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A8 B K 5% B 2 70 o il R v
T EMZIEIRE, TSI i 43 BT R
G4z 262180 1) FH 58 8k 771 PAML R PAC &b B 3T /5 1%k
W R AKIFIE R 8 H 0, 25 Ak B V7 3k 25 71 S0
TFIETRbR I e, 45 R AR W 20 Ab BRS (1 K 7K 38 A
TFIERAMET BokAK, H PAM K &L 0.06
g/t I, KRG DRCR AR RELL N BE, RN 2 PAM
AR R A, AR . 24 PAC 15k
AT 500 g/t iy, & REUR A VRIE R
WA, BUERI R

A S JE LT R 1) R 2 W BT A
Wi, ARAEURL [R] R HATER AR R R AR, H
HOBNIIAT, S MR A= Rk
b, IR R R I 2 A, 3G 0 24 7R R
o, HEET PRm, oL m itk
PG S 255007E R/, sEmksn i .

& JE B TR IR TR, A
LA AR R A P T I TR T, BH
i3 24 70 55 0 Wy 2 T AR U, 25 T RE 2 50 A
o I R T A 2 S m T R K (A
RISk s my . 8 X R K S 3 R KTF
LK, RIS R K A AT LA R AT K
I 2.96%, Bk S B RICR = 4.22%.
eAh, R R KR E E A, SE (R A pE A
K Mg, Ca>Fl Fe¥ = i 1 W & 1 T i 1t
TR
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XPICREAT FUARBE,  RIVE SE BB RRIE ™ R AK K
FL o, WA G SRR B R . HAR IS —
il F AR BTV R R K HE 2 R AR TR
PROK s RE AR UTRE, A0 R B 25 AN
B RER A & ANEsE P 2 ik, 78 HREAL
TEEACSEAE TR, R B Bk L 27

MG B2 AW RERE LBk . IREH S AE b P A
B IE0T R 7K ISy, 58 SR G 1 Ak BE 4 2F PAC K&
PAM [ 814k, PAC. PAM fEf54E 70 min Jo5 BUS
AR R ESCR, ANERTREL S, K a2
BIATIE 71% F1 70%, [7] I Bk 7K v 3 4 @ 85 1 14k
P OS2 B B FRAL B AR F T OO, T 5 5 PAC
%4, 5 NOy. CO TERAMERUIE T 2Bk
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T A R % ) JER B A 3 sk A ok P R 1 4
B, Wi . HER. A K. A, BRYEE
K B K AR, TR HUER O, PR s 42 )8 725
TUTED) T A B (1) 22 5 R R R W pHL L TR
LR AR HIZAT AR, R 5 80 I
BEAEYGH A g . L, LW SR ERE . b
AT DU IR R

Jianhua Kang 55" 7 57 7 — P 280 HLER R 1)
WA, R R R A B PR 7K, 20 Ab 31 ) 1 R 7K
[T A, R PRI & T 5%. I
KRS R, Ca¥ &K Ca(OH), YiiE, M
T 5 W0 RS0 VR e o {F B IR A % A K 7K 1) pH
i, /> Ca(OH), 4, Ca* HH Z[JLL CaSiO; 1)
TERDTVE,  FEMR R R 7K H 0 20 /N Foksr L[R]3

Ay 20 PR DR BTN B
hERRYEIED R K, HpHIEN 3~5, HHK
HERE T, FPRIE N 8~123 mg/L. Zn* K J¥
4 6~30 mg/L. Pb* K%K 0.04~0.06 mg/L, Mn**
WREEZ) 1.95 mg/L, SO, W& 800~1200 mg/L, %+
fift & G . SRR Ak, bR R
K, T ILEI A AOK RO 1Y, A B
Fe*'. Zn*'. SO, B LBy, pHEAE 9K, —
HHLBRRATIE 90%. 97% Fl 95%.
3.1.2 WML
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Bl T A A W B R AR BE AR R K, RS S —
V@ I W TP e i g R R R (O R ST
F, BRSO RFER StE iA R R A
W B e T, Ak A O S AR e . B
Ky HREBSEMD LY, MNEBREKD T
Cu™'\ Zn* S5 B IR R B 28R o R LG 1A 8
FIAE PR PREK, A2 )R B R, n] i
IR

