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IIposedenumu docaidxncennamu noxazamno 6naue
Memo0ie ananizy Ha mouHicmv 6uUHAMEeHH npoodu
30J10ma 00Po2OUIHHUX CNIAGIE PI31H020 KOMNOHEHM -
HO20 cKkaady 6 cucmemi NPoGipHO20 KOHMPOIIO.
Bcmanosneno enaus nizamypnozo cxiady tosenip-
HUX Cn1ae6ieé HA 6U3HAUEHHS NPpodu. 3oKkpema exc-
nepumenmanvHo niomeepodceno, w0 HiKedv Y
NOCOHANHHT 3 UUHKOM AK KOMNJIEKCHUL Je2ytouuil
KOMNOHEHM CYMMEBO 3MIHIOE NPOUEC KYneato6am-
Ha 3on0mux cnaaeie. Ile npueodums 0o eioxunen-
Hs npodu 300Mm020 cnaasy, eusnaueHoi Kynemio-
8AHHAM Y NOPIGHAHHI 3 PeHmM2eHOPIYOPeCUeHMHUM
ananizom (PDA), y 6ix 3menwmenns 6 mexcax 6io
0,10 00 0,15 %.

3a donomozoto PMA cnnaeie na ocnosi 3070-
ma 3 8Micmom HiKeNl0 6CMAHOBIEHO MIKpOJiezy-
eanns mooudixamopamu i akmueno 0ilOUUMU PO3-
Kucmosauamu (indii, nanadiii, naramuna i in.).
Bcmanosneno, wo mooudixamopu euxopucmosy-
10Mmb K 0Kpemo, max i KOMNaeKcHo, ajie CYmmeeo-
20 6NUGY HA GU3HAMEHHSA NPOOU BOHU He HYUHAMD.

Buseneno psao cucmemamuunux i 6unaoxoséux
NOMUTIOK 8 MeMOOUKAx, AKi 6NAUBAIOMb HA Pe3Yib-
mamu éusHaueHs i 6IOHOCAMBCA 00 MEXHIKU BUKO-
HanHA Ni020moeuux onepauii, a maxoxyc onepa-
uitl euxonanns ananizie. Ha niocmaei odepacanux
pesyavmamie po3podneno nocmiunuil memnepa-
mypHuill pexcum ma 600CKOHATEHO NPOuedypy npo-
uecy Kynear06anHs 30JI0MUX CNIABIE 3 BMICMOM
HiKeJ0 3 Memor0 nodanvuiozo 600CKOHANEHHA Mma
Memponoziunoi amecmauii Memoouxu.

Hosedeno, wo suxopucmanns memody PMA oan
KOHMPOJI10 npoou i 6Micmy KOMROHEHMHO020 CKAA0Y
CNABY CYHACHUX 106eNIPHUX 6UPOOI6 Ma MY3elHUX
uinHoCcmel (anmmuxeapiamy) Ha OCHOBI 30J10ma €
MONCUBUM He Tuue K Memody ckpuninzy. Memoo
Modice 3aminumu npooipnull Kamine (3 ouesuoHuMU
nepeeazamu) i Gymu anbmepHaAMuUEoI0 KYnea06am-
n1o. 3acmocyeanns PDA das nomounozo xowmp-
0110 nPoou ma emicmy cnaasy 106eNipHUX UPOOi6
doyinvno 36invmumu do 30 % (npomu 2 % eiono-
6i0no 0o uunnozo 3axonodasecmea). Hozo suxopu-
cmanns 00360ums 30iNbUWMUMU KINbKICMb AHANIZ0-
6anux 3paskie 0e3 nozipuwenns moeapnozo 6uzusaly
106eaipHuUx 6upodie 3amMo6HUKA

Knrouoei caosa: cnaasu 3onoma, nizamypuuil
cKaao, penmeenodayopecuenmuuil ananiz, memoo
Kynearoeanns (npobipnuil ananiz), npooéipnuil Komn-
mpov
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1. Introduction

The quality and value of a precious alloy is primarily
determined by millesimal fineness of gold, regulated by
the legislative base as the state standard and certifying

the content of weight units of the main precious metal in
one thousand weight units of the alloy. However, as a cen-
tury ago, the main objective of the assay control remains
unchanged — the consumer should get a piece of jewelry,
the value of which by the content and the kind of precious




metal is guaranteed by the state and is certified by the
mark. In addition, to remove the technical barriers and to
implement free trade, jewelry products on the European
market should have the mark of the International Vienna
Convention on control and branding of products from
precious metals “Common Control Marks” — CCM [1].
They are recognized by all signatories no matter in which
country testing and branding were performed. Thus, in
the face of the trade globalization the problem of ensuring
the quality and conformity of jewelry products with the
national, the European or global standards is becoming
increasingly important.

During accreditation and execution of works in accor-
dance with the requirements of ISO 17025 regarding joining
the International Vienna Convention, assay treasury en-
terprises should demonstrate high precision of determining
millesimal fineness of gold in precious alloys.

Determining the millesimal fineness of gold jewelry
alloys in the member countries of the International Con-
vention is carried out using the method of cupellation
(assay analysis) for ISO 11426:2007, which is the most
accurate and ruining [1, 2]. The essence of the method
lies in removal of non-precision alloying metals from the
melted precious alloy by oxidation of lead at the tempera-
ture of 900 °C in the cupel (porous crucible), located in a
muffle furnace. The composition of jewelry alloys based
on gold with the content of zinc, nickel, palladium and
copper has been improved for years. Introduction of a
new composition of alloying components and impurities
causes a change in the systems of condition, mechanisms
of formation of a solid solution, product manufacturing
technology, structure, and properties. In addition, it com-
plicates a complex process of analysis for existence in it of
the main component — gold.

Introduction of metals of the nickel and platinum group
to precious alloys reduces the gold standard during cupel-
lation. In addition, fluidity of the melt of liquation non-ho-
mogeneity in the cast condition, related to the violation of
technology essentially influences determining the 585 mille-
simal fineness of gold of the alloys (of systems Au—Ag—Zn-
Ni—Cu and Au—Ni—Zn-Cu).

The new non-destructive spectrometric methods have
been actively applied in the practice of assay control for the
last 10 years. Despite a number of advantages related to the
use of the XFA (X-ray fluorescence analysis) in determining
the millesimal fineness of an alloy, its results are difficult to
analyze [1]. This applies to the cases when there is a coating
or there are two different types of alloys (yellow and white
gold; gold and silver), or the product after casting was sub-
ject to additional heat treatment (recrystallization anneal-
ing) of not high quality.

However, currently there is a lack of fundamental sci-
entific research regarding the comparison of accuracy of
millesimal fineness of white gold alloys with different com-
ponent composition, determined by the X-ray fluorescence
analysis and assay analysis, as well as the correlation be-
tween the indicators of the millesimal fineness.

Therefore, the studies of determining the impact factors
on determining the millesimal fineness of gold of a precious
alloy by the method of cupellation and XFA, establishing
the correlation between them and further improvement
of the technique of assay analysis should be considered
relevant.

2. Literature review and problem statement

Determining the content of precious metal (millesi-
mal fineness) in the alloy has its specificity, indicated in the
regulatory-legislative base [5, 6].

Paper [7] deals with the problems of determining gold
and the content of impurities in highly doped gold alloys.
The main attention is paid to determining the content of
gold and the review analysis of the methods based mainly on
the emission spectroscopy. However, there is no assessment
of the corresponding indirect methods of determining the
content of gold.

