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Abstract

A large number of Zinc-lead-based solid wastes are produced by lead and zinc industry, which puts
pressure on the environment and resources. This paper studied the influence of iron to silicon ra-
tio, calcium to silicon ratio, reaction temperature, carbon content, oxygen enrichment concentra-
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tion, and reaction time on the volatilization rate of lead and zinc reduction and tailings silver con-
tent, through Oxygen-enriched Reduction Smelting Process of jarosite residues. The research
shows that when the ratio of iron to silicon is 2, the ratio of calcium to silicon is 0.4, the reduction
temperature is 1250°C, the carbon content is 10 wt%, the oxygen concentration is 40%, and when
the reaction time is 1 h, the volatilization rates of zinc and lead were 99.34%, 98.77% respectively,
while the reduction of slag reached 51.65%, and the silver content of tailings was 12.45 g/t.
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1. 5|8

BrREE R R R TR, R AT P A A EER A A L, TN ARG S A,
PUbHIE . BRZG5EUR[ 1] [2]. 21 )5, BEE E B i iy R UL KT fde e, veed:
FrEAL B, IR TR EORE TIRE3]. REEEATA PR K RATFEIR, KR BN AR 2
FERPIRY ™ E, LR EUR

HE B e UL 22 AOHAsE L BRI, BVERAE R X AMIAT BE DREFLE 20%~30% [4]0 JRFAR ORI fill i 6 B4
I IPGE R e, EARE RIS T 27 SR RS . 55— 5T, SR AT o+ BRI 25
5 ISR 3 B o R A 5 B A PR v A s, 7 S A2, S RO BRI 22 (5] o

BB YRR SR R, PR AR BV B S A AL IEAE R R, SRR R R Ay IR BRI, AMAT A
ISR Y B IREEA & m, AT USRS T KiFiaa BA X RGBSR AL R, A
] CASEBIA MR (0 T AR, PR S T R REROR BRI, AR IF2 b B Y RO . AXHE S
AR I R & AR RBOR B R, FATIERIRACR i R CIER R SO, MR 25 761

2. SKERFASE
2.1. SCRRJRE

ARSI i PR Rt PE AR SRR R A M) SR BE I R — LR BRI, 9IRS BRI ST R MHER & &
BATHEETT R, SRR 1.

Table 1. Chemical element analysis of iron vitriol slag/wt%

1. KMBEBUFETRDS /W%

S

Fe S Zn Si Pb Mn Ca Al As Ag/gt™

o | g

8% 23.06 11.2 4.72 4.11 2.02 2.18 1.78 0.88 0.18 151.93

KH X S 2RATHT A TR b R B, Wl 1 FaR,  BRLIE A 3 AT A S AR
(KFe3(SO4),(OH)e) FEERR G (ZnFe,04)« A195(Si0,) AL YI(PbAsS,S,), WA E L, LMMASRETE
_EO
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Figure 1. XRD pattern of iron vitriol slag
1. $XERERY XRD EiE

VIR MLA B M e R IRAOIRES, W0 2 Pos. al Bk 32 EIAAAE BB
i HRA 89.26%, HARBRN L EUAR IR BRI A A AT . SIS T2 MARME S, E
BRAAERRIL L. A E . BaEfkh, bR MECE, XIRMTRESIE S IR R
WA TRRAIL. BRERISE AT INEER TR, BRERIR S B

Table 2. MLA Phase analysis of iron vitriol slag/wt%
2. BWE MLA Y H/wt%

Y| As Fe Pb S Si Zn
RN 93.51 89.26 44.42 87.65 23.98 50.91
AL 0 0 29.63 0.72 0 0
IR 0 4.05 0 0 0.36 0
HE - aE 0 0.10 20.03 9.59 0 0
FHE 0 0 0 0 60.12 0
BRI 0 5.30 0 0 0 32.63
NE=27n 0 0.19 0 1.33 0 8.03
HoAth 6.49 1.1 5.92 0.71 15.6 8.43

