#5029 B 2 M
Volume 29 Number 2

rERERERFR

The Chinese Journal of Nonferrous Metals

2019 4 2 A
February 2019

DOI: 10.19476/j.ysxb.1004.0609.2019.02.23

HEREMERMR DT IERE

PIFREE 1L R EL S0

& &, BTk, Inm, K F

(R T RS BE&SIE LR, B 650093)

2 HAC TR B IR AR Fe i MIAR IR AT AR R g P e

|/ OM. SEM-EDS. XRD.

FTIR. XPS ZEASITF B, Xof B kbRl g B3 s 1) o L S5 AT RAE 0T 45 RRW]: Fe M EREHFHE
=M, CAZFLERFAN ZnFe O, TEAFHE ;s EREIRZ B R HE =14, ZUSNEEEREIRINE S ZnFe,0, A7
1E; MERERAMET, MR =MILTE, BERIAN 27:23, FELGRENA(FeOySiO)EEAE. MERH AT
R L ZnFe 0, TEASTEIEN Fe KA NIETR, RAAVEPIER Fe S NPREEMMIEA, G T Si.
Fe A7 I FIBAGIR S i e ML 8, IR S P 1 Po YTTE M, TR AL FLIE S5 IR FeO-xPbO-ySiO,,

AREGE TR L EVERE .

REEIA): BREMOE; IR BREREE: AR 1ddEERE

STEHRES: 1004-0609(2019)-02-0404-11

FE S TF803.23

MERFRERD: A

o B B SR VR R AR TR BRI RS R TR
UG, FRIONERR B3 0= AR T, BRE4m .
B BREETERSS, EEER. W SRR
H T 2 2%, RO A O 468 1 FiR
SN BRI ZE, HERHERE R JiEtkae %,
Xof 5 S B TR G R R . DR, B AR
A& EmMmE, ZRAMNERE TZ#T.

IEZET, RSEEEE 200~300 CHE, KAbF
TG FUIRES WS AE K H ) BERO AL 2 M R 35 R AR 4L
KA o AU NTEESE R, RN IEZERKE,
SRR (AR SR T S AR S T AR
WP XU P e R, IR i R A R
SCER I e e, HOLUEERE S Fey Si IIAAHTE
SRR HE P REMN, SN s
Fizit, e REm, BAX ot NEd, 7
AL RS R AT . XU S8Rt ], R
HEERREED BUA H B  RERREE N, I R B VR
PR AR R, HIR B R EA R rd s rkae.

G S VOV LT Bk I AR IR D T R VR o AR
HHERIIAT N, YONIR I R S Bk 3 R AR K AR D TE
HIEETE. SR KB IN G IR e, 32
PR PR DU R H R Bk R AR K SR T 5% B TR

EEWH: ERARFIHIEESEIITE 21566017, 21266011)
WisBEE: 2017-12-18; #&IiTHHA: 2018-04-25

e, A o 2 T B K AR DT I TR R R
XA R, IR AR A 2 4
JE IR B, BRASKMRDTIE, TR A7/E TR R
dio BRI, fEMRERZAE T Fe KM 907
BB FeyOs: 1E IR 2 1F T A K & B 20 B R 2k
Fe(OH)SO4 H,O 5 B /= R B Mt 7K T% B ok = At % 2
Fe(OH)SO,; f7fE Na'. K'. NH,HUHM T #10 Ek
Wl MFe3(SO4)2(OH)so FH T ERAL AR E Y K IR A K
IF, ERTIOTE s R ER A T Fe* itk
TR bR 2. BEREORITY), BRI, AR
A FeSO4 Fl Fey(SO4); #BWT LA FRERE #2742, T
160 C /a6 RNt 7E5 T 135 CHmREAMET,
BRIAR BE R A AR s BRI I AR T Fe
KR Zn® AT DAERE Fe BIZKAR, Mg™ . Cu®™. Ni*'\
Co™"\ Cd*"%:4: )8 FH B T X R AR e /N, (B
MR AR B T S R TR .

