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FEZ SR SR B A RS R B A R 5 (350~900 mg/L, CaCO, ), 25 PR YU Il K2 A 45 5 UG I A, 3 2ok S 6 28 / Mk i 2k
H B = e A ( TAESSHZ5 5 550~600 mmol/L), SEAKIEATSEGRUE 12 m/h, FiE KIS 69%~8% NaCl), FF4E 120 m’/h Toly BUBLEAE ] £
SRR BRAKRE BERUE P I 0~ 130 mg/L (L) CaCO, ), RyznarfiEFHEL(RS16.0~7.3, 14 $h#E210~245 g/mol., A58 BUK 7 A2,
I K AN BA R 0.755 78, Horbr: £20.684 78, BIR0.069 7T, H10.002 70 FH2E R P 8 42 J8 e E 4545 GB 25467—2010 YHERTHRIfE(Ph<0.37 mg/L,

Zn<0.45 mg/L) o ZF AN FZHLE K B R 100% , fitek 1 5 B 215 P

IR A7 B TRV, Sy iR RE AT L B K A B AR T AR T 5

LA

KERIA: BT BOKIUA ;s B RER A s FEARERA s AR BRRE SRR BTk
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VLV 4 M B 03 A B2 ) L B A HE K ik
28.7 v 1, REEEE#AR(Ca” 122.5~341.5 mg/L,
Mg™ 12.2~15.3 mg/L), AFF45{GB/T 50050—2017 T
AR AR AL BB TR ) A EE < 160 me/L 1) E
R, R TR ARG, K U 4G
Yio MIETTSZRBE, BAT L A KT 5 E
FAT R DTS T3Sk ™Y, hilt— 2 L
F 2T I AN KR AL 2 501, XFEE TP
P T2 R A (R 1) A A B AT LA SE i fh 2
DUVETE L BR/K i BT R, (R 7 AR 5 1l FH 4
DA BEREAR, WAKERAL 2 7 A2 ¥1.35 78, AHLL
2T, B AL AR S RO T A

AWFFE 2 500 (LI E— Y/ MA—4 m'/h
HRX— 120 m'/h TAVSGHIE), RGP THIEIERL
A= T2 K IR R P R s S S ) B, A 1L
PR IEACF FHER AL T 4R S P, R SsMIEK
WAV S K B R 5 (L CaCO, 1) B4 5E 21 7 130 me/L
PI'F, RyznarF& 2 $5 U(RSI) /r F 6.0~7.3 Z 1], W]
W A L AR A A 7 KA BE S AR (<130 mg/L) 245
P AR P 2R (RSE— A% i 7E 5.6~7.5) o [lA, R
673K Tl 2 K R Se, 58 T R He i
KRR, AbFE S MK B AT 22 4 F Tl AR =, JLH
T e TR H KT 3K, A8 T 488 253G
) T

R1 AFIRESEFTIRERUN WM T A L

Table 1 Comparison of chemical precipitation and ion exchange methods for softening mine effluent in terms of reagent costs

- JEK A AR L /(mg/L) B LR G 7K 25 THAE kg i 7k 25 )
- W WE G Mg Ak i Bokih AR M ok RA/E
feE A 0.1 0.43 — 1.350

00 130 180 15 600 3000 1328
BT ack — — 0.76 0.684

350~900 mg/L( LA CaCO,31) . #"Kiakw LA e Tallik
B TE IR HE VAT, AR SERRAMIEK . K5
K 25 5= W], SN KB BEAATE — e I3 . 280
& 4 400~700 mg/1L( L) CaCO, i), AT A 350 mg/L

