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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.
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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 impuritics, 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

Crrme/l I imp/sec
MeMg Ag (328,068 nm) Au (242,795 nm)
Blank 220429 5038,77
PC-1 681869 16094 .4
PC-2 1217090 255615
PC-3 2345950 449453
where I — the average value of intensity of analytical signal of the metal, imp/sec
Cue — content of the metal in calibration solution, mg/l (Table 3)
Table 3 - Concentrations of comparative solution
. . Concentration, mg/1
Comparative solution As 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/l). 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 Auand Ag

Analyte Y a Sa b Sb VV F (VI’ Vz)
Ag 0,011 2,20 8,35 6,31 1,36 4,22 477
Au 0,002 5,04 2,59 2,08 2,69 431 ’

v — 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; I — quantile of distribution.

Table 5 - Published data of the calibration standard sample (VSM 1.3) content
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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( - 1).
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As a result of mathematical processing we have obtained V,<I(V1, V) (V,=4,22 (Ag), V,=4,31 (Au),
F (1,V») = 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 5
g/ton analyte, g/ton 6=4% Nl %

A-1 Ag - 23302 0,008 0,021
A-2 - 23302 0,005 0,012
A-3 - 2923 0,004 0,011

VSM 1.3-2 2930 £0,005 292906 0,0034 0,0085
A-1 Au - 3725 0,002 0,0057
A-2 - 29,95 0,0017 0,0041
A-3 - 5545 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
A-3 5545 2923,00 56,60 296270

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 - r,,, 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

FElement Subranges of determined concentration, g .
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 233751 23,3751 64,7491
2301-2600 23,3987 233987 64,8146
2601-3000 292317 292317 80,9718

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

S%mts Skms Gmgmaxs --.&ms Rm 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 Gingmay) o R, S2. 10
concentration, g/ton

28-36 0,1237 04716 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 c; 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 multiclemental 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.

OO0K 549:622.775
P.A. Aybakuposa’, JK.K. Ilomanosa?, P.3. Cadapor’, . Aracoii*

! Copcen AmamkomioB atsiHaarst Lbrbic KazakcTaH MeMICKETTIiK yHHBepCHTETI, OckemeH, KasakcTaw;
* TNaBogap MEMIICKETTIK MEIArOTHKAIbIK yHIHBepcHTeTi, [Tanoaap, Kasakcram;
*J1.H. T'ymunes atsiHAars! Eypasns YITTHE yHEBepCHTETI, Actana, Kasakcran;
* Vaymar Vemsepcuteri, Bypca, Typkus

HHIYKTUBTI-BAUTAHBICKAH ILTASMAMEH A TOMJBLIK-DMHIC CHSLIBIK OAICIMEH MEIC
OHJIIPICTHIH KAPA MBIC YJITIEPIHAE ACELT METAJIJIAPJBI (Au, Ag) AHBIKTAY

Annotranmsa. Byn mMakamaga MbeIC eHIIPiCiHIH Kapa MBIC YIATUICPIHAC ANTBIH MCH KYMICTI QHBIKTAY VIOiH
HHIYKTHBTI-OAHIAHBICKAH TLIA3MAMCH aTOMABIK-3MHCCHAIBIK SICTIH 3CPTTCY HOTIDKEICPI OCpiireH. O3ipIcHICH
amic 28-56 1/t, xymic — 2000-3000 1/T tnanazoHAAPBIHAA ANTHIHABI AHBIKTAyFa MYMKIHAIK Oeperi. Jomaikri OaKpriay
TaJIIAYABIH OAKBIIAY 9/TiCi (CBIHAMABI-TPABHMCTPHAIIBIK) KOHE KOCTATAPABIH aTTCCTANHAIAHFAH MOHACPL Oap MBIC
KYPAMBIHBIH MEMICKCTTIK CTAHZAPTTHI YITICIH 6NOIey apKbUIBl OKYPri3inmi. O3ipJeHreH oJicTeMe 63iHIH
MCTPOJIOTHANBIK CHIATTAMANAPE OOWBIHINA TaamayablH OaKbUIay OTICIHCH KeM eMeC. AnTeiaFa-242, 795 HM,
KyMicke-328,068 HM YIIiH OHTAHIIbI CIIEKTPAJIBI CHI3BIKTAP TAHJAIABL, OJIAp 6TC CE3IMTAN, CIEKTPAIIbl KeAepriiepi
KOK. PMIT 54-2002 cofikec Ag, Au ampsikray ADC-UCTI rpagympnacy CHOATTAMATAPBIHA CTATHCTHKANBIK OHICY
JKYPri3inmi, HOTHOKCCIHAC OpPTAIa CTAHTAPTTHI CATBICTHIPMAJIBI AYBITKYJIAPABIH, a KOHC b KOI(PPHIHCHTTCPIHIH
CTAHAAPTTHI AYBITKYIAPBIHBIH MOHJCPI, aYBITKYJAPAbIH OPTAIIa KBAJPATTAPHIHBIH KATHIHACHI KOHE 061y KBAHTHIIbI
anerHapl. PMIT 61-2013 colikeC O3ipJCHTCH OICTCMCHIH AOJAITI, MAYPHICTHIFBL, KAWTANAHYBI, KaHTa OpPBIHIAY
KOPCETKIITEPI €CCHTENTCH.