ASFELET R PR R« K R A FH A i Ak B
PR A WL, 45 AR, i 1 W 8
A, 2 g/LiGTEREe £ BRIEZ K 84.7% 1) SEW
A1 67.1% It SEA. FIFHIEPERALEE SEW I, Ho 2%
b2 BE pH E T =i e 3G 0, 4 pH fHak 3] 7.5 JF
ARET Iy, BRI WD, (HALTE SEA I, 2
Bl pH AT s BEAE A3 n,
BT MLV G0 2 bR R BN A%, B IR
JEMITE Ry, 3 BRI K.

il B AR A0S 2 Ay T O A TR R K R
[ Cu** Zn® FOWLFHPERE . FIFH SRR A1 NaOH ¥
BRHUE A, A5 H B & Na Bk A7, 52
gt RN, H AU Na B 4060 Cu®'s Zn® R
B AR, A% Zn®* (R W Bt 2 B pHL (B T v 1T
T, AR CuT AR B, W 20 I T PR
i _ETF, WAk EEAE+0.15 mm N, BEFRAS e K
M. ERAELAME T, kR AKX IES K+
Cu™'s Zn™' R EBRFIN]IE 99.8%.

WG B 70 PR PRI e T IR K AL, 454 S B =
I I L 1) R B 77 47 A O R AR 3 () DG B . AT I
PEAERE IR R B 12 B B A, oA SRR BV 1) e i e
N5 B R P e it DA S o o 12k
3.1.3 A

B K A A3V Je i mT AR B, AR L B A
MEJSE K AT LA AT Ik A s A A TR A #EY, £k
AR NI, KK T R, AL B R R T
BT LS ARV O & NS /N | T = K o
FUHEA AR, WALEEREEE A, H &L 2 &%)
KT e, BT DA AR SR A R G B AR T
HEAC 2y . b A A VR AR I A A T DL B AR
Fenton i85« ENFI & R 25771550+,

AR SO AT A K R L) LRk B

257 2200, T ¥ 25, MIBC. DETA. 2574 K[
AT BRI DL AR T, MIBC R
B4 2200, T dE 2 R 2 PR R AR R R 2
DETA [ 28 B filf 0 e o 22« RIS DL AR AR
ENFI 5 1% 25 7 b BE AR BEAR A 22 (1) 4 B2 77, 45
REW], ENFI &2 i 0 s A B /e s i, 3L
XPEAZy . T HEZy. 7200 K DETA [f) COD 2% %
A3 AAIE 100% 90%- 90%, 85%.

Xiangsong Meng %5 ' 43 51 5% F H ¥k — 23 ¢
iy WL B2 AT Fenton S A6 LR E D IR /K H i1
COD. LVIEABRIRUATREF . NI b 2
B T E R W B H,0, Al FeSO,-7H,O 41
G A/E K Fenton Wl . L4645 F R W, WP VLRI
Fenton %5 {1t 12 34 B A &L B AIC R - W% 7K (1) COD,
H. Fenton %840k AL #ASCR S A, JE/K 1) COD
i 183 mg/L Al P& %= 50.0 mg/L, & B HE BOE Sk,
H. Fenton %84t L. Z M AR .