Article [8] indicates the possibility of using spectrometry
as an effective method for studying alloys of gold. According
to the author, it is spectrometry that is a valuable additional
component of the analytical strategy of chemistry of pre-
cious metals along with the method of cupellation. However,
the correlation of the results of these methods was not per-
formed in this paper and statistical dependences were not
determined.

The quantitative chemical analysis of gold in alloys of
precious metals, the use of reference material from a gold
alloy to control stability of experimental parameters was
described in paper [9]. The authors noted that the method
of cupellation is most commonly used in the assay control.
This is due not only to its convenience and availability of
appropriate standardized procedure, but mainly due to a
rather small error of measuring results obtained at cupella-
tion. However, the comparative analysis of research results
obtained by cupellation and by other methods was not per-
formed.

Paper [10] describes the quantitative determining pre-
cious metals in alloys by the gravimetric method of cu-
pellation and X-ray fluorescence analysis. However, only
procedural features, advantages and disadvantages of each
method were determined.

In article [11], considerable attention was paid to the use
of XFA method for determining the content of gold in alloys
as the most progressive technologies of research. Along with
this, the impact of the component composition on the accu-
racy of determining millesimal fineness was not identified,
there is no comparison of the results of the XFA with the
results obtained by other methods and with specifications
on the alloys themselves.

The issue of determining gold content (millesimal fine-
ness) in modern alloys, in particular, gold-based white alloys,
by the ruinous techniques remains not enough studied today.
However, there are progressive enough developments, in
particular [12], in which the authors propose the improved
cupellation techniques due to the reconstruction of the
furnace and development of a new slag separator with subse-
quent automation of this process. According to the authors,
this will significantly reduce the duration of research and
increase the accuracy of the obtained results.

The main problem regarding precise determining of the
millesimal fineness of precious metal is selection of the repre-
sentative sample of material for testing. Primarily, this refers
to a wide range of new alloys containing nickel, zinc, gallium,
palladium, zirconium, silicon, cadmium, magnesium, boron,
etc. The specified metals affect the course of testing and the
change in the magnitude of millesimal fineness when perform-
ing the assay analysis (cupellation). However, no studies that
specify this influence were found as evidenced by paper [13].



In addition, the research in paper [11] indicates that pre-
cision of determining millesimal fineness with the help of the
XRA method is significantly influenced by the harmonized
structure of the alloy, which is noted in the research in [11].
The authors argue that the extension of the lines of the X-ray
displays in the homogenized condition was recorded in the
alloys. Besides, it is possible to conclude from the assessment
of the artificially segregation state of the base of the peaks
that the magnitude of extension of the lines of the homog-
enized samples can not be regulated by segregation, but is
rather caused by micro doping of modern alloys.

In papers [14—16], the chemical composition of the
studied objects was determined by the XFA method. It is
worth noting that XFA has become a standard method in
the archaeological science through its non-destructive na-
ture. The method is widely used to study numismatic and
antiquarian collections of archaeological findings. The data
obtained with its use can be correlated with production
processes, the origin of the raw materials and geographi-
cal distribution of historical mints to prove authenticity.
In these works, the XFA was pointed out the method of
screening, however, the mechanics of the process itself in
expert studies was not explored.

It is interesting that in paper [16], the first analyses of
samples obtained by the XRF method, were proved by the
results of the plasma mass spectrometry.

Research [17] proves that homogeneity of the structure of
the alloy of a sample is a necessary condition for precision of
measurement with the help of the XFA method. The author
notes that the substantial advantages of the method include
its high rate and the fact that it operates in a non-destruc-
tive way. Thus, it is a perfect supplement to cupellation for
the statistical quality control of samples. And the impact of
heterogeneity on the result of the analysis should be reduced
or eliminated by measuring in different positions. According
to the authors, the XFA is clearly superior to cupellation
because the latter involves melting of the whole part in order
to obtain a representative result. However, the paper did not
present any quantitative and qualitative results, only a com-
parative analysis of the essence of the methods.

The methods of cupellation and the XFA are compared
in paper [18] at a much deeper level. The application of
energy-dispersed X-ray fluorescent spectrometer for the
detection of layers of cladding, such as rhodium and nickel,
is discussed in the findings. The authors illustrate the use-
fulness of the XFA in analytical laboratories not only as a
method of screening, which can replace the touchstone (with
a number of obvious advantages over it). In addition, it is an
alternative to cupellation for the analyses, which present the
basic results and an additional method when it is necessary
to determine the entire composition of a sample. However,
the authors do not analyze the effect of alloying components
on the accuracy of obtained results, they do not determine
the correlation between the methods, as well as quantitative
indicators characterizing it.

The above makes it possible to assert that there is a need
for theoretical and practical substantiation of the require-
ments for the procedure of the ruinous methods of testing
modern jewelry alloys based on gold. In particular, it enables
determining the millesimal fitness in them with the minimal
error using updated techniques and equipment.

There are also the grounds to believe that insufficient
studying of the impact of the component composition of gold
alloy on determining millesimal fineness by cupellation and

its correlation with the XFA causes the need for research in
this direction.

3. The aim and objectives of the study

The aim of this research is to establish the impact of the
component composition of precious alloys on determining
precision of millesimal fineness of goal by the method of as-
say (cupellation) and X-ray fluorescence analysis. This work
will ensure the establishment of the correlations between the
precision of millesimal fineness of the sample, determined by
the assay and X-ray fluorescence analysis. It will also give an
opportunity to choose the method and techniques for testing
gold-based white jewelry alloys with the content of alloying
components, such as silver, zinc, nickel, palladium to address
the specific needs of the assay control.

To achieve the set goal, the following tasks were solved:

—to determine the impact of the alloy composition of
alloys based on modern and ancient gold on the accuracy of
determining millesimal fineness (gold content) by the X-ray
fluorescence analysis;

—to determine the impact of the alloy composition of
jewelry alloys based on gold on the accuracy of determin-
ing millesimal fineness by the method of cupellation (assay
analysis);

— to improve the technique of cupellation of alloys based
on gold of the white color with the content of nickel and zinc
for the assay control;

— to establish the correlation and statistical relationship
between millesimal fineness of gold, determined by different
methods of analysis.

4. Materials and methods for testing gold alloys with
various alloying components

4. 1. The studied materials and equipment involved in
the experiment

The study of alloys was conducted on the samples of
jewelry of white gold of 585 millesimal fineness containing
silver, copper, zinc, nickel, palladium, indium by the cupel-
lation method and the XFA method for comparison and
correlation of results. The work was performed on the basis
of the accredited laboratories of treasury enterprises of the
assay control of Ukraine, the laboratory of Kyiv national
university of trade and economy, laboratory of the Nation-
al University of food technologies in accordance with the
agreement on scientific cooperation. All modern samples of
jewelry arrived for the assay control of Kyiv, Lviv, Odesa and
Donetsk treasury enterprises of assay control in the period
from 2008 to 2017 on request of economic entities. During
sampling, the following requirements were met: the jewelry
pieces were made by method of casting by the melted mod-
els; the items were made from alloys of white color gold of
585 millesimal fineness.

In addition, 42 archaeological jewelry items of the period
from V century BC to II century AD were explored. The
samples were provided by the Museum of historical treasures
of the National historical museum of Ukraine to be explored
using XRA and the raster electronic microscope in accor-
dance with the Treaty of cooperation.

