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Po3zensanymo eunpodyeanus #oemux ma Giaux 106eipHux
cnasié Ha 0CHOGL 30710ma i3 emicmom Mmidi, cpiona, yuny,
nanaoito, Ha npoGIpHOMY KAMeHi 3a 00NOMO02010 PIZHUX XiMi-
Hux peaxmugie ma PDA. Boockonaneno npouedypy ouinio-
eanns 6i0noeioHocmi npoéu 00PO2OUIHHUX CNIAGIE HA OCHOBT
30J10ma pizHoz0 KOMROHEHMHO020 CKAAOY 3 GUKOPUCMAHHAM
pe3ynvmamis unpoldyeanns Hamupie cniuasié Ha npoodipno-
MY KameHi.

Bcmanosaeno, wo eenununa npoou 30a0ma 00po2oYIiHHUX
cnaasie cucmemu 3a1CplIM, eusnauena nio diero peaxmuey
<XJIOpHE 30710me > HA NPOGIPHOMY KaMeHi, 3aneHcums 6i0 npo-
A6Y KOHMPACMHOCMI AKICHOI peaxyii 610 cmanoapmuozo 3pas-
Ka (npobipnoi zonxu).

ITio diero peaxmusy na cnaasax <ic06mozo» 30a0ma
YmMeEopIoomvCa Xa0pucmi Cnoayku 3i cpioaom i mioor, 6io-
HOBJII010MUCH NPU YbOMY 00 MEMALE8020 NOPOUKY UOPHO-0Y-
poz2o Konvopy. Midv y yvomy eunadxy po3uunsemocs, a
3070mo pazom 3i CpiOIOM YMBOPIOE HA CMYNCUL THMEHCUB-
HUil 0cao, axuil 3aaexicums 6i0 JieamypHozo CKAA0Y CNiaesy.
Bcmanogaeno, wo uum nudsicua npoda cnauagy, wo eunpotosy-
€MbCA, MUM GiNbUA KINLKICMb <XA0PHOZ20 30J10Ma»> PO3KAA-
daemvcs, mum dinvule Yymeoproemocs ocady Xaopuody cpiona i
610HOBIIOEMBCS HUCMO20 30J10MA 3 PEAKMUBY, A, OMIHCE, MUM
MmeMHIWMUL OMPUMYEMO 0Cad.

Zoeedeno, wo eunpodysants 00pozoyiHHUX CNIAGie uep-
801020 KONWOPY cucmemu 3aCpIIM585 3 emicmom yunry
(Ginvwe 2 %), eanito, iH0it0 peaxmueom Ha 0CHOGI Gixpomamy
Kanito ma xa0pudy mioi € He epexmueHuMu.

Pesyavmamu ananizy éxazyroms Ha 3a8uuiery npody 3010-
ma y nopieHAHHI 31 cmandapmuoro npooipnoi 20xo10.

s ycynennsa yvozo aeuma pexomenoosano nonepeonso
eusnavumu cxaad cnaagy memodom PDA ma pospooumu
anzopumm eunpodyeanns 6i0noeiono 0o emicmy cnaasy iHwu-
Mu peaxmusamu.

Busnaueno, wo npo6a 3o10ma, 6cmanosnena Ha npooipHo-
My Kameni 0ns cnaaeie cucmemu 31CpIlIM585 (emicm wunxy
oinvue 2 %) Oitout KOHMPACMHO NPOABAAEMCA NI Victo KUC-
JIOMHUX PeaKmueis i 3anelcums 6i0 KOMNOHEHMHO20 CKAAY
cnaasy.

Hogedeno, wo na cnnae <6inozo» 3onoma, 0o cxkaady
K020 6x00umv naaadiii ma cpiono (3aCpllo585), kucaommnuil
peaxmug 0as 3010ma 585 npoou ne die.

Bunpotosysanns cnaasy <«6inozo»> sonoma (3aCpllo585)
KUCOMHUM peakmueom 0 3onoma 750 npoou oae memmuii
ocaod cuH8amozo 6i10MinKy.

Bcmanogaeno Ginvw xoumpacmuy 0ito Ha cnaaeu <0ino-
20> i <91€08M020> 30a0ma 750 npobu KUCIOMHOZ20 peakmusy
0ns cnaaeie 3o10ma 750 npoéu

Knmouosi caosa: cnnasu 3onoma, npodipnuil xaminw,
<XJIOpHe 30710mo >, Oixpomam Kxanito, cyrvpham mioi, npoodip-
HUl KOHMPOJIb
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1. Introduction
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business, but other structures as well, including state institu-

tions, state control and supervision, public and independent

At the present stage of economic development, more and
more attention is paid to the issues of business social respon-
sibility, consumer protection, environmental protection,
compliance with the positive business practices that will
not tolerate corruption, cheating, and fraud. Today, not only

commercial organizations, must influence the sustained
development of society.

Consumers who are interested in ethical problems in the
production of jewelry products force companies to change.
The ethical production by a company implies the use of




precious alloys of known origin, working with which meets
the environmental and social standards of value, reliability,
and safety.

Since the State Assay service of Ukraine was eliminated
in 2011, the responsibility of manufacturers, as well as the
state-owned enterprises of assay control, has increased in
terms of quality, value, and safety of jewelry items that are
based on alloys from precious metals. According to the Law
of Ukraine “On protection of consumer rights”, retail en-
terprises are required to provide qualified, comprehensible,
reliable, and timely information about jewelry, its quantity,
quality, and safety. They should prove it based on documents
or by applying the appropriate means of identification [1].
Therefore, all the players in the jewelry market today are
interested in the fabrication and selling high-quality and
safe jewelry items. That makes the state-owned enterprises
of assay control improve testing procedures for alloys based
on precious metals.

Since February 2016, following the amendments to the
law on standardization, the compulsory application of reg-
ulations has been replaced by the voluntary. Main norma-
tive-legal documents that regulate the quality and safety of
jewelry are: The Law of Ukraine [2], DSTU 3527-97 [3], and
Rules of trade [4]. In accordance with these regulations, the
requirements to jewelry include:

— the presence of a mark of assay indicating the assay in
line with the State standard, which defines the value of the
alloy, and shows the number of units of the basic precious
metal in the alloy [3];

— for the case when it is impossible to put a mark of assay
(or the product is not subject to marking), the items should
include documents issued by the bodies of assay control, con-
firming the proper value of the products;

—the presence of the marking label that confirms the
value of a jewelry item based on product and trade character-
istics, its compliance with marking with the indication of a
normative (technical) document based on which it was made.

Modern jewelry industry manufactures precious jewelry
alloys based on gold by adding various alloying components
such as copper, zinc, palladium, cobalt, cadmium, lead, plat-
inum, ruthenium, nickel, silver, indium, iridium, manganese,
gallium. The EU countries implemented Directive 94/27/EC
of the European Parliament and the EU Council (“Nickel
directive”).

The directive bans direct contact between the skin and
such harmful elements as nickel, cadmium, aluminum, tin,
indium, lead, which cause allergies and a series of bad dis-
eases [5]. It limits the level of leaching nickel to a threshold
value of up to 0.5 ug per 1 cm? per week. Similar legislative
initiatives to the white gold with a nickel content were imple-
mented in Japan and China. The United States introduced
the mandatory labeling of jewelry indicating the content of
nickel and other components.

In addition to harmful effect on the human body, nick-
el, zinc, indium, and other chemical elements change the
contrast of qualitative reaction when testing a gold alloy
on a touchstone. It is difficult to test modern, “non-stan-
dard” alloys by using traditional reagents due to a weak or a
low-contrast reaction. Introduction to the composition of al-
loying metals (nickel, zinc, cadmium, chromium, manganese,
indium, silicon, cobalt) in the presence of silver and copper,
in certain proportions, radically changes the mechanism
and the color of corrosion products (their intensity). This
leads to serious errors in determining the assay of gold on a

touchstone. Difference in determining the assay increases to
50 assays, instead of 2—5 for standard alloys. According to
data from the World Council for gold, the accuracy in testing
gold on a touchstone should be up to 1.5 %, while using the
XFA method — 0.2+0.5 % [7].

The main task of the state-owned assay control enter-
prises is accurate determining of mass fraction of the basic
metal in an item made from precious metals, establishing its
compliance with one of the standards for assay and giving a
mark of assay.