1 &R B

1.1 R REENAF AR IEE
S5 3 AT 50 T T K R BEARLK, H A
R 2 1L 0 5 4 HE O AN HE K B R R BC L, R
WS EHER: 2025-08-25; fEITHHA: 2026-01-04
EEWA - VLB BRA B LG SMIE K AL Tl F G BEH AR B 7855 H (WTYJ2022004)
EEEA: IR S(1983—), B, WLWEHEGE A, AR, SR TRIE, WF5ET7m: GHKEAR, E-mail: 84430789@qq.com; JlAfHfFE# :
gkfil, TR, E-mail: 34186723@qq.com
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(LA CaCO,3), EIFATI% 900 mg/L( LA CaCO, ), H
fth = ZLAFHAT CaCL(AM T2, 99% ). Mgel,(4rHT4l,
99% ). BRI &L AR R A I AR IR A
W#E2,

*2 FEMNHEEEH

Table 2 Main instruments and equipment

E20s R AR
WET PR DF-101S WreE Rl
ISR BT100S Bt
R fikE DN200-400 FRYE T
pHit pHS-25 EE
TR ME2002 Mg
ICP-OES Z ik Avio200 PerkinElmer
1.2 HARERR

AT H BBFSE HAR (£ 3): il am shHEK
AL , g K FRE E (LA CaCO, 1) F8 € 7E 130 mg/L
VLT, RSIN 5.6~7.5, A BIE LT A 7 K i i
JEFRIR, ALK TOlk Z K R4, EMAcE
TR K TRE, BN KBRS %A Tl A=
FHEH

*3 HARBH

Table 3 Technical objectives
ZH fifi3 (A CaCO, 1)/ (mg/L)  FAEFEE(RSI)
A AR 130 5.6~7.5
SPRas R 0~130 6.0~7.3

Ry W R A0 HE K 3R Ak 5 R AR s UL B v A0 A
F, TRIE By 1k 48 38 253, AMHEZK Bk )5 ai R 75 1%
F 160 mg/L(LA CaCO, 1) ' M4aTE 4R 6 4 7= H
KA R BHIRT, 1 R BHYT YA K B B 2447 130 me/L
(PACaCO,iT), Uk, HiAR Hbs#E HIERE 130 mg/L
(LA CaCO,3t) LA F. Ryznarka & 45 #(RSI) fY i 3
JE I T FE A7 ( Langelier 1R85 S T4k 7K 5 1)
FE Mk, 3T RSIPEM KRS RS S5 35 sl ol ) #2
RSUE#ET 6, RGUMERAE ; RSUNT 6, RGA 453
l; RSIKT 6, REGA G, A=K i
RSI—fBi 7 5.6 7.5 2 Ja), LIk e 4",
1.3 S#itE

ARG HE O B S i A T R SS H A
TAER A 5 R sci s, DA FE . nl
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IKERAEIATELE
131 seigiem
BT A i (1 S 4 75 ek A B FHE R IR i AR AE
B F IR R Y R, A AR A i TAESE
g A SeH =R R T 3 MRS
R BN AR AR BB T S S SR A A
P B s TARSSHRAR t R IR 7E R 2 RIS
TAHRET), B SRIERIZE | Asc A, UK
FR TAEZAM WA AL W3 . R S R A
Ky AR SCHR A B R R AE— 5 B AE T i 450
WA A R P S e i, R v A fh 2
BT AE S R FERE . MAISS s i . AR
s (D) T
FxLxE=QxTx(H, -H,) (1)

K FABFACHasilm i, m*s LAE)Z
m; ERASHA L, mmol/L; Q NAKA/KIKE, m'/h;
TRFACTAERW, hy H EkKE A B, mmol/L;
H, R KRR E

AR AR e 25 /1 B B, FLRS [R]85 o B, 1Y
B TR TR B E By, HHEIAY 50 B k%)
T I H KA

Horr, ﬁf’ifi?ﬁ%gﬁﬁj (mmol/L) 7] 1 #(2)
A,

FxLxE, =Q xT x(H,-H,) X(2)

K Q HPOKERIKE, m¥h; T KA TAERM,
hy H, R FAEER KK EE B, mmol/L, H, k154 &
58 U] KR RS, mmol/L.,
132 iR

R 3 SR A S o AR B R R AR 1
KAHERS . AR TR I A R v, Y sE
WE N A s S T AR s B el 7E
W 28 7 22 U= K I FAE DGR, an SR F A i R 4%
PEREAR, VERGRAAG; 1Y F A R e o TR,
PSR T RE S T TAEsc s i, i S8
VRN T 100%, el iR TE i =0(3) #47.