During the cupellation, two control samples — checks —
were prepared on each sample of the alloy. Checks were



received from gold, silver, zinc, nickel and copper, according
to the composition of the alloy. The weights of the batches
of samples of jewelry alloys and gold for the checks were
determined with the error that did not exceed 0.00002 g, of
silver for quartation and of copper with the error of not more
than 0.0002 g.

The XFA of the jewelry (samples) was performed on the
spectrometer ElvaX (Ukraine) — the desktop laboratory
energy-dispersive X-ray fluorescent spectrometer (EDXRF)
of the company “Elvatech”. The spectrometer is a measuring
device for express analysis of the elemental composition of
substances that are in different aggregate states.

The base model of the spectrometer ElvaX can detect
a significant part of elements from chlorine to uranium,
recording the spectra at the radiator voltage of the order of
magnitude of 40-49 kV. The standard time of set is 100 sec-
onds. 10 seconds is enough for the approximate evaluation of
the composition of alloys that do not contain light elements.

The qualitative composition of the jewelry alloy was
determined by the spectrum, which was displayed on the
monitor of the device (Fig. 1).
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The study of the microstructure of the samples was
performed by the method of raster electronic microscopy
on the microscope BS-340, equipped with the digital image
analysis system with high resolution (4,096x4,096 pixels)
at magnification in the range from 10 to 2x105. The micro-
sections (dimensions 2x2) were prepared by polishing the
surface layer of the sample. The sample and sequentially all
its areas (microvolume) that were required for the research
were irradiated by a finely focused electronic beam of the
energy analyzer of X-ray spectra Link-860 (England). The
conditions of the analysis were as follows: energy of exci-
tation was 20 keV; calibration standard was Co; current on
the standard — 51071 A; time of analysis was 200 sec. The
program for quantitative analysis ZAF4/FLS was used. The
maximum area of generation of X-ray radiation under the
specified conditions is about 0.3 pm in the sample of pure
gold, this value for silver is 0.8 um.

The process of cupellation was carried out under oxidiz-
ing conditions in muffle furnaces of the companies “Fisher”
(France), “Naborten” (Germany) with controlled oxidizing
atmosphere. Each product was cut, the required weight of

the studied part of the product was measured and

ﬂg rolled in the mills. The strips were finely cut, the
w=| g || batches form the studied alloy were made. The tem-
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perature of 1,000-1,020 °C was maintained in the
furnace during the whole process, the temperature is
maximum at the end of cupellation, when the ratio of
lead to noble metals falls dramatically. The duration
of the cupellation process was about 25 minutes.
The gold and spirals were weighed according to
GOST 17234-71 on assay scales with accuracy of
0.00001 grams.

4. 2. Procedure for determining the millesimal
fineness of gold alloys by the assay and X-ray flu-
orescence analysis

The millesimal fineness in gold alloys with the
content of different alloying impurities was estab-
lished by the assay analysis (cupellation) [19]. Lead
bags were applied for the batches of the studied al-
loys and checks. The amount of lead was calculated
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Fig. 1. Spectrum of the sample of gold alloy at a monitor screen

The alloys of unknown composition were identified us-
ing the set analytical parameters, as well as by comparison
with the alloys of the known composition, comparing the
spectrum.

ElvaX Software is a part of the ElvaX spectrometer and
performs the functions of the controlling shell for registra-
tion of X-ray spectra with their subsequent processing for the
analysis of substances (Fig. 2).

Atomic Element | Concentration,
number %

79 Au 58.592

29 Cu 33.174

47 Ag 7.383

30 Zn 0.851

Fig. 2. Visualization of the reference point of the method
of X-ray fluorescence analysis of gold jewelry from alloy
GoSiNM 585-70-1.5

depending on the weight fraction of copper in the
alloy. At the weight fraction of 1-5 %, the amount
of lead was 2 g; at 5.01-10 %, it was 2.5; at 10.01—
20 %< it was 3; at 20.01-30 %, it was 3.5; at 30.01-40 %, it
was 4; at 40.01-50 %, it was 4.5; at more than 50 % — 5 g.
The weight of the silver batch for quartation exceeds the
weight of gold in the batch of the alloy or the check not
less than by 2.3 times (but not more than by 3 times).

Completeness of the extraction of nickel from the alloy
was ensured by the additional lead content in comparison
with the traditional amount for gold alloys of yellow color
and a change in the cupellation procedure.

For the gold alloys of white color, the divergence be-
tween the results of two parallel methods of determining
did not exceed 0.06 %. If the divergence between the
results of the parallel methods of determining exceeded
the admissible value, the analysis was repeated. The diver-
gence between the results of the analysis does not exceed
the permissible divergence of 0.12 % at reliable probabili-
ty of 0.95.

The component composition and impurities of the jew-
elry alloy were determined by X-ray fluorescence analysis.



Measurement with the use of the X-ray fluorescence
analysis was conducted according to the methodology ap-
proved by the State array service of February, 18, 2008 [6].

The technique of measurements of weight fraction of
different chemical elements in gold-based jewelry alloys on
the spectrometer SER-01 involves the excitation of atoms
of the sample during X-ray radiation. The intensity of the
characteristic radiation was recorded by the spectrometer.

The spectrometer automatically processes the range of
intensities of the characteristic radiation and calculates the
weight fraction of the chemical elements in the sample by
the grade characteristic of dependence of intensity on the
content of chemical elements taking into consideration the
matrix effects. The spectrometer is provided with the data-
base on the content of current alloys in Ukraine, in this case,
the program determines concentrations of chemical elements
in the sample, the brand of the alloy, from which this sample
was cast.

Control of convergence of results of determining the
weight fraction of metals in the samples of jewelry alloys
of gold, control of errors of the measurement of the weight
portion of metals in the samples of jewelry alloys of gold was
carried out in accordance with the current technique [6].
Two measurements of millesimal fineness — o1, ®2 — were
performed for each studied sample. In this case, the weight
fraction of metal in jewelry gold alloys (®), % was calculated
from formula (1):

0=0.5 (01+02), @

where o1, ®2 are the results of determining the weight frac-
tion of metal in jewelry gold alloys, %.

The result of the measurements and calculations was
rounded up to decimal character after the point. The results
of measurements and calculations of weight fraction of metal
in jewelry alloys have the form:

(0+A) %, P=0.95; n=2,

where A is the boundaries of absolute error, %.

During determining the weight fraction of chemical
elements, the boundaries of absolute error were estab-
lished £A, %: gold — 0.3, silver — 0.3, palladium — 0.3,
copper — 0.2, platinum — 0.3, zinc — 0.4, nickel — 0.4,
cadmium — 0.2, indium — 0.3.

During each measurement, the convergence of the results
of determining the weight fraction of metals in the samples
of jewelry alloys was controlled, which was calculated pro-

vided that (2):
lo1+®2]<0.2. 2

Selection and preparation of samples were performed by
the sampling procedure. The weight of the sample was from
(0.20£0.05) g to (12.0£0.1) kg, the section for measurement
was not less than 2 mm, the thickness of the sample was not
less than 0.3 mm. All samples had an even smooth surface
free from impurities or coatings. For gold-based jewelry
alloys, the discrepancy between the results of two parallel
methods of determining Millesimal fineness by the method
of XFA did not exceed 0.06 %. Each sample was tested in
different points. The total number of the points of research
for each sample was from 2 to 10, depending on the structure,
shape, and the type of alloy. During the analysis, the sample
was oriented so that the grooves from polishing on its sur-
face were parallel to the optical path of X-ray radiation.

