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FREX 1. 755 9 g H 45 R B0 AR I B T 250 mL 4%
b, L8 K i B A 2 L2 T
A FKER BENHERE(OR 1 HE
iR B0 V5 T (K, Cr, O W :0. 002 985 mol/L) s

4)6. 0 mol/L & R 7% W FC ] - FH o i o o o
B 500 mL ¥R 1 500 mL £ B T /K IR 4 A
Bpm]

5) - TR R VS R TG R . LR MR A A I
150 mLy i B 7 BE 31 500 mL KB F K, Ff i
FRIRWOA HG P A 150 mL BEMR . 575 Tk
ERZE 1000 mL;

6) % e Bk 1R A s R0 BC 1 - R R OP M
PRI 0.5 ¢ AR MR 4 JF B T 50 mL AR
o AR R B KR, Z 5 EIA 100 mL 4 i
HIF R BT K ES

7)1 V0 B R A s W BE 1 - FH 1 RO AREC L g
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Table 2 Comparative analysis of detection results of Fe>™ concentration
Y T I T BMURS aarimn/ v RERRTRZE %
(g L7™H (g+L7™H (g L7™H (g+L™H

17 15. 44 15.35 15. 40 0.09 0.58 1. 30

27 15.81 15.77 15.79 0. 04 0.25 1.27

37 15.33 15. 20 15.27 0.13 0.85 1.31

47 14.92 14. 75 14. 84 0.17 1.15 1. 35

5% 14. 84 14. 81 14. 83 0.03 0. 20 1. 35

67 14.52 14. 61 14.57 0.09 0.62 1. 37

7" 14.73 14.66 14.70 0.07 0.48 1. 36

87 << 0.5 << 0.5 — — — —

97 < 0.5 << 0.5 — — — —
107 < 0.5 < 0.5

T ARFARIXT D28 = [0k ok 32 DX ) of B7 9 F 97 26 X 5 22 /P M ] X 10000 BRIk vk JE7E 15~ 16 /L DX [H] . f i 468 X 5% 22 1L

0.2 g/Ly BRI HWRBETE 1~2 g/L X 8], R iF X D2 228 0.1 g/ L.
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EH M 87 ~ 107 i Fe? ™ Jit &t W ¥ 1K,
LT 0.5 /L, ok 3T 5 SF S48 | 46 X 1% 22
FUA XF R 225 17 ~ 77 B fh, 48 XF 1% 2 %
0.03~0.17 g/LzZ 8, ¥ /NF fo 4 4 %} i
(0.2 g/L) . 4 X% i 25 /1 AH XF i 22 38 [ 7
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HRBEEAE 15~16 g/L 3t [l Y, A XT 352 22 /D
(0.25%~0.85%) K% 8w il 47 ~
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PR3 5 S 43 AT 5 1k 3R IR A 5 AW b o e 22
(RSD) K T 1%, 7£0.58 % ~0.73 % 3t N
W] TiClL-K, Cr, O, Ak I J5 3 5 43 A 5 2 9
SRR RGBS L EOHE T 5L A A AR AR A BT Y
SRR S IR A R B W Fe® ™ T iUk
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Table 3 Precision analysis of Fe’' concentration determination
ZE A= R e Lt SD RSD/ %
1 2 3 4 5 6 8 9 10 (g= L1

17 15.37 15.51 15.31 15.53 15.38 15.42 15.29 15.56 15.35 15.43 15.42 0.09 0. 60
27 15.67 15.81 15.89 15.75 15.62 15.86 15.95 15.73 15.79 15.88 15. 80 0.10 0. 66
37 15.15 15.30 15.37 15.09 15.26 15.33 15.14 15.39 15.22 15.31 15. 26 0.10 0.68
47 14.70 14.87 14.96 14.68 14.83 14.77 14.92 14.99 14.74 14.86 14. 83 0.11 0.73
57 14.79 14.95 14.77 14.97 14.82 14.73 14.89 14.78 14.95 14.85 14. 85 0.09 0.58
67 14.46 14.67 14.58 14.72 14.46 14.58 14.67 14.39 14.54 14.61 14.57 0.11 0.73
77 14.62 14.78 14.69 14.82 14.69 14.54 14.77 14.66 14.85 14.71 14.71 0. 10 0.65
87 < 0.5 < 0.5 <0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 — — —
97 <<0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <€0.5 — — —
107 <0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 <C0.5 — — —

