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ATOMIC EMISSION METHOD WITH INDUCTIVELY COUPLED
PLASMA FOR DETERMINING OF NOBLE METALS (Au, Ag)
IN SAMPLES OF INDUSTRIAL BLISTER COPPER

Abstract. In the article weare presenting the results of investigation of AES ISP method for Au and Ag
determination in samples of industrial blister copper. The developed method allows determining Au in the range 28-
56 g/ton, Ag — 2000-3000 g/ton. Control of precision was conducted using control analytical method (assay-
gravimetric) as well as using measurement of state standard sample of copper content with attested values of
impurities. The developed method is not inferior in metrological characteristics to control analytical method. Optimal
spectral lines for Au — 242,795 nm and for Ag — 328,068 nm were selected because they have the most sensitivity
and do not have spectral noises. Statistical processing of calibration characteristics for AES ISP determination of Ag
and Au was conducted in accordance to RIS 54-2002. As a result, values of average standard relative deviations, the
ratio of the average squared deviations and quantile of distribution were obtained. Parameters of precision,
correctness, repeatability, reproducibility of the method were calculated according to RIS 61-2013.

Keywords: blister copper, noble metals, melting, gold, silver, atomic emission, inductively coupled plasma.

Introduction

Kazakhstan copper, as well as aluminum, nickel and ferrous metals, is one of the main export goods.
Copper presents on market as copper concentrate, refined copper and copper wire rod.

Blister copper contains impurities, which deteriorate quality of copper (sulfur, oxygen et al.), and
therefore to be removed, as well as impurities non-affecting the quality of copper, but extracted because of
their value (silver and gold) [1-4].

In present time for determination of gold and silver content in samples of blister copper of copper
production assay-gravimetric method of analysis is widely used [5-9]. Related to bulk up of copper
production necessary of using more express method of analysis emerges not giving up by accuracy to
assay-gravimetric method. Thus, the development and implementation of appropriate methods of blister
copper analysis is an important issue.

Methods and materials

Development of the method of determination of noble metals (Au, Ag) in industrial blister copper
samples includes following stages [10-13]:

1) investigation of influence of sample preparing stage and measuring on the analysis result;

1) making of calibration characteristics and their statistical processing;

2) description of the AES ICP method of impurities content determining in samples of copper
production;

3) metrological substantiation of the developed measurement procedure.
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Results and Discussion

The calibration characteristics for determination of noble metals impurities content by the atomic
emission method were built using certified mixtures prepared from pure metals in accordance with the
method of measures performing [10, 11].

From scientific literature it is known that for determination of Au and Ag analytical spectral lines are
used, which bands lengths are represented in Table 1.

Table 1 - Analytical spectral lines for determination of Au and Ag content using AES ICP method

Determined element

Band width

Au

242,795/267,595 nm

Ag

328,068/338,289 nm

We have selected the most optimal spectral lines for building of calibration characteristics for gold —
242,795 nm, and for silver — 328,068 nm. These lines are the most sensitive and do not have spectral

interferences.

The initial data necessary for building of calibration characteristics are represented in Table 2.

Table 2 - The results of AES ICP determination of Au and Ag in calibration solutions

I imp/sec
Cremg/l Ag (328,068 nm) Au (242,795 nm)
Blank 22042,9 5038,77
PC-1 681869 16094,4
PC-2 1217090 25561,5
PC-3 2345950 449453
where I — the average value of intensity of analytical signal of the metal, imp/sec
Cwme — content of the metal in calibration solution, mg/1 (Table 3)
Table 3 - Concentrations of comparative solution
Comparative solution Concentration, mg/l
Ag Au
PC-1 10,0 0,5
PC-2 20,0 1,0
PC-3 40,0 2,0

Intensity of analytical signal (number of impulses per second) was measured triple for each element
and for each calibration solution. Using obtained values calibration characteristics have been built. The
characteristics represent dependence of analytical signal intensity on analyte content in calibration
solutions (mg/1). Calibration characteristics are represented on Figures 1 and 2.
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Figure 1 - Dependence of analytical signal intensity on Au concentration
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Figure 2 - Dependence of analytical signal intensity on Ag concentration

According to the Recommendations on interstate standardization 54-2002 «Calibration characteristics
of means of measurement of composition and properties of substances and materials. Measurement
procedure with the use of reference materials» (RIS 54-2002) statistical calculation of built calibration
characteristics has been performed. As a result of statistical calculations of calibration characteristics for
determination of Ag and Au values of average standard relative deviation, standard deviations of
coefficients a and b, relation of average squares of the deviation and quantile of distribution were
obtained. The results are represented in Table 4. Statistical processing of the results of calibration
characteristics were conducted using the least squares methodas far as arithmetic mean value of relative
standard deviations ¥ <0,4 [14].

