10. 50 Z47, LRI BLA A 70. 59 T/t
2. 1.4 PIFRINnZ Oy 2 L BRACR

DL A 3 56 5 S o SRl A A TR
Ca( OH),+Na,CO, Fil NaOH +Na,CO, B4 i 4b ¥ J7
AE pH (BN 10. 50 A4 5544 X BRI K Ca™ |
Mg™ Fll Si0, H)EBRIGOL, HXT A5 R NER 7 PR

RT7 BB AN ERAAE B KK BTX
Tab.7 Comparison of Effluent Quality of Desulfurization

Wastewater Dosing and Softening Treatment

- TZHE
KK A b
Ca(OH),+Na,CO, NaOH+Na, CO,
pH {& 10. 65 10. 68
Ca*/(mg-L™") 16. 00 23.20
Mg?*/(mg-L™") 7.35 73. 65
Si0,/(mg-L™") 1.08 1.14

16 3B G Y8 bR 2B K )71, Ca (OH), +
Na,CO, BCRIEAL T NaOH+Na,CO,, 7EFEH pH {H
PREF 10. 50 ZEA4T 254 T HEIN Na, CO, , Hi7K Ca™ J5T
HREREEE W 1E 20 mg/L ZE 47, Ca( OH) , +Na,CO,
INZ5E A Mg™ o Wk B BB H5 Il 7E 7. 35 mg/LL, Ji
PR HTVERCR B A, T Z A5 Mg (OH) , #idt
PLVE
2.2 BimEKTIRERTTMESRIRIE
2.2.1 R K TS eI

3 0 5E B K K 7E Ca (OH ), +Na,CO, #
NaOH+Na, CO, Ak Ak Bt A5 v (1) B P2 vk S5 vl AT
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K Ca (OH), + Na,CO, A& P73, h T
Ca(OH), RN RCRAL RN IE BER 4 CaS0, 55 FR 5
JEPRL, — 2% 2 0t T B 1 A T T A T ik vk 24 Oy
35 000 mg/ L, 2% Wt I B IR 2k 1 T 4R Jo i Vi B
2574 13 000 mg/L, IR & J5 15 e BT i vk FE 2924 48 000
mg/L, N TBj1k—%% Ca(OH), [ i id 7 b 7% B8 1Y
Ca(OH), #EA "% Na,CO, I ith , P& 22 8] 75 B
W UM LUMFAIES 3 Na,CO, SN2 il vEri:

K H NaOH +Na,CO, 20 & # b it #2 v, 2 g B
P Mg(OH) , Fl CaCO, f X 23 F 3k R —VLTE
th , ek R, 2N T S I Ak 7 [ A P ¥ o R A
18 000 mg/L 45 .

25 F AR, 2R ] NaOH +Na,CO, 44 8k 75 =X
TR T5 IR 8= 20K Ca( OH), +Na,CO, 404 M25 )57
KI5 =1 37. 5%

2.2.2  BREREK AL TR il

WK 5 s, 2% ] NaOH +Na,CO, filn 24 )5 2K
G R LT 16,5 h ZJEBUS/N T 46% , 1R H
Ca(OH),+Na,CO, INZj =IO M5 &t 2 h &
OB/ T 50% , e 253 7 h PUTE I 15 TR AR FR U8/
T 63% , P Ca(OH),+Na,CO, N2 75 AL VITE
B EHA—E R,

1100 - ~+—NaOH+Na,CO,
1000 L —=—Ca(OH),+Na,CO,
900 |-

@®©

f=3
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T
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g
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Fig.5 Sludge Volume Changes with Time under Different

Softening Methods of Desulfurization Wastewater
TIA KPR AR DT AT T XL A ) ST
N7 8 fir 7k, NaOH +Na,CO, /= A= 15 8 24 N
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Tab.8 Comparison of Different Dosing and Softening Methods for Desulfurization Wastewater

T H 1# NaOH+Na, CO, 2# Ca( OH),+Na,CO, B/
TNZG A (J6-t7h) 53.95 70. 59 -
DLVETE L 16.5 h V5 RIE N T REZE 54% 2 h 15U R %% 50% pH {E#24 10. 50

ER AR/ (g L) 2718.22

24 48. 00 AR SE U I A5

I NE T T S o = 20 o I B TR B
PRV G 0 B S, S R R,
Ca( OH),+Na,CO, fl NaOH+Na,CO, 4 & mzyJy
FAE pH (HM 10. 5 ZEA4 B, Ca® Fl Mg 1] L) 4 i
BMEBR,

(2)Ca(OH),+Na,CO, &Mz 5 =4 /)75
Je it b NaOH+Na,CO, G257 K 2 5 A4,
(ERIERERAIN 2 & =

(3) A3 H 12t 56 /K F Ja KB M at 2E K, >R
NaOH+Na,CO, 415 Iz iy A 455, I
SEBREEAR K 2T R, A5 AT H AR K 7K K BT Ry
H.,$EEE NaOH+Na,CO, IEH A m2h =0,
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