S=—r #(3)
E

SR SWPEIR, %; B, K FEACHARE, mmol/L;
E gy TAESSH4ek, mmol/L,
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133 FEERAE
MR LA EBER S Ca>, Mg 45 G, RIARAY
BALRE xRk Rk, HOKER ™ 58—l K
W, 5 LIRS CREMAR AR P4l 45 19 Ca™,
Mg 5 Na' 52 e, MRS ALRE 1, Sd #A )R
ORI DT AT HEAT — M RK R, A ERAE T
X(4) 5.
Cle_xT'_=Qr><Tr><(an—Hm)xS #Hi(4)

Xrp: CRHHAMBR AL, o/L; Q HHOKERK
i, mhy TR TAERIA, hy B N HARREE K
T B2, mol/L; H,, iy P A2 VS 7K P 34 8 B, mol/L;
S Ry A ERFE (SR U A B B ) S A T
THFEFAL BRI B EL ), g/mol,
IS Tl bR R, AR AC e 25 B wf
DI , AR SRR v a0 (5) T U5
ClelezQz><T2><(Hn—le)><S #(5)

X COHFFAERAMENIKIE , o/L; Q NHOKHIKE,
m'/h; TONFAE TAERIN, hy Q, A3KAEK/KE, m'/h;
T, A TAERIA, hy H g i KF-BIRERE, mol/L;
H, Ry B KEEIEE  mol/L; S AFHEERFE, g/mol,
Hr, H AT —Hek K4 R, H,
R AR T R KRR
1.3.4 Ti/KELFE
i 7K ER A 1 58 SRR AE 7 1 AR AR K BT IS FE 1Y
T AR AR P A i AL B B i . 7E S PR b 4h
Hekrb, PRIEKOK BEAN ], 7K ERFEAF TR 1%

F4 SMEEKKER SR

Table 4 Composition of external drainage water

g, mKERFERE S E(6) T

CxQ xT =Q,xT,xK #(6)
A COHPER AR BT E, of/L; Q, %K
AKERKE, mi/hg TONFHAETAERNL, by Q%K
KA, m'/hg TR AL TAE R, by KOAMiKERFE,
ke/m’o TR AR R, THE TS K(ERD
MK ERFRE

2 HERE5H®

21 ZHEMEREHR

AT H L A0k T2 A B L - B HE 14
HEoK , BRAR S A R RS 5 AT T S PR AE T 2 7 Bk
(P BT 7K 134 mg/L), A BESEERAMEK G Tk 17 H .
F 4 R A HE KBTI S A, R UL AT HE 1 AME
K Ca™ BT HE U BE UL SR, T HABAE PR AR AR AE
WRYEJHRE, AT HE O A HEK 2R IE TR I
Ko LI TR K FEER A A Z B KR A K,
HpHEAET RIS Z 0], Ha5mtE, KK 53
fabr, bR TEIEMZ AN, TR HERR 2 N,
HURG 0 T P 2R DT TE AL BRI TSR AR AR . W oh
HEK SHEATORE RS R B, WY IRIR % Y
FE TR TR E AR (HCO, ), %3 Tl o 7l
YERHEATK Y, [RIE s — &R 8 B . Ak,
A 0 AR e A e A — o SRR K, Bl
& Ca*, Mg e BEAR Ak, 7K JBThd B AT 3K 350~900 mg/L
(LA CaCO,T1), A LA IM AN Tl |0, A ™ o
b, BRIHTE X MHE K A TR A AL 2