Table 4 - Results of statistical processing of calibration characteristic for AES ICP determination of Au and Ag

Analyte Y a Sa b Sb Vv F (Vl, Vz)
Ag 0,011 2,20 8,35 6,31 1,36 4,22 477
Au 0,002 5,04 2,59 2,08 2,69 4,31 ’

y — average value of relative standard deviation; a and b — coefficients in equation y = a + bx; S,, S, — standard deviations of
coefficients a and b; V, — relation of average squares of deviations; F — quantile of distribution.

Table 5 - Published data of the calibration standard sample (VSM 1.3) content

Index of Standard sample
= (e}
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Obtained value V), is compared with the value ofquantile of distribution F [14] with the degree of
freedom V1=N-2 and Vo= N(I-1).
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As a result of mathematical processing we have obtained V,<F(Vy, V>) (V,=4,22 (Ag), V,=4,31 (Au),
F (V1,V2) = 4,77), which justifies the hypothesis about linearity of calibration characteristic.

For calibration of spectral equipment, we used state standard samples of blister copper with the
content VSM 1.3 as represented in the Table 5.

We have determined content of Ag impurity in calibration standard sample of VSM1.3-2 set in order
to define opportunities for using of the developed method for analytical control of blister copper in copper

industry. The obtained results in comparison with attested values for each element are represented in
Table 6.

Table 6 - The results of AES ISP determination of Au and Ag content in samples of industrial blister copper and calibration
standard sample of substance content set VSM1.3(n — results number, n=3, C — an average of analysis results mg/l, S, — relative
standard deviation of analysis results, t, — Student coefficient, t,=0,95)

Sample index Element Attested analyt content, Concentration of S, % Sty
6=+ , %

g/ton analyte, g/ton Vn

A-1 Ag - 2330,2 0,008 0,021

A-2 - 2330,2 0,005 0,012

A-3 - 2923 0,004 0,011
VSM 1.3 -2 2930 +0,005 2929,06 0,0034 0,0085
A-1 Au - 37,25 0,002 0,0057
A-2 - 29,95 0,0017 0,0041

A-3 - 55,45 0,019 0,048

Accuracy control was performed using the control method of analysis (assay-gravimetric). The results
are presented in table 7. The developed technique is not inferior in its metrological characteristics to the
control method of analysis.

Table 7 - Comparison of analysis results obtained with AES ISP and assay-gravimetric methods

Sample index Metal content, g/ton

AES ISP Assay-gravimetric method
Au Ag Au Ag
A-1 37,25 2330,20 41,30 2681,40
A-2 29,95 2330,20 30,00 2335,00
A3 55,45 2923,00 56,60 2962,70
Ranges and subranges of determined element concentrations are presented in Table 8.
Table 8 - Determined concentration ranges of Au and Ag in samples of blister copper
Au, g/ton Ag, g/ton
Determined concentration ranges 28-60 2000-3000
Determined concentration subranges 28-36 2000-2300
37-46 2301-2600
47-60 2601-3000

Processing of accuracy characteristics of results was conducted in accordance with requirements of
the Recommendations on interstate standardization 61-2003 «State system for ensuring the uniformity of
measurements. Accuracy, trueness and precision measures of the procedures for quantitative chemical
analysis. Methods of determination» (RIS 61-2003) [15].

For estimation of repeatability of parallel determinations of control analysis values of mean square

deviations - S, and repeatability limit - 1,, of corresponding subranges of components have been obtained
(Table 9).
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Table 9 - Parameters of repeatability for AES ISP method of determination of Ag, Au content in industrial blister copper

Element Subranges of determined concentration, S .

g/ton ™m m m
Au 28-36 0,2997 0,2997 0,8302
37-46 0,3723 0,3723 1,0315
47-60 0,5576 0,5576 1,5447
Ag 2000-2300 23,3751 23,3751 64,7491
2301-2600 23,3987 23,3987 64,8146
2601-3000 29,2317 29,2317 80,9718

For estimation of analysis method reproducibility for parallel determination of control analyses values

S%mis Skms Gm(maxys ---kms R for corresponding subranges of determined components have been obtained
(Table 10).

