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Abstract

Electrolytic manganese residue is a kind of industrial solid waste produced in the process of electro-
lytic manganese production, which contains a lot of heavy metals and has serious environmental pol-
lution risk. In this study, the effects of the amount of quick lime (1%, 2%, 3%, 4% and 5%) on the
release behavior of heavy metals such as Mn, Cd, Cu, Zn, Pb and Tl in electrolytic manganese slag at
different pH values (4, 5, 6, pure water and 8) were investigated by indoor simulation. The results
showed that the pH of the leaching solution increased with the increase of the pH of the leaching solu-
tion, and the Eh of the leaching solution decreased with the increase of the proportion of quicklime
added. Meanwhile, the increase in the proportion of quicklime added could significantly inhibit the
leaching of heavy metals. When the pH of the leaching solution was 4, the amount of quicklime added
increased from 1% to 5%. The concentration of Mn in the leaching solution decreased from 126.65
mg/L to 4.44 mg/L, a decrease of 96.5%, and the concentration of Mn in the 5% addition group de-
creased when pH increased to 8. At the same time, the proportion of quicklime addition also had sig-
nificant effects on Cu, Zn, Pb and TI. Cu, Pb and Tl decreased by 36.16%, 86.09%, 65.90% and 47.84%
in the 5% addition group, respectively, indicating that there were significant differences in the sensi-
tivity of different heavy metals to pH and the stability of sediments.
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1. 5|8

F £l 75 (electrolytic manganese residue , EMR), {EN—Ff ToLE AR FY[1], HNHSHRKERE
&8 WRVLRER S, X PR A AR R T OB 2], BB R ATz, i
PIMHTE LI, GnfedE B Al SR8 S, MapkSEh; FIRMF L SEHEE | RS S E E 851
BT RUR, HARER B RIE, PR AR I W AR R ROK . MRS AR TP R IR S AL T Y
WBHEOT, AR MR, K4S 4 10~12 MR 3], 8% 2023 4, REBMBEEELSE
CEd 1.6 420, I HIELAREAE 1000 7 BERFERIG K (4] [5]. i, ENAE HE AR L Tk A =
REEERBEEHNEESE, R @R E. HF, MG SRGE N R RREEZET, P EIER
A LR G SR AR (EMM)AE 7= Y 9 DL VAU = B 5K 2 — (6] In HARERIE I HE SO 2 06 30858
ERIG G, R Z AR, e — g R R EIE SR, GRS . Ak, AR
BEATRKENRESE, WAAAEERETT R RK[7]-[9].
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SRR 10]-[12], 10 A A A6 B A v vh 28 4 J At B — s PR T RO, it FH A A IR — T SR A R
PR R E[13], WFARREALKEERGIEE Cd. Cu ZELJE[14]; A4 KB BT IR
WS A S EL RS REREER T AEA KBNS ZR S T pH, BHE T Bt IEF Zn,
Cu, Pb, Cd W& EHMRIK[15]; KRR B LSRR P NESE, FELSE A RERSEN
R RAS[16][17]. 2R11,  H §T M ARG W SR EIR BT 2 F R A AU, O [ e A3 ) R s R R 2 5
WE B HOREIE T, BRI ST ) pH RN, RS ERTT R ) ORI
B DIRANBEFL . R, ARFFCRI T & WARTLSEIG I ik, BIEIRALEAFE pH 261F T, A AR IE It
HLRARE FP AT (M) #3(Cd)« H1(Cu)s £:(Zn)~ Hi(Pb)YRIEE(TY)RIBAT AIIEEIT, A FCH) B B2 75 B AE 8
Pask b3l A R AT KUK, RIS Dy B AR AR e G AR . g ol (R 7 S Ak 1) R R F SR R 11
BAE, RN RERE N SZI DMV R FIR IR TEEA LR SR B R R B H B B
2. MRER*E
2.1. AR

MR : E M R, AT ESH, AR 4ifE>95%, K2/ T 0.15mm;
PFHARE, FERSOREAME . A5 A E: AR, EERSOEmRE. Dk
BRERSE: FORFREFT A SMIMYE B E AR, 43R AR & B IR A i .
2.2, EHNFI

