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Abstract

As a kind of industrial solid waste rich in heavy metals, electrolytic manganese residue poses po-
tential ecological risks to the surrounding ecological environment. In order to study the effect of phos-
phogypsum on the release of heavy metals in electrolytic manganese slag under different pH condi-
tions, this study studied the effect of phosphogypsum addition on the release of Mn, Cu, Cd, Pb and
T1 in electrolytic manganese slag under five different pH conditions of pH 4, 5, 6, pure water (CK)
and 8 by indoor simulation. The results showed that the concentrations of Mn, Cu, Cd and T1 in the
leaching solution were higher than those in other pH groups except Pb at pH4. On the whole, the
concentration of Mn, Cu and T1 in the leaching solution was the lowest at pH5, while the concentra-
tion of Cd in the leaching solution was the lowest at CK. The release of Pb from electrolytic manga-
nese slag is regulated by two factors, and the increase of phosphogypsum addition ratio contributes
to the stabilization of Pb.
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& JRARAE TR g M B SO R 2 —[1], BT R TN Tk @A Tl A Tl AR A
[2], FEARTEANER Tl e T M RE LA CBIE R, RN ST “CERANUN” 2 3[3]. T EIfE R4
BRAfRAR P MR G, TEAEF= 1 R0 B8y o5 48 = AT, KA = s Y LR o
MIZHHE B, B E W AR S B AR I 7 RERN P B E A BRYE B BT 5 LR sk 97% [4], X— MR T
rh ETE A BR AR AR T 3% T 10 32 S AL ISR K AR P e o [ Y R AR AR AR P Aol PR 40 A R BRI R . LK
SO TTVERIT R, A B BETE A B 4 DL AL R RE R T o LU R A 88% [5]. MR AT E &R
M ETLRG IS, IR RS KRR IR R I 6], BVMEEE, S KEAEFEMRME. 2.
By REESEITRT], A ANERRE AR fEE . MO RN, TE R RER IS 1L %, Mn
FISF M Sk 7 SN IR S R e R TS 5ol (794 mg/kg) 4.8 15[8]. Cd KIS R HE A H T L3RBT
B AR AEAA 25.0 £ . FRARER T S FOR HA VBN RE A AR R 1) 208 . S SR T N R R R e, X
FRAFK A AT 42.5% % 100.0%2 [81[9], R WAL PR5E fi 35 2 K, A5 A £ b 20 A7 1A R R 1 X
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A BT AR A AR B A U 0, I BE A F AR AR AT L 0 T R R R SRR R SRR, (Rt
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KTHPRERESEE, WNRZZEXNANS ). EREMFNRAKENESEEMY), £
INFC[12]558 ANA A H AR R AR R 2 R T 3%, RIS 4 At D7 i nds InAE o A AR5 e 0%, F—
MR RCRIFANERLAR . W25 ( 1314 A M AR08 1 25 6 b LA A0 PR Bt o PO B 8 1 (LT BT I 0 B B8 U
R B FEAS L o Jels [ 141 (IR FESEBL 1 B0 rP R R IR BL R, (HoRE R SR INIB R, ABEsE
VRN RSB R TSR . TKEREE (1 ST RS R MBea B ARk 2 —, il S EUei kL
WAL S o B B VR B2 i A T P 2R I [ A PR 4, R AN 3 SRR IR AR 5 R
%, I HAERKIIHEAS B2 KR, e e ik A EVR S BRI, dEmxkE. +
SRR P 3 S A ) AR 2 RS AN S e U 161, 7 AR A1 71 F T FEUE R, ) A 8 A R Y B Xk i 2
H AR IR As. Cd JEE . BITE[ 18155 A H 5 8 MBEA 5 TR & 1 BUR A 4 AL BT e Hh i)
HE R, KTV E e E R R R R . WAESE[19]MIBT TR, BB f & s R, R
IINE R AL B, (R YB 0B pH (BT, IR Mo, Cr. Cu S8 E & JE & BYIRFE, 7R, A
PR A E R € RS T I E SR, BAYR B RCR, (BEULE AR R T SRR S AL
AR H < PR TSCE AR B HURAT I TT, RIS pH IR 15 & R EUS J i — RIS
BE—BHEE, K, AWFFEN = NI TTE, BEURE pH S R BEACE B I AR ARA S Mn.
Cu. Cd. Pb A1 T1REHAIREM,  HIEE B % MR kA7 ) 2 < J RO PR RS, RN Dy Fi AP S 7 S SR R
IR SR U PR A SRR AR S, B S TR SR AL . T EA S BRI R
JEH b5

2. MMEHE
2.1. MR
HURRERI : SETRVRHOK [ BN R, TG A, OHRAREA T A SRR, R A

A ST TR e e, BRI E M E&SEE, AFFOR AR E SR, FEATHE ST M2 e i
A

2.2. AL

R A BA T R 70 S e TS o 45 51, % 1000 g FEARERE . 300 g 7RVE. 20 g A K. 50 g 4R A
50 g FEFFAE NELSR, AFELGIBEA B (10%. 20%- 30%- 40%. 50%), 437lic A PG1. PG2. PG3. PG4
PGS INAZEFR I E TR T, RO HREGIE 30d, HREIHTEK, 4EFrrem KR, REF
TJad IR BE A b A R 2R RE
2.3. MR

