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Table 1

Analytical results of calibration by manual visual

titration and automatic potentiometric titration

4 WIEHFE 4 WER)

; . o R IN T IUN T
WAL SR T W WEE
® (ml)  (mg/ml)
1320 1.89%9
1318 1.8968
1 25.00 0.38
A 1320 1.8939
jg& 315 L9011 .
\ 1316 1.8997 '
e
B2 19055
2 25.00 0.30
314 1902
1303 1904
13262 1.8ssl
13265 1.8847
1 25.00 0.10
13257 18858
A3 13.210 1.8839
%ﬁ‘f 13.258  1.8857 0.10
e 13260 18841
2 25.00 0.08
13260 1.8841
13264 1.8848
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Table 2 Effect of apotassium thiocyanate added time on
calibration

HEa GUANERIREN THABARMEIR TR BB E SR PR
(mg)  JH#FEHR (mL) (mL) (mg/mL) (%)
25.00 0.00 12. 685 1.9708
25.00 3.00 12.757 1.9597 0.86
25.00 5.00 12.795 1.9539 ’
25.00 9.00 12.917 1.9354
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X, BT AR R BRI A A Ry 5 mL,

PRI & AR 1. 15% ~59.09% i [ i % 2K
B A [ SR ) SR AT B U, TERE A A WP A
ML S mL, RERS BIZERIA 1b Ay e Hh £k,
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400 100
350 | oo 0
300 r o 1-100
250 f ¥
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i 300 3
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Pl AN B e h 2
Fig. 1  The titration curves with different volume of potassium

iodide solution

7 LI A5 R e X By (L3R 3) , BT L
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Table 3

Analytical results of standard substances with 5 mL

potassium iodide solution

EE 0 e ey A%
%5 At (o) (mb) e g
GBW07233 R4 0.4456 2.765 1.15 1.17
GBW07169 H# 4 0.5229 15.504 5.49 5.59
GBW07170 WA 0.4107 27.985 12.59 12.84
GBW07166 HiIRSH  0.1642 21.376 24.2 24.54
GBW07268 wHITT 0.2121 37.676 33.30 33.48
GBW(E)020015 #%#4d 0.07395 23.230 59.09 59.21

2.5 i BN E

RT3 5 1) SR S Xk I o AT B R R, 4
AR A FRARREAR T Cu® 0 1 (MR B , 230 S
FRANE T 2 A T L SR BRIEAR . PRI, 17 42 1
TETHIRTARARAE 30 ~40 mL Z [N H., 734k, Tk
1™ WA, 7 AL S AT, T 1R M = il
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Table 4  Analytical results of Cu in copper ore national standard reference materials
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GBWO7166 R zjgggi ii: z: 2.2 8: ii 8:2 g: iz
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GBW(E)020015 A Zggggi zz: 22 59.09 :8: 22 g:; g: Zz
3 e 4 ZE R

R U RE Y B 2l v A7 i 5 1, i A B R B b
VBRI A2 R, E 7. T 1 Bl F S A AR 0 S
A B TR o AT IS T TR
F0.5% JLHIE 10% UL AR 4 i, I HAE—
FEFERE FREAR TR T, 38 T T 52 e AR i
B HTIAE o

i3 545 50 T3 H AL E N He i R ], AT
PG AR R BRI VR R b 2 W] e ) il 2
E ZAnfE GB/T 601—2002 Hx i 22 2K, ifii H. 43
Mo & i 24. 2% ~59. 09% W50 A1 E F br )
JBT, 10 PRI 5 5 5 B ARG B O 25 (RSD) <0.3% ,
W2E/NT T B & , e e Ik T T3 e T X5
P €0 SRR B R AN () S ) A a8 2 LA B
FE TR I T DA AN (] 3 R R R
26 AR T A R S S A BT A UL RE ML
B A SRR, A B R AR S AL T 5 ]
FEMRE

(1] 8L, JE SR i SR A AT A4 52855 5l ] 5
IR STk LT ). A0, 2013 ,32(4) 2532 -
537.
Wang D H, Qu W J. Some New Trends of the Present
Geological-Exploration Work and the New Contribution of
Rock and Mineral Analysis Work[ J]. Rock and Mineral
Analysis,2013,32(4) :532 - 537.