As defined by the International Convention on the con-
trol and branding of products made of precious metals (Vi-
enna Convention as of November 15, 1972), the first step on
the path of an item to marking is the input control.

Accordingly, it implies the application of the method of
rubbing the touchstone and a non-destructive x-ray fluores-
cence analysis.

The method of testing the alloys of precious metals on
a touchstone is the most widely used (90 %) and common
at the state-owned enterprises of assay control, in a number
of trade and consumer service establishments in Ukraine.
It is an organoleptic method; accuracy of the obtained data
largely depends on the tools used and experience of the ex-
pert. However, it does not warrant precise determination of
qualitative and quantitative indicators for the ligature com-
position of precious metals [6].

This relates to that the jewelry industry of Ukraine
has been, over the past 20 years, operating, for 60 %, with
“non-standard” alloys based on gold. Therefore, the assay
control inspection faces a series of problems that hinder the
reliable determination of assay on a touchstone. First of all, it
is the lack of means for identification — touch-needles to test
non-standard alloys whose ligature composition is unknown.

In addition, the drawbacks of such tests are as follows:
the low accuracy of assay determination in the presence of a
thick coating layer, the shortcomings in current testing pro-
cedure. This is especially true for cases when the non-stan-
dard alloys are examined. However, it remains the basic one
in most assay laboratories in Ukraine.

Therefore, it is necessary to improve the procedure of
testing the alloys based on gold on a touchstone, whose
composition includes chemical elements that produce insuf-
ficient contrast chemical reaction for the precise analysis of
gold assay.

2. Literature review and problem statement

For several centuries people have used certain techniques
and methods of analysis that had existed in ancient Egypt,
and were known to Kievan Rus as early as IX-X centuries.
A full description of the so-called “assay art”, a procedure for
determining the composition of an alloy at the laboratories
of mints houses was covered in [7]. The author, for the first
time, detailed methods for determining the amount of silver,
gold, and copper using touch-needles with known composi-
tion of a precious alloy.

Establishing the assay of a precious alloy by testing it
on a touchstone stone has long historical and cultural tradi-
tions, as well as special features, defined by the normative-le-
gal base [8, 9].

Paper [10] outlines common methods for studying gold
alloys, including by testing on a touchstone. However, most
attention is paid only to the description of the method using



classic chemical reagents for standard alloys based on pre-
cious metals, without specifying the characteristics of the
method, its advantages or disadvantages.

Determining the assay and impurities in the high-
ly-doped alloys based on gold by testing on a touchstone
was used as a comparative method in [11] while applying a
method of emission spectroscopy. However, the author does
not provide a detailed assessment of the indirect methods for
determining the content of gold, considering its colorimetric
character.

Article [12] notes the significance and wide application
of colorimetric methods, including the method of testing on
a touchstone. The author notes that modern methods for
analyzing gold alloys made it possible to improve the accu-
racy of results, however, they were not able to completely
replace classical methods of analysis, specifically, testing on
a touchstone. The article did not report a correlation analysis
to modern methods: XFA, mass spectral, etc.

Paper [13] proved the importance of the method of
testing on a touchstone in the field of social history and
archeometallurgy. The European archaeological collections,
which include hundreds of thousands of stone artifacts from
the early Middle Ages, described as plates, were applied for
the assay control. Traces of precious metals, preserved on
a series of such artifacts, point to their application to test
the content of a specific metal. The paper did not specify
promising directions for improving a procedure of testing on
a touchstone, nor the development of new chemical reagents.

The authors of work [14] indicate that the accuracy of
analysis of alloys based on gold, when testing at a low-en-
ergy dispersive XFA-spectrometer, increased by 10 times
compared with a conventional test on a touchstone. How-
ever, the results were based on studying the standard alloys
and references. No study into the “unknown” component
compositions based on precious alloys of different colors was
carried out.

A comparative analysis of the accuracy of assay for stan-
dardized reference alloys based on gold, determined by the
XFA method and by testing on a touchstone, was reported in
[15]. Tt was shown that the accuracy of results, obtained by
the XFA method, is much higher in comparison with colori-
metric results. However, the issues that were not addressed
included the “non-standard” alloys, the composition of a
precious alloy, economics, etc.

Paper [16] notes that development of modern laboratory
techniques and tools implies affordability and speed. Thus,
it is necessary to improve express-methods, including test-
ing on a touchstone. In this case, the authors indicated the
possibility of losing accuracy of the results. They did not
consider ways to improve the colorimetric research methods,
only pointing to such a need.

In [17], authors point a series of advantages in using
XFA at analytical laboratories as a method that can replace
testing on a touchstone. However, they did not analyze the
effect of alloying components on the accuracy of obtained
results, did not define the intercorrelation between methods,
nor other indicators that characterize it.

The authors of [18] reported interesting results of study-
ing the structure and chemical composition of non-standard
alloys AuAg and AuCu when the colorimetric methods were
used as additional. However, the work is limited to the basic
formulations of binary compositions.

Promising are the results of modern research that ap-
plied colorimetric methods as basic methods for establishing

the presence of gold in very small amounts or compounds
of unknown composition in various sectors of the economy.
In particular, [19] studied the adsorption of gold in chloride
environments using a commercial sorbent (Lewatit TP 214
(L-214)) and the residue of biomass (rice hull (RH)). The
primary reagent used by the authors was a solution of chlo-
ride. Paper [20] describes the synthesis of gold nanorods
that are used in biotechnology and electronics. However,
the work did not pay attention to the techniques themselves,
did not describe features of chemical reagents and their be-
havior. Study [21] presented the colorimetric quantitative
determining of two cephalosporins, cefoperazone (CFZ)
and cefepime (CPM), which were designed and approved
for use at clinical laboratories and the laboratories of qual-
ity control. The method is based on the use of regenerative
properties of cephalosporins owing to dihydrothiazine of
7-aminocetafosporanic acid and B-lactam ring for obtaining
the nanoparticles of gold or silver from the respective solu-
tions of metals. Paper [22] describes colorimetric determin-
ing of ascorbic acid based on triggering the aggregation of
nanoparticles of gold.

The results of scientific studies point to the need to
improve the procedures for colorimetric research into alloys
based on gold with the use of more sensitive reagents, which
are more promising, economical and fast, easy to use.

Thus, it can be argued that the use of colorimetric meth-
ods of analysis of precious alloys based on gold would make it
possible to improve existing chemical toolset for assay control
when testing on a touchstone. That would provide an oppor-
tunity to more accurately determine the content of gold assay
considering new jewelry alloys, including those of white color,
those containing nickel, zinc, indium, silicon, etc.

Thus, we have a reason to believe that there is a lack of
understanding the behavior of modern precious alloys of
different colors based on gold exposed to a variety of assay
reagents. Therefore, it is necessary to explore the color-
ation processes in a chemical reagent with the mandatory
development of an algorithm for testing precious alloys on
a touchstone. That would make it possible to use them as a
cheap alternative to test jewelry based on precious alloys of
different complex shapes and variously treated surface where
the application of XFA is unacceptable.

Taken in their totality, all the above studies became a
prerequisite, which defined the creative-aspirational tasks
of this research.

Development of new jewelry alloys based on gold is as-
sociated with the formation of a new component chemical
composition, the structure that affects the precise analysis
of an alloy. That complicates the process of determining the
gold assay, the content of jewelry alloy during assay control
and expert research. However, the improvement of existing
methods for testing jewelry alloys based on gold with a dif-
ferent component composition, specifically on a touchstone,
techniques for which have been already outdated, were ne-
glected by modern publications.

3. The aim and objectives of the study

The aim of this study is to assess the conformity of a
precious gold-based alloy with a different component compo-
sition in terms of purity (assay) by testing it on a touchstone
using chemical reagents, to improve the standard research
procedure based on it.



To accomplish the aim, the following tasks have been set:

— to define the impact of ligature composition of jewelry
alloys based on gold on the accuracy of determining the as-
say (the content of gold) by testing on a touchstone using the
reagent “chlorine gold”;

—to determine the impact of ligature composition of
jewelry alloys based on gold on the accuracy of determining
the assay by testing on a touchstone using a reagent based
on potassium bichromate and chloride or copper sulphate;

— to determine the impact of ligature composition of jew-
elry alloys based on gold on the accuracy of determining the
assay by testing on a touchstone using acid reagents;

— to improve the procedure for testing precious alloys
based on gold with a different component composition on a
touchstone.