YR SERPORIRF R, 7E pH N 3 MERMERAE T,
FIVRBE I Fe B8 - % ik R 1) g SR AR AT 4k A e o
HUANG %Pt 7e =8, AU 21T 381K Fes Si [
KRS FE, FHEiREE AT e fF Fe,O5 B y #HIA] o AHFEAT,
MERIRE N y-Fe,05 5 Si0, 45 &4l 3¢ i g itk

NS
He o

WiElEE: BE ik, #eE, Wt dif: 0871-65198154; E-mail: liaoylsy@163.com



H29 &5 2 0 &, e BEEINERR IR B RS AR A S R 405

ZR R, WEFCIN R L AR Bk AT O K L)
FHFAC IR LTRSS B 2k B R AOR) P ) 35
o AHH T BIBT I 2 AE LU I VA R AT, b
A PMEZAT TR =& Si ZAMERT Fe M
FEACTUEROBTTE R L DAR L RS IR T IR
ILUEPERERZ M AR FL . A SC VLB BB IN IR R 1 e
NBTFERS By IIE XA TR BRI B 25 A1 T HIR L Rk
ITRAL T, WEIT Fe HUR AT 9 S YRR e AL LA
PARIR B BRI IS, R R diR Sl
TEVERERIRZI o

1.1 RAFIREE

H,S04(98% AR, [HZGEE[A]), £ B i (E A 3E
DREE AL BEEYOE TP 105 CTE 8 h fE
B 22 524035 FLA% <<0.075 mm HIARUESS, ¥y T
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2.1 BEZERE ICP-AES 73#f

BB IS AR R 1 TS, B Zn, Fe.
Cu. Al. Pb, LLK/DEM Ga. Ge. Sn. Sb. As %t
R MEIR B R 160 °C. IHA] 1.5 hy %UE 0.75 MPa.
PHHEE 2 600 r/min) & IR HGREE 90 'C. BE] 1.5
h P HEE 2 600 r/min) i AN [F] i BRUK BEXT Fe 32 H 26
BB R IErERemRe e W 1. SRBIAG BRI B
RN ER B, BHER GRS TS R R 2
Fi%l

BT R RAE H, KBRS R R AR
R Fe BRRHFEAG, HIZHETRKEIEEE; Fe
(35 H AR AT 2 (1 3 8o 6 B B IR H VR W AR B R
WETFEIG R, SRR KT 160 g/L 5, Fe M
HEHT 90%, AT 450 Lim*>h). i
FER MR T Fe BRI 60%/A 4, SIBRIKE

Table 1 Main composition of zinc replacement residue (mass fraction, %)

O Zn S Fe Cu Si

Pb As Ge Sn Sb Ga

37.05 23.73 10.75 6.96 5.85 5.46

2.21 0.70 0.27 0.24 0.19 0.18
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Table 2 Main composition of leaching residue (mass fraction, %)
Sample No. (0] Fe Si S Pb Zn Al Sn Sb Others
1(100 g-L™", NP*) 39.04 16.42 15.65 5.76 5.85 9.00 1.05 0.38 0.24 6.61
2(100 g'L™', HP) 40.49 16.22 19.12 4.75 6.33 6.98 0.89 1.12 0.91 3.19
3 (160 g'L™', HP) 46.03 4.47 25.71 3.36 12.26 2.04 0.54 1.80 1.33 2.46
4 (220 g'L™', HP) 46.79 2.17 30.23 1.45 13.08 0.78 0.28 1.94 1.74 1.54
NP—Normal pressure; HP—High pressure
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R " — ZnFe,0,
1600 = v — Cu,Pb,(Fe,Al),Si;0,,-6H,0
80 3 . ©— (Ca,Pb)ZnSiO,
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Fig. 1 Effects of initial sulfuric acid on leaching rate of Fe

element and filtration speed of leaching slurry
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2.2 XRD 7#f

] 2 i, XRD 1% B 6 B # i A sy =2
X%, FEHYUIREN(ZnFe,04) FEZRAI4Y A7 (Cu,Pby(Fe,
Al),Sis0,,-6H,0)%, FEEEHTEEN((Ca, Pb)ZnSiO,) K /b
HIEPL(PLSO,). HH, Cu ATREHUR Zn DLEKERH
(CuFe,0,) JE AFTE, Ge TREEAR Fe JEHUH ML B¢
(ZnGe,04) - JEEHP) XRD /NMARTH EEOLE 2 4 E )
BIRTE 0.72°4b — 8255 HIAT S U, 2% B JEURH SR Hh A7
TEAFLEEH