BLE AR AT, EERAAERAY) . EET W EER T, D DR RR AL, HTARM
YIRS ORI, AR AR RIR 2 R X .
2.2. KGR E5IITE

ARSI FOR AL, IR A B AR, RS N 99.92%, AN T AL ES . R
i, SZIRBE B 2 FR, %458 QSG-12-13, #iE HE 300 V, FEIhHE 12 Kw, In#oot ik
TcAE, A TAEE 1350°C, i A0 eE S0 (8 At Bl ) B SR U L %, FiRRE E£5°C 0 SRIGR
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Figure 2. Schematic diagram of experimental equipment
2. IWRETEE

TR BB 5 7 S50 LA 77)(CaO F/BE SIOn) R A5, FNA st iy, 72573 B e —
SER L T FEAE 60 mine FIRI RS RN —5%E I ATHIIR & AR E LI N, + 0,), BFMRAMEES, RN
— B, JREENR TERE 3 0Bh. SKERSTAUR, R, R RIE R A SR RV
FEJa R A ikl e Rl e m . B, IREE.

3. WBELHRETHE

HT AR IR SR, SRR R RS, BREkEE . PREL. RNVIRZ . BoRE. WK
BE o SNEI TR] NS B O BRI o SRR A AR R AR B BRI R L W L X R IR S R Y
M o

3.1. RN ERIFLXEHTN

FREL 1000 g BB, 20 g ks, FC SiOy T M EkEELL . SEIG 2614 RELE N 0.4, R
FE 1250°C, 82K 40% vol, SRIMFIA] 1 he ZREEHLATAY. FedE R R W IR E 1L KX RS B 1 i
Wz 3. K3 Fiw.

Table 3. Reduction of slag and metal content of tailings with different ratios of iron to silicon

®3. TRISHELLENRERREEEREE/%

BREELL 1.2 1.4 1.6 1.8 2
S 0.023 0.069 0.044 0.027 0.024
R#S 0.29 0.16 0.078 0.038 0.027

RS/t 116.01 157.55 63.26 70.32 73.44
TR R 29.2 32.94 36.82 44.58 45.34
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Figure 3. The effect of iron to silicon ratio on the volatilization rate of lead and zinc

B 3. SREEELITIR. FEHELEAIFM

BH72 3 AR, BRAELCAIEOR, IBHRERIREM SRR, FENEFE, e, %
BCf i, REREEZ W . 55, RENEE S EME SN mmmEs. HE 3 SRR
SERTIOL, BREELRIGR, AT BEIIER, MEREELLN 2 MURHE, B HIIERFE D BN 99.68%
99.36%. JERHKERIELL N 2.6, BRIE LRI 2.6 MWE 7R AN Si0, S/, JEFI ARG, K,
AR YR S BB 5 A A LU I SR PR 2

3.2. SN ERELARNTIM

FREX 1000 g AL, 20 g BAT, FC N CaO 7118 A5 ek LL o SE6 b, BREEEE A 2, IO S 1250°C,
BAIKREE 40% vol, SNITE] 1 he HEEERELLTHY . AHER R, BRI E & RE RS EBRR, 455
W 4. K4 Fir.

Table 4. Reduction of slag and metal content of tailings with different ratios of calcium to silicon

F 4. FEHSHELLENREXREEZEREE/%

PRkt 0.40 0.60 0.80 1.00 1.20
R 0.057 0.36 0.027 0.12 0.027
R L 0.035 0.024 0.024 0.025 0.025

RSt 52.84 79.39 73.44 75.13 73.44
IR R 48.03 41.72 4534 4425 41.88

B2 4 w5, BEEMRELCHIRDN, R ESCR R, FEMWERE, Sk, FrRi
D, BEEED. AR 0.4 B, RESRERD, N 52.84 git, B HE EHMAANELD,
HE 4 B RZNE R AT, B SR B IEARAZERELL R0, £ 0.4 BN f5, £,
HHHE R Z A 99.36% 99.11%, LIS ¥# B9 2k Bl i s . R, AN RSEE0 1 08 S s 45 1k L 1Y
wAIE N 0.4,

o
S
H
i
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Figure 4. The effect of calcium to silicon ratio on the volatilization rate of lead
and zinc

4. SEREEEXTER. SHERRHNFN

FREX 1000 g ZROLE, 20 g fcky, 7EERRELLR 2, #5AELEH 0.4, B %IKREE 40% vol, JSIEF[A] 60 min
FMT, BREARNRENE . FHERE. BIEEL . KREREEREW, 458 0% 5. K5 fis.