4. Materials and methods to test gold alloys with various
alloying components

4. 1. The examined materials and equipment used in
the experiment

We tested the standard yellow and white gold alloys
containing silver, zinc, nickel (AuNiZnCu), (AuAgNiZnCu),
assay 375, 500, 585, 750, jewelry gold alloys containing
palladium. Representative samples of alloys (the examined
objects) are given in Tables 1—4.

Sampling from the batch, as well as selective control at
soldering joints of alloy products, were carried out in ac-
cordance with the industry standards of Ukraine on assay
control.

4.2. Procedure for determining the purity of gold
alloys on a touchstone and X-ray fluorescence analysis

The algorithm of research part of this work consists in
the following:

1) determine the assay and content of jewelry alloys
based on gold from the systems AuCu375, AuCu500,
AuAgNiZn585, AuAgNiZn585, AuAgPd585 for samples of
jewelry items and appropriate touch-needles by using XFA;

2) determine the assay and content of jewelry alloys
based on gold from the systems AuCu375, AuCu500, AuAg-
NiZn585, AuAgNiZn585, AuAgPd585 for samples of jew-
elry items and appropriate touch-needles by testing on a
touchstone using different reagents.

XFA refers to the non-destructive method of determin-
ing the qualitative and quantitative content of chemical
elements in articles and is used as a preliminary analysis of
jewelry alloys [6]. In the work, we applied the spectrome-
ter ElvaX (Ukraine), which makes it possible to identify
elements in the range from sodium (atomic number 11) to
uranium (atomic number 92) (Fig. 1).

Fig. 1. X-ray fluorescence spectrometer ElvaX (Ukraine)

Table 1
Component composition of jewelry alloys based on gold (touch-needles)
No. of Mass share of components, %
Mark Assay - -

entry Au Ag Ni/Zn/Si Cu/Pd
1 AuAgCu585-80 585 58.5-59.0 7.5-8.5 - remaining,/—
2 AuAgCu500-100 500 50.0-50.5 9.5-10.5 - remaining,/—
3 AuAgCu375-100 375 37.5-38.0 9.5-10.5 - remaining/—
4 AuAgCu585-50 585 58.5-59.0 5.0-6.0 - remaining,/—
5 AuNiZnCu585-12,5-4,0 585 58.5-59.0 - 12.0-13.0/3.6-4.4/— remaining/—
6 AuNiZnCu585-7,0-9,5 585 58.5-59.0 - 6.5-7.5/9.0-10.0/— remaining/—
7 AuAgPd585-255-160 585 58.5-59.0 25.0-26.0 - —/remaining
8 AuAgZnCu585-55-2,0 585 58.5-59.0 5.0-6.0 -/1.5-2.5/0.02-0.10 remaining/—
9 AuAgZnCu585-80-10,0 585 58.5-59.0 7.5-8.5 —-/10.0/— remaining/—

Table 2
Component composition of jewelry alloys based on gold (touch-needles)

No. of Mark Assay Mass share of component.s, %

entry Au Ag Zn/Ni Cu
23 AuAgCu375-20 375 38.0 2.0 - remaining
24 AuAgCu 500 500 50.5 9.5 - remaining
25 AuAgCu 585-80 585 58.5 8.5 - remaining
26 AuAgCu 750-220 750 76.5 22.5 - remaining
27 AuAgZnCu 585-55-2,0 585 59.0 6.0 2.0/- remaining
28 AuAgZnCu 585-65-1,0 585 59.0 6.5 1.0/— remaining
29 AuAgZnCu 585-80-1,0 585 58.5 8.0 1.0/— remaining
30 AuAgZnCu 585-80-6,5 585 58.5 8.0 6.5/— remaining
31 AuNiZnCu 585-125-40 585 58.5 - 4.0/12.5 remaining




The main functions of spectrometer are: registration of
the spectra of x-ray fluorescence in the examined samples;
determination of energy position and intensity of its lines;
identification of the elemental composition of samples; deter-
mining the concentrations and relative content of elements
in the examined sample. The spectrometer is controlled
by software built on the following methods: fundamental
parameters (focused on quantitative analysis of alloys) and
regression (whose algorithm employs graded dependences,
constructed in advance based on sets of standard samples).

Matrix absorption and effects of excitation are taken into
consideration separately for each element in the composition.
The method implies that all the chemical elements in a com-
position of the alloy’s sample can be detected by a spectrom-
eter. The sample must be homogeneous, have enough thick-
ness to absorb the primary beam (minimum 200 pm) and a
flat surface. The boundaries for the possible basic relative
error of conversion characteristic (integral non-linearity)
are not above £0.05 %.

Using XFA, we calculated the atomic percentage of each
metal in the alloy. The mass content of a precious metal in
the alloy is the equivalent of the assay.

By applying a database on alloys, which is included in
the software, we defined the content of components and
the mark of an alloy for each examined sample. An exam-
ple of the X-ray fluorescence spectrum for sample No. 11 —
a gold alloy of yellow color (photograph from screen) is
shown in Fig. 2.
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(0xA) %, P=0.95; n=2, where A is the limit of absolute
error, % (Table 3).

Table 3
Limit of absolute error for the determined elements

No. of |Determined| Measurement range, Limits of abzo.lute
entry | element mass share (o), % ( ;:)O; é ‘n/:2)

1 Gold From 20.0 to 99.0 incl. 0.3

2 Silver From 0.5 to 35.0 incl. 0.3

3 Palladium | From 1.0 to 15.0 incl. 0.3

4 Copper | From 0.5 to 43.5 incl. 0.2

5 Platinum | From 1.0 to 9.0 incl. 0.3

6 Zinc From 1.0 to 12.5 incl. 0.4

7 Nickel From 2.5 to 15.0 incl. 0.4

8 Halium From 0.5 to 1.5 incl. 0.3

9 Cadmium | From 0.1 to 2.5 incl. 0.2

During measurements, we controlled convergence be-
tween the results from determining the mass share of
metals in the samples of jewelry alloys, calculated under
condition (2):

|o—,<0,2. 2

The method of testing on a touch-
stone is based on chemical reactions
between reagents and a gold-based
alloy, applied onto a touchstone. In
addition, one visually compares the
intensity of coloration of the sedi-
ments formed where the alloy was
rubbed with the coloration of the
sediment where a touch-needle was
used (GSTU 47-083-02.8-2018) [9].
The intensity of coloration of the sed-
iment formed where the examined
alloy was rubbed, when compared
with the coloration of the sediment
where a touch-needle was used,
makes it possible to draw conclu-
sions on the assay. The assay evalu-
ation procedure is as follows: if the
sediments are identical in intensity,
then the alloy and the touch-needle
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Fig. 2. Spectrum of X-ray fluorescence for sample No. 11 — a gold alloy of yellow

color (photograph from screen)

For each examined sample, we performed two measure-
ments of the assay and recorded the corresponding measur-
ing results — @y, . In this case, the mass fraction of a metal
in jewelry alloys (w), %, was calculated from formula (1):

®=0,5 (0+my), @

where oy, , are the results from determining the mass share
of a metal in the jewelry alloys of gold, %.

The results of measurements and calculations of mass
share of a metal in jewelry alloys are presented in the form:

have the same assay. If the sediment
of the alloy is darker than that at
the strip of the touch-needle, the al-
loy’s assay is lower than that of the
touch-needle. If the sediment is lighter — the alloy’s assay
is higher than that of the touch-needle. This method for
controlling the quality of gold products makes it possi-
ble to define the assay of gold of up to 0.5 % (5 assays).

The testing procedure is as follows: one rubs the exam-
ined alloy against the prepared surface of a touchstone, ad-
jacent to it is the touch-needle rubbed, of appropriate assay
and chemical composition (Fig. 3).

Tests on a touchstone of jewelry alloys based on gold
(samples and touch-needles) involved a variety of reagents
given in Table 4.