FREC ERAS[FE A ERZA 1) 10 g 48 FHARRT A0 35 R S, ARFE R LG 1:10 (19 BLAZIKEAS [R] b 23 40 1) s
5ilBai/KTIRAEE T 500 mL #ETE A, R AR O E TR 1 1547 %6 B b3, DA 2095 ik A4 4h
e, KHEE M E T KEIRIR S 45(SHA-C)H, 7RI N5 +1)°C L HE (140 = 10) v/min [ 564F TR
8h, 25 E 16h. &3t FiRAFRS, ] 0.45 um BIEMENTE HOBGHEAT S P B 1E, KR pH 1. H
T2 (EC) AL S5 EAL(ER) BTN E , FHAEXNR BT IR R A7 b f5, it — 2B E H A Fe. Pb.
Mn. Al. Cu. Tl. Zn HJ¥KSE.
2.4. BUIESHT

N IBM SPSS Statistics25.0 Fil Origin 2021 B X556 Fr 15 1945 Fh 2 AT A 3553 B F0 B TR 20
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FH 5/ il 35 1 22 S (LSD) AT W 3 22 e e 40 A, 38 /KPR BN P < 0.05.
3. MEEE R
3.1. AFE pH 430X B REEIR L REA RO

ANE pH 40T, BEAE R MM pHAE. EC J Eh sz tn & 1 fos, ME 1) fs, &40
R pH AE TG W35 2 7, I RS FPIRES, XRYIAFE T E#A 5 5 B damiiR & mE s, BiEA
B MR RE ) HFEIRIER pH EAZDIG, #AaFH EC HUE LA 5 ILEH T = AR AR
fiE, BRI pH N 8 B, RV EC H R & TH e B4 P<0.05), HAR pH &4 F, PG4 kb4
EC B/ T HE A, i pH v 8 i, PG4 Fl PG5 # EC {H53Ji 24 7448 1 5072 pS/em.

9 rC_1rG1Z2PG2 [1PG3 [T PGA__]PGS [ CJrG1 P62 [ PG3 [ PG4__] PGS
a
1 8000 |
a? a
7 s 11, e
JRTR 7 <1% N 6
N N N 56000 |-
I~ > vl
=
el
i
8 4000
=2
bicd
m
2000
5 A AN A A NNe 0
4 5 6 7 8
AFpH
(a)

Figure 1. Characteristics of pH and EC values of leachate in different treatment groups

E 1. TEALIREIZ LRI pH. EC EFHE

3.2. NF pH £ HAEMNRBRERLRTESBRBHAR M

ANF pH 25HF R, BEAE IV DT F AR AR Hh BB S R R 1] 2 B . il 2(a), B4R B, AFELL
HEAH AR R Min B 22 57 1525 (P < 0.05), IR B pH 5, 3= R Min IR EERRAIC, =42 pH A 4 15,
B Mn R R T AR, 7E PG A, 122 pH4 H Mn RN 62.82 mg/L, fEiR$R
WpH 8 1 1.21 fi5, UBEAFMINLLEN 40%E, ANF pH 12 3¢ AR AR 53 B Mn IR B, 1242
W opH 4, HIE HIOB T Mn WA R & =1 89.30 mg/L, 41 BAINE N 20%I, 32 it Mn ik
AR,

R Cu IREERI AL I E] 2(0)FR, A FIRER pH B, =T Cu IEBL, pH4 F&E
R Cu R B B T H B AL B (P < 0.05), 4B B RINELBIZ 50%RT, 12 Cu iRELE pH 4
23.6 ug/L, /&= pHS8 1 CuiREN 1.44 %, R4 pH KT 5 B, PG2 H Cu dRE I BARTH e,
VLB A BN INLL ek E, HAE pH KT 5 MRS PR VR, ARG NI

RHE R Cd IR IE 2(0) R, AFEAFIAAEAF pHE T Cd iERMHHEZR, £
pH 1] 4 I, FACBRA ) Cd Wk EMXT &, HAE pH4 H, PGl 5 PG4 ) Cd ¥k I T HAhab #E4H
(P <0.05), 7EpH{HA 41, PGl 5 PG4 1 Cd #KEE4 728 6.7 F1 6 ug/L, BEFERIEM pH BTG M, =
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HH Cd R AR B — s U, IKBEA B e (/T 30%), CK 411 Cd R EERH 2 KT pH 8,
i e A B R N L 91 2EL(PG4 5 PGS), pH 8 [RIE 3 Cd Wk KT CK 4.

B TUREERA N 2(d) Bs, B4 FIR 3R pH s, BB TUHREEBAK, pH4 R H
TR S & T H e AP <0.05), 7EpH4 B, PGl H TURE N 162.2 ug/L, TifE pH 8 B, PGl
HTLIRFERFZE 1332 ug/L, pH4 1 TIIRFEL)E pH 8 T TIIREEM 1.25 £, BE%E pH ETHE, S T1
WRE LI R R, 44 pH KT 5 B, PG3 ™ T1 WK AR T H e s 4.,

AR FIRSE pH EANZ H D Po WREEERA —E#m, W 2(e)f, pH4 ™, PGl A, BRI
W Pb WRIE N 14.23 ug/L, BEEBEAEUIILLEIRII N, RHE S Po RERA R NREES, UBEAER
&N 500 g i, R IR Po MIIREIEZE 2.3 ug/L, FFRIEEIL 83.84%, H PG3 fll PG4 kB4, 37
HR T Pb ¥R E AR b T e g .
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Figure 2. Characteristics of heavy metal concentration in leaching solution of different treatment groups
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TR SR, AR SRR N A R pH KT 5, LB BN EL ] . KRR 7T T SR
HE BV VAL LA B 2R BN AR 8 AR IR
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