H SD=sqrt(3(x; —FHE) 2/ (n—1)) , Hiif n=10;RSD=(SD/F-#I{H) X 100% .

R4 EFeRERENENHEEESHR

Table 4 Precision analysis of total Fe concentration

determination
B o ﬁf{f } iﬁﬁ T4 4/ snf; HIXHE SeVFHIAT
%5 (gL ',) (g- 1,"> (g+L7H @11 /% RE/ N
17 15. 94 15.91 15.93 0.03 0.19 1. 26
27 16.01 16.11 16. 06 0.10 0.62 1.25
3% 15.83 15. 60 15.72 0.23 1.46 1,27
4% 15.42 15.33 15. 38 0.09 0.59 1.30
5% 15.41 15. 21 15. 31 0.20 1.31 1.31
6%  14.96 15.15 15.06 0.19 1.26 1.33
7% 15.08 15. 20 15.14 0.12  0.79 1.32
87 1. 05 1.13 1.09 0.08 7.34 9.17
97 0.99 1.02 1.01 0.03 2.99 9.95
0% 1.21 1.15 1.18 0.06 5.08  8.47

R BEAE 15~16 /L X 8], e MR 22 8L 0. 2 ¢/ 15
BRI EAE 1~2 /L X[, e i M xR 2280 0.1 g/L,

H 28 4 & 1. 10 SR I 53 B 45 R AR X 52 22
BN FSRVE AR 1R 25, 10 B S5 5 = 4 B 45 R 5 Ah
T g B RAF I — B0k, 9250 5 50 1 o
1 B A B o 2 1 0K

T R4 (BEfh 17 ~77 , 4 Fe RE WK
B~ 15 g/L), 46 %f % 22 {8 Fl 7£ 0.03 g/L~
0.23 g/LZ[B], 48X i 2 10 48 X B /)N 5 A 18 22

JEFIFE 0. 1990~ 1. 46 %6 Z [a] , B3 A%+ o o8 40 XF
W2E(~1L3%) , RIUBMFE . WL EEHHEE T,
B 266 %of 15 25 1 AH X 85K (i 37 |y 0. 23 g/L) s
FOHI X5 25 (1. 46 YO B8R AR /N, 52 56 = 43 B /R
HH R 1 T A BT RS 8

X AR e B 4H CBE i 87 ~ 107 , 4 Fe FRH# W
JE~1 g/L), #a % 1R 220 BI7E 0. 03~0. 08 g/L Z
Ti1) o 240 % i 25 1) 20 (L L 8 96 8 2 T /DN 5 M X 32 25
JLFEITE 2. 99 %0 ~7. 34 % 2 [a] , B SR B 1 i & F
vk BE AL, (B[R A IR T A U A X R 2
(8.47%~9.95%) . TEARMREE T . S/ 19 4 Xof i
ZESSRETIOR T BRI X 152 25 1 35 T i X OR Ar ifk
R E PG, AR 97 CHIXHR 22 2. 99 %) Y
iR AR MR 8% CRIXTIR 25 7. 34%0) C 423k
feiF EBR.