3. Results of determining the millesimal fineness of gold
in jewellery alloys with different content of alloying
components

The content of the component composition of precious
alloys based on white gold jewelry of 68 samples was
determined by the method of X-ray fluorescence analysis
(XFA) to evaluate their compliance with the requirements
of the current regulatory and technical documentation.
According to the design of a piece of jewelry, from 3 up to
5 control points were selected for each sample. The results
testing the composition of the alloys are shown in Table 1.

Table 1
Results of testing precious metal alloys based of white gold of 585 millesimal fineness by XFA method, %
No. of Millesimal fineness Component composition of alloy, % Meeting the
sample claimed fact Au Ag Ni/Pd Cu 7n the rest standard

1 2 3 4 5 6 7 8 9 10

1 585 585 62.85 0.33 6.81 27.90 1.99 - n/m *
2 585 500 58.30 - 8.96 25.69 7.67 Fe 0.05 n/m
3 585 585 59.67 1.25 9.12 25.12 4.78 - n/m
4 585 500 58.30 - 8.96 25.69 7.67 Fe 0.05 n/m
5 585 585 59.39 1.06 7.98 26.36 5.13 Fe 0.04 n/m
6 585 585 59.49 0.27 9.76 26.04 4.35 - n/m
7 585 585 59.39 1.06 7.98 26.36 5.13 Fe 0.04 n/m
8 585 585 60.10 0.36 8.08 25.73 5.71 - n/m
9 585 585 60.34 1.60 4.83 28.37 4.87 - n/m
10 585 585 58.48 1.06 8.01 12.40 7.72 - n/m
11 585 585 58.60 0.99 8.33 24.27 7.77 - n/m
12 585 585 58.82 1.00 8.13 2412 7.78 - n/m
13 585 500 54.95 0.20 9.28 28.39 7.14 - n/m
14 585 500 58.55 0.45 9.12 25.65 6.17 - n/m
15 585 585 64.37 2.83 7.52 22.49 277 - n/m




Continuation of Table 1

1 2 3 4 5 6 7 8 9 10
16 585 585 64.59 3.76 4.14/0.04 27.39 In 0.03 n/m
17 585 585 64.37 2.83 7.52 22.49 2.77 - n/m
18 585 375 37.93 2.26 14.5 38.79 6.50 - n/m
19 585 500 57.18 3.62 8.05/0.02 23.72 7.35 - n/m

Cd 0.02;
20 585 500 57.10 4.96 6.96,/0.05 24.52 6.30 Fe 0.04 n/m
21 585 585 61.01 0.13 7.82 25.57 5.35 - n/m
22 585 585 59.32 - 4.59 31.02 293 - n/m
23 585 500 57.95 - 8.54 26.42 7.03 - n/m
24 585 585 61.01 0.13 7.82 25.57 5.35 - n/m
25 585 585 59.62 0.12 8.77 28.69 2.73 - n/m
26 585 500 58.36 - 7.92 25.19 8.52 Rd coating n/m
27 585 585 59.29 0.81 8.51 25.58 5.69 Cd 0.06 n/m
28 585 500 58.30 0.68 7.89 25.23 7.82 Rd coating n/m
29 585 585 60.40 0.85 8.08 27.60 291 Cd 0.14 n/m
30 585 585 - 33.92 11.8 46.60 7.63 - n/m
31 585 500 58.16 - 9.43 26.34 5.98 - n/m
32 585 585 59.93 3.85 7.85 25.02 3.34 - n/m
33 585 585 60.64 6.84 4.20 25.57 2.48 Cd 0.21 n/m
34 585 585 59.45 9.79 24.55 6.19 - n/m
35 585 585 60.80 10.52 5.57/1.35 19.66 2.02 - n/m
36 585 585 60.63 1.44 7.05 26.81 - n/m
37 585 500 54.13 2.11 9.71 29.80 3.77 Fe 0.11 n/m
38 585 585 59.17 0.24 8.23 26.76 5.58 n/m
39 585 500 52.89 9.05 7.60/0.25 24.83 4.68 Cd 0.65 n/m
40 585 585 58.86 1.41 5.95 29.49 4.21 - n/m
41 585 585 59.54 3.98 - 34.86 1.56 - n/m
42 585 500 55.05 24.75 - 12.58 Cd 0.04 n/m
43 585 500 55.01 30.90 /10.0 3.95 Fe 0.07 n/m
44 585 585 59.29 5.67 6.86,0.32 22.85 4.83 Cd 0.08 n/m
45 - — 32.05 49.29 1.92/4.41 11.67 0.49 Cd 0.06 n/m
46 585 385 60.82 6.24 8.29 22.36 2.23 - n/m
47 585 500 57.95 8.00 7.68 26.26 - n/m
48 585 500 57.76 - 8.70 26.03 7.42 - n/m
49 585 585 61.44 31.19 —/4.58 0.33 - - n/m
50 585 585 58.86 - 8.08 23.94 9.01 - n/m
51 585 585 58.69 0.95 8.38 24.77 7.14 - n/m
52 585 385 59.54 - 8.88 24.61 6.97 - n/m
53 585 585 59.27 2.62 8.47 23.33 6.31 n/m
54 585 385 58.86 2.45 5.55/0.13 27.28 5.73 - n/m
55 585 585 60.76 6.45 3.51/0.21 23.86 5.21 - n/m
56 585 585 59.97 0.41 8.44 25.78 5.40 - n/m
57 585 585 58.93 0.59 9.75/0.17 25.69 4.87 - n/m
58 585 585 59.10 0.30 6.49 28.20 5.91 - n/m
59 585 585 58.85 - 9.08 24.99 7.07 - n/m
60 585 585 59.57 5.88 8.68 21.79 4.08 - n/m
61 585 585 58.88 - 9.00 24.85 7.27 - n/m
62 585 585 59.24 0.71 9.29 26.05 4.72 - n/m
63 585 500 58.33 274 7.87 25.52 5.54 - n/m
64 585 585 59.40 0.32 7.96 24.37 7.95 - n/m
65 585 585 59.77 2.41 4.82 27.51 5.49 - n/m
66 585 585 59.20 8.15 5.49 20.25 6.91 - n/m
67 585 585 58.78 - 25.10 3.65 12.5 - n/m
68 585 585 59.00 2.68 9.35 26.73 2.28 - n/m

Note: * — n/m — does not meet the standard by the content of component composition



Analysis of the results of research into component com-
position of jewelry alloys based on white gold with the help
of the XFA indicates a mismatch with the requirements of
TU U 27.4-00201514-010:2005, GOST 30649-99 by the
content of alloying components and millesimal fineness.

The content of the components in the researched gold-
based alloys was within, %: Ag 0.12 — 33,92; Ni 1.92-25.10;
Pd 0.02-10; Zn 1.56-12.5, the rest was Cu 12.40 — 46.60.

Eighteen samples of jewelry pieces that were claimed as
having 585 millesimal fineness actually have a lower milles-
imal fineness, which was 26.5 %. Tests on the spectrometer
actually revealed 500 and 375 millesimal fineness of gold
instead of the claimed 585. A lower than 585 millesimal
fineness of gold was found in the alloys that have a high
fraction of nickel (Ni) from 6.98 to 14.5 % and of zinc (Zn)
from 8.52 to 3.77 %.

The actual decrease in millesimal fineness of gold in the
alloy up to 500 was noted for sample No. 43, which has a high
content of palladium (Pd, 10 %) along with the maximum
content of silver (31 %). The rest of the metals, which were
defined as micro impurities and micro additives, specifically,
iron, indium, cadmium, make up a small fraction (0.03—0.65 %)
and were evaluated as acceptable. Their significant effect
on changing the millesimal fineness gold was not recorded.