(2] RBIRNG i 0, XA, S, 2 7 i [ Br 52 5 o)
BriJ]. w550 ,2013,15(6) .35 - 43.
Hao X Q,An H Z, Liu X J, et al. Analysis on Main
Mineral Products in International Trade[ J |. Resources &
Industries ,2013,15(6) :35 —43.

(3] AR, AR SR, 5. EKIERE - dLEHE 5 5
B TR S k () I 0 5 R A A B R AL A
8 ANILE[J]. AH# MK ,2011,30(5) ;566 - 571.
Wen H L, Ma S F, Ma X R, et al. Simultaneous
Determination of 8 Elemental Components of Fe, Cu,Zn

and Pb in Sulfide Ores by ICP-AES with Aqua Regia
— 675 —



46 1

HOW
http; // www. ykes. ac. cn

iy

ot

2015 4

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

Digestion[ J |. Rock and Mineral Analysis,2011,30(5)
566 -571.
B, SR, A W I A T P AR (]
FeiE s = ,2011,28(5) ;2317 —2319.
Xiao Y P, Zhang X, Cao H J. Determination of Copper
Concentrate by Todometry [ J ]. Chinese Journal of
Spectroscopy Laboratory,2011,28(5) ;2317 —2319.
25, S K B T VR E R B A R ek ) g
[J]. A&miid,2009,28 (1) .77 - 78.
Li F,Xi Y T. Improvement on the lodometric Method for
Determination of Copper in Copper Ores[ J]. Rock and
Mineral Analysis,2009,28(1) .77 —78.
RISEAR, THEE, Jel R A, 5. a0 7 SRS 0 v 4
TR IR [T]. 6807, 2011,31(12)
67 -170.
Liu M D,Ding S B,Zhou Z X, et al. Discussion on Blank
Test in the Determination of Copper in Copper
Concentrates by lodometric Method [ J ]. Metallurgical
Analysis,2011,31(12) :67 -70.

T A 7 26 R IR S BT 5 T R R SR
[J]. {8¥:164:,2012,31(3) ;197 - 198.
Wang Q L. Cause Analysis and Eliminating Measures of
Abnormal Allochromasia in  Measuring Copper by
Todometry[ J ]. Hydrometallurgy of China,2012,31(3):
197 —198.

Duan D X, Donner E, Liu Q, et al. Potentiometric
Titration for Determination of Amylose Content of
Starch—A Comparison with Colorimetric Method [ J ].
Food Chemistry,2012,130(4) .1142 - 1145.

Seders L. A, Fein J B. Proton Binding of Bacterial
Exudates Determined through Potentiometric Titrations
[J]. Chemical Geology,2011,285(1 -4) ;115 -123.

Kong X P. Simultaneous Determination of Degree of
Deacetylation, Degree of Substitution and Distribution
Fraction of —COONa in Carboxymethyl Chitosan by
Potentiometric Titration [ J ]. Carbohydrate Polymers,
2012,88(1) :336 —341.

Meloun M. Determination of the Thermodynamic Disso-
ciation Constant of Capecitabine Using
Spectrophotometric and Potentiometric Titration Data
[J]. The Journal of Chemical Thermodynamics,2011,43
(6):930 -937.

Chatman S, Zarzycki P. Effect of Surface Site Interactions
on Potentiometric Titration of Hematite ( a-Fe, O; )

Crystal Faces [ J]. Journal of Colloid and Interface

— 676 —

[13]

[14]

(15]

[16]

[17]

[18]

[19]

Science,2013,391 ;125 - 134.