Kl 3 B AR E 160 g/L. T8 160 °C. A
1.5 h, %% 0.75 MPa 2 HE ) XRD /NMARTHIE,
0.67°4b I RATH I, RN LEWAFE. HIEK
1) XRD /NMARTHEHELE )M, 12 AT 4R
S, R UTINRIR HE 4h SRR v, FLAS MR 5E
o IR AR BRI 1 FLZS /I EE (BET-BIH
EN: LR 242.677 m/g, FL% 0.367 ecm’/g, fL

5'0
20/(°)
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Fig.2 XRD pattern of zinc powder replacement residue
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Fig. 3 Small angle XRD pattern of leaching residue

2428 20.259 nm. 12 HEPAEEN LA, 2R T
T JE T RS DA 1 B R

W R SO0 35 R A A [ R AP 2% A PR HH TR )
XRD & WL 4. FRKATT, PIASERR BE A3 3 1)
H XRD WGEEAHHE, X HEANG AT IR N
100 g/L BHE HIE ) XRD i InEZET, HEWIGEE
FRIFE N 80 g/L 5 100 /L [1i% HiVE XRD i 5E A A
6], X B HFIH 100 g/L B XRD .
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Fig. 4 XRD patterns of leaching residues at different sulfuric
acid concentrations: (a) Replacement residue; (b) 100 g/L, NP;
(c) 100 g/L, HP; (d) 130 g/L, HP; (e) 160 g/L, HP; (f) 190 g/L,
HP; (g) 220 g/L, HP

FHPE 4 T 1) RN CuyPby(Fe, Al),SisO,7-6H,0
AHAI(Ca, Pb)ZnSiO, AHTEH e« IEIR H I REVA
SR SiOREFENER T TER HaSIO0, IR, 72
RER B2 264 N IR A A LU B R EE R R . T 7E
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A ) SI0, YTUE - 2) B 15°~30° 2 [a] )4 /M2
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FITEJF R ANZ s — BAFTE. 3) RTTEREHT
(Pby4SbeS13/PbsSb,S; )™ ¥ % f& (Ca, Pb)ZnSiO, Fl
(Ca, Pb)ZnSiO, i f#J5, 545 SbyOs-4H,0 7E il 5
IR AL . 4) ZnFe,O4 AHZEARERIN 3E LABR AR
MHENE P, FERREINE 130 /L BHmm, X4
PR FE I AN 2 160 g/L IS} T 58 4= R it .

T AR P52 S MR I3t 28 B 2 3o i v ey 3 2
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B Si0,, WEMSEH SRR R A, i SER
Hs T e PERE .

2.3 OM X SEM-EDS FSR4E# 04

i R YE I G BT 200 58k F, X RN
W RIR (R 100 g/L. 5 90 'C. B [A] 1.5 h). i
JEIR (R EE 140 g/L. %50 JE 0.75 MPa. iR 160 C.
IFA] 1.5 h) L2035 H VA 3R AT D' 5 S i TR T S 8%,

B 5 FrEHRE R EER OM 4
Fig. 5 OM images of zinc replacement
residue and leaching residue: (a) Zinc
replace residue; (b) Leaching residue at
normal pressure; (c) Leaching residue at

oxygen pressure
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AFI TR R BT . IR HER OM B0 E]
S5(e)Ean, BRI KR, EK 6, F
AR 3 RORL FR O BN TE A, (HEESE R AR
BORAR, RUIN AR oy DLSCE T HOR A, fRiER
A% T 57 B A o

1E MLA B P3S4 B O ik 7 efg o, i
Bl SR A LR R, FE SEM-EDS & Fe JG#R 4
MHEHEIE 6. IWE 6 TTLAE 2], Fiiki A # Fe JGHR
TERURL R H AR Z s Fki B ' Fe TEBURLR I 4> A
AR, (HHA BRI A FIR(E. B 6 FbriE s
EDS fiill (e g R W& 3 g, Riki A o Fe
TEEZ, TR PORMAERERKT ZnFeO4.
CuFe,0, K To e BIMTRIR s Bk B i B —, Pb
TEME, AR RENY.