The elements of micro alloying were established: mod-
ifiers and active deoxidizing agents: indium, palladium,
cadmium, etc., are used both separately and in a complex to
form a uniform microstructure, improvement of plasticity,
prevention of liquation sections.

Two samples — No. 26 and No. 28, covered with rhodium
(Rd) have deviations from the claimed 585 millesimal fine-
ness of gold downward to decreasing to 500.

Several tests by XFA were performed to establish the
unknown composition of the alloy of jewelry archaeological
treasures (products of the Scythian period). Each sample
was studied at 10 control points and boundary indicators of
the content of basic components of alloys, specifically, gold,
silver, and copper (Table 2).

Table 2

Boundary indicators of content of main components of
gold-based alloys of archaeological samples of jewelry
(V century, BC — Il century, A.D.), %

No. of | Millesimal fine- | Weight Weight Weight
sample | nessof gold | fraction Au | fraction Ag | fraction Cu
69 300-399 30.0-42.0 | 53.0-67.7 2.5-3.0
70 400-499 42.5-51.5 | 48.0-50.0 2.5-3.6
71 500-599 44.0-45.5 | 44.0-45.5 2.5-3.5
72 600-699 62.0-71.1 | 23.2-34.7 2.5-3.0
73 700-799 74.3-81.5 | 16.6-25.8 0.6-3.6
74 800-899 82.7-91.9 | 10.1-16.8 0.7-4.3
75 900-1,000 93.1-98.2 1.0-5.0 0.2-3.8

To estimate the microstructure of the archaeological
gold-based alloys, the microsections were explored on the
electronic microscope. The samples were prepared according
to standard metallographic technique of polishing, etching
was carried out using different solutions of cyanide.

Analysis of the results of the study of the microstruc-
ture of archaeological gold indicates the heterogeneity of
the phase state and zonal concentration of slag elements.
The latter consist of phosphorus, silicon and others and are
fixed on the surface of the sample (a probe microscope). The

zonal concentration is associated with their alloying by the
copper minerals (malachite, chrysocol) and migration of slag
elements on the boundary of deposits of silver grains during
long storage in aggressive media (Fig. 1).

The content of gold in each group of samples is in a very
wide range: from 300 to 1,000 particles, an insignificant
content of copper was observed (0.2—4.3 %). The interval of
gold within the group is 100 units.

Fig. 3. Microstructure of the microsection of a jewelry piece
fragment, IV century, B.C.: a — 1,000x20 um;
b— 3,000%6,7 um; An1-An2 — visible liquation of silver and
slag impurities

This gives grounds to assert that the data of the com-
ponent composition of the archaeological samples are an
important identifying feature of authenticity of the jewelry.
The data of this test made it possible to generate the identi-
fication series of the composition of the alloys of gold items
for different historical periods. Unlike the archaeological
samples, modern jewelry pieces have a polished surface, a
more uniformed microstructure, with minor liquation that is
considered a rough technological defect (Fig. 2).

To compare precision of millesimal fineness of gold, de-
termined by different methods, the jewelry pieces were test-
ed by the method of cupellation. The samples and parts of the
products, which by the results of XFA caused doubts, had a
complex shape and another shade. A sample of the results of
testing gold-based precious alloys with the content of nickel
and zinc, obtained by the method of XFA and by cupellation,
was shown in Table 3.

Analysis of the results of research into the samples of jew-
elry items (No. 52—68, Table 3) by the method of XFA with
the content of nickel (from 3.51 to 25.10 %) and zinc (from
2.28 to 12.5 %) indicates a higher millesimal fineness of gold
compared with the millesimal fineness of these alloys, obtained
by the method of cupellation. In addition, cupellation revealed a
decrease in the indicator of 585 millesimal fineness of the alloy
regarding the specification to these alloys from 1.2 to 1.5 %.
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Fig. 4. Samples of modern alloys of gold of 585 millesimal
fineness: @ — quality of treatment of the surface of industrial
samples; b — microstructure of sample 9 (1,000x200 um);
¢ — microstructure of sample 22 (1,000x200 um)

Table 3

Results of testing alloys based on white gold of 585
millesimal fineness with the content of nickel and zinc by the
XFA method and cupellation, %

Alloy composition by the results of | Content | Deviation of
No. XFA of Auat| content of
] cupella- | Au, +/—
Ag | Cu | Zn | Ni | Pd| Au tion |(gr.7 —gr.8)
52| — |24.61]697 | 888 | — |59.54| 58.88 +0.66
53 12.62 (2333|631 | 8.47 | — |59.27| 58.74 +0.53
54 | 2.45(27.28| 5.73 | 5.55 |0.13|58.86| 58.64 +0.22
55 | 6.45(23.86| 5.21 | 3.51 [0.21(60.76| 60.50 +0.26
56 | 0.41]25.78| 5.40 | 8.44 | — [59.97| 59.30 +0.67
57 10.59 |25.69| 4.87 | 9.75 [0.17|58.93| 58.62 +0.31
58 10.30 12820 591 [ 6.49 | — [59.10| 5892 +0.18
39| — 2499|707 | 9.08| - |58.85| 58.66 +0.19
60 | 5.88121.79| 4.08 | 8.68 | — |59.57| 59.24 +0.33
61| — |24.85|727(9.00| - [5888| 58.77 +0.11
62 0.71|26.05| 472 [ 929 | — [59.24| 59.14 +0.10
63 |2.74 2552 | 5.54 | 7.87 | — [58.33| 57.78 +0.55
64 10.32124.37|795 796 | — [59.40| 58.68 +0.72
65 | 2.41 (2751|549 | 482 | — [59.77| 58.62 +1.15
66 [ 8.15]20.25| 691 | 549 | — [59.20| 59.05 +0.15
67| - |3.65]125 (2510 — [58.78| 57.83 +0.95
68 | 2.68 126.73] 228 | 9.35 | — [59.00| 58.95 +0.05
Yaverage| +0.419

The millesimal fineness of the gold-based alloy, deter-
mined by different methods, corresponds to the claimed
millesimal fineness of 585, except for samples 59, 63.

Deviation of millesimal fineness, specified by the XFA
in comparison with cupellation, is in the range from +0.10
to +1.15 % towards increasing. The average discrepancy
between the millesimal fineness of the obtained results is
+0.419 % towards increasing of millesimal fineness of the
XFA. Fig. 3 shows the dynamics of the changes in millesimal
fineness of gold alloy of millesimal fineness 585 determined
by cupellation and the X-ray fluorescence analysis.

—e— Millesimal fineness by XFA, %
—e— Millesimal fineness by cupellation, %

Millesimal fineness of alloy, %

52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
Samples of pieces of jewelry

Fig. 5. Dynamics of a change of millesimal fineness of gold
alloy 585 containing nickel and zinc, %: series 1 — millesimal
fineness determined with the help of X-ray fluorescence
analysis; series 2 — millesimal fineness determined by
cupellation

A decrease in the indicator of millesimal fineness of gold,
determined by the method of cupellation compared with
the specification, was noticed in the alloys, containing a
significant content of nickel and zinc, and a small content
of silver. These components normally form a fluid structure,
and nickel and palladium as transition metals have even un-
limited solubility in gold. When the temperature is lowered,
the phenomenon of decomposition of the state generates a
gap in the areas of mixing in the two phases of solid solution:
Au—Ni; Au-Pd, while systems Au—Pt, Au—Cu behave dif-
ferently. That is why the probability of the active influence
of nickel and palladium on determining millesimal fineness
during the cupellation procedure.

