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Abstract A textile industrial park in Nantong, Jiangsu Province is far from the city area. Water usage in the park is transferred from
the Yangze River source water plant in Nantong, which is a long distance and has a high cost. Therefore, the park needs to build its
own industrial water plant on-site. The original of the water on-site is as high as 340 mg/L, but the industrial water hardness needs to
be controlled below 150 mg/L. The conventional treatment process of the industrial water treatment plant included mechanical mixing,
plate and tube coagulation, and flow sedimentation tank + V filter. In addition, lime, sodium carbonate, and carbon dioxide were
added to remove hardness. Under the original water conditions, through small-scale trials and production debugging, when the lime
dosage was 180 mg/L, the sodium carbonate dosage was 80 mg/L, the polyaluminum chloride(PAC) dosage was 40 mg/L, and the
carbon dioxide dosage was 28 ~51 mg/L, the water hardness could be controlled at around 120 mg/L. The implementation of this
project not only greatly saved high-quality Yangtze River water resources, but also reduced the water cost from 4. 27 yuan/m’ to 2. 23
yuan/m’ , which has significant economic and social benefits.

Keywords industrial water treatment plant( WTP) hardness removal conventional treatment lime sodium carbonate carbon dioxide

(KA EEA] 2023-04-19 Y1548 B 2 T 5 207 20 T el XM o 3 T DX 48
[AEREAT AbRERC1960— ) 50 Fig LRI, ERAA AR gt el D FH7K o e TIT K VK K 26 K B
I a8 B BT AR, E-mail : 425668736@ qq. com,, “ T X —

DBISIEE] (RVER (1985— ), 99 Bk, #20TRN, TEA2G k ﬁz%{,\,ﬁ_)ﬂ%{ﬁﬁﬁm?kﬁf 3.05 J/m, LAV
HEK TR VRN TR, R Mo dokik T KON 427 J0/m’ DK o B TNl b A
PRV 5% T4, E-mail ; 1123524462@ qq. com,, I A ABEBE kA 7 P K 4R HY T 6 R S R

— 124 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42 ,No. 10,2023
October 25th, 2023

A TE R FH K B P& R EER  REAR Ak 7K 2%
AP A SR K BRI, P 7E i X 4 B kK, 5
IEBUK A —E TAK RS, HKK S % (YL
T Y (GB 50426—2016) Hisk | HAf i 44
#1%] 150 mg/L( LA CaCO, i, F) LT, BT
JE K SR 0 B T I 7K R 18 HE T B, B A 9645 i )
2 2 km , JE R B2, B KB BER A, KK
22, B P e H AR AR B K B 53K 340 me/L,
DK RE BE v HANRESE , M7k AR 8 75 4 i 7E 48
RACE AL BEXERE &7, PT A S 22 /0 Tl K)o
B 12 1 m'/d, — B 3 5 m’/d, SR LAY
IRA TR S B R DITE M +V B e A AL B T 25 2R
K (Na,COy S CO, 55245 7 2 S 4 & %oy
T AdiA5 K R B B A PE HITE 120 mg/L 247, 1
FRIREI/NT 150 me/L (9 HARE R, 30 H S Ab
AR 2.23 Jo/m’, B AL PR A 1,47
TC/m’ 5 I 2 R 1 ) oA Ah R 2B AR Sy
0.45 J0/m’ , A1 bt DA F 38 7 DX A AR (R 4 YT K K T
AV KB (4. 27 J8/m?) %30 B 25558 3kss B
i, RAF KA AT, J5 LR g e 2
1 Tk RETZ
1.1 &Ik

At A A KA IE % TRE R IEK
AR BE BLNER 1 s

F1OZTRBIHHEK KK
Tab. 1 Designed Water Quality of Inflow and
Outflow in the Project

K B bR PR Bt KoK
I EE/NTU <50 <3
R/ <20 <15
pH {H 6.5~8.5 6.5~8.5
Bk/(mg L") <0.16 <0.1
5/ (mg-L7") <0.01 <0.1
BEY/ (mg L) <15 <10
g/ (mg L") 260 ~340 <150
R BRER TSR (mg L") 7.9 /
AT E R/ (mg- L") 18.7 /

1.2 BREEIZFRE

— PR, 7K P A5 P 2 B A A i AR Y
SR, KR B R R o R Sk R R [ 0
Ca(HCO,), o Mg(HCO, ), ] G, 7K 1K AHE

JEE T 2 A FIEE (1 A7 Rk sl Ak B 12 1Y

K H B R AT LLGE 0 kAR BT R
W BRES TR LR, Hi, B AU T bR
K AT R BE | i DL 25 B i BB BE 2 K A i R
AR Al A LR AL B 3, SR F
AL W T T R AR, B s AT AR
Y R BB AT AR, AR BT
L B % TR R AR