STINEBRRIK T 140 g/L ¥RFF 160 C. HfE] 1.5

+=3 EEEPEN EDS iR
Table 3 Element contents of zinc replacement residue by

EDS shown in Fig. 6

x/%
Point No.

Zn Cu Fe Si S Pb
1 229 283 213 0.6 5.5 8.2 -
2 173 237 1.5 1.2 7.9 1.9 -
3 31.8 219 24 84 267 2.0 -
4 17.6  42.7 - - - - 39.7
5 189 752 - - - - 5.9

h. %% 0.75 MPa. i #E3#% 600 r/min) f 7 s (BiER K
FE 140 g/L IR FE 90 “C - [H] 1.5 ho FiEFEE 2 600 r/min)
KR H 1.5 h B2 BB S 5317 SEM 1 Fe
LR, SRS HWE 7@ 70)fR. Bl 7
HbRYE SR EDS Rl () 70 3K A A a5 A LK 4 gl
R A (LK 7(a) T LAE H A B R <R
o7 EEiK, R IR RS R BIFE L, Fe 43
WET, FEEMEERMN ZnFe,0, “7i” RIZOES

Fig. 6 SEM-EDS image and Fe element maps in zinc replacement residue: (a) SEM of typical zinc residue particle A; (b) Fe

element map of typical zinc residue particle A; (c) SEM of typical zinc residue particle B; (d) Fe element map of typical zinc residue

particle B
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&7 BHER SEM-EDS 4 K&t Fe Tt &R K

Fig. 7 SEM-EDS images and Fe element maps in leaching residues: (a) SEM of leaching residue at normal pressure; (b) Fe element

map of leaching residue at normal pressure; (¢) SEM of leaching residue at oxygen pressure; (d) Fe element map of leaching residue

at oxygen pressure

F4 RN EDS B i R
Table 4 Element contenst of leaching residues by EDS shown

in Fig. 7
x/%
Point No. 0 Zn Fe Si Pb
1 2646 306 2544 2622 -
2 2065 290 7240 - -
3 43.57 - 3.09 5334 -
4 42.82 - - 57.18 -
5 19.73 - - 909 7118

Si0,. MR HE (L 7(b))BURL 3 T #2435,
B Si0y: Fe JG 3 F 2 LAURHCIRASAEBEARURL A6,
FHMETR SR 53 o3 BRI B (B SRV, EDS &
AL R 4R P AT O, W] PbO HEHLTE Si0, PR,
M & 78 25 76 A S ZnFe,0, Uk R 1 1 -
{FH#IA ST SEM 5 kL 2 31 I8 HA V8 LT
PAT NS, SR WE 8 Fin. AILLEER], WIERH

B 100 /L H . IR 90 'C. BFA] 1.5 h)ffi
RLR TR AL B, G, BLFIE SR N 45
R E AL JEORINE R (R 140 g/L. A
43 IR 0.75 MPa. #RJE 160 ‘C. W] 1.5 h)Fiki &4
BRI FLAE Z5 A4, ELIN IR 1D PN 350 F L B R
K,

2.4 FT-IR 97#f

NRAEE R Fe MAFTETEAS , o JEURLRI L B 32
BT B ML T, R WE 9 Bk

ME 9 EF, R EEEL (@.3.@) 1, 630.72
em ' WRES Sn—O B} Sb—O KIZEIRANA XY, R
BHELL(O)FiZIEARIH &, EERKRNERF Sn. Sb
FRAM, MERNEFEEEEH. FEHELO)
H1 605 cm' AL SO HIARKIFRAE R BhIE . TR
BHEZE(@)F 563.22 em ' AL U4 605 em ™! AbI )T
wimnEAELE, BAE—EMAF, 520~580 cm ' Al
410~500 cm " 0 [l P FR 0 5 (IR AT B A& Fe—0 FAA
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Fig. 8 SEM images of replacement residue and leaching
residue: (a) Zinc replace residue; (b) Leaching residue at

normal pressure; (c) Leaching residue at oxygen pressure

iRzl HAARRIE)ET Fe,0,° R3NP, HF JERl 4
Fe &/, FECRIIIER TS . IRERR HE 2k
(@.®) 563.22 cm ™' F1470.63 cm ' 23 5% T FeO,
NIRRT FeO, DU (1) Fe—O fh4aRaht ),
Je IR Fe,047 HITREN . milRIR M 11 L (@),
596.00 cm ™' A1 470.63 cm ' tH N ))& T Fe—O 45
jﬁzjj[ﬂ]o