Kuixin Cui 5P 75 AN AT ] 2 10 35 1 771 1)
T OLT Rk K AR T A R T b AR T AR T
(Bi0),CO; AIoKER, TLREME I Ik s fh Ak [ i e T4 2
BRIREN, (Bi0),CO5 4K L i 7 T4 5 0 Ji PR
MR, BERE KNV (BiO),CO, 40K 25 1 Y it 1k 3
PEo SEER SRR, MOGRGREEY 250 W, I [A]
A 90 min B, A (Bi0),CO, 44K £k Ak HH i 15 Ny
10 g/L ()5 NS 2, S PN S 0 2 e 25 R A e P At
h SRR it ,  JLRRARZE ATIA 95%.
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N, B SANEYE & R AL, Wod n ik
HHAT K & @ R, 32 FH URiE R, TR A R RE
AE I 7 Lb B — B b B v R AR B AR . A I R
L, pH {2 PosE PUUE R DG, b2 Cu™,
Pb**. Zn*'ff] pH {H#fi52 k2.8 7.5~8.5. 5.5~6.0,

P 2 5 40 7 A PR RE RO R KN, DLBERR VE B
W Mg™, AT 2L R R B . Wi IR e Bl
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MPTHE. SEEE KRR, 4 pHE<T. #UNA#ELL
IR LU P R = AU s R, CIREE XS L
ZRREAA W, Y NI E Y 20 min, ) 4H
pH fH=3. & Mitb=1:3. CIIKSE 5000 mg/L H iR
W40 mA/em® I, ZA S RBREIL 83.28%
F198.38%. HAAK 22 PLIE 2 He 8 v /b 24 S $n =
JE M H IR B Al AT 1 7 ¥

Jianhua Kang %5 ) ) J] & R 45 Ab B 3%E 0 K
Ko ) AT 3 R K B PR A A
DAL 22 P v L R % R K P I RE R £h . 45 R R
W], Ca:SiBE/RHAT 1.0 B, EERREBRFRIE 90%.
BAR pH )5, ZRAEIR V25 f nT 4 ek 1R 6 25 bR &K
o WD ES AT . SRR R R . PR B AS
PR T R 2R RAS o B T PR K AT Tk
SCH, JRR RN 75.24 vd I, [RIK AR RE S
1200 mg/L B4 % 200 mg/L, FEfREh 2 6%ik 85%.
3.1.5 IRERIINETE

TR DT V2 A2 R VR SR (VR BB A A R
IR I P i B I T B 2 A T e 1 Ak
PR IK 0 715 o TR BEDTUE T2 (1 VR 458 771 0, 46 2R
RS (PAC) « BWNKELEZ (PAM) « =%
TRBR T IR WY 2k ST,

137 SIS R SR S K EAN ]
F s SR FH R B 56 FH TR e e v vE AL BRI /K, BT BA
— 0 T B IR R K IR K B R UK A O i TR
JG, BRI g ¥ Ca(OH),, HHEIRE:
o HA 5 T U MRS . SEIe 45 R0, .
IMAFBRER )G, FIN Ca(OH),, /K2 L ZUR
UUUE, BEAG Ca(OH), MW N, LR UTIE A W 1
Z, RO G, KRR RIEWRERERE, HAH
IR SAIFEA LG, AT A2 R K 1) RN TA
90%.

FERFAEDS A T S RREE], MR
B INIK AR SRR R A R K i
(2B K . 24 PAM N E A 40 mg/L, HHT 60
min, 75 AR EE IR B R K, SeaG 4 AR
Wy, =SB ZBRACRE M, M pHE N 7.5, 4
= AT B 986.67 mg/L, VR EE N 25 min
Ja, KRR £ ERFATIA 99.14%, KT
TR 0.361 mg/L.

Weijie Liu 552 BF 5T 7 I F 3 2 AT 12720 B 42
B R SR BRI AT AT . a5 IR, 1%

PR BE 70 W 25 B R A, (R0 BT A B SRR A o
P& W 4 RER S AR WD BRI BF-KW 724, [l
FOH 20 P ARG, R AR B R R R . VR
B R SR N B A3 40 g/L, WHE 37°C, pH {H
9.5, H # Ak 6.92 g/L. 1E¥%AEY)IR B H]
TR R KA B, AT 7K TR I
A9 mg/L B, PRIK G Ji 2B 2 A 92.35%.
32 BREREN EKLGEBHRER

VA SR Bl A A B = IR KR TR N
T, FEE KRB MR 1S I, b i) G
PR @R Z A2 AL, WIRE AR AL 48 07 v
(Al AN eadE, R T IR, &SI AT I
W, SIE T A A A R K R T, IR
ZMOTEBG N, B T S A BRI,
321 gy