=] FEARMH /(mg/L) sl HEbRME /(mg/L) | FEPAIL /(mg/L)
5 122.5~341.5 PR pH7~8 Sk 4.4~7.9
BE 12.2~15.3 TR 225~260 By 8.5~13.9
2 0.0813~0.0894 R 140.6~198.1 Mz 10.8~14.1 NTU
il 0.00125~0.00136 JEX 0.0257~0.0464 FERIES <0.2
) 20.3~22.8 petes 0.0017~0.0025 ey 10.4~14.3
B 13.8~16.7 COD 16.4~23.7 ST A 500~1520
2.1.1 AT FRIKSEAR R Ry BAUK A B 463 mg/L, M = B

JeAE SR B MRAE L LR A R AN HEK AR

%
255 cm, FARMARFL2.05 L, #7KIFH 24 mh, TEi% T

JEPCE ALK, SR IF F AR XS ALK A7 b B
AL K B R B K (R 5) IRIESHBORL, K

BUT , HBOE /KBRS R O, IZBOKAE RES e e A
72 140 IE AR ALK, R IR T AR SCH s

115



Total 199

ook TR

JEE 199 1

x5 ERKEBEFLBRMERLIESHEEFIRE
Table 5 Changes in calcium and magnesium ion
concentrations in water before and after softening

by ion exchange resin (mg/L )

miH FE T BT
RHIK 157.92 16.58
Ak )G HkoK B <0.1 <0.1

T 646.7 mmol/L, 5K, B2 ikfigmal s
BREALUK R Ca, Mg, AR R RE ™
2.12 W ER

REEA VN AR G O PERE SPEM Hds s, A
T e P2 I BT L SRR RN A = B S Ag
BERg, o ml#EAT 1 S LU K —REAEPE RS, JF
XA AT T (B 1), 558K 76
TAERR A o, BTG ETRIR e, otk
Z, SRR, Foh B TG TR s shi ok, I
SEFFBON R B A R AR, o AE 2 AR E T
Z R R 5 FIAE AR AR R B T TG 7 > 12
SERE> GO, BT R AT, ISR I B W
i, At TRl =R AR AR AE SR AR 2
AR, AREESRR I S i . AR T TH, BTN
Y2440 /L, 3R ¥13.8 /L, 46 ¥9.2 T /L,
i bprid, BRI S A =, SRR
PERE 5 A TF, FORARTEsCH A w . e
PEFINAS Z 5 R Ay, PR R oS . PRIIL, AR
H BRI R A A MK AL T2 R -

800 250
~ 700} —O
ig 700 \i @* s Louo g
g N 2
N7 Ny Ny | o
& A 4 %
N ¥ Y

400 h \

NN T rar R T

BT TR R B sC B i S A 2h e

Fig. 1 Exchange capacity and regeneration salt consumption of

different resins
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2.1.3  FUEMEAL

BTSRRI TAE S A i . A SC e A it
T P A= 8 R L5 I FOK 38 I AR ROR 51847 R
AL O IE f TR T, AT SR SL R
SRR NRIEAT T 2 AR EREIIA

TR K A >N 450~900 mg/L( Lk CaCO, i) Y
BAK, 4% Tl A S8 50 REBRH T & B
127 em, F1.75 Ly PR 10 m/h, BF[A] 10 min;
BT 20 m/h; FEAERTBOR I 10% NaClIER, 8
PEATE] 80 min, AL 1.2 BV, EHE}[E] 40 min, AFH
1.5 BV; IEVRH#EE 10 m/h, BFE] 15 mine &2, 33k
AR IR &P SUIEIW I, FOERRR TAEZS
P AR FRTE 500~700 mmol/L, S5 #)HA{EAH HIEH
WAL PSR B IMR R E , RIWIHXS Ca™,
Mg IR AHERF RSB VR IR AR s A ERFE I/
FaETE 200~230 g/mol, LU FZEREM, fEiX T 44

800
-
3 600 -
g
£
iz
&
400 o
K —O— TAE A R
—U— B R
200 1 1 1 1 1
0 1 2 3 4 5 6

K2 st e g e R
Fig. 2 Stability test results of exchange capacity

300

53

(=3

(=
T

P #E/(g/mol)
=
3

o1 2 3 4 5 6
U
Fl3 R RERE PE A,

Fig. 3 Stability test results of regeneration salt consumption
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TFF, S s B R INE et g
R Al AR R AT 5 4
2.2 PMiHNRIKIE AR
221 AIfFPERESE