Fig. 3. Preparing a touchstone for operation: a — application of rubbed
material onto the touchstone; b — a set of touch-needles; ¢ — a set of assay

reagents for testing alloys based on gold

Table 4
Assay reagents to test precious alloys based on gold on a
touchstone
No. of Reagent title Application for alloys based on
entry gold

Chlorine gold
1 (solutions: 6.0 g/dm?;
9.0 g/dm? 18.0 g/dm?)
Reagent based on
potassium bichromate
and chloride or copper
sulphate

Alloys of «yellow» and «white»
gold. not exceeding assay 585

Alloys of assays 375; 500; 585;
750 («yellow» and «white» gold)
with different ligature

For alloys of gold, assay 375; 500;
for alloys of gold, assay 585,
whose ligature matches a
standard touch-needle No. 14
(AuAgCu 583-34-383);
for alloys of gold, assay 750
(«yellow» and «white» gold);
for alloys of gold, assay 958

Acidic reagents (based
3 on nitric acid of differ-
ent concentration)

The reagent “chlorine gold” was used for alloys based on
gold, assay 585. The reagent based on potassium bichromate
and chloride or copper sulphate was used for all alloys based
on gold; acid reagents were used for alloys of gold, assay 375,
500, 585, 750.

5. Results of determining the purity
(assay) of gold in the jewelry precious
alloys based on gold on a touchstone

In order to assess the conformity of the
composition of the alloy to the passport or
specifications, at the first stage of research
we preliminary analyzed the alloys of jewelry
items for the content of the main component
(gold) and component composition by XFA.

The results from testing a component
composition and the assay of jewelry precious
alloys based on gold in the studied sam-
ples using XFA method at the spectrometer
“ElvaX” are given in Tables 5, 6.

The sample was 2 % of the volume of the batch that
arrived to the state enterprise for assay control. The re-
sults of studying the component composition of standard
alloys, identified by XFA, meet the well-defined content
of components in accordance with acting norms. When
using XFA for precious alloys based on gold, we acquired
the x-ray spectra shown in Fig. 2 (sample No. 11). All the
spectral peaks were computed, indicated by their uniform
coloration.

Sample No. 11 is a jewelry women’s decoration (ear-
rings), made from a precious gold-based alloy, of red color,
the insert is emerald. The earring consists of two main
parts — the main (front) and a fastening. The structural
parts of the earring are: a base, an earring fixture, a hook,
a pin, which were examined separately using XFA. Since
the tested sample was claimed to be made of a single
brand of alloy, we conducted two measurements of each
element.

The results from calculating the content of the precious
gold-based alloy for sample No. 11, defined by XFA, are
given in Table 7. An example of determining a component
composition of the alloy for sample No. 11 indicates the
content of 58.8 % of gold, 5.29 % of silver, 2.14 % of zinc,
the rest (33.77 %) is copper.

c

Table 5
Results from testing the samples of jewelry items, fabricated based on gold of red color, using XFA method
C t ition of alloy, %
No. Of Sa]’nple Item title omponent composition ot alloy,
Au Ag Cu Zn
10 Ring 59.83 6.42 32.34 1.70
11 Wedding ring 58.80 5.29 33.70 2.14
12 Wedding ring 58.68 28.05 13.27 -
13 Wedding ring 58.93 797 33.10 -
14 Earrings 58.70 8.00 32.10 -
Table 6

Results from testing the samples of jewelry items, fabricated based on gold of red and white color, using XFA method

No. of entry | Jewelry item title Mass share O,f component, % Alloy mark Color
Au Ag/Pd Si/Ga Zn/In Cu

15 Decoration 58.88 5.29/— 0.02/— 2.14/— 33.70 AuAgZnCu 585-55-2,0 Red
16 Wedding ring | 5860 | 6.10/— - 096/~ | 3434 AuAgZnCu 585-65-1,0 Red
17 Earrings 58.84 7.61/— - 1.12/— 32.43 AuAgZnCu585-80-1,0 Red
18 Ring 58.62 7.85/— - 6.87/— 26.66 AuAgZnCu 585-80-6,5 Red
19 Ring 58.9 6.00/— - 0.04,/0.04 34.65 AuAgInCu 585-55-0,3 Red
20 Earrings 59.0 500/~ | /04 | 174/- | 3354 | AuAgZnGaCu585-50-1,5-1,0 Red
21 Earrings 59.8 6.40/— - 1.27/ - 32.34 AuAgZnCu585-65-1,0 Red
22 Ring 59.0 25.5/16.5 - - - AuAgPd 585-255-160 White




Table 7

Results of the qualitative identification of a precious
gold-based alloy for 4-components of
jewelry item No. 11, defined by XFA

Chemical element | Content of components in the item’s parts, %
No. Title Base Earring Hook Pin
fixture

29 Cu 33.70 33.70 33.69 32.44
30 Zn 2.14 2.14 2.15 -

46 Pd - - - —

47 Ag 5.29 5.29 5.29 8.59
50 Sn 0.04 0.02 - 0.01
51 Sb — - - -

79 Au 58.88 58.88 58.87 58.94

Data for the calculation of mass share of gold in the pre-
cious alloy at the base of sample No. 11, defined by XFA, are
given in Table 8.

Table 8

Results of measuring the mass share of metal in the base of
sample No. 11

No. Determined Mass share wy, % | Mass share my, %
element

79 Au 58.88 58.87

47 Ag 5.29 5.28

29 Cu 33.70 33.71

30 Zn 2.14 2.13

Control over convergence of results from determining
the mass share of metals in the obtained results satisfies the
condition: |m;+my|<0.2. Next, we calculated mass fractions
for each element, the result is given in Table 9.

O(Aw)=0,5(w1+m9)=0,5(58,88+58,87)=58,88;
®(Ag)=0,5(1+®2)=0,5(5,29+5,28)=5,29;
®(Cu)=0,5(w+02)=0,5(33,70+33,71)=33,70;
®(Zn)=0,5(+2)=0,5(2,14+2,13)=2,14.

Table 9

Results from measuring the mass share of chemical elements
in the alloy based on gold, sample No. 11, by XFA

No. Title of the mass fraction of Mass share of element o, %
element

79 Au 58.88+0.3 %. P=0.95; n=2;

47 Ag 5.29+0.3 %. P=0.95; n=2

29 Cu 33.70+0.2 %. P=0.95; n=2

30 7n 2.14%0.4 %. P=0.95; n=2

The obtained mass shares of components in gold alloy
No. 11 allow us to argue that in terms of qualitative and
quantitative indicators it meets the approved norms and their
content in line with TU U 27.4-00201514-010:2005 [23].
Since this piece of jewelry is composed of two different
parts, the conformity of the composition of the alloy to the
assay was analyzed separately for the fastener, specifically
the hook and earring fixture. This sample, according to the

claimed alloy, contains elements such as gold, silver, zinc,
and copper. The result of our study and calculations is the
derived mass fraction of a component (element) for each
component in the alloy, given in Table 10.

Table 10

Results of evaluating the conformity of the measured mass
share of a metal in sample No. 11

Photograph of TU U 27.4- Actually derived
sample No. 11 00201514- mass share of
Compo- | (102005 component, %

nent
9\' Mass share ?,f Fixture Hook
component, %

@ Au 58.5-59.0 58.88 58.87

: Ag 5.0-6.0 5.29 5.29

@ Zn 1.5-2.5 2.14 2.15

# Cu remaining 33.70 33.69

Conformity of the content of the alloy AuAgZnCu 585-
55-2.0 in sample No. 11 to standard in line with TU U 27.4-
00201514-010:2005, according to the protocol of the study,
is 98.9 %. Based on the proposed plan of research, we used
XFA method to measure the mass fractions of components
1, 0y for samples 10-21 (Tables 5, 6), to calculate for each
element of the alloy ®, and chose the alloy’s mark. During
each measurement, control over the convergence of results
from determining a mass fraction was satisfactory.

Based on the results of RFA for jewelry samples, we com-
piled a program of study for testing on a touchstone accord-
ing to the available content of the component composition of
a gold alloy (or a mark), which in each case was determined
individually.

At the second stage of the study, we tested the selected
touch-needles by applying the chemical reagent “chlorine
gold” to where a touch-needle was used on a touchstone.
Results of studying a color change in the sediment are given
in Table 11 and Fig. 4.

It was established that the character and color of
sediment formation at strips (rubbed) made by standard
touch-needles of gold alloys depend on the ligature alloy that
forms under the influence of the solution “chlorine gold”.