The indicators of millesimal fineness of jewelry alloys,
obtained by the XFA (method of fundamental parameters, %)
and cupellation (%), are expressed by the equation of linear
regression and R?, are shown in Fig. 4.

61

2
” 60.5 .
8
é < 60
£, 595
==
EEREY N
Z 585
= 58 y=0912x +4.8115
= . . R?=0.7234
575
58 58.5 59 59.5 60 60.5 61

Millesimal fineness by cupellation, %

Fig. 6. Distribution of millesimal fineness of gold-based
jewelry alloy with content of nickel and zinc of millesimal
fineness 585, determined by X-ray fluorescence and assay
analysis (cupellation)

The mean absolute error is 0.12 %, which is higher or
lower than corresponding alloys in absolute value within
the same composition. That is, between the results of the
millesimal fineness, received by XFA and cupellation, there
is a statistically significant relationship that has mean abso-
lute error of 0.12 % by the ANOVA table at a 95 % level of
probability.

Preliminary testing of 17 samples of jewelry based on
white gold by the cupellation method, which revealed devi-
ations from the specifications on millesimal fineness, were
aimed at the optimization of current technique. The testing
of alloy by the cupellation method revealed the gold parti-
cles on the cupel, which were not taken into consideration
in the sample, resulting in an understatement of millesimal
fineness. Nickel and zinc increase fluidity of gold alloy and



its filling the mold. This increases the probability of the loss
of gold particles during melting due to nickel being captured
by gold and their deposition on the cupel. Considering this,
the process of cupellation was optimized.

The essence of optimization is as follows: the essay
buttons, formed as a result of cupellation, were kept in the
muffle oven for 2 minutes, crashed and annealed at the tem-
perature of 800 °C for 3 minutes in the muffle furnace and
rolled in the plates of the thickness of 0.10—0.15 mm. Then,
the plates were annealed again under similar conditions
and additionally shaped in bilateral spirals.

After the additional examination, the cupels were cleaned
from the remnants of gold that were attached to the corre-
sponding spirals. Further melting of spirals was carried out

after control weighing in hot nitrogen acid within 15 minutes
until vapors of nitrogen oxides stop to be released. The collec-
tion of separated silver was carried out separately. Then golden
spirals were fried in the muffle furnace at the temperature of
700-800 °C for about 5 minutes, cooled and weighed. The
millesimal fineness was determined from the standard formula.

Calculation of millesimal fineness of jewelry alloys based
on gold containing nickel and zinc by the new procedure of
cupellation gave more realistic results, presented in Table 4.

The data on determining the millesimal fineness of
jewelry alloy based on white gold by the cupellation meth-
od, shown in Table 4, indicate the possibility of decreasing
millesimal fineness by the adjustment of heat treatment and
its rigid control over time.

Table 4

Results of testing jewelry alloys based on white gold by the XFA and by the new cupellation procedure, %

Alloy composition (RFA), % Millesimal fineness Deviation of millesimal
No. of Au by fineness of Au, +/—
Ag Cu Zn Ni The rest Au cupellation, % (gr.7-gr.8),%
76 - 23.8 9.5 7.20 - 58.70 58.60 +0.10
7| 002 95.44 757 796 Rh005 | 56 97 58.54 043
Sn 0.03
78 1.74 25.35 5.28 7.63 Sn 0.35 59.57 59.32 +0.25
Pd 0.28
79| 174 2535 528 763 028 1 5057 59.47 0,10
Cd 0.07
80 2.33 27.90 1.99 6.81 - 60.85 60.46 +0.39
81 — 25.69 7.67 8.96 Fe 0.05 58.30 58.13 +0.17
82 - 25.12 4.78 9.12 - 59.67 59.42 +0.25
83 - 25.69 7.67 8.96 Fe 0.05 58.30 58.13 +0.17
84 1.06 26.36 5.13 7.98 Fe 0.04 59.39 59.23 +0.16
85 0.27 26.04 4.35 9.76 - 59.49 59.31 +0.18
86 1.06 26.36 5.13 7.98 Fe 0.04 59.39 59.22 +0.17
87 0.36 25.73 5.71 8.08 - 60.10 59.87 +0.23
88 1.60 28.37 4.87 4.83 - 60.34 59.96 +0.38
89 2.83 22.49 277 7.52 - 64.37 63.96 +0.41
90 3.76 28.39 4.14 In 0.03 63.59 63.08 +0.51
91 - 4.59 4.59 4.59 - 59.32 59.20 +0.12
92 - 8.54 8.54 8.54 - 57.95 57.74 +0.21
93 26.68 1.310 - - Pd 14.70 57.32 57.23 +0.09
94 0.13 25.57 5.35 7.82 - 61.01 60.54 +0.47
95 31.19 0.331 - - I;I(li244548 61.44 61.31 +0.13
96 - 23.94 9.01 8.08 - 58.86 58.65 +0.21
97 6.24 8.29 8.29 8.29 - 60.82 60.64 +0.18
98| 211 29.80 377 9.71 Ca029 | 5013 53.89 +0.24
99 24.75 12.58 - - Cd 0.04 55.05 54.69 +0.36
Pd 0.03
100 8.24 31.94 - 3.51 Pt 0.19 59.38 59.06 +0.32
Sn 0.13
101 3.26 22.78 7.80 7.26 - 58.90 58.34 +0.56
102 3.27 22.82 7.75 7.28 - 58.88 58.62 +0.26
Yaverage +0.261




Mean deviation by millesimal fineness of the alloys based
on white gold, determined after optimization the cupella-
tion technique in comparison with the method of XRA is
+0.261 %, by the specification, it is 0.2 %.

Fig. 5 shows the areas of gold content (millesimal fineness)
in the alloys based on white gold of 585 millesimal fineness,
obtained by the XFA and the cupellation method.
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Fig. 7. Results of testing jewelry alloys based on white
gold by X-ray fluorescence and assay analysis (optimized
technique) and their statistical relationship

The totality of the data as for determining millesimal
fineness by different methods is described by the equation of
regression and R2. P is the values by ANOVA table that are
lower than 0.05, so it can be argued that there is a statisti-
cally significant relationship between the results, obtained
by XFA and cupellation at the level of 95 %. Mean absolute
error is 0.16 %.

Common advantages and disadvantages of both tech-
niques are shown in Table 5.

Table 5

Effectiveness of application of the methods of assay control
for gold alloys

Properties, characteristics of the method XFA Cl;:li)srll]a_
Precision of millesimal fineness - +
Error 1.0 % Au (0.2 % Au
Application to the system Au-Ag-Cu + +
Application to the system Au-Ag-Cu-Pd-(Ni) + +
Simultaneous estimation of Au, Ag, Pd + -
Estimation of other precious metals: N 3
Pt, Rh, Ir
Estimation of content of other metals + -
Convenience and rate, automation of process + -
Non-destructive character =+ —

6. Discussion of results of studying the influence of
composition of gold alloys on determining the precision
of millesimal fineness of gold by the cupellation method

and XFA

In the course of X-ray fluorescence, assay and micro-
structural analysis, the impact of component composition of
the alloy based on white gold on determining the accuracy
of millesimal fineness of gold was verified. The aim was to
establish the relationship between the indicators of milles-
imal fineness, determined by XFA and cupellation. It was
also possible to identify the parameters of testing processes
(cupellation), the microstructure and composition of compo-

nents of gold-based alloys that affect determining millesimal
fineness of gold. In addition, the influence of these character-
istics on the establishment of authenticity and originality of
ancient (archaeological) gold was assessed.