FEF BN IR, BE T 5 7384 s
YER MR AL E AR B AT A%, FHIESE T H =K
FsE k. ATl SEBRAME KRS, F 5T
PR IR FESE PR 00 T B ERAE Mk RE . 56 2R
T e T ANHEARE B K 791 mg/L( L CaCO, ), H#
NEIEFE R R 120 em, MEARIRFUA 377 mL, #EK 3
HOR 25 m/ho IRIREE R UE 4R, LIRBE 28
VER TAESCHR A BTG i, TEMCARAE T Y =
JKEEH 30 L, XF R TAEAS #7554 629.4 mmol/L.
A B S 56 2= AL AN HE KR 56 P A TR S e
(646.7 mmol/L), PIZEAHZEANK, XFKHAIMNEAE
SERRAMEK AL T 2 R E , BENS E iUt S
AMHEK AL B

1000

800

600

400

KA/ (mg/L)

200

0 50 60 70 80
HEKABUL
El4 KB R K AR AL

Fig. 4  Changes of hardness of effluent with the volume of influent

222 AT ZAE

BT A AR 1B 1T S ECAN i 25 5 e A
R, X 10 R 2 B R R
FARIRE AL T A T 7K BT AL BB, A R K FER
Ne R oA 38 5] | e i, RIS B 1A g R 7 3
BT FE TN T REEFIEM IR s S
PR HE AR A BRUCEL, FEAFE 7K s 42 il 76385 Y
JEEIN GEF A 10~25 m/h) . FET I, ARHFST E SR
VT B BRI 70 5 S 5 K ) B T 2 e iR 18 1 7
PERR I SE MR

223 MigERE

TERFOKERBEIT T, REIE I 70 8 B B 5 7K )
5 R B TR AR FEMERE . WNIE S TR, ASHIFSE bR T
60 90 F1 120 em —FPE 5 E B T 4G AR Y 3C I 25
W BERRWY, WRICIR A AR AN T LR
£ 955~1015 mmol/L Z[], PN 42 , il 7
1o R T R A8 400 75 5 TG 3 R

1200

M 10 m/h

M 20 m/h 25 m/h

800

400 -

1 FNAZ e 28/ (mmol/L)

60 90 120
RIARILFE i BE /em
&5 ANTaIAR I o 8 R i S A IS N 22 45 75 1 1 52
Fig. 5 Influences of different resin heights and flow rates on

resin saturation exchange capacity

TESEBRIaATHY, TAEAC #4552 01 BE S e 5 Bk
fig. WE 6 R, ZEWHEN 25 m/h 4514 R, 120 em
7R B I TAEACH 25 0 0 355 1 90 emo LR
FETFHARIATE i B T BOUK 15 B I ) 4, WA
S e, IR T 3AbR0R A, B REAR
S 70 v U 0 g DR AR AR TR R, A A Ak 0K
AFITF Tl B SR E

300
—O— R E90 cm JHE25 m/h

S —/\— W 120 cm 37325 m/h

E 700 —[ 1 W5 E5120 em %20 m/h

£
?ﬁ sl —0——n
&
&
ﬁ 500

400 ; : 7 .