Table 10 - Parameters of reproducibility for AES ISP method of determination of Ag, Au content in industrial blister copper

Element Subranges of
determined Skm Gin(max) o Rm R, S%r10™
concentration, g/ton

28-36 0,1237 0,4716 0,1237 0,3428 0,089

Au 37-46 0,1537 0,4752 0,1537 0,4258 0,014

47-60 0,2300 0,4856 0,2300 0,6372 0,031

2000-2300 9,6465 0,4762 9,6465 26,7208 0,055

Ag 2301-2600 9,6525 0,4819 9,6525 26,7374 0,054

2601-3000 12,055 0,4864 12,055 33,3916 0,085

Estimation of correctness has been conducted using check method of analysis (assay-gravimetric) and
through measuring of state standard sample of copper content with attested amounts of impurities.
Values of precision parameters are presented in Table 11.

Table 11 - Precision parameters for AES ISP method of determination of Ag and Au content in blister copper

Element Subranges of Repeatability Reproducibility Correctness (limits of | Precision (limit
determined (Standard sample (Standard sample non-excluded of the absolute
concentration, of concentration) of concentration) systematic error) +Ac error) £A
g/ton o, OR
Au 28-36 0,2997 0,123755 0,33956 0,242559
37-46 0,3723 0,153718 0,33958 0,301288
47-60 0,5576 0,230036 0,33958 0,450871
Ag 2000-2300 23,3751 9,646498 0,48749 18,90714
2301-2600 23,3987 9,652491 0,57398 18,91888
2601-3000 29,2317 12,05473 0,42777 23,62727
Conclusions

Thus, possibility of determination of Au and Ag content in samples of blister copper using AES ISP
method has been revealed based on analysis of scientific and regulatory literature.

Advantages of the method are high stability of discharge radiation, high measurement speed,
calibration simplicity, possibility of simultaneous multielemental determination of macro- and micro-
components. Weak matrix noise caused rapid introduction this method of analysis in the workflow of
many research and industrial laboratories.

At the present time assay-gravimetric method is the most used method for determination of gold and
silver content in samples of blister copper in copper production. Because of increasing of copper
production necessity of more express, not inferior in accuracy to assay-gravimetric analytical method is
occurring.

The developed AES ISP method for Au and Ag determination in samples of industrial blister copper
allows determining Au in the range 28-56 g/ton, Ag — 2000-3000 g/ton. Control of precision was
conducted using control analytical method (assay-gravimetric) as well as using measurement of state
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standard sample of copper content with attested values of impurities. The developed method is not inferior
in metrological characteristics to control analytical method.

In the course of this research work scanning electron microscopy was used for confirmation of
presence of micro- and macro-quantities of Au and Ag in the samples of blister copper.

Optimal spectral lines for Au — 242,795 nm and for Ag — 328,068 nm were selected because they
have the most sensitivity and do not have spectral noises.

Statistical processing of calibration characteristics for AES ISP determination of Ag and Au was
conducted in accordance to RIS 54-2002. As a result, values of average standard relative deviations,
standard deviations of a and b coefficients, the ratio of the average squared deviations and quantile of
distribution were obtained.

Parameters of precision, correctness, repeatability, reproducibility of the method were calculated
according to RIS 61-2013.
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WHIYKTUBTI-BAMJIAHBICKAH IIJTASMAMEH ATOM/IBIK-MHACCHSLIBIK OJICIMEH MBIC
OHJIIPICTHIH KAPA MBIC YJITIEPIHJE ACBLT METAJIJIAP/IBI (Au, Ag) AHBIKTAY

AnHotanusi. byn makanmama Meic eHAIpiCiHIH Kapa MbIC YJATUIEPIHIE aITHIH MEH KYMICTI aHBIKTay YIIiH
WHIIyKTUBTI-0aiJIaHBICKaH IUTa3MaMeH aTOMJIBIK-OMUCCHSUIBIK SJICTIH 3epTTEy HOTHXKesepi OepuireH. O3ipieHreH
aaic 28-56 r/1, kymic — 2000-3000 1/t nuana3oHAapbIHIA aNTHIHAB aHBIKTayFa MYMKIHAIK Oepeni. JamikTi 6akpuiay
TanmayaplH OakKelIay 9Mici (CBHIHAMABI-TPABIMETPHSIIBIK) KOHE KOCTIANAPAbIH aTTeCTalUsUIaHFaH MOHIEpl O0ap MBIC
KYpPaMBIHBIH MEMJICKETTIK CTaHNAPTTHl YITICIH eJIIey apKbUIBl JKYPri3unmi. O3ipJeHreH omicTeMe ©3iHiH
METPOJIOTHSUIBIK CHUIaTTaMalapbl OOWBIHIIA TajnaydslH Oakpuiay oiciHeH kKeM emec. AnteiHFa-242, 795 HM,
Kymicke-328,068 HM YIIiH OHTAMIbI CIIEKTPAJIIbI CHI3BIKTAP TAHIAIIBI, OJIap ©TE Ce3IMTall, CIIEKTPAJAbI Keaeprijaepi
xoK. PMI' 54-2002 coiixec Ag, Au anmpiktay ADC-UCII rpagyupriey cumaTrTamaiapblHa CTaTUCTHKAJIBIK OHACY
KYPri3iiai, HOTHXKECIHIE OpTalla CTAaHIAPTThI CaJbICTHIPMAalbl ayBITKYJaplblH, a XoHE b K03 (HUUUEHTTEePIHIH
CTaHAAPTTHI aybITKYJAPBIHBIH MOHJEP1, ayBITKYJIapIblH OpTalla KBaJpaTTapbIHbIH KaThIHACKHI )KOHE 0Oy KBAaHTHIIbI
anpiaael. PMIT 61-2013 colikec o3ipiieHTeH OICTEMEHIH JAQJIIri, AYPBICTHIFBI, KaWTalaHybl, KailTa OpPBIHIATY
KOPCETKIIITEePl eCeNnTeIreH.