MR B BT HA A BA P SE g0 45 R, ARSREG PL 1000 g HUARERTE, 300 g A B A 300 g BIARVEVE NI, 2%
BAFBI(1% 2% 3% 4% S%)AEA KN LR FEF F (2 H1E 8 Q1. Q2. Q3. Q4. Q5), 74
BEFHRATE 30 d, AR E HAVE/K, ZEFRRE S T RR K, ORRRE g0 IR DL FA PR 22 5m

Baliig /K Fl HCL A NaOH i pH 7058 4. 5. 6+ 8 IAENRIEF], I L4k x4 (CK),
K =110 IR FERR IR, HCE T 250ml HEZE S, R DS D EEAIRG SR, IRGHEE
JH(140 + 10) r/min, &% 8h, FE 16 hJ5, T EIEHHT 0.45 um JE R ER JERR B 208, INERIR
b5 BT UKAE N ORAE 5% H
2.3. MEME R 5E

pH. Eh Z51RH pH T1(SH2601, _FiE K8 )FI AL B A (DZ-2, gl as)iile, R+ Mn.
Cdv Cu. Zn. Pb. TI R HERGEE TAOE R HEIE(ICAP-7400, FEER K /REHS 24 7))l E
2.4. BUEIESHT

N IBM SPSS Statistics25.0 1 Origin 2024 3 0HASS Fr 15 8 & Fh 8RS0 T A 3R 704, F e/
ENEZE FIR(LSD)T BE E R T, BEMKTFRERNP<0.05,
3. BERE S
3.1. A[E pH £HFTERKBREEREE pH F1 Eh B0

AN pH 25 AF I AE A KA I AR AR S (1092 HR R pHL BB ] 1 ()BT, IR4R pH ARAIG,  FRARER
1) pH B, 9R4E7 pH A 4 B, Q1. Q2. Q3. Q4 1 Q4 R MK pH 7378 6.94. 7.15. 7.23.
7.1, 74, 5 CK ML, pH AHI FFET 1.15. 0.89. 1.045. 1.235. 0.88 NH#A7, M 1(a)B %1, A pH
WILGESAE T, B A RS I 3G N, 32 R pH (H 2P RIS, 8K pH 50, R&RF
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Figure 1. Effect of quicklime on pH and Eh of electrolytic manganese residue leaching solution under different pH conditions

E 1. T[E pH &4 AR R FEE R HI&RE pH & Eh 8IS0

3.2. AF pH ZH TEAZRMAMEFEEHRIARESBRERAFNT

ANIE] pH 54T AR A0 2K PRI IR H A s v B 5 IR TBCn 14 2 Pz, IR AR pH AHIEIR, AR f KU
IELBIR iy, 32 I Mn R EEERAE, A K It s AR Mn B IR E e ER . pH 4 B
Q1. Q2. Q3. Q4 1 Q5 AbFELH H1IZ Hiyl Mn KFE /370N 126.65 mg/L. 41.68 mg/L. 46.83 mg/L. 12.18
mg/L F1 4.44 mg/L, AARESINECEIER S, Mn iR EIEHOK, BEERIGR pH 7, =T Mn ik
FERR S REAK, pH 8 B, #AbFRZH H Mn iR BE B /N T H 8 pH 45 0F, IX W] RESE BT A A A 0 LL bk
HEW kAT ES B S5 O RAERRPL, ERAGEENEY, Fik Q5 AbHAH H Mn R R/ T
He ke,

AEFRH HIZ R Cd R 2(0) 7R, IR pH N 4 B, Cd KRBT R, Q1 Ab#E
i Cd HREN 5.90 ug/L, MAFIKIINEIA R 5%, 3 Cd RN IR EIAE] 23.73%, BEERIEH pH
T, Cd Bk E 2T RS, (H R EIR A &

B Cu kBRI 2(c)Frw, MEIFRTLLE 1, AR pH 2648, Bl 4 A KA 0 5
(3G, R Cu MIREE 2B — € RRHIE, IR 38M pH 4 B, Q1 AFRALZ I+ Cu Ik E
B, 183 22.43 pg/L, A RIS IR 3] 5%, 12 R Cu ik FEFE %8 14.32 pg/L, FEAKTHR 1L 36.16%,
BEAE A A K INEC BB N, A Cu IREEBI R FEAC, 4 pH A 8 I, B Hlih Cu IRFERER 7.22
pg/L, BRACT H e b .