2 3
6 ANIRIR N i HE B i e By ig LA S e 25 At 1 5 )
Fig. 6 Effects of different resin heights and flow rates on

working exchange capacity
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L, 78 Tl koK a3, dERCH R i
T B EAE 120~200 em Z 18], LUMFSIEFE S AY7K F1
15 BT | R s T TRCR AR s R 1 o
224 HEKIE

PRI HO A B AT MR A R, AT
R RRARALBERE 7, 2o 3 2 Ry B s 4, 4 Jd
i A4, JFu K I35 ], ARFFEIEE 10,
20 F125 m/h = A T, A5 RoR, FERE
TR N 90 em B, ) 7 30 38T 19 10 A 52 o 25
7394 10021, 999.4 F1994.6 mmol/L, 31 #E/K i
B MBS 25 10 B, SR, 7E TAESCH#
AT, 1E120 emEFTEE T, 20 m/h i 5544
TSR B EE T 25 mhdl, XEH TS
PiTRE.E (A AR 2 1 D (A== S i /3
RIIA KB, S 30 m/h i, BEAR)E & AT
b, HE—B IR R A 28 AR g SR I
Tk W FHTE R, HEERR 7K 4% ) ZE 10~20 m/h
T, DUSEE T AR SCH S i e KA R I R ik
FEIBLT o
225 WAETEMME

B AR G AR A RS S . R VR AR
WO E A ANEYE SO ER . o, Ehvk S
WO E A AR R AZOERTT, i Na' 5 Ca™ L Mg Y
A S NKSE PR St A i, AR SR R
VEACR S TAESS e i, A S 5838 NaCl
VSR I . A RO . A B R DR A R AR R
5B A AW E T BIRS B TI R, DA
PR FAERCR ST AT e, ERUE AR IR [ 5E Ry
80 min, JRYESIEVESES ISR S TGS E
VI M 10 m/h, B5FE]A 10 min,
226 EhvEEA

FEE TS IR AR R, NaCLS WO S
PR (LABY 1) &5 ma e I 808 s 1 7 AR
M CHER 2R . ANIFSE B R B2 T 6 AR RO )
S, 7EFARIRIARR N 1.5 BV, IE] 80 min Y 5%
R, FEZE NaClyk B 5% $E 15 2 10%, PE R i
50.3% 3% %2 96.2% , {H A= Eh FE i AR -4 7t
%230.6 g/mol, ZEA LA IN, NaCliE W Ay IS Bk
JEVE RN 69%0~8% , T AERE RN 5 A IR FE ] HX
1Ffi7 . 7F 8% NaCLIREE T, FRAAAFIN 1.25 BV
118

W% 3.0 BV, FRAACH0 45 i 1 493.7 mmol/L4& T
% 789.7 mmol/L, [w] i P-4k £R#E H 202.6 ¢/mol $2 T+
£303.9 g/mol, BT FERUR S LU, 4HhE
BAE A AR N 1.5 BV, LI AR S A
588.5 mmol/L, $h#E4203.9 g/mol, A SZIHA AT
REFHERE

227 ‘EHFAE

B A RS M OCHAE B, T E A HOK
WpYE, ZBRIRAER 4> MAE S T (Ca™ |, Mg™), ikiF

SO S S KOK BT . AIFSE B g 558 1 B4t ]
S EBIBIARFLLBY ) X FARCR 520 o

HEEGRABNISBVR &G T, ET
40~100 min AN [] E 4[] (1) P AR S50R . 455
AR A 40 25 f B A B R) A4 e TS B 2 40 min B
9550.8 mmol/L, 60 min i} F 2 565.4 mmol/L, T4k
K 2 100 min M % 2 435.8 mmol/L, [ i 3% 22.9%.
T, 150 ) A o ] 40 5 M P A A% I ) e )
FER AR CR AR SR A B LR B T) K )
AW BERRRE, FEERREERE , (E RSO TR
P, DR A B 45 (] 60 min.