The research found that on the strips made by nee-
dle (AuAgCu585-50) with a low content of silver (5 %)
and with a high content of copper — larger than 35 % —
the reagent “chlorine gold” forms a light-red sediment
(Fig. 4, b). The strip made by the needle AuNiZnCu585-
12,5-4.0 demonstrates a light brown sediment with a mus-
tard tint — indicating a larger presence of nickel content
in the alloy (12.5 %) and a smaller content of zinc (4.0 %)
(Fig. 4, e). The trace from a touch-needle made from the
standard alloy AuNiZnCu585-6.0-9.0 demonstrates the
sediment from the reagent of light brown color with a
reddish tinge, which indicates a lower content of nick-
el — 6 % and a larger content of zinc — 9.0 % (Fig. 4, h).
The strip made by a touch-needle from the alloy AuAg-
Pd585-255-160 demonstrates a light trace, which is a char-
acteristic feature of palladium content (Fig. 4, c).

Such an alloy can in practice be easily confused with
alloy of assay 750, which is why we additionally tested it by
acid reagent for assay 750. The strip made by a touch-needle
from the alloy AuAgZnCu585-55-2.0 demonstrates a trace



left by the reagent of a light brownish-orange tint, indicating
the presence of zinc in the alloy (Fig. 4, /). The touch-needle
from the alloy AuAgZnCu585-80-10.0 leaves a still lighter
brownish-orange tint, indicating the presence of a consider-
able amount of zinc in the alloy (10.0 %) (Fig. 4, 7).

At the next stage, for the evaluation of conformity of
the component composition of the alloy from the system
AuAgCu585 and to determine the assay, we tested samples
of jewelry items using the reagent “chlorine gold”, and a re-
agent based on potassium bichromate and copper sulphate.

A representative sample of objects and the results

Table 11

Characteristic color reaction of the jewelry gold-based alloy (rubbed
by standard touch-needles) to the reagent “chlorine gold “ and on a

of testing the content of alloys by using XFA are
given in Table 5.
Fig. 5 shows results from testing the alloys in

touchstone

jewelry items (samples No. 12 and No. 13) using the

reagent “chlorine gold”.

ﬂ,\\” WA
\‘K‘

X

%

a b c

content of copper >35 %

No. of Touch-needle of standard composition .
— Sediment color
entry Mark Content of composition
1 AuAgCu585-80 Gold, assay 585, silver, Light-brown
copper
2 AuAgCu500 Gold, assay 500, silver, | 1y, brown
copper
. Dark-brown,
3 AuAgCu375 Gold, assay 375, silver, grey-brown: the
copper .
sample «shines»
Gold, assay 585, low con-
4 AuAgCu585-50 tent of silver (5 %), high Light-red

Fig. 5. Results from testing the alloys in jewelry
items using the reagent “chlorine gold”:
a — sample No. 12; b — sample No. 13;

Gold, assay 585, with a
larger content of nickel
(12.5 %) and a lower
content of zinc (4 %)

5 |AuNiZnCu585-12,5-4,0

Light-yellow,
brownish tint

¢ — reaction to the rubbed material:
left — sample No. 12, right — No. 13,
center — touch-needle

Gold, assay 585, with a
lower content of nickel
(7 %) and a larger content
of zinc (9.5 %)

6 AuNiZnCu585-7,0-9,5

Golden-yellow

Under the action of the reagent “chlorine gold”
we have established different intensity of a brown
color on the strips from samples No. 12 and No. 13.
Thus, the sediment to the left from the touch-nee-

Gold, assay 585,

7 AuAgPd585-255-160 containing palladium

Light trace

dle, which is located in the center, has a light brown

Gold, assay 585,

8 AuAgZnCu585-55-2,0 .
presence of zinc

Light-yellow

color (No. 12), and the sediment on the strip to
the right of the touch-needle (sample No. 13) is of
a red-brown color. This indicates the likelihood of

Gold, assay 585, with a
large content of zinc in
the alloy (10 %)

9 |AuAgZnCu585-80-10,0

Light, bright yellow

different magnitude of the assay.
To exclude the lower assay of gold in the studied

a b c d e

f g h

Fig. 4. Characteristic color reaction to the reagent “chlorine gold” by the
materials rubbed on a touchstone with standard touch-needles based on
gold alloys of different marks: a — AuAgCu585-80; b — AuAgCu585-50;
¢ — AuAgPd585-255-160; d — AuAgCu500; e — AuNiZnCu585-12,5-4,0;
f— AuAgZnCu585-55-2,0; g — AuAgCu375; A — AuNiZnCu585-6,0-9,0;

i— AuAgZnCu585-80-10,0

Our research that involved touch-needles has revealed
that for the case of a significant content of silver in a gold-
based alloy the reagent “chlorine gold” forms sediments of
brown shades of varying intensity. Coloration of these sed-
iments increases with an increase in the content of copper
and a decrease in the intensity of the tint by increasing the
content of silver and zinc.

In other words, when testing the gold alloys that contain
zine, the reaction with traditional reagents is not contrast
enough.

samples, compared to that claimed, we compared
the results with the study conducted by using
XFA (Table 5). The obtained data indicate that
in the first sample (No. 12) the content of gold is
58.68 %, copper — 13.27 %, silver — 28.05 %, in the
second sample (No. 13), respectively, 58.93; 33.10,
and 7.97 %. That is, the alloy that wedding ring No.
.| 13 was made from contains almost 3 times more
i copper, which affects the discoloration of the sedi-
ment when testing by “chlorine gold” — it acquires
a redder shade.

Therefore, testing on a touchstone the rubbed
materials from samples using the reagent “chlorine
gold” indicates that the assay of the investigated
items (wedding rings) matches the stated assay
585. However, the contrast of the reagent’s man-
ifestation is different and it is associated with a
different content of copper. Therefore, the results
from studying the samples confirm the patterns of
color change, identified on touch-needles.

While testing on a touchstone the alloys based on gold of
red color that contains silver, copper, zinc, assay 585, using
the reagent “chlorine gold”, we discovered certain patterns.
For the case of a significant content (5 %) of silver in a gold-
based alloy, the reagent “chlorine gold” forms sediments of
brown shades of different intensity: from dark-straw (brown,
grey-brown) to light golden. The intensity of the sediment




coloration increases with increasing copper content (>33 %)
and decreases with increasing content of zinc (from 2 to
10 %). At a significant content of silver in an alloy, the re-
agent “chlorine gold” forms brown spots of different shades,
whose coloration increases with increasing copper content
and reducing the content of silver. The strips of alloys with
a palladium content of the composition AuNiZnCu demon-
strate that the reagent forms a yellow-golden sediment; the
lighter the color of the sediment, the higher the alloy’s assay.
The reagent “chlorine gold” affects the alloys of gold, assay
585, of the composition AuAgPd, by forming a light trace.

When testing the gold alloys with a zinc content above
2 %, we obtain a less contrast reaction. This indicates that zinc
reduces the saturation of the sediment, therefore, control over
purity of the assay must employ other reagents as well.

Next, we tested alloys of mark AuAgCu585-80 (sample
No. 14) under the effect of a reagent based on potassium
bichromate and copper sulphate. The reagent dissolved all
components of the alloy except gold. After removing the
excess reagent, the surface of strips demonstrates gold in the
form of a sponge and the mixtures of insoluble salts of silver
of red-brown color of varying intensity, indicating a different
content of the alloy’s components (Fig. 6).

. \\\\\ -

a b

Fig. 6. Results from testing a gold alloy of sample No. 14:
a — earring, sample No. 14, claimed assay 585, the alloy’s
composition AuAgCu585-80; b — reaction from the reagent
of potassium bichromate and copper sulphate:
left and right — material rubbed from the alloy on a
touchstone, center — rubbed with a touch-needle

The next stage of our work was to test the samples of
articles made from alloys of gold from the system AuAg-
ZnCu containing zinc (samples No. 15-21). These include
a decoration — AuAgZnCu 585-55-2.0 (sample No. 15); a
wedding ring — AuAgZnCu 585-65-1.0 (sample No. 16); an
earring — AuAgZnCu-585-80-1.0 (sample No. 17); a ring —
AuAgZnCu 585-80-6.5 (sample No. 18) (Fig. 7). Mass frac-
tion of the components is given in Table 6.