MERL BN E SRS i, IRV T e i, 1
H R A S 28 (@) 596.00 em " Ab fr W g AR St
T 56322 om ' RAE T HEMER, R EREH
# Fe—O #EMIRBN I HEIE R, KSR, XL
B R ARG R . a2 R, WNBEE

0.1

0.2
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Transmittance/%
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470.63

0.6 L L 1 1
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B9 B AR H R A 8 B e 2T ol
Fig. 9 FTIR spectra of replacement residue and leaching

residues: @ Zinc replace residue; @ Leaching residue at
normal pressure, acidity 100 g/L, 90 “C, 1.5 h; ® Leaching
residue at oxygen pressure 0.75 MPa, acidity 100 g/L, 160 C,
1.5 h; @ Leaching residue at oxygen pressure 0.75 MPa,
acidity 140 g/L, 160 ‘C, 1.5 h

AU ITERRNER, RIENHABGZEHAZ L O, Si
Fe. Pb NE, HHLLO—Si—0 HFEHHLHN, Fe—
O BRIRAEH RS, E Si—O BEISZIA T FeOg /\TH
fRrh Fe—O IR A 2L T g iR 3, 7T REZ i T8
o IE =4 Fe LA B AL 7XF, MIRIUNE =4, B
Bl Fe,047 DL R AR S5 AL o

2.5 XPS o

B HER Fe LB AN, X JEURE K MR H
WHEAT XPS 4T, SERAIE 10 fis.

10 s N E R KR B Fe 2p(LIE 10(a))Fl
Fe 3p(JILIA 10(b))ff] XPS . Fe 2ps, Fl Fe 2py, 45 &
RIBELE 711.3 eV Al 7242 eV MHilE; Fe 3p ML &ALfE
E 56 eV M, Xf& Fe MI4FEIESY, )8 T 1
Fe,0.7": M 10 HnlLLEF], AR FARERIS i i
(@, ®), miREHESLE@)+H 1 Fe2p. Fe3p 1
SafRe AR AR, WEEARIE R, RUER
RHERR P ERE. T LQMO KR
AR—F, R EXHZ HEH Fe MIEARMEDN, B
FE S U 5E Fe TR 1) E 24T . 8] 10-Oik & 1 (5 kHFe
(EGE JLTANHT WL B 10-@1i52E. 10-O1E 2k i (IR
R )Fe MIEREHE, 10-@3k 2 Hh (R R
#)Fe MWESRIHTS. 456 ER R MBI R (& 1
I 2)AT 41, USRS Fe JURIEE P& RA,

MR SCHR[361HIHF 9T, Fe,O5 1 Fe® i XPS i b 2>
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B, HALENIZIE 718.8 eV 47, T 10(a)
W Fe [AEIE I BILEE 714.9 eV M, 754 SCHR[34]
5E 1] Fe,SiOq H 1) Fe I A E . Rk, AR H
BHEEER 2 k.

H1 T B 10(b)-OiE & (JFURHFe 3p 4G 7 fg 32
599, RAEEAE, T 10(b)-@F 10(b)-@iLkdig
REIT, FIFH XPSPEAK41 M EHAFA B 10(b)-B)
1 10(b)-DUE LR AT fEEAT AL 3, 193] Fe M40 XPS
U 1) Fb) AR, Bt FH 2 7 00l A Hiodis 45
W 5 frsl.

mE 8. 10, & 11 g 5 w4, Fe fERE
PAZ FLARERAA ) ZnFe,04 JERAFAE, FEARERIE G
AR EL F NE, EEE SN EE RN
AL ZnFe, 04 T RAFLE, A D RN Fe™'s fEER
R T 2 R 3 0 Fe B 13577, “HMIEE/REL