Chvedov D, Ostap S, Le T. Surface Properties of Red
Mud Particles from Potentiometric Titration[ J]. Collodids
and Surfaces A: Physicochemical and Enineering
Aspects,2001,182(1 -3) ;131 - 141.

THEGE A WA o, 5. 18 2l H oL 30 5 U Bl A
AR T IEATTE LY ] a i, 2013, 32 (4) - 595

-599.

Ma D Q,Gu S H, Zhang G S, et al. Determination of
Total Manganese Ores with an Automatic Potentiometric
Titration Method[ J]. Rock and Mineral Analysis,2013,
32(4):595 -599.

ZEFT, AT XA, . B Sl L AL A E ALY
O] BREER A 540K ,2012,35(4) 104 - 106.

Li L,Zheng X,Zhao B, et al. Determination of Chloride
LI
Environmental Science & Technology,2012,35(4) ;104

- 106.

Ih S I WL AL E VR DN E A K T A AR A S
(] JRALR S (fh2730 ) ,2013,49(2) 1205 - 207.

Ma B B. Potentiotitrmetric Determination of Available

with  Automatic  Potentiometric  Titration

Calcium Oxide in Lime [ J ]. Physical Testing and
Chemical Analysis ( Part B; Chemical Analysis) ,2013,
49(2) :205 -207.

AR A, O H E, SF. JOORE IR - Aghi
R E I A E A gk (1] E
i, 2012,31(3) .473 -478.

Zhao H Y, Wen H L, Xia Y L, et al. Accurate
Determination of Total Iron in Ores by Automatic
Potentiometric Titration without Potassium Dichromate
[J]. Rock and Mineral Analysis,2012,31(3):473 -
478.

TZE AR, & dkiz. B 3l i A0 E 2 00 & T35
AHUT ST ]. P E SR, 2011 (1) 83 - 87.
Hao H J, Yang L P, Jin J Y. Determination of Soil
Organic Matter by Automatically Potentiometric Titration
Method[ J]. Soil and Fertilizer Sciences in China,2011
(1):83-87.

BT, LA, ASF PP L3 15 DM A R A v
SRR AR [T ] 4R 4 43 BT, 2007,27 (11) .
54 -58.

Liao H P, Ying H S, Fu R R. Microwave Digestion of
Iron Ore Samples for Determination of Total Iron by
Potentiometric Titration [ J ]. Metallurgical Analysis,

2007,27(11) :54 - 58.



55 6 4] AAVRRI, 45 « B AL R BAS B0 R S A7 s 5 B ) T A S $34 %

Accurate Measurement of High Copper in Copper Ores with Automatic
Potentiometric Titration Technique

ZHAO Huai-ying' , Lii Qing-bin>, GONG Ai-huai' , SUN Hong-bin' , MA Xin-rong'
(1. National Research Center for Geoanalysis, Beijing 100037, China;
2. Beijing Institute of Metrology and Testing, Beijing 100029, China)

Abstract: Copper in copper ores is commonly determined by a manual visual titration method. The method has
large errors, poor precision and poor reliability due to the need to gauge the end of the chemical reaction by a
chemical indicator. Based on these disadvantages, a high precision determination method for high Cu content in Cu
ores has been developed. In this new method, the terminal point is determined by intelligent potentiometric titrator
automatically and the amount of sodium thiosulfate standard solution is accurate to 0. 001 mL by a high-resolution
dosing device. Moreover, the amount of potassium iodide is increased to eliminate the absorption of iodine with
copper iodide which was produced during titration, as the copper iodide can be dissolved by high concentrations of
iodide. National standard materials such as copper concentrate, chalcopyrite and lead brass with copper content
ranging from 24.2% to 59.09% are determined using this method. The relative standard deviation is lower than
0.3% (n=10). The extreme differences are 0. 13% , 0.21% and 0.29% , better than manual visual titration.
The proposed method improves the automation for accurate determination of ores with Cu content greater than
0.5% , especially for those with Cu content more than 10% .

Key words: copper ore; copper; sodium thiosulfate; automatic potentiometric titration
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