JL oy B A R BB 1, R AN [ 1)
LA RSE, XK A HU AT B BH B 7 4 ik 4
PEGR 4> B IR L L BRI ik . BB XA
R4 3 13 33 PR /INASTR] Wm0 5
ARV )0t o HEE 43 5 v DR i B L A3 ST 20 A T
RS APESELY,

S VT 98 2192 PR AL AR AT V7 3% A K Ak BB AR I
FREEEGE b, SIS )V 3 MCR £0R, Vi
JRK 2 ARG, BRSOk B 50 A B
(RO) HEKE K, W< IF+MCR+RO+NF (44
U8 WAL HE S Ay BIEAH A A ), IR A R R
], MCR A {E4 RO FiALFE, thn] EH8: 0T
VEKACER, JLE R T AR G B ARO AK R R,
AT Sy B A BT I AR B, B T R AR
N HVE I, $Em T AR, A R K R R A
4] 80%.

Zo i T A S S T S R R L R K
R AR BEAT T4k o 125 3R 40 R /K Ak B AR Ky
4000 m¥/d, DL “WIyTith e 4T 4 i i 98—
Pe— 53— K [A] FH—A K DS T2 b B R
Ko EFER G AWIREEFE PAM, LUK
FER SN SIS B AR RSB I, B R R 2 BH I
i, SN R G, IR KE RIBIE WSO 46
Jo, K Cu™ i B # Ik 98.6%, Cu™ #k f %
15 99.79%.
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fil A LA ALY . 4R B 1ok IS )
TIER s AE R AR I RE g 14K 80% 1) COD,
HOT R HLA 1A 5k 95%, I BT —E
LUAEH, AR IR G o H A HEE PRI B AR
YRR, HEFATHEA G, HOXIE AL
A — .

B [1) S04 SR FAR AR S 1) 2F PR o1 Ak 2 A
JEK, B IEAS SERE AT T 4N B R A . pH
B A B () 0L B S5 VP FR AR N BT IR K 4 Ak
PRI sg . A5 R, AR pH (XY
TEHOAT B SR R K R BRI R I R B R, LR
I AR RS, M0 AR i 5% pH {H 2.0v WL
30 °C AbHE 4 d )5, BARKIIALIE R EIE 99.95%.

SN AR R B2 R 9 5 55 750, WAkt ) 3
R TERE R BE, JRAHIT T SEBR IR K
pH {E . SR AT G A0« LA 24 771 S5 6k 11 T B A7 o
IR SEUG A5 AR, a2 B AR PR AR
18, S0 1 B At B RE I DR o 25 B A 2, H)
H pH (HEK, FIT a2y FAREME, RT3y
YRR, IR EM A SRR, ARIR
PESE S 2B iR, RARLLAE 5:1~25:1, LRk,
B2 R AL B AR R T

Shaohua Chen %5 PO 5} PU Ff B 4k, 57 ¥ 32 41l U
7, S OEETRAREE TR . TR R R
B, TR AM CRARE S TR LW AT TR
(G S8 A ) B S BT 9, I 0T AR W) il 20 0 2
B BEAT T 1. SEI0 &5 HR M, A7 =P e 77
TiRE AR B RR B ATIAE R N I AR ) B AR R B )
WK 97.1%. 93.7%- 81.8%, i LA AC % JE /iR
LA G Wb i, FoAE )R N I A=) B f A%
FEA K 37.3%.
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N T 0 2 0 o i M o R 3 L R R
A=A AR P AR 3R K ) — P T e AR —A
IR RS, e EEE Y ER . R
N5 AR F = AN 5 TR B K, L R A TR
LRI RILFEER, BEFEAR. S 4Edr. Rk
AR HAN A ks g o N TR y20) i 7K
W 4 R B T BT 50%, X COD B fif %
290 90%, MR I IR /K AT ELEAG R