WFFE W, A0 K A A vk T A B st
T KA AR BRURE R 0K R E T BRI, B
AR BE e (4 7K, AT SR A IR — Sl it 12, BV
TR T BSFFE 45 5 B 1 466 ( Na,, CO, , XFRIRFT)
SR (1) ~ (7)) BB,

CaSO,+ Na,CO,= CaCO, | + Na,S0, (1)
CaCl,+ Na,CO,= CaCO, | + 2NaCl  (2)
MgSO0,+Na,CO, =MgCO, | +Na,S0,  (3)
MgCl,+ Na,CO,= MgCO, | +2NaCl (4)
MgCO,+Ca( OH),=CaCO, | +Mg(OH), | (5)
Ca(HCO,),+Ca(OH),=2CaCO, | +2H,0 (6)

Mg(HCO,),+2Ca(OH),=Mg(OH), | +
2CaCO, | +2H,0 (7

MUL AR BT & K 8 B RE AT D) o
Bl BN B 47 JK Ko Na,CO, %% 78 Jg X % T 7K i
CaCO, MgCO, Mg(OH), SFVLIEY, Ja K] b B
T AT b S D b B T | E R R AT A F
BREBET
1.3 BEEIZRIR

BEXS B VR T (R AF BN FXS 4, Tl
K REH T Ko AE S an &l 1 R

TR 2 NI i B A LB . A7 K Na, CO,
FEINAEGTIE th 2 715, 7K HP A B 32 2 A R 75 17K 11
ULVEY) , H R PEDTve it h It vE KB, J5 2 bkt
FEOCHH R 7K B bR 2 5 3 &om Co, 15118 pH,
AP RUE R KA BE SR AR, TRl I 0 T 7K HoAth 4
PR RIFEAR MEN . T H A JK | Na,CO, , CO, #BiX
B 2~3 O AL, DMET 2 S 80 A R4
A A, FEA R R R A S, T8
FEFE R ST

(1) TolbK T BB b IE i i % 1& KoK BT
VMU AR 3 NTU, “F- 3 UUUE Tt 58 4= BB #5 14 H1]3%
Hn, (A FEE R, 5 B K 32 L BRAE A V5
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Fig. 1
JE A SRR bR, A DS OGRS S AT
EPEAME R S BRAL B2yt sl BRI AEDTTE D
ZIEHIN TR T, M FUiiEd s ILRIVE R, KT
TERTEEDE] 90 min, JE M I8 HEE =5 9. 58 m/h,
(2) 2252 53 RGN )25 1, R A B s g
2557 B4 1)K Na,CO, I CO,, THERFHZ 257,
RS, A KB TEERSSIRS
PN A Na, CO, BT TR At At vE it
A PPN A5 CO, RN ER 1 108 b Hiy AR08 v J
PSS, 1T 35 X 25 A i 0, CRAIE A B 3R A
(3) ANy, w0 AR . B 6 R 24 4 A
2 R R O RIERE B T RS B B0, SR A A Sl
G, WA KRB AE T8 250 mg/L, #
RN 7. 0% 3 %3 Na,CO, i K NHN 250
me/L, &0 5 i 4 15%, A K
Na,CO, ¥k, 7K pH fw s, #%00 CO, #47

b3 VR 2 HE K
A BT AR

Flow of Treatment Process

pH P75 456 ) 7K pH, it CO, e R4k
80 mg/L,
1.4 IMKEUE

AT A M 2557 A A K Na,CO, ., CO,,
PAC(IREEN) R H R (HETER) . NiE R
B 19 Ak B R A% fin 2k AL sk /N R R A 2 R 4
I

/NI ARS8 B >R FH A 30 TR K bR A 35
Y RGN ik, b i B R £ — e 2R —
I 2 T, pH SR FHBE B8 AR I VAR LR R R RO

RERh T OLEAT 4 A1, fe 2 KRB R 3 21
I IE BULhR I 22 il 25 SR 42
141 FefEA KRB

TE[EE Na,CO, PAC # MG T, 554
[ 2 K BRI O, 15 A K
g PR OLANER 2 R 8 2 B

T2 A RENES KR 5 0
Tab.2 Effect of Lime Dosage on Hardness Removal of Outflow

) Jﬁi/kﬁﬁ_r;ff/ Bk pH(E JFOK¥E  PAC &ﬁii/ Emﬁﬁii/ Na, CO, %{tn Hj/k%éj_ﬁjf Bk pHE ok