A variety of jewelry alloys of 585 millesimal fineness
based on white gold and the sample of authentic archaeolog-
ical gold were explored as the objects of research.

Analysis of the component composition of alloys based
on white gold of 585 millesimal fineness, obtained by the
method of XFA, makes it possible to state that gold, silver,
zinc, nickel, palladium are basic in them; impurities include
indium, iron, and cadmium. The most common systems that
were established during the exploration of the gold-based
alloys are: Au—Ni—Ag—Zn and Au—Pd—Ag—Zn; Cu is intro-
duced only to guarantee stability and reliability of products
in use. Organoleptic studies showed that doping gold with
nickel gives the alloy its white cold shade with its content
in the alloy from 6 to 25 %. Palladium (Pd) makes yellow
color of gold white with a warm tint in its content from 0.28
to 14.70 %. The most common are compositions with silver
(Pd 14.70; Ag 26.68 %), with indium and silver (Pd 4.58;
In 2.44; Ag 31.19); with nickel, silver, and platinum (Pd 0.28,
Pt 0.28).

Addition of such elements as Zn, Cd, and In ensures
high-quality casting, better wetting and fluidity of the
precious alloy. The dependence of zinc on a decrease in
inter-phase tension improves the quality of the product sur-
face. Zn decreases the probability of formation of dendritic
structure of the surface, decreases roughness of the surface.

Mismatch of the studied alloys with the requirements
of normative and technical documents by the content of
the components can lead to the deterioration of consumer
properties during the use, including corrosion resistance,
mechanical strength, safety, wear resistance, etc.

The results of determining the gold content in alloys,
obtained by the method of XFA, are characterized by con-
sistently overestimated millesimal fineness compared with
the specification, which is associated with a number of short-
comings of both the method itself and technological pecu-
liarities of products manufacturing. During the organoleptic
study it was found that the complexity of the shape of the
product, lack of equal area for exposure, existence of solder-
ing spots partially influenced the change of the components.
A more significant effect was associated with the techno-
logical operations: polishing, coating the surface with other
alloy and treatment with nitric acid. A significant influence
on the change of the magnitude of millesimal fineness of gold
of structural transformations of the alloy, associated with
the formation of liquation, the method of receiving the shape,
the casting technology, was observed. This is proved by a
slight increase in millesimal fineness of gold in the surface
areas of modern products, obtained by casting according to
the melted out models.

Instead, in the samples of ancient gold, obtained by
casting into the mold and stamping, a big divergence in the
content of gold, silver, copper at various points (up to 10)
was observed. It was characterized by the imperfection of
the technological process, and as a result, the existence of
significant liquation, essential variation of the content of
major components in different parts of the alloy, proved by
microscopic research.

Conducted research into determining millesimal fine-
ness in the alloys based on white gold by the cupellation
method revealed a number of errors in the techniques that



affect the results of determining. These errors relate to
the technique of performing the preparation operations as
well as operations of analyses that cause the understated
millesimal fineness compared to the standard sample and are
explained by the complicated processes of melting.

In the process of cupellation, lead oxide absorbs the main
part of the precious alloy in the form of molten glass and
diffuses into a porous crucible. Some losses of noble metals
during cupellation occur as a result of their evaporation at
high temperatures.

Losses of gold at cupellation are significantly influenced
by the content of silver and the ratio between gold and silver
in an alloy. Silver at cupellation protects against increased
losses (the more silver, the smaller the losses).

Additives and impurities of copper, zinc, iron, tin, nickel,
palladium in the lead alloy also increase losses of gold during
cupellation.

Nickel in combination with zinc as a complex doping
component ensures high fluidity and significantly affects the
change in the process of testing (cupellation) of gold alloys.

This increases the probability of the loss of gold par-
ticles through its being captured by nickel and deposition
on the cupel. And, as a result, it is expressed in deviation of
millesimal fineness of gold alloy, determined by cupellation
compared with XFA towards decreasing in the range from
0.10 to 0.15 %.

This can be explained by the fact that cupellation of gold
alloy begins with melting a gold alloy, silver and lead. This
results into selective dissolution of less noble metals. Cupel-
lation ends in the formation of surface oxides of lead, their
decomposition and absorption by the cupel.

Mass transportation, which is defined as volume diffu-
sion from a volume layer to the surface layers of the alloy,
is an important phenomenon because it leads to decompo-
sition on the surface of most types of non-precious metals.
This stream of atoms may be represented by the internal
flow of lattice vacancies, created by decomposition of sep-
arate atomic objects on the surface of alloys. Usually gold
alloys, located near the equiatomic composition, form a
face-centered cubic (FCC) lattice, rather than face-centered
tetragonal (FCT) one. However, there are two ordered crys-
tallographic structures (AuCul and AuCull) above 683 K
(410 °C).

When ordering of AuCul dominates in the alloy, the
location of the atoms passes from the FCC into the FCT,
which leads to considerable stresses as a result of distortion
of the crystalline lattice. These stresses lead to a decrease in
resistance of material. The transition from a compact cubic
structure to tetragonal allows fewer noble elements to mi-
grate easily across the surface, which in this way increases
the rate of volume diffusion.

In addition, electronic configuration of gold, formed
under the influence of such effects as “reduction of lan-
thanides”, “relativist” and “aurophilic” affects its chemical
reactivity and crystalline structure of the element and alloys
on its basis. And, given that gold nanoparticles are less than
10 nm, the structure of FCC of gold is not stable due to the
formation of decahedral, icosahedral forms or defects in the
structures. Some features, such as electronegativity and the
difference of atomic radii, restrict the range of formation of
solid solutions of gold with other elements. Such systems as
Au-Ni, Au—Cu, Au—Pt and Au—Pd form solid solutions at
high temperatures, but their mutual solubility decreases as
the temperature of drop formation increases.

Thus, the nickel particles quickly capture the gold parti-
cles and sediment it on the cold cupel, which lowers millesi-
mal fineness of the precious alloy.

To avoid the losses of noble metals during cupellation,
we optimized the method of assay analysis of alloys based
of white gold, which excludes losses of gold partly or com-
pletely.

The results of determining the millesimal fineness of gold
alloys with the content of nickel and zinc after testing by the
improved technique of cupellation and researched the XFA
suggest a significant decrease in the difference of indicators
of millesimal fineness (+0.261 %). In addition, there is a
greater difference in the indicators of millesimal fineness of
gold alloys, determined by assay analysis and XFA that do
not contain additives and micro additives at all. The differ-
ence in millesimal fineness of gold in these alloys ranges from
+0.38 to +0.56 % towards increasing the millesimal fineness
at the XFA. The exception is the sample with content of in-
dium and without zinc. The difference in millesimal fineness
of gold reaches +0.51 %. In addition, in the samples that do
not contain nickel and zinc and contain additives of palla-
dium and indium, the difference in the samples is minimal
(+0.09-0.13).

Studying the millesimal fineness of gold alloys with
content of silver, copper and alloying components from the
group of platinum by XFA and cupellation indicate a greater
correlation compared with the alloys with the content of
nickel and zinc. This proves that determining the millesimal
fineness of gold is influenced by the cupellation procedure
and, in particular, by the fact of gold being captured by nick-
el and subsequent “freezing” of the cupels.