Table 5. Reduction of slag and metal content of tailings with different temperatures

#5 TRIEHENREXREEEREE/ %

R/ C 1100.00 1150.00 1200.00 1250.00 1300.00
R 3.41 0.44 0.057 0.036
R 0.23 0.058 0.035 0.011

RiEE /gt 194.07 119 73.44 52.84 73.44
T ) R 44.245 45.369 50.188 48.03 50.364

M 5 AL, MERENI G, EREEARREE. FalEE, AT SRmTRRN S EME
JEBEERIE R, HERERE, RBEERD. 54, REBENESRESEMEAREZNA SR, £RHEE
MfaFEER/N . SBERENSEREE S AT, SEREXH. B RREG A EENEN. MRE
/NT1250°CHE, BY BRI R ZEBEAE T S A BORIE B ) 5E T, 7E 1250°CHE, B HIER RS
A 99.32% 99.06%. i FEIE N EI Y 1300°C Y, £, B4R FIEIREDN, 735078 99.61%- 99.73%.

I B R 2V AR 2 M REVE,  BEARIE IR 5

(] I Rl B IR, IRV R R, T P IR AR

Tk, W m AW gL, SR RE R AR R REHIE, ALK E Rl

YA E N 1250°C .

34. HRENSREELRNOTE

FREL 1000 g AL, EERRELL N 2, 4REEE N 0.4, IEIHIRIE N 1250°C, & %R 40% vol, S Bkt
8] 60 min 2514 N B RN &, FHEAFRHEXSH . FHERER . BEREEA N RERS 'R
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Figure 5. The effect of temperature on the volatilization rate of lead and zinc

B 5. REXHA. SHELAENZM

Table 6. Reduction of slag and metal content of tailings with different carbon content

# 6. TRIEHRETENREXRREEEREE/%

IR 2 4 6 8 10
RE e 0.057 0.067 0.057 0.074 0.063
R L 0.035 0.12 0.045 0.031 0.052

ARt 52.84 87.56 141.33 38.42 12.45
R 48.03 4822 50.44 47.31 51.65

B 6 AlA, BEAEMBERIEMN, EIRENRBESE . ERICESG T, GUT&EmREN
B E o e BN FE K. Bk, EkENT G, HERERS, BREED . BENSE S EMER
R T AT, RENEFEEEN . SRERENERBE 6 7T, HIKERN 6 wt%hf, . 4
MIHERF AN 99.39% 98.91%, AR mEE, HARETIEREEN 14133 git, UHHREARH K
IR TERCHR Y 10 wt%elT, &% BYIHE R R 33108 99.34%. 98.77%, Rl RE /D, H 1245 g/it.
XM TERESAFAET, WITIREE L EMMER UL R AR, SEEVKESRE. 46

HhE, ALIHIE RIMEHEN 10 wt%.
3.5 EERENERELRIRM

FREL 1000 g BRANE, REELR 2, F5EELLH 0.4, IIRIRE N 1250°C, BLBkEAN 10% wt, N [A]
60 min. 3 AlMERT . BEMFER AR, HURESIRE, RS FIRENH . BERE . BERRE

MBS RN, 2R 7. K7 PR
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Figure 6. The effect of carbon content on the volatilization rate of lead and zinc

Bl 6. FChREBFEH. FHEL AT

Table 7. Reduction of slag and metal content of tailings with different oxygen enrichment concentrations

%7, ANERRE TANAEERREL R R

B AR Y%vol 30 40 50 60 70
RE e 0.099 0.063 0.046 0.052 0.036
R B 0.088 0.052 0.032 0.030 0.036

R R/t 83.06 12.45 11.56 11.55 175.12

T R 49.88 51.65 51.41 50.06 51.56

B 7 W5, EEIKEE 40% vol B b, WERIMERIELE 50% L . BlE T, BF &,
BAA R TR BB RENY), FHEDYWEEER. Hik, EREERKRE T, BHTEBER
WA R A, Rl s A R D — 2 5 IR EELE 40%~60% vol, RV FHHLM & 2 4EFFTE 12 g/t
KA, Hr BEEEREA, RPRBENGERRE/N. B2, EEEIKE 70% vol I, EEPHRKEE L
FFE 17512 git, WK EAAREABIRINCR . XRARA, &ERED K, =5 TIHEEPrEs, I£
M RERR, fHIR R, SEURMIE R RPEL, TRV EER .