To w W

Fig. 7. Samples of articles made of precious metals based on
gold containing zinc, submitted for testing
(samples No. 15—18)

An analysis of the component composition of samples, es-
tablished by XFA, has made it possible to define the touch-nee-
dles, which are used to test golden articles made from gold
alloys from the system AuAgZnCu, assay 585 (Fig. 4).

When testing on a touchstone, we investigated all parts
that make up the article. The decoration consists of two

parts (a needle and the main part), so we rubbed two items.
The wedding ring was tested where there is no solder. The
earring was rubbed twice — at the main (front) side and the
fixture; the ring — at caste and outer part.

The coloration of sediments on the strips from touch-nee-
dles, obtained under the action of the reagent “chlorine
gold”, is significantly darker than the sediment left by the
examined alloys. This indicates that all the examined alloys
match the assay 585, but have different component compo-
sition (Fig. 8).

a b c d

Fig. 8. Change in the intensity of the sediment coloration on
the rubbed material from the examined samples and touch-
needles under the action of the reagent “chlorine gold”:
a — sample No. 15; b — sample No. 16; ¢ — sample No. 17;
d— sample No. 18

Therefore, when testing, by using the reagent “chlorine
gold”, the alloys from the system AuAgZnCu, assay 585,
whose ligature, in addition to silver and copper, contains zinc,
the sediment coloration acquires a different shade, depending
on the content of the latter. In particular, the more zinc in the
alloy, the lighter (less saturated) the sediment on the rubbed
material: from light straw to golden (Fig. 8). The presence of
zinc in an alloy greatly complicates testing on a touchstone —
it overestimates the assay for the examined articles.

Thus, to more accurately determine the purity of gold
when testing gold alloys from the system AuAgZnCu,
assay 5835, it is not appropriate to use only the reagent “chlo-
rine gold”, since the reaction is not contrast enough.

At the next stage, samples No. 15-18, containing zinc
from 0.96 to 6.87 %, were tested with a reagent based on
potassium bichromate and copper chloride. The strips left
by gold alloys from the system AuAgZnCu 585 demonstrate,
under the action of the specified reagent, a grey-brown sedi-
ment of different intensity (hue), (Fig. 9).

To determine the conformity of the examined samples of
the articles to the claimed assay 585, we visually compared
the intensity of the coloration of the sediment that forms on
the strip of the investigated alloy with the coloration of the
sediment from a touch-needle.

Fig. 10 schematically shows a change in the saturation
of sediment coloration for the examined samples No. 19-21,
containing zinc in the amount from 0.94 to 1.74 %, on a
touchstone under the action of solution of potassium bichro-
mate and copper chloride.

To obtain the means of identification — reference samples
for a change in the color of the sediment on the material
rubbed from alloys, we tested standard touch-needles by the
reagent based on potassium bichromate and copper chloride
(Table 12).



Fig. 9. Change in the intensity of the sediment coloration
on the material rubbed from the examined samples and
touch-needles under the action of the reagent “potassium
bichromate and copper chloride”: @ — sample No. 15;

— sample No. 16; ¢ — sample No. 17; d — sample No. 18

HLE

Fig. 10. Scheme of testing precious aIons based on gold of
red color, assay 585, with a different content of zinc under
the action of the reagent potassium bichromate and copper
chloride: @ — sample No. 19; 6 — sample No. 20;
¢ — sample No. 21

Table 12

Change in the color of touch-needles from the system
AuAgZnCu 585 with a different content of zinc under the
influence of the reagent based on potassium bichromate and
copper chloride

Effect of reagent based on potassium bichromate and

No. of copper chloride on a touchstone

entry

Mark of alloy of
touch-needle

Color of sediment formed
under the action of reagent

27 AuAgZnCu 585-55-2,0 chestnut

28 AuAgZnCu 585-65-1,0 grey-brown

29 AuAgZnCu 585-80-1,0 light grey-brown

30 AuAgZnCu 585-80-6,5 intensive golden

The obtained sediment coloration of the strips from
touch-needles are considerably darker than the sediments
from the examined alloys. This indicates that all the exam-
ined alloys match the 585 assay. However, the probability of
accepting the 585 assay for sample No. 20, which contains up
to 1.74 % of zinc and 0.4 % of gallium, to be higher, is large;
the quality response is contrast not enough that makes the
process of testing more complicated.

When testing the above alloys on a touchstone using the
reagent based on potassium bichromate and copper chloride,
we revealed a certain pattern. Thus, increasing the content
of zinc in red alloys, assay 585, from the system AuAgZnCu

leads to the creation of the lighter shade of the sediment that
visually increases the alloy’s assay.

The next reagent for testing gold alloys from the system
AuAgZnCu585 included acidic reagents. For clarity, and
to compare the colors of the samples’ sediments, we tested
the material rubbed with reference touch-needles from the
system AuAgZnCu (Fig. 11). For the case of effect from an
acidic reagent, for alloys of assay 500, on the material rubbed
with a touch-needle of assay 375, a dark brown sediment was
formed (Fig. 11, @). The material rubbed with a touch-needle
of assay 500 demonstrated that the reagent exerted a very
weak influence (Fig. 11, b). The action of the acid reagent on
alloys of assay 750 on the material rubbed with a touch-nee-
dle of assay 585 leads to the formation of a black sediment
(Fig. 11, ¢). The material rubbed with a reference needle of
assay 750 demonstrated that the acidic reagent led to the
formation of a barely noticeable sediment (Fig. 11, d).

a b c d

Fig. 11. Qualitative reaction from an acidic reagent on
a touch-needle from the system AuAgZnCu:
a — acidic reagent, assay 500, on gold alloy, assay 375;
b — acidic reagent, assay 500, on gold alloy, assay 500;
¢ — acidic reagent, assay 750, on gold alloy, assay 585;
d — acidic reagent, assay 750, on gold alloy, assay 750

The most characteristic quality reaction was demon-
strated by the action of the acidic reagent, assay 750, on the
alloy of white gold, assay 585, containing silver and palla-
dium in the amount of 25.5 and 16.5 %, respectively. The
alloy of white gold, assay 585, demonstrated that the acidic
reagent, for assay 750, acted with the formation of a bluish
sediment (Fig. 12).

Fig. 12. The action of the acidic reagent, assay 750, on
the alloy of white gold, assay 585, containing palladium and
silver: @ — sample 22; b — characteristic sediment on the
alloy of “white gold”, assay 585

The alloys of “white” and “yellow” gold, assay 750, were

tested using an acidic reagent for alloys of gold, assay 750;
the formation of a barely noticeable tint was observed.

Consequently, the lower the content of gold in an alloy,

the stronger the action of an acidic reagent; and this indi-



cates a lower assay of the alloy. An important feature is the
time of the reagent’s action on an alloy’s strip — 2—3 seconds.

6. Discussion of results of studying the influence of
ligature composition of an alloy on determining the assay
on a touchstone

The composition of alloys based on gold from the system
AuAgZnCu includes the following alloying elements: silver,
copper, palladium, nickel, platinum, cadmium, zinc, indium.
The components affect the formation of a solid solution, the
mechanical and chemical properties of an alloy, its hardness,
ductility, corrosion resistance, solubility, and the character
identification on a touchstone. We have considered and
analyzed in this paper four types of alloys from the system
AuAgZnCu, assay 585, which are most commonly used,
namely: AuAgZnCu 585-55-2.0; AuAgZnCu 585-65-1.0;
AuAgZnCu 585-80-1.0; AuAgZnCu 585-80-6.5. We have
constructed the following algorithm to test the alloys that
consisted of such iterations:

1) determining the ligature composition of an alloy by
using XFA;

2) determining the assay of an alloy by testing it on a
touchstone.

To determine the qualitative and quantitative content
of gold in jewelry alloys on a touchstone, we used the stan-
dard reagent “chlorine gold”, a solution based on potassium
bichromate and copper chloride (“colored” reagent), acidic
reagents.

The process of identification of alloys based on gold when
testing on a touchstone was performed by comparing the
color of the sediment formed under the action of a reagent on
a reference needle and on the investigated alloy. The means
of identification was the composition of jewelry alloys and
touch-needles, determined by XFA method.

Results from studying the gold-based alloys on a touch-
stone have established that the material rubbed with stan-
dard touch-needles demonstrate, under the action of the
reagent “chlorine gold”, a distinctive colored sediment: from
light-brown to grey-brown. In this case, the lower the assay
of gold and, consequently, the smaller the content of gold, the
darker the grey-brown sediment (Table 11, Fig. 4).