Comparison of the effectiveness of two methods of anal-
ysis — the golden cupellation and the XFA is an important
argument in favor of applying one or another method in the
field of jewelry alloys. The results of this comparison in the
critical form are shown in Table 5. The studies found that
cupellation as a universal method that has a destructive na-
ture can be applied only to systems of Au—Ag—Cu. In case of
studying alloys of white color with the content of nickel or
palladium, the precision of determining millesimal fineness
decreases by 1.5 %, so it is necessary to apply the optimized
technique.

The conducted studies made it possible to argue that the
component composition of a precious alloy affects the deter-
mining of millesimal fineness of gold.

7. Conclusions

1. It is proved that the use of the XFA method for the
control of millesimal fineness and content of the component
alloy of modern jewelry and museum valuables (antiques)
based of gold is possible not only as the method of screen-
ing. The method can replace the touchstone (with obvious
advantages), and be an alternative to cupellation. The study
of the influence of different component composition on the
accuracy of determining millesimal fineness of gold alloy is
the subject of subsequent promising scientific research. The
accuracy of the results of XFA is 1.2 of millesimal fineness
for white gold alloys.

2.1t was established that the millesimal fineness of
gold alloys containing nickel, obtained by the method of
cupellation, has the understated content of gold (millesimal
fineness) from the standard sample or the specifications.



Deviation of millesimal fineness of gold alloy, determined
by cupellation compared with XFA, is in the range from
0.10 to 0.15 % towards decreasing. The mean difference in
the obtained results is +0.419 % towards overstatement of
millesimal fineness by the results of the XFA. To eliminate
this phenomenon, it is necessary to determine preliminarily
the composition of the alloy by the XFA and qualitatively to
remove palladium and nickel.

3. The causes of the influence of “freezing” of lead alloy
on the loss of noble metals in cupellation were identified,
which made it possible to develop the method that elimi-
nates this effect. The procedure of the cupellation process
was optimized by the strict control of the temperature mode
of annealing and the time of exposure. It made it impossible
to understate the millesimal fineness of the gold alloy. The
mean divergence in the obtained results by the two methods
is +0.261 % towards overstatement of millesimal fineness by
the results of the XFA. The totality of the data on determin-
ing millesimal fineness by the XFA and by cupellation by the
updated technique was described by the regression equation
and R2. P is the value by the table ANOVA that is less than
0.05. That is why it can be argued that there is a statistically

XFA and cupellation, at the level of 95 %. The mean absolute
error is 0.16 %.

4. The correlation dependence of the millesimal fineness
of the alloy based on white gold (containing nickel and zinc),
determined by the X-ray fluorescence and assay analysis,
was established. The obtained regression dependences make
it possible to calculate the exact millesimal fineness of gold
in % by the actual indicators of millesimal fineness, obtained
by the X-ray fluorescence analysis. This makes it possible
to reduce the time to conduct the complex and laborious
research into cupellation, which completely destroy the piece
of jewelry and to adjust the indicator of millesimal fineness,
obtained by the XFA.

5. The results of the study revealed a greater difference
between the indicators of millesimal fineness of gold alloys
determined by assay and X-ray fluorescence analysis in the
system of Au—Ag—Cu—Ni-Zn. The difference in millesimal
fineness of gold in these alloys ranges from +0.38 to +0.56 %
towards increasing the millesimal fineness at the XFA. A
smaller difference in the indicators of millesimal fineness,
determined by the assay analysis and the XFA, for the gold
alloys in the system of Au—-Ag—Cu—Pd—In (+ 0.09-0.13 %)

significant relationship between the results, obtained by the  was established.
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Kamoonum memnaamuum memodom 6yau ompumani
monki niiexu 2idpoxcudy nixeno, axi Haoauai 6unpoooey-
sanucs y piznux pos3uunax. Pozuunu micmunu 0,1 M KOH
ma 0,1 M KOH 3 dodasannsam piznoi xinokocmi KaWO0,:
0,1, 0,3 ma 1 mM. Bunpobyeannsa niieox noxasano, uo
HAsABHICMD 10HI6 BONbPPaAMamy Moxice iCmomHo 6nauea-
mu Ha eeKMPOXIMIMHI MA eeKMPOXPOMHL XapaKxmepu-
cmuxu naieox Ni(OH)jy. Buxionuii 3pa3ok, axuil eunpo-
oyeanu y posuuni 0,1 M KOH, noxasaé eiominnocmi y
NOPIBHAHHI 3 eNeKMPOXIMIMHUMU XAPAKMEPUCMUKAMU
3pasxie, wo eunpobdyeanu y posuunax 3 0,1 M KOH ma
K>;WO0,. Biominnicmo noasizana 6 3HauHii pizHuui nomisxc
BCAUMUHAMU 2YCMUH CMPYMI8 KAmooOH020 Ul AHOOHO020
niKie ma HAABHICMb CMPYMOB8020 NAAMO HA UUKIIUHIU
sonromamnepoezpami. Ilpu ybomy euxionuil 3pasox npo-
demoncmpyeae natieuuy ceped ycix aécomomuy eauéu-
Hy 3amemnennsn 74 %. 3 inwoi cmoponu euxionuii 3pazox
MA8 3pOCMAHNA GeAUMUHU AGCOTIOMHOT 2AUOUHYU 3ameMm-
HeHHs, a nomim nocmynoee ii IMeHueH .

Y ceoto uepey 3pasxu, wo eunpodyeanu y pozuunax
3 6onbPpamamom, Maru Kpawi eleKxmpoximMiuti xapax-
mepucmuxu — wimxki KamooHi ma anooHi niKu, wWo mMaiu
Oinbw GausvKi 3navenns eycmun cmpymie. [Juuamixa
3Minu abcomomnoi enubunu 3amemmenns 0N 6CiX 3pas-
Ki6 y cepii 3 dodasannam eonvppamamis maia nocmii-
ne ii 30invmenns. Ilpu yvomy 3pasox eunpodyeanuii y
po3uuni 3 1 MM sonvppamamy mae naiimenue 3Ha1eHHs
abcomomnoi enubunu samemmenns — 60 %. JIna xonyen-
mpauiii éonvppamamy 0,1 ma 0,3 MM a6comomna 2au-
ouna samemnenna cxnadana é ceoro uepey 72 ma 71 %
015 0CMAHHBL020 YUKTY.

3pasxu, wo eunpo60o6ysarucs Yy posuunax 3 6oabPpa-
Mamom, Maiu 3HAYHO MeHwuil 1ac oceimaenns — 40—
50 ¢, y nopienanni 3 360 c y 3pasxa, axuii eunpodysanu y
yucmomy pozuuni 0,1 M KOH.

Taxosic 6ye 3anpononosanuti MoNCAUGUI MexanizM,
WO NOACHIOE BIOMIHHOCTMI Y NOBEOTHUL PI3HUX 3PA3KIE.

Kantouo6i cnosa: enexmpoxpomiam, enexmpoocaonceH-
Ha, inmepxanauia, Ni(OH),, eidpoxcuo Hixenio, 60Jb-
dpamam, WO? , nonieininoseuii cnupm
0 o
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Use of these devices opens a wide range of possibilities

for rational use of time and energy resources [1, 2]. This

Smart devices are a new class of devices that tend to
be a combination of standard device and computer. Such
combination allows for expansion of device’s functionality.

becomes possible due to flexible operation schedule, includ-
ing switching based sensor readouts or other information
passed to the computer [3].