S = 4y BT RS2 A3 b 2 4 BOHE B AR A
PEARA - AR RGEEWE. Sk Ed
1) A 5 FBE 48 1 A5 A L TG MR B A B RS B B e ]
G2/ (e 5 7 BN (S R S i o= 1 I 1 S )
TiCl-K, Cr, O, A AL I J5 i 78 43 A7 7 25 F i e
JEREM (~15 g/ L)KE % BE &y, AR R 228008, 43 #r
KPRE X PR AR & (~1 g/L), 45 1A
VS Y. 10 W 52 56 = 43 B o P il A
e

XK 10 A3 AR 5 1Y 4 Fe it Uk B F
10 RELH Z HAE T AR 5,
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Table 5§ Precision experiment results

L EIIE/ (g L)

oS SD RSD/ %
1 2 3 4 5 6 7 8 9 10 (g+ LD
1% 15.92 15.91 15.98 16.03 16.12 15.75 15.75 16.02 15.88 15.73 15.91 0.14 0.88
2% 15.93 16.17 16.08 15.97 16.21 15.89 16.17 16.16 16.01 16.21 16.08 0.12 0.75
3% 15.72 15.61 15.83 15.67 15.82 15.57 15.72 15.81 15.63 15.75 15.71 0.09 0.57
1% 15.26 15.37 15.51 15.57 15.25 15.41 15.49 15.54 15.31 15.22 15.39 0.13 0.84
5% 15.41 15.27 15.39 15.21 15.33 15.47 15.23 15.36 15.29 15.19 15.32 0.10 0.65
6% 15.07 14.91 15.20 15.04 14.89 15.18 15.07 14.92 15.15 15.01 15. 04 0.10 0. 66
7% 15.02 15.21 15.19 14.97 15.19 15.05 15.26 15.15 14.99 15.21 15.12 0.10 0.66
8% .05 1.13  1.09 0.99 1.15 1.08 1.11 1.04 1.12 1.05 1.08 0.05 4.63
9% 0.99 1.01 1.03 0.94 1.03 0.98 1.07 1.11 0.93 1.08 1.02 0.06 5.88
107 .22 1.15 109 1.26 1.12 1.19 1.24 1.17 1.10 1.16 1.17 0.06 5.13

. SD MAR R 22 . SD=sqrt(Z(a; — FEME)?/(n— 1)), Hot n=10; #I % b5 1A 22 (RSD) : RSD= (SD/F-#J{E) X 100% .

TR AR (17 ~77 ,15~16 g/L),SD #/)\
(0.09~0. 14 g/L), £ 4% 25 #OZ AR, RSD ¥KT 1%
(0. 57%~0. 88%0) , K5 B 35 1o » 3 W AE fe Wk B 31 Pl P4
TiCl-Ko Cr, O, A S i S M 5 vk i B A AR T
XoF AR e BEARE (87 ~107 ,1. 0~1. 2 /L), SD AH%}
/N0, 05~0. 06 g/ 1) o EAH X ¥ BE 7K - o Ui 4%
K .RSD WA 5 45 5 (4. 63 %0 ~5. 88%0) . FF A KR FE 4
MrRE . X TR AR &, 46 X 15 25 AN KL (A
X iR ZE B, B PR Ay e A 42 30 L 5 T B L )
AR R 2E EE T S TS 00 e 2 2 [
OO (1 0 SR 25 L 3t AR A P T 5
TP v B L, T A O R o R AT
e VIR FEE R T RS % B O TR R BE A L X 5 4 BT Ak
22 L — 3, RSD (AR bt 34 5 1k B K S 55
YIAH G , ¥ FE A1, RSD B
2.3 IREEH
2.3.1 TiCLZEEF AE#

FERER(Fe +Fe' ) Wk BE (3 22 4 B o 4
TiCL iR J5 Fe'" i e B A MR AN 1E S 48 7n 72 26 T 1
HH A L BB 1 3 RS B S BL ] 3R R FetT i, Bl
TICL ¥ WS i L 3, Fe'™ 4 3 3 38 J5 ol Fe'
TiCL it B, P H AT 5 3 J3 M v] R A R N
(Na, WO H 85 TG 1 75 i (W) 38 Ji Dy i
G FAN (W T I 8k & ) W 6, 18R
CHREETTNT T AW R AR RN AR