The effect of the reagent on the strips (rubbed material)
of alloys of “yellow” and “white” gold is that it forms, to-
gether with silver and copper from the solid solution of gold,
chloride compounds, thereby reducing to a metallic powder
of black and brown color. Copper in this case dissolves, and
gold, together with silver, forms at the strip the more or less
intense sediment, depending on the content of the ligature
composition of the alloy. The amount of the reagent “chlo-
rine gold”, which decomposes, depends on the assay of the
examined precious alloy. Consequently, the lower the assay,
the larger the silver chloride sediment, the more amount of
pure gold is reduced from the reagent, and, consequently, the
darker the sediment.

The strips of gold alloys, assay 585, demonstrate that the
reagent “chlorine gold” leaves light brown spots. The content
of silver, copper and zinc in a gold-based alloy when testing
using the reagent “chlorine gold” influences the formation
of the intensity of a brown spot. The intensity of coloration
increases with increasing copper content and decreasing
content of silver and zinc.

The strips from the alloys of gold, assay 585, with a
significant content of copper, demonstrate that the reagent
leaves a dark brown stain. The strips from the alloys of gold,
assay 500, demonstrate that the action of the reagent “chlo-
rine gold” leads to rapid formation of a dark brown (chest-
nut) sediment. The strips from the alloys of gold, assay 375,
as well as lower assays, exhibit a quickly formed sediment
of muddy-greenish-yellow hue. The strips from the alloys
of “white” gold, assay 585, of the composition AuNiZnCu,
demonstrate that the reagent creates a yellow-golden sed-
iment; the lighter the sediment coloration, the higher the
alloy’s assay. The reagent “chlorine gold” has no effect on the
alloys of “white” gold, assay 585, of the composition AuAg-
Pd, and gold alloys from the system AuAgZnCu, assay 600
and above.

This is explained by that the reagent “chlorine gold”
reacts with the ligature components of the alloy, which are
in the state of solid solution with gold, applied onto a touch-
stone, releasing certain substances.

In this case, copper chloride and silver chloride, as well
as the reduced powder of metallic gold from the reagent are
formed according to the scheme:

(Au—Ag—Cu)+AuCls—CuCly+AgCly | +2Au]. (3)

Copper chloride remains in the solution, and the intensi-
ty of coloration of the mixture of sediments of silver chloride
and gold powder depends on the ligature composition of an
alloy. The lower the assay of the tested alloy, the greater
amount of the reagent “chlorine gold” that decomposes, the
larger the formed silver chloride sediment and the more pure
gold is reduced from the reagent, and, consequently, the
darker the sediment that is obtained.

However, the color of the sediment depends not only on
the interaction between chlorine and silver, but for the most
part on the ligature composition of a precious alloy, that is,
on the content of Zn, Ni, In, Ga as part of a solid solution.

To establish the impact of concentration of alloying
components that make up a precious gold-based alloy on
determining the purity (assay) of gold, we performed tests
using the reagent based on potassium bichromate and
copper chloride (and sulphate) with the addition of hy-
drochloric acid. When testing the alloys (samples 15-22),
we revealed the following pattern: with the increased con-
tent of zinc in the red alloys from the system AuAgZnCuy,
assay 585, the sediment color on the rubbed material ac-
quires a lighter shade (light-golden). This visually overes-
timates the assay compared to alloys with a less content of
zinc within a given assay.

Therefore, testing the precious gold-based alloys from
the system AuAgZnCu, assay 585, containing more than 2 %
of zinc, by using the reagent based on potassium bichromate
and copper chloride, leads to an overstatement of the assay.

The action of reagent on a gold-based alloy with a con-
tent of zinc leads to dissolving all components in a solid solu-
tion of the alloy, except for gold. Upon removing the excess
reagent, the surface of the strip exhibits gold in the form of a
sponge and a mixture of insoluble salts of silver. For some al-
loys, this sediment is deposited with the equivalent amount
of chromium chloride, thereby increasing the contrast of the
reaction. The lower the assay of a gold alloy, the faster and
the more actively the reagent affects the strip of an alloy, the
darker the sediment.



Alloying components that are included in the solid solu-
tion of gold, including zinc, nickel, indium, influence the
qualitative reaction, providing for its non-contrast appear-
ance that indicates the overestimated purity of gold.

This fact is explained by that in general the processes
that occur under the influence of this reagent on alloys
AuAgCu can be represented as follows:

2(AuAgCu)+K,Cry O7+14HCl—2CrCls+
+2AgClL+2Aud+2CuCly+2KCl+7H, 0. 4)

At the same time, the following reaction occurs:

6Ag+2K,Cry O74 14HC1—>Ag2CI‘QO7~L+
+4AgCIL+2CrCly+4KCI+7H, 0. )

If the reagent contains hydrochloric acid, it reacts with
the alloy components, which are in the state of solid solution
with gold, with the formation of sediments of silver chloride,
silver bichromate, and sometimes — chromium chloride. Sim-
ilar action is demonstrated by the reagent based on sulfuric
acid. Silver sulfate forms instead of silver chloride at the
same time. Upon removing the excess reagent, the surface
of the strip with gold exbibits a sediment of salts of silver in
the form of a sponge. When the course of the reaction yields
the equivalent amount of chromium chloride, the reaction’s
contrast is enhanced.

The alloys whose ligatures includes zinc, nickel, indium,
etc., and which are not affected by traditional reagents, react
with copper chloride (assay reagent) to form, accordingly,
chloride and copper.

For example,

Zn+CuCly—ZnCly+Cu. 6)

The presence of a large content of zinc (4 %) in a precious
alloy based on gold leads to the formation of a greater quan-
tity of zinc chloride, which produces a lighter color in the
sediment on the rubbed materials and can bias the results of
assay determination towards overestimation.

The alloys of gold with an assay above 600 should be
tested on a touchstone using acidic reagents, which consist
of diluted nitric acid with hydrochloric acid added by drops.

The action of acidic reagents on a solid gold solution
leads to that nitric acid forms with silver and copper
from the alloy the soluble nitric-acid salts. Pure gold is
deposited in the form of a dark amorphous sediment of
grey-brown color. Under the action of acidic reagents on
the alloys of gold with an assay above 600 the released
chlorine promotes the partial dissolution of amorphous
sediment of gold and produces with silver the sediment of
silver chloride (AgCl). The intensity of these reagents on
the high- assay alloys is predetermined by the concentra-
tion of chlorine ion and depends on the amount of ligature
in the alloy.

Under the action of acidic reagents on the rubbed mate-
rial from a golden alloy, nitric acid forms with silver and cop-
per, which are included in a solid solution of the golden alloy,
the soluble nitric-acid salts. The strips from alloys of gold
of respective assay, deposited on a touchstone, demonstrate
that the corresponding acid reagents leave the sediments of
greyish-brown shades. In this case, pure gold is deposited in
the form of a dark brown amorphous sediment, that is, the
reaction proceeds according to the following scheme:

3(AuAgCu)+12HNO3—3Aul+
+3Cu(NO3)y+3AgNO3+6H,0+3NO1. )

When testing the samples of jewelry alloys based on gold,
assay 585, which correspond to the standard touch-needles
from the system AuAgZnCu (No. 1-13, 15 alloys 578/583)
using the acidic reagent for the higher assay, the color reac-
tion manifests itself very quickly and sharply, so you'd better
off without it.

When testing the alloys of gold, assay 585, (touch-nee-
dles No. 1— 3, 15) and the alloy AuNiZnCu 585-125-40, it
is better not to apply an acidic reagent due to a very rapid
and drastic action of the reagent. The gold alloys of these
compositions are appropriately tested either by the reagent
“chlorine gold” or the corresponding reagent based on potas-
sium bichromate and copper chloride (sulphate).

The alloy of “white” gold of mark AuAgPd 585-255-160,
containing palladium, forms, when tested by an acidic re-
agent for gold, assay 750, a dark sediment of bluish hue (the
strip of the alloy is exposed to this reagent for 2—3 s.). The
acid reagent for the gold alloy, assay 585, produced no qual-
ity reaction.

It should be noted that using the acidic reagents for the
alloys of gold with an assay above is accompanied by the
formation of the intermediate product, gaseous chloride ni-
trosyl, which must be treated under the hood.