(mg-L7") JlLEE/NTU (mg-L™") (mg-L™")  H/(mg-L7") BE/(mg-L™") U/ NTU
1 188 8. 06 15.8 40 120 160 88.4 10. 00 2.91
2 140 72.5 10.19 3.37
3 160 60. 3 10.36 3.49
4 180 54.7 10.38 2.45
5 200 46.5 10.53 2.95
6 220 41.4 10.76 2.1
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Fig. 2 Effect of Lime Dosage on Hardness Removal of Outflow
NG eat NNV ey E S I INER: S IRV
Bl A1 KB 380, KR B R T AT, {HL

7K pH 2Bl A K3 200 LA, F RSN
|13 pH B CO, i HRAE K, SIEMA L, K,
ARBON i 7E 0 KR BE AT S O T, AN EOR
AR T 200 me/L &, BT B0 & % %
I HE AR 2 8 SR R AR, A DR A1 7K R B A7 10
255 KRS BE SR #5 i A JR A 75 A8 KT 200
me/L B/ INE I, 25 i3 22 B il 2 00 st 3 AR A 1
B, WU 2 A KB S I AE 180 mg/L,
1.4.2  #cfE Na,CO, #hnEiR5:

FEEE A K PAC B O T , WA A
Na,CO, 24 & &, 7K B 846 A8 fb 1 0, 15 10
Na,CO, gy  FEAIEALanER 3 I8 3 Fis

R 3 Na,CO, BEnEXt /K B A5

Tab. 3 Effect of Sodium Carbonate Dosage on Hardness Removal of Outflow

g JEKEIE. L BUKFE PACHUNEY FRENE/ NeCOLEENN UKTHE ok ki
T (gL P BE/NTU  (mg-L™))  (mgl™)  B/(mgel) FE/(mgel”)  pH{E Ji£/NTU
1 188 8.06 15.8 40 180 80 44.5 10. 53 1. 69
2 100 56. 4 10. 23 3.26
3 120 60. 1 10.18 3.28
4 140 51.7 10. 19 3.72
5 160 46. 8 10. 29 3.40
6 180 37.6 10. 54 3.02
63 MAR IS S5 5 T 0L . B Na, CO, B 34 in,
iy KB S G T AR O 4 985 Na, CO, 1
ﬁEDSO KF 120 mg/L J7, H KB BE 46 T B, J5 A oK A
H,s FEAR T8 5 i K B RE , (HBEE Na, CO, £ 4t 4%
40 o, 2x515E 17K pH 3, o, i A& 28 K, il
35 Na,CO, A4 (80+20) mg/L,
S 100 120 140 160 180 1.4.3  ffE PAC #nEil5e
recofimimel ) TEF 2 £ )6\ Na,CO, B 1 T, 52 A
B 3 Na,CO, $Eh X Hi /KA R Y 52 e ~ L . o .
. [f] PAC 2y T, /K B 5 228 A 00, 45 45 £
Fig. 3 Effect of Na,CO; Dosage on Hardness e . .
. PAC Nyt TEANIF BL Ik 4 &1 4 FiR
Removal of Outflow
R4 PAC Bt Hh K B B B 5 0
Tab. 4 Effect of PAC Dosage on Hardness Removal of Outflow
5 JFUKTE )/ Bk ol fE FkEM  PAC Bt ARBIL, Na,COy S0 HK -3 18 HK KR
(mg-L7y P BE/NTU (mg-L™")  (mg-l") #/(mg-L') BE/(mg-L™')  pHH BE/NTU
1 188 8.06 15.8 10 180 80 81.4 10. 65 10. 10
2 20 60. 4 10.70 3.87
3 30 58.8 10. 57 3.28
4 40 50.2 10. 51 4.54
5 50 55.1 10. 35 2.44
6 60 57.6 10.28 6.87
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Fig.4 Effect of PAC Dosage on Hardness Removal of Outflow

IR G 25 S 0T UL . B A TR E R PAC VR 23S
R IR E ST R R 3 1P 5 U I TR O U i R
S KRR 25 /K T 8 R B 32 43, i
PAC #0E K (40£10) mg/L,
1.4.4  FAERMAE T RilE

T E A7 K Na,CO, \PAC iX 3 FhHF 5% # &=
TRV N S N T B2 2R LU N @ T € P
LRV B R B ek 2 I S ot N = R (TS
FIF7R o

RE5  AFEIZGFHNE S X H K EEEE 150
Tab.5 Effect of Different Drug Combinations on Hardness Removal of Outflow