% B SR s N T i AR B RS LR K,
ZIE I R EE AR R KR R, T

VBFEAIROR KA, B, B DA, M
DY o A 4 Ao AL X IR R AN TR T 20 AL B, 13 d
Joi, A TR K T Mn®'. Cu®*. COD. #l Zn*
W FE 43 5 B AR 226.63 mg/L. 28.13 mg/L. 364.5
mg/L. 55.24 mg/L, B e Hh H 7K 11 B2 29 ol [
ik 225.55 mg/L. 27.64 mg/L. 362.5 mg/L. 5522
mg/L, JIt LAA [R] A8 4 H RO oF 192 7K Ak B Al A
R

Khan Sardar 2508 {f £ 7 B3 30 5 0V X
S A AR e LR E S E A . REAN
TV K R DR TR R KRR i, FEREAT
AT, SEREW, Z T EX Cdy Cr. Fe. Pb.
Cu. Ni. M EBRA R, ZBRED N
91.9%-. 89%. 74.1%. 50%. 48.3% F1 40.9%. A
Sh ] DASE I BRI AR B BT ORI s A, A
WA T PR A B ACR

4 HiEHRE

W& A (O JE B PR GRS N, V53
MR PR AL, M TSIk w3
TR, 2B AT AT B e B T 5 T2 A AN W ek i A
HE) o B RK AL P IR AR RE A — E R AL
BEZ MR, HEMINEMERLBPCER . &
BB ABAT AW B AT ZE 57, H AT RS R K1
SEBRTEOL, EFEAAT IR IR BB, R0 KA
AFTTIRIA R O FEAE R, A RE S LA (5w e i
JRK B IR o & Ja (e R 1 IR K Ak
BTN R T

CL) WFARHAL. &R T T 2 7K Ak 2R
B SRR BRI AN, BT RHE ]

(2) 5838 s AL Gk Uik, WhA AL
MORIIER 2557, K EREARTS G

(3) HBERE TP, T2 HR X B 5
RN PIRES LY N (S
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show that: as the content of the composite mineral admixture increases, the heat of hydration reaction,
compressive strength, split tensile strength and freeze-thaw durability of the sample gradually decrease; and
adding iron tailings powder can increase the pore structure of the hardened mortar test block, which reduces
the compressive strength and freeze-thaw durability of the concrete. However, increasing the amount of
silica fume can increase the strength of the hydration reaction of the sample, and increasing the silica fume
can reduce the content of Ca(OH),. The CSH gel produced by the hydration reaction of silica fume can also
refine the pore structure, thereby improve the microscopic properties, compressive strength, split tensile
strength and freeze-thaw durability of concrete; make up for the negative impact of iron tailings powder on
concrete performance. On the whole, the compressive strength of modified concrete is more than 85% of that
of ordinary concrete, which can meet engineering requirements.

Keywords: Iron tailings powder; Silica fume; Concrete; Hydration characteristics; Microstructure; Strength;
Freeze-thaw durability
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Research Status and Development of Non-Ferrous Metal Beneficiation
Wastewater Treatment
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Abstract: Non-ferrous metal beneficiation wastewater is often acidic or alkaline, and contains a large
number of residual reagents, suspended solids and metal ions-based pollutants. With the continuous
development and utilization of mineral resources, non-ferrous metal beneficiation wastewater has become a
major cause of mine environment, water and soil pollution. The wastewater from mineral processing can not
be applied to mineral processing. This was accounted by the fact that all kinds of pollutants can damage
mineral processing equipment, affect mineral processing flowsheet and decrease concentrate quality.
Therefore, the comprehensive treatment of non-ferrous metal beneficiation wastewater has become an urgent
problem that needs to be solved in China and even in the world. This article summarizes the treatment
methods of the main pollutants that are generated from non-ferrous metal beneficiation wastewater,
expounds the current research status of non-ferrous metal beneficiation wastewater treatment in recent years,

looks forward to future development direction of wastewater treatment.
Keywords: Wastewater; Non-ferrous metal beneficiation; Treatment method; Recycling