It is appropriate to test the gold alloys from the system
AuAgZnCu 585-255-160 either by the reagent “chlorine
gold” or the corresponding reagent based on potassium bi-
chromate and copper chloride (sulphate).

7. Conclusions

1. It was established that determining the assay of gold
in precious alloys from the system AuAgZnCu of red and
white color on a touchstone using the reagent “chlorine gold”
depends on the contrast manifestation of qualitative reaction
against the level of a standard sample (touch-needle). The
lower the assay of gold in the examined precious alloy, the
greater the amount of the reagent “chlorine gold” that de-
composes, the larger the amount of the formed silver chloride
sediment and the larger the amount of pure gold reduced
from the reagent, the darker the sediment. At a significant
content of silver in a gold-based precious alloy the reagent
“chlorine gold” forms brown spots of different shades — from
light brown to grey-brown. The coloration of stains increas-
es with an increasing copper content and a decrease in the
content of silver and zinc. The reagent “chlorine gold” has
no effect on alloys of gold from the system AuAgZnCu with
an assay above 600 and on “white” gold, assay 585, of the
composition AuAgPd, containing palladium. To prevent the
overestimation of a gold alloy’s assay, the assay control must
preliminary determine the composition of the alloy by XFA,
select touch-needles and other reagents.

2. It was established that testing the gold alloys from the
system AuAgZnCu585 using a reagent based on potassium
bichromate and copper chloride forms on a touchstone a
sediment of grey-brown color of varying intensity: from
chestnut to golden. It was determined that an increase in
the content of zinc (above 2 %) in precious alloys based
on gold of red color from the system AuAgZnCu585 influ-
ences creating a brighter tint of the sediment that visually
overestimates the gold assay. It was proven that testing the



precious alloys of red color from the system AuAgZnCu585
containing zinc (above 2 %), gallium, indium, using the re-
agent based on potassium bichromate and copper chloride, is
not effective. To eliminate such a phenomenon, one needs to
preliminary determine the composition of the alloy by XFA
and employ other reagents for tests.

3. It was determined that the assay of gold, defined on a
touchstone, for alloys from the system AuAgZnCu585 (the
content of zinc above 2 %) manifests itself in a more con-
trast manner with a brown color under the action of acidic
reagents, which depends on component composition of the
alloy. The faster and the stronger the reagent, the lower the
assay of the tested alloy relative to a touch-needle.

4. Tt is proven that the alloys of “white” gold, which include
palladium and silver from the system AuAgPd, assay 585,

are tested by the acidic reagent for gold, assay 750, with
the formation of a dark sediment of bluish tint. The acidic
reagent for gold, assay 585, has no effect on this alloy.

The alloys of “white” and “yellow” gold from the system
AuAgPd, assay 750, are tested by the acidic reagent for gold
alloys, assay 750, with the formation of a light dark tint.

5. The practical significance of our research implies im-
proving the testing procedure when examining the assay of
“non-standard”, unknown alloys of precious metals based on
gold. Specifically, for jewelry items made from special brands
of steel and low-assay alloys that are used for the manufac-
ture of jewelry items, personal jewelry, tableware, piercing
services, etc. This research is of particular importance for
the assay and customs control, voluntary certification, and
testing when fraud and forgery may occur.
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Hocaidxceno enaue pisnux xomoinauiii <miwens — cmaneséa nio-
Kaaoka> Ha Mexaniuni ma XiMivHi 61aCMUE0CMI 3AXUCHUX NOKPUM -
mis, OMpuUManux 3a 00nNoM02010 ionHo-nna3mosoi oopooxu. lllupoxe
3acmocyeanis ioHHO-NAA3ZMOGUX MEXHON02IH 0Lt SMIUHEHH GUPO-
0ie cmpumyemocsa HedoCKOHANICMIO 00AOHAHHA, 6i0cymHicmIo
docmamuix meopemurnux i eKCnepuMeHmaIbHux 00CioNHCeHb 3
KOHmMPOJII0 i pezynto8anus (Pi3uvHux 81acmueocmeil i MexHiMHUX
napamempis npouecy oopodxu. 3uamms yux npodaem moxicauge Ha
nidcmaei nodansuux 00Ca0NCEHb i HOBUX PllleHb 6 001acmi mexHo-
102ii 3miynenns. J{ns 00caiodncens 6 YboMy HANPAMKY 6UKOPUCMOBY -
8a71ACS eKCNEPUMEHMANLHA IOHHO-NIA3M064 YCMAHOBKA 3 NPOZPaAM-
HUM 3a0e3neuennam 0N pezyaio6anis i KOHmMpoo enepeii, 003u,
Konuenmpauii iMnaanmoeanux ionie, mucky poéouozo 2asy, mog-
wuHu nokpumms. 3acmocosana epexmuena memoouxa nioGuuseHHs
aKocmi po601oi nosepxHi CMane6020 iLcmpymenmy, AKa 003601UNA
30ilicHumu Maconepenoc Jieeylouux ejemMeHmié noeepxHesoro ioH-
HO-na3M08010 06p06K010. 3a pAXyHOK pe2ynb0o8anoi HU3bKOMeMne-
pamypnoi 06oxcmadiiinoi ionizauii amomie azomy i ezyrouux eJe-
Menmie 6 peaxuiinomy 06¢a3i 6i00Y6aN0CA HACUMEHHA KPUCMALIUHOT
pewimiu 3a1i3a IMNIAHMOBAHUMU IOHAMU | YMEOPeHHS KapboHim-
puonux as aezyrouux eaemenmis, 610n06i0AHUX 3A NIOGUULEH-
Ha meepdocmi, 3H0CO- i KOpo3itinoi cmitikocmi. Buseneno onmu-
MmaavHi napamempu npouecy imnaanmauii (Un=25 kB, In=35 MA,
D=4,01-10"" c¢cm? 3a 1 200.), axi dozeonunu docszmu noninuwien-
HS NOGEPXHEBUX 8IACMUBOCMEl KOHCMPYKUIUHOI 8Y2leue80i, KOH-
CMpYKYiinoi 1e208anoi, incmpymenmanvhoi cmanei. Bcmanosneno
63AEMO036'A30K MINC MEPMIHOM CIYIHCOU 6UPODIE 1 6ACMUBOCMAMU
ompumanoi nicas imnaanmauii nogepxui. Ioxaszano 30invuenns
mepminy cayxcou eupooie 3 nokpummsam TiN (¢ 1,5-3 pasu), CrN
(6 1,9—6 pasie) i ZrN (¢ 3—12 pasie) 6 nopienanni 3 eupobamu Ges
noxpumms. Ilposedeno ananiz i eusnaueno naudinvu edexmueni
eapianmu Komoinauil «miwenvb — cmaneea niokaadxas> 04 npax-
MUYH020 3ACMOCYBAHHA 3AXUCHUX nokpummie. OckinvKku 3acmo-
CYBaHHs NOPIBHAHO HeOOPOUX CMmAle6ux 6upotié 3 NioGUUEHUMU
XapaKmepucmuxamu MiyHocmi Mae eKxoHoMiMHi 6U200U 0N UPOD-
HUKQ i € 00HIEI0 3 MeHOENUTll CYHACH020 BUPOOHUUMEA

Kntouosi cnosa: ionna imnaanmayis, 3axucHe noKpumms, cma-

Jleea niokaaoka, 3HoCoOCMilKicms, mepmin Cayncou
a o
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1. Introduction

Wear-resistant steels and hard alloys are widely used in
various sectors of the national economy. The stamps of such
steels and alloys are distinguished by high resistance to sur-
face abrasion and contact deprecation and are widely used
in the automotive industry, metallurgy, the woodworking
industry, medicine, electronics, etc. [1].

Ensuring the improvement of product quality is import-
ant to the consumer and contributes to the growth of the
manufacturer prestige, but often leads to an increase in the

cost of products due to the complexity of technology pro-
duction, as well as the associated energy and resource costs.
With the development and improvement of various tech-
nologies, it has become possible to obtain protective coatings
that have good mechanical and chemical properties. However,
the use of ion-plasma technology to harden the surface is
hampered by imperfect equipment, the lack of sufficient theo-
retical and experimental research to control and regulate the
physical properties and technical parameters of the process.
The use of coatings with high protective properties on
the working surfaces of products from cheaper materials is