£ )7??7](@?/ FOK o fi JUKEEM  PAC mﬁ/ Emﬁﬁﬁ/ Na, CO; i mzkﬁffﬁ/ ok H K I U
FE - (mgl) J#/NTU (mg-L7") (mg-L™")  f/(mg-L7")  (mg-L7) pH {H J¥/NTU
(1) 188 8. 06 15.8 40 0 0 187 7.74 1.04
(2) 0 180 0 126 10.90 181.00
(3) 0 0 80 143 9.70 38.70
(4) 40 180 0 90 10. 47 2.48
(5) 40 0 80 141 9.50 11.20
(6) 0 180 80 86 10.94 3.20
(7 40 180 80 47 10. 92 3.40

R T 7 RAA TR, GEREW . TR H
3 AR AN BN BT ROR R b, K B R BRI
IKE] 47 mg/L; I 52 (1) A JKH Na,CO, BIAFINAT,
WK d i, SR BBRAR 1 R (2) M E
(3) Bl (6) BRI, R R | TRE AR Jes 75 43 hin 2

TREERCRA 5 %] H KR R K
1.4.5 AR S AL

X1 K Na,CO, Fil CO, 7E A [RI 45 o5 Y 24 1
AT TGRSR (A 5 B X, A 5 C *FH,A 5D
XEEG)  FEAIE L AN 6 Il 5 iR

R 6 BN AL A E A5

Tab. 6 Effect of Different Injection Points on Hardness Removal of Outflow

. Yay &) 1K= AR Na,CO; #& Na, CO; $hn Co, #&m CO, #&hn
wm kg, DCH s N DA, o KR/
Sl (mpel ) R/ At i A it/ DR UMK, uEKE, (mg-L™)
S P4 mg- — — mg-
. (mg-L7") (mg-L7") (mg-L7") (mg-L7") (mg-L™") (mg-L™") 8
A 278 180 / 100 / 40 / 131.25
B 278 / 180 100 / 40 / 137.75
C 278 180 / / 100 40 / 138.25
D 278 180 / 100 / / 40 129.25

MR 06 5 1, DAt /K R B ) AR A R
g5,

(1) A RBOINTEAE B IR G 25 RO L T8O 21
RA AR, F2 RN T BN E a] R e
JKFN Na,CO, 438N,

(2) Na,CO; & ANTETR A Wt ()RR A0 T 45 )
DUUE A v, 2SR PR 3G I 7 B g B[R] ] s 78
Oy BAE T UUTEH A TTIE 7 B AEH
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RORA B A3 Tt 2R PR B m A
JKFN Na,CO, J7 , i B2 T2 1 A4 170 U8 ) Bifi 22 9 DT € 7
TR LN S i b B TR AR 8 e R -1 L RN
SRIM CO, BEINAEDE M7 23 FEAIRK 1Y pH ¥ O 4™
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s CO,+ CaCO,+ H,0=Ca(HCO,),  (8)
138 S/ e
e CO,+ MgCO,+ H,0=Mg(HCO,), 9)
—T'\ \— ) — .
3134 2 IRBEBITRREBESH
S1320 13125 2.1 BITHER
%1 22 ATHT 2022 4 11 A @K, 20 iR
128 s L y
ARREIBAT, KK BT , 7 K B 25 B i Bl
126 .
oy BRI 7 Fos,
C IS .
S A 2023 4F LI, #2240 ~300 mg/L, i
B 5 IR 0 A R 1 B IRBEIEAEFFAE 100 ~ 138 mg/L, thoK HOBRRGE , [F] it
Fig. 5 Impact of Different Injection Points on /ﬁ\:'ﬂh *IEIQ 1:/]? :V)j ﬁ% (% /@ << Elj % I r _& ﬂ‘ ﬂ] Tli>> ( GB
Hardness Removal of Outflow 50426—2016) %5}( o
K7 FREBTTIEE KK R 25580
Tab. 7 Inflow and Outflow Water Quality and Chemical Dosage during Stable Operation
I Y FER A REM Na,COy AW PAC  IRAMAHHT WKMok EE  EBEHKEE
R i S URBONE, frhn Bt/ s, i, Co, Bkt
(mg-L™") (mg-L7") -l -1 -1 ! L -1
(mg-L7") (mg-L7") (mg-L7") (mg-L7") (mg-L7") (mg-L7)
2023-01-01 295 124 220 120 40 6 6 28
2023-01-02 290 122 220 120 40 6 6 28
2023-01-03 292 122 220 120 40 6 6 28
2023-01-04 298 124 220 120 40 6 6 28
2023-01-05 295 135 200 100 40 6 6 32
2023-01-06 300 138 200 100 40 6 6 32
2023-02-01 282 137 200 100 40 6 6 32
2023-02-02 284 132 200 100 40 6 6 32
2023-02-03 278 134 200 100 40 6 6 32
2023-02-04 280 130 200 100 40 6 6 32
2023-02-05 276 132 200 100 40 6 6 32
2023-02-06 280 126 180 80 40 6 6 32
2023-02-07 268 126 180 80 40 6 [§ 32
2023-02-08 272 138 180 80 40 6 6 32
2023-02-09 276 134 180 80 40 6 6 32
2023-02-10 258 130 180 80 40 6 6 32
2023-02-13 256 120 180 80 40 6 6 32
2023-02-14 240 102 180 80 40 4 4 32
2023-02-15 256 100 180 80 40 4 4 32
2023-02-16 260 116 180 80 40 4 4 32
2023-02-17 255 106 180 80 40 4 4 32
2023-02-18 258 104 180 80 40 4 4 32
2023-02-19 254 106 180 80 40 4 4 32
2023-02-20 260 112 180 80 40 4 4 32
2023-02-21 256 116 180 80 40 4 4 32
2023-02-22 254 116 180 80 40 4 4 51
2023-02-23 264 120 180 80 40 4 4 51
2023-02-24 261 117 180 80 40 4 4 51
2023-02-25 257 116 180 80 40 4 4 51
2023-02-26 271 117 180 80 40 4 4 51
2023-02-27 265 121 180 80 40 4 4 51
2023-02-28 260 119 180 80 40 4 4 51
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BATHIW, 41K & Na,CO, TGRS A 437, )5
WIRE R 32 17 20 50 A 38 0, A7 BB 5% 2 78 180
mg/L,Na,CO, #IMHEF2E 7E 80 mg/L, PAC &
FRETE 40 mg/L, £5 Fh 25 B it 53050 il R HE A
—,