WO? +2Ti" +4H —W°" (@b aw) +
2TiO*" +2H,0 (6)

fE Fe' 4 TV d ik i s (LA 857 th 3
FRa) AR 2 R T 75 023 I RE S 2 A K
K, Cr, O W FEUE R 22, &P A7 Ca*'
Hek S T RO, E g m T M
Cu™ 1l Cu™ WA FRE 20 2% B 1 /K 5 W 1Y)
AR AL Cu®t B Cu® ' /Cut AL
PEER 13 S o 338 73 1 0 i 4R B3 Ak T
{4 R, DT R 78 J B 1) g (LA R Ry 1 0
PR S8 A Bk 2 ad it iR R, S 51 A SR Sk A
PR 3G T F S & L. R AR A A A
AREARE Ca'  WIZAEBURE IS RSN N 13 1 %06
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Table 6 Recovery experiment results

Fef BCHI T o(Fest)/ SEM o(Fed ™)/ Fed™ AL

P (g« LD (g« LD /%
17 10. 00 10. 02 100. 2
2% 10. 00 9.97 99. 7
37 10. 00 10. 05 100. 5
4% 10. 00 10. 00 100.0
5% 15. 00 15.03 100. 2
67 15. 00 15. 10 100. 7
7% 15.00 15.05 100. 3
87 15. 00 14.95 99.7
9% 20. 00 20.03 100. 2
107 20. 00 20. 05 100. 3
117 20. 00 19. 95 99.8
127 20. 00 19. 95 99.8
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Redox Titration Analysis of Fe’* /Fe’™ Concentration in Zinc Hydrometallurgical
Solution Using TiCl;-K,Cr,0,

YAO Yiling' ,PENG Xiaohua®?®,LI Jianke' ,LIU Weiwei”?, YANG Dongsong',
ZOU Wei*?* ,BAO Jiayi*?

(1.YIMEN Copper Co. ,Ltd. sYuxi 651199,China;
2. Kunming Metallurgical Research Institute Co. ,Ltd. s Kunming 650021,China;
3. State Key Laboratory of New Technology of Non-ferrous Metal Strengthening Metallurgy »
Kunming 650021,China)

Abstract: The TiCl;-K,Cr, O, redox titration method is used to determine the concentrations of Fe*" /
Fe?t in the solution after oxygen pressure leaching, neutralization, and iron removal of zinc
hydrometallurgy. The results show that for samples with high iron concentrations (10—20 g/L),the
relative error of this method is controlled within 2% ,and the relative standard deviation (RSD) is less
than 1%. For low iron concentration samples Caround 1 g/L),the relative error remains below the
permissible standard. The spike recovery test achieves a recovery rate of 100. 1% with RSD of 0. 32%.
This method effectively improves the accuracy of endpoint judgment by accurately controlling the
endpoint of ‘tungsten blue’. The interference elements such as copper ions are separated by ammonia
water, which reduces the influence of other metal ions on the determination. At the same time,a clear
and simple two—step redox procedure is adopted:the excess Ti*" is first oxidized with air to avoid the
interference of titanium ions, so that only Fe’" to be measured remains in the system,and then the
titration is carried out with potassium dichromate. The titration end point is determined with sodium
diphenylamine sulfonate as the indicator. The color of the solution changes from green to purple/blue,
and the color change is sensitive and stable, which effectively reduces the subjective error, thus
realizing the rapid and accurate determination of Fe’" /Fe’™ in complex polymetallic solution. This
method is especially suitable for high — content iron systems, which can provide a reliable analysis
method for zinc hydrometallurgy process control.

Key words: zinc hydrometallurgy; iron; redox titration; potassium dichromate; titanium trichloride;

determination;analysis