(@) Satellite
N

Fe 391/2 i }:e 2Py

740 730 720 710 700
Binding energy/eV

(b) (_ Fe3p

64 62 60 58 56 54 52

Binding energy/eV

10 BBl &2 i Fe 2p A1 Fe 3p f XPS

Fig. 10 XPS spectra of Fe 2p(a) and Fe 3p(b) from replacement
residue and leaching residue: D Zinc replace residue; @) Leaching
residue at normal pressure, acidityl00 g/L, 90 C, 1.5 h;
(@ Leaching residue at oxygen pressure 0.75 MPa, acidity 100
g/L, 160 “C, 1.5 h; @ Leaching residue at oxygen pressure 0.75
MPa, acidity 140 g/L, 160 'C, 1.5 h

®S IR MG AR
Table 5 Data and results of XPS peak fitting graph for Fe 3p

Spectrum Peakl-  Area/ Peak2- Area/ Fe*'/ 2
No.  Fe'/eV. %  Fe/eV %  FeT

® 56.3 93.5 54.1 6.5 094 2.14
@ 57.9 46.2 55.9 53.8 046 123

1 1 1
64 62 60 58 56 54 52

Binding energy/eV
11 RIRIZ HE K = RIR HEH Fe 3p 1 XPS 7HEHL & &
Fig. 11 XPS peak fitting graph of Fe 3p from low acid
leaching residue®)(a) and high acid leaching residue@(b)

2982723, BT /DBEARRNTEAR) ZnFe,040 ¥
Fe UL Fe’ AT IR A, Tk
7NN FeO-ySi0,.
L% LETIR, ZnFe,O, G5 T . MELARRRE -

T RARIR [ SRR, AR (L7 EAEE B LT,
ZnFe, O, PURLAE DAFZ Al B 170 TCik 4k 2 B, S804
W RO R I PR B ZnFe,0, Uk A% O 350
JRekr, U H R A At BE o TN A 2F Tl LARE 0
SN E, B RSO AE,  [F] IR i HaSi04 7K
fift Al ZnFe 0, MR R EEEAMIARIERL, 17 PbO 2
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TR R AT R R AR S5, BeJ5 Sis Fes
Pb [ = RIC0E 3 R ALk 1 RER IR [ (¥ AR 55, JF
TE il i KGR R R AERAL . B, TEREAAL
BRI, R8N FeO-xPbO-ySi0,. iXFhZ fL
(R995 H A S LA I8 T 2 P TR G P 0 1) 5 ) R 1
i, RO B I IR R — AN BRI R

3 &g

1) SEM. XRD. FT-IR fll XPS 45 EIK, Fe {7
B R = DLEZFURBIFA Y ZnFe,0,4 B AF1E,
TEARIRIR M FEE = DUANE OB B
S ZnFe,04 TR XAFAE, 1 mBRIR I h A Fl =4
AP (BEIR LA 27:23) DLBREE S ALY (FeO-ySi0,)
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Phase transformation of iron and its effect in pressure acid leaching
process for zinc replacement residue

CAO Lei, LIAO Ya-long, SHI Gong-chu, ZHANG Yu

(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: T the leaching behavior of ferrous phase and the filtration performance of leaching slurry of zinc replacement

residue under oxygen pressure acidity leaching process were explored. The composition and structure of raw material and

typical leaching residues under different sulfuric acid concentrations were analyzed and characterized in more detail by

element analysis, OM, SEM-EDS, XRD, FTIR, XPS, and etc. The results show that, in the zinc replacement residue, the

iron exists as trivalent ion in the form of porous ZnFe,0,, and in the low acid leaching residue it presents as trivalent ion

in the form of dense ZnFe,0, coated with silica gel, and in the high acid leaching residue the bivalent and trivalent ion

coexisted (n(Fe®):n(Fe*")=27:23) in the form of a kind of complex silicon/iron oxide (FeO-ySiO,). The pressure leaching

process can make most of iron elements, in form of ZnFe,0,, enter the solution, and at the same time the residual iron

elements in the slag are transformed into FeO-ySiO,, and then the deterioration of the leaching slurry filtration

performance can be avoided due to the absence of the coexistence of colloidal Si and Fe in the slag. Finally, the

silicon/iron oxide with the lead precipitation is reorganized into a kind of material with pore structure (FeO-xPbO-ySi0,),

which effectively improves the filtration performance of the leaching slurry.

Key words: zinc replacement residue; pressure leaching; zinc ferrite; phase transformation; filtration performance
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