CO, BINAEUE )T HK B8, iR K pH HHL,
BehmmEAE 28 ~51 mg/L,

2.2 WAL

AT 12.0 77 m*/d, — ) 35 R
HJ3.0 0 mi/d, — A TR AT 17 759.24 7
JC, Hi TARZR N 11 487. 14 J3 70 ; BAf7 AL B A
H92.23 Jo/m’, BRI AL PR E A N 1,47 J0/m’,
SR L R VDA S B 25500 b A K BN SR 990
J0/t, Na,CO, Bty Jg 2 750 Jo/t, CO, BAff 4% 845
JU/t,CO, EHEFL 55 3544 6.2 J7 v/ 4, 25 I # Ay
BANTREAS N 0. 45 J6/m’

3 N

(1) PRI S SCPras AT L, « 22 5500 A A%
Jn+1R25 Na,CO, $&M+/5 CO, $&Im™ T 20 %4 B 11
FERBEA B ERCR . AR K EE R AR, A K
Na,CO, [ PAC YR80, A K s S p 2
TR A4 s Na, CO, S i A 2R At ; CO, i
PRI 07 2 b KA

(2) F RA N B3R e KA B {0 pH 2Bl
AP B 20 T, S EUS SR Co, AR
K, GEEA BT, #BURYEIE KR O, 454
IR B ELR Pl A RN B AEAS KT 200 mg/L 1
BANER, BEE Na,CO, BN 38 i, 1 /K 1 i
Je 2T 3 Na, CO, M KT 120 mg/L Ji5 , fifi B 5
PR RS, J 300 R I T 45 AT K R
{HFEE Na,CO, BN, 2551 7K pH B Hm,
CO, i 75 K ; #1% Na,CO, $Ehnt M (80£20)
mg/L, Bl IREEF] PAC $hn 38, H /K A R 5
PR AR 120 G U B TR B DT T 355 SR 2 i) 1 K A
B S5 A KA R BB R A A, R PAC $Eni
ﬂ\j](40110)mg/LO

(3) 7EHE K AT B2 Sl 240 ~ 300 mg/L B, 0047
JK Na,CO, Fl PAC (5T H ¥ B 5331 2 180 .80 mg/L
F140 mg/ L, AT A %50 H. 2857 b 5¢ B % A BE (19 25 Bk
CO, IFNR A 51 mg/L, A0 /K89 pH (835 78
7.5~8.5,
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(AT 3.0 T3 m/d, T H AL
REBRISAS S 2. 23 T8/ m* , BT AR B2 E A 1. 47
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