HE—257E 60 min BRI AT HEANR] & e (AR
(1.2~2.0 BV) B2 i) 2 B, P4 52 # 25  AE AN [F]
AT e 3h %5 /1N (580.8~585.2 mmol/L), 7¢I B fifk
B AR mEAIR, 6% ERA8CR S5is
TTIUAS , B e B4R AP N 1.2 BV,

23 BEMHRE

SRR A K R G AE Tl Ak K R e
BAT, AREFEAL)E ) T2 S8 T TiES 94
PEA AR M RIS A R I T
120 em, #AF10.38 L; Jepk. 1IEBEGEH I R 10 m/h,
IFIE] 10 min; 3847 3 7 20 m/h; FAE By BER HH 8%
NaClYAWE, EhEME] 80 min . /AFH 1.5 BV, Bt ]
60 min, {A£F11.2 BV,

SERME TR, EREANE R, TAES
P8 B R FRAE 512~591 mmol/L2Z [, A= A0 45
P F5 ¥ 489~568 mmol/L 35 [B P, P A& #h #E 7£ 211~
230 g/mol P 81, S WHEIRIAAL TH B[], RGN
KI5 KK BT SEBRAE AL, AN [FIE R A 4 25
FETE—E P HAN I &, (R GRS TE
R R, K ERFES 3 BOrERE 2 NI, 1%4S
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Fig. 7  Stability test results

FRUIGO MR T 2 RIS $Ei5 1T,
24 INARMMIBITSH

it BRI TR A B ik
SMHEKIETT S5 RAEES R BTk 6. 456 /)
B G HUE 5 Tl /K, & HhE isir 2
BUR . ARSI FE R R 120~200 em, IEVEHEEE N
10 m/h, IEBERFIE] A 10 min, 121735 H 10~20 m/h,
JUEHE 10 m/h, RCPERTE D 10 min, #HPEHA
SR E ]y 6%~8% , FhVERFAERT ]2 80 min, £h

*o6 NMNARMBITSHILER

VEFAERIARUN 1.5 BV, B AR 1.2 BY,
B A ] 60 ming MASE R BOR, fE LR
AL, RGEirfae, WIER T3 TR
e 25 FE 4 550~600 mmol/L, ¥4 AR 5 FE 4k H5 1
200~230 g/mol Z[i] . PLALSE I ESFAcH b R G g
A I | AE ™ A G 2R Y ERARK, 2 Tl
s TR . e/ R R B, 7K R B L
BVF EARTSS) FELER R Bl . Syt b S 7K AR A%
X B GG A5 TR, B AN 281 B b uE e P
AR, AR AR K I8, SR, T
NI AR A /N, TR K AE A7 KR A s ()52 8
WA, FEWARZE LR LE M — B )
JEETGYL(E8) X —BLG v REXT A i 1 ol FH A5
FUTAEPERE = EARE M . PRI R G0 K
REiEfT, Wb & L E A by A S A
IR A AT IFOK AL B, IR, SRR A Ko R
BAR T, DAARAN RS oh, DA
rp e AR P R BRSSO A 1 DR B
P, TR AR IL S PR A 2R GE BB I 1 2 247K ot
A4, R BT, IFERA AR 1Y FH F

Table 6 Summary of optimal operating parameters for the small-scale test

2 HEFFE 2 A 2 HEFF(E

R BRI FE i 120~200 cm BB IARTR 1.2 BV Sy ] 80 min

IEVE 10 m/h BB, ok TRV R 1.13 BV/h

IBF TR 10~20 m/h FIRCRuR/E LS ATV NG IR || R A ] 60 min
S 10 m/h 1E PR [A] 10 min A= hAE 200~230 g/mol
TFEAEWNT 6%~8% NaCl TAESCHR A 550~600 mmol/L

AR AR 1.5 BV JUEHTE] 10 min

Py <Y/
K8 1217 20 MILUUR FEMIRIRAS
Fig. 8 Upper layer resin after 20 cycles

2.5 kiR
251 PR TESEA
2511 T AR

DK T2 sl S K15 R — A 0
b ik 8 A — O 22 3 U A — OK S — POK SR — B0k
KA

2)FAETZ

Hhib l—» HeEh TR

gokss | shmsas || wR |

4 A ZEhid IE A

f
| PSR || Hok |
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2512 Pk
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Fig. 9  Operation stability test results of pilot equipment
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Table 7 Water quality parameters, operating temperature and corresponding water quality stability index during the

operation of pilot equipment

ek SRR 14/ (mg/LL) SR /(mg/L) S R /(mg/LL) KR /C R R E(RSD
1 540 180 100 40 6.81
2 720 130 80 45 7.13
3 1250 170 120 50 6.42
4 1500 130 80 43 7.27
5 500 190 130 55 6.00