Tyiiin cesmep: Kapa MbIC, achll MeETammap, OAamKbITy, AaNTBIH, KYMIC, aTOMIBIK 3MHCCHS, WHIYKTHBTI-
GaliaHBICKAH IUIA3Ma.
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ATOMHO-9MUCCHOHHBIN C HHIYKTUBHO-CBA3AHHOM ILJIA3MOM
METO/ ONPEJAEJEHUS BJATOPOIHBIX METAJLIOB (Au, Ag)
B OBPA3IIAX YEPHOBO# MEJIH MEJHOT'O MPOM3BOJACTBA

AnHotanua: B 1aHHOH CTAThE MPESACTABICHBI PE3yIBTATHI HCCIACAOBAHHSA ATOMHO-3MHCCHOHHOTO MCTOAA C
HHIYKTUBHO-CBS3AHHON TIIa3MOM A ONMPEACIACHHSA 30J10Ta W cepedpa B 0oOpasmax UCPHOBOH MCIH MCTHOTO
MPOU3BOACTBA. Pa3paboTaHHBI METOA MO3BOJLACT OMPEICIHITH 30JI0TO B Auama3zoHax 28-56 1/t, cepedpo — 2000-
3000 r/r. KOHTpPOIb TOMHOCTH MPOU3BOIMIICS C IIOMOMIBE) KOHTPOIBHOTO MCTOAA aHATH3A (MPOOUPHO-TPABHMETPH-
YECKHI) W C IOMOINBI0 M3MEPEHHS TOCYJAapPCTBEHHOTO CTAHAAPTHOTO OOpas3Iia cOCTaBa MEIW C aTTECTOBAHHBIMH
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3HAYCHISIMU TpuUMeced. Pa3paboTaHHAs METOAWKA HE YCTYMACT IO CBOMM METPOJIOTHYCCKHM XapaKTCPUCTHKAM
KOHTPOJIBHOMY MCTOY aHAIH3a. BbUTH moI00paHBl ONTHMAIBHEIC CICKTPAIBHBIC JIMHUH T4 30710Ta — 242, 795 HM,
cepebpa — 328,068 HM, KOTOPBIC 00JIATAIOT HAHOOIBIICH YyBCTBHTCIBHOCTBIO, HC HMCIOT CHCKTPATIBHBIX IOMEX.
IMpoeeacHa cratucTHuecKas o0paboTka rpaayupoBouHbIx xapakrepuctuk ADC-UCTI ompemencHus Ag, Au
cormacio PMI" 54-2002, B pesynabraTe OBUIM IIOJYUCHBI 3HAYCHUS CPEIHHX CTAHAAPTHBIX OTHOCHTEIBHBIX
OTKJIOHCHHUH, CTAHAAPTHBIX OTKIOHCHHH KO3()(HIMCHTOB a W b, OTHOIICHHE CPEIHHMX KBAAPATOB OTKIOHCHHH H
KBAHTWIb DPACHpPEACICHHA. PacCUMTaHbl MOKA3aTEIH TOYHOCTH, NMPABHIBHOCTH, HMOBTOPACMOCTH, BOCIPOH3BOIU-
MOCTH pa3pabOTaHHOH METOIUKH coriacHo PMI'61-2013.

KimoueBbie c10Ba: 4epHOBAsI MEIb, OJIATOPOJHBIE METAIIBL, IUIABICHHE, 30J0TO, CEPeOPO, AaTOMHASI SIMUCCH,
HMHY KTUBHO-CBA3aHHAA IUIA3MA.
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