M 2(d)rT 51, BEE pH AR, RHBT Zn B8 &2 R, R8N pH HA 4
B, R Zn &S EHE &S THEOEA, Hd Q5 B F Zn WRFEH 31.21 ug/L, i pH [T,
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B Zn AR ZHRRAIALERIE, 24 pH A 8 I, Q5 41 Zn iRIEFEE 4.34 ug/L, 5 pH 4 #LL,
NPEMEEIX 86.09%, KU pH {E 1T =] T HARERE T Zn R

BE% pH A TH i, 12 I Pb IR 3% FRR(P < 0.05), QI AL, pH4 Ml pH 8 IRIE T, 12N
W Pb WREE 730 24.43 ug/L F 8.33 ug/L, BRI Pb ¥k BE B AR SZ 1252 W) pH B2 AR B i,
HF— pH &0FF, AR KA LEIE S, 2B Po iR E NI, pH4 24 F, 5 Q1 MLk, Q2.
Q3. Q4 1 Q5 AbHALH Pb W JE /05 FIE T 37.02%- 41.38%- 62.71%K1 65.90%, it IR pH LKA
F IR 0B Y 256 AR S P P R B R

MIE 20T DB Y, B HOB TR RIS S Po AABL, IR pH 18 DA K A K FOV in b 51 1
S0PR R TUIR AR = A R s, IR, BEE RS pH I THE, = R TLIRE B 1%
ik, Q1 AP F TIWRFEAE pH 225N 4. 5. 6. CK M 8 HIIRIRZMET, RHIWh T1IREE 58 278
ug/Ly 255 ug/Ly 176 ug/L 155 ug/L 1 145 ug/L, 5 pH4 ML, pH 8 28N TIIRE T T 47.84%, 1M
A — AR R, AR NG R, R TIIREE FREERE R, pHS 1, Q5 Hig il TIIKFERE
%33 ug/L, 5 Q1 Mk, THIEEIL 77.24%.

ZE b, AN I EG A 0] AR B 4 R BRI AR LR, U AR AR I BRI
W+ Mn. Cu. Zn. Pb A1 T1 B RFEAC, X0 RESE BT A KER L) Ca>* A OH @i SLyTie « IRt e 3R T
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Figure 2. Effect of quicklime on release of heavy metals from electrolytic manganese slag in different pH
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4. g

AHF T I T AIF pH 44 N A A KGNSS EE4RE S Mn. Cd. Cu. Zn. Pb Al Tl %5 & B BT
NI . S5 R, A KIS I LG AR SR pH (E 350 5 4 J8 B B — 8 s AR A AU I EL A5]
R =R E G E BRI pH N 4 I, AEARIBINE M 1%88 2 5%0), = HK Mn &
FEH 126.65 mg/L (%% 4.44 mg/L, FEMEIL 96.5%, 1fi pH J+Z 8 i, Q5 AbFEL Mn IRFEFEAL, [N, 4
AKX Cus Zn, Pb A1 TI FIFERA B E520, pH4 BIRFZMET, 5 Q1 ML, Q5 b4 H Cu.
Pb Fl T1 )R B IR BE 2> A E] 36.16%- 86.09%- 65.90%F1 47.84%, #HIA[EE 4 J@x pH BURE & Hir
TEVIRRE EAAE RS ZE R . J5 SR 0 RO [ A0 7= P ) K AR T S A R R 7 (i I SR F i
HUTT )0 B4 o PR T, DA Se 35 R ARV E AL I B BRI &R

ELmAB
FNIHTE 2 B KB B AP 251 R0 H (No: S2024142231162; 2024142230448); StIHEHEIT
B AR RHE I H (No:  [2022]252 *5); St A BHE T EEHE AT H (No:  ZK(2024)651).
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