[l oA 500~1520 mg/L, FEHEREL . MifRLE . it
TR 55 A KA A5 R 19 1 LA 130~190 mg/L
(PhCaCO,it) o MRIEAK TS %, 5 ARSI
6.00~7.27., %7t B (9 RST AE ML 4 UE 0] FH 7K 78 45 18
WAG S5 , FF B8 T8 1S BN
2.6 TAHKIEHFR
2.6.1  ToliRE T2 5 &wH A
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Fig. 10 Raw water tank
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Fig. 11 Quartz sand filter tank
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K12 Hokds
Fig. 12 Water softener

K13 HokoKkAR
Fig. 13 Soft water tank
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2.6.3 JKFIEEFREL(RSI)

LB TS BRI ACAE B, ANHEK (1058 P i
ERAL. s R HBALRE ), B AR S R AMHE
JKIERL, (R G /K AE EE AL T 130 mg/L( LA CaCO,3t),
DA A R P KK R . 2 m K £ T 10 E
WML I RS, 84T — MR 40~55 °C. Tl
PRI 18] (14 [9] FHZK K R an 2 8 i s . TDS W AT
560~760 mg/L, FELRLIr MBREREL . B FR R A A R
s MUBREE BN 145~170 mg/L(LL CaCO, i),
A5 RSI K 6.74~7.17, W [l /K £ 48 38
N N g e

HE— W], TDSHE S RSIEIEAHSE, B
TDS WL, RSILE R o TR | 5 25 7Rl
TAEREERA pHAE S RSIE AR, ik, 7E5brds
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8 TAKIeEAKKRSE .. TRIEER R EAKRIEERS(RSI)

Table 8 Water quality parameters, working temperatures and the corresponding water quality stability index of recycled

water during industrial trial

Eilne SR /(mg/LL) S /(mg/L) 6 12 PRI /(mg/L) KR/ C FaEFEEL(RSI)
1 560 150 100 55 6.95
2 760 160 100 45 717
3 710 170 120 50 6.86
4 590 145 130 55 6.74
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Application of Ion Exchange Technology in Mine Discharge Water Softening

Zhang Xugui, Zhang Jian, Li Ximing, Xu Xinhao
(Electromechanical Workshop , Jiangxi Copper Group Wushan Copper Mine , Ruichang 332200, China)

Abstract: In response to the high hardness of discharged water (350~900 mg/L. CaCO,), seasonal water scarcity, and pipeline scaling risk
at Wushan Copper Mine in Jiangxi, this study developed a softening and reuse process based on ion exchange resin. Laboratory-scale tests
were conducted to select a domestic Zhengguang (working exchange capacity 550~600 mmol/L). Operating parameters were optimized (flow
rate 12 m/h, regenerant concentration 6%~8% NaCl), and the feasibility was verified at an industrial scale of 120 m’/h. Results showed that
the softened water hardness was stably controlled at 0~130 mg/L. CaCO;, with a Ryznar stability index of 6.0~7.3. Regenerant salt consumption
was 210~245 g/mol, and treatment cost per ton of water was 0.686 RMB/ton, of which the salt cost was 0.684 RMB/ton. Resin cost per cubic
meter of softened water was 0.069 RMB/m’, and the average electricity cost for recycled water was 0.002 RMB/m’, comparable to current
water intake cost. Concentrations of heavy metals in the regeneration waste complied with the GB 25467—2010 discharge standards
(Ph<0.37 mg/L., Zn<0.45 mg/L). This technology addressed the production risk caused by seasonal water interruptions of the Nanyang
River, achieved 100% wastewater reuse, and provided a solution for treating high-hardness mine wastewater.

Key words: ion exchange; wastewater reuse; hardness control; regeneration salt consumption; water quality stability index; mining
wastewater
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