SRIERFWNGERBE 7 Fon, 8. B EWCREE E SIRE R8P ETRES, B Bk E
O E E IR 30% vol BF 1 98.92%. 97.84%, b F+EI'E AR 70% vol B 1) 99.62%. 99.15%. 1E—
SO B v R, AT DY AR R R AR LR E K . — TR SR SR AL,
G PR RIER . 5 —J7 T, AT AR BT R CO BG4, IntRIG AR 4L FUR E, ARk
R S L A o IR FEAE 40% vol I, BE . BYRIFE K 230N 99.34%. 98.77%, it —F 4w Ak
FE, Hr. BERIYE R BRATR B KR B B4R T, R R N B AR /DN, SR A E R, AR SIS E Sl
B AL N 40% vol.
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Figure 7. The effect of enriched oxygen concentration on the volatilization
rate of lead and zinc

Bl 7. EEUREXE, SHERENHM
3.6. RERTEIX & RIELZENF
FREX 1000 g BRB, ZRiEEb A 2, $5REEL N 0.4, JEIRIRIE N 1250°C, ECHREN 10% wt, & FIKE
9 40% volo 3l IEET BEMIFER R, SRIES I (], 55N [RROBI [BXFE . BRI
L RS B, SRWE 8. K 8 iR,

Table 8. Reduction of slag and metal content of tailings with different reaction times

# 8. TRIREMEEHNREXREEERIE/%

JBEI [ /min 30 40 50 60 70
RS 0.19 0.19 0.092 0.063 0.13
B EHY 0.12 0.15 0.060 0.052 0.071

AR gt 75.34 84.09 24.33 12.45 56.76

R A 47.92 47.6 48.5 51.65 51.4

HH7¢ 8 T, B4R B OB TR B, VAR E IR 2. BEA ORI R e, VR R R
EOMREAR, RN, RNIE] 60 min J&, ERIREIEATRE, I, BEPIRNGE
IREIRAR 12.45 g/te THRME 70 min 5, FTREVIEN R IV SOAME L2 EE S, SEEBS RS E L.

H & 8 WA, FE ML TA] 30~70 min, #F. HWEAREMA BT, B YRR R 30 min
K] 97.85%- 96.94%, LT3 60 min [ 99.34%. 98.77%, 1 70 min JG ANFE_EFF. XZEE N, BEHE B
ERE, BRI SER A ER BT TER . SEEHRE, ARSI 2 A1 OB R 60 min.

4. &Eig

1) SHVERYIM LR A, BRI L, HIEA A58, S8vaE . SR BERD . BORA”
Y, SHSZEAEAE. Mg, . 8. REGNTRMEREE %,
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Figure 8. The effect of reaction time on the volatilization rate of lead and zinc

E 8. REATEXIEH. $HELRRPFNT

2) BREELL. ASRELL. RE. WBE. ERIRE. NI EXHE R BERN S EA R
FOSEI: FRkREEL . RASREEL. iR, Bk, B RNIEEK, HRREBRRER; SE. S
B ALEOCIR B BB TR S B, 5K EE 40%~60% vol BEME RV AR & B 4ERR7E 12 gt A4
BARSE, BRI 60 min oA AP EBAR K & & .

3) REXTAY. PR R R EROK, TN 1250°CHF, 4t BERIER BRAELE 97%~99.6%2 [H .

4) MMM BEELE o 20 B5RELEN 0.4, EJRIEE A 1250°C, FERREN 10 wt%, & FRIKE 40%
vol, JJFFIA]A 60 min, £%. HHIIER K5 HN 99.34%. 98.77%. EHIIREFRIAF] 51.65%, REHRS
BN 12.45 git.

5) KM EELIEEREHLZ, ARTH. B&ENEK. BIREBTREE. —Hm, AFT
B EREAEN, M DGR R K. S H, BURER, HSaashag, B E L
SR CO, BB, AR TUEEE, (R B RESBRAEI R

oM
BT TARAR R T B K AT RI(2019YFC1907303) i Bt 30k, LA R BB Z I 2B 018 S, JF
H R
ESUHE
AR TARARE] T B 5K R 02019 YFC1907303) ) B8 42 30 H+F -
P
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