Tyiiin ce3mep: Kapa MbIC, achll MeTannap, OajKbITY, AITBIH, KYMIC, aTOMJBIK 3MHCCHS, HHIYKTHBTI-
OaiinaHbICKaH IIa3Ma.
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ATOMHO-SMUCCHUOHHBIN C HHIYKTUBHO-CBSI3AHHOM IIJIA3BMOM
METO/I OIIPEJIEJIEHUS BJIATOPOJIHBIX METAJLJIOB (Au, Ag)
B OBPA3IIAX YEPHOBOM ME/JU MEJHOI'O IIPOU3BOICTBA

AHHoTanmsi: B naHHOI cTaThbe IpeACTaBIICHBI Pe3yJIbTAaThl UCCIIEAOBAHUS aTOMHO-3MHCCHOHHOIO METOHa C
MHIYKTHBHO-CBSI3aHHOM IUIa3MOM U1l OmNpelesieHHs 30J0Ta M cepedpa B oOpas3lax 4epHOBOH MEAHM MEIHOTO
MPOU3BOJICTBA. Pa3paboTaHHBII METO/ MO3BOJIAET ONpPEAeNsaTh 30J0TO B nuamazoHax 28-56 r/tT, cepebpo — 2000-
3000 /1. KoHTpOJIb TOYHOCTH MPOM3BOAMIICS C NOMOIIBIO KOHTPOJILHOTO METOoJla aHanu3a (IpOoOHPHO-TpPaBUMETPH-
YECKHUil) 1 C MOMOIBI0 M3MEPEHHsI TOCYIAapPCTBEHHOTO CTaHAAapTHOro oOpaslia cocTaBa MeIU C aTTeCTOBAaHHBIMHU
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3HAYCHUSAMHU TpuMeceil. Pa3paboTaHHas MeTOOWKa HE YCTYIAeT IO CBOMM METPOJOTHYCCKAM XapaKTEPHCTHKAM
KOHTPOJIFHOMY METOIy aHanm3a. beum momo0paHsl ONTHMANBHBIE CIIEKTPaIbHbBIC IMHIH TS 30710Ta — 242, 795 HM,
cepebpa — 328,068 HM, KOTOpBIE 007amal0T HAUOOINBIIEH YyBCTBUTEIFHOCTHIO, HE MUMEIOT CIEKTPaTbHBIX ITOMEX.
IIpoBenena cratuctudeckas oOpaboTka rpamynpoBouHbIX XapakTepuctuk ADC-UCII ompenemenmst Ag, Au
cormacHo PMI" 54-2002, B pesynpTare OBUTM IOJydeHBI 3HAYCHHUS CPEOHHUX CTAaHIAPTHBIX OTHOCHTEIBHBIX
OTKJIOHEHHH, CTaHNAPTHBIX OTKJIOHEHHH KOA(P(PHUIMEHTOB a U b, OTHOLICHHWE CPEJHUX KBaJPATOB OTKIOHEHHWIl U
KBaHTHUJIb paclpeacjICcHusA. Paccunranpl nokazarenau TOYHOCTH, NPABUJIIBHOCTU, IMOBTOPSACMOCTHU, BOCHPOU3BOJAN-
MOCTH pa3paboTaHHON MeTOIuKHU coriacHo PMI'61-2013.

KaioueBble ciioBa: yepHOBasi Me/lb, OJIaropoHbIE METaJUIbI, IUIABJIEHHUE, 30JI0TO, CEpedpo, aTOMHast IMHUCCHS,
WHIYKTHBHO-CBSI3aHHAS TJIa3Ma.
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