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The Ag-Cu-S layer formed on PE demonstrated a wide variation in thickness. The cross-section showed the average
thickness of sulfide layers on PE increase from 1.9 µm to 5.6 µm with the increase in the sulfurization time and from
1.9 µm to 3.9 µm with the increase of treating time in the solution of copper salts. The electronic micrographs of the
sulfide layers indicate the creation of an irregular but continuous base of small dendrites and agglomerates. With the
increase in the sulfurization time and treating time in copper (II/I) salt solution observed an increase of the agglomerates
size. Energy dispersive spectroscopy results indicate that modified layers are poor in copper (0.5 at. % – 1.5 at. %). The
atomic ratios of Ag/Cu/S, calculated from the quantification of the peaks (excluded C and O elements) give the values
(%) of 8.3:1.5:4.4, 8.7:0.5:4.3 and 23:1.2:10.9, respectively. In all cases, energy dispersive spectroscopy measurements
revealed the modified layers are nearly stoichiometric Ag2S.
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EXPERIMENTAL
Ag-Cu-S layers on low density PE film of
0.14 mm ±0.01 mm thickness from the plastic plat Plasta
(Vilnius) were deposited. Rectangular samples of
15 mm × 75 mm were used.
At first, a sample of the polymer was sulfurized
30 min or 120 min in 0.002 mol/dm3 H2S33O6 solution at
60 °C. Then sulfurized sample was treated 1 or 10 min with
0.4 mol/dm3 Cu (II/I) salts solution [10] at 60 °C. With
that, a sample with formed layer was modified 10 min with
0.04 mol/dm3 AgNO3 solution at 60 °C.

Transition metal sulfides have drawn considerable
attention because of their technological importance as
catalysis, battery fabrication, cathode materials for highenergy density battery, and so forth [1]. Among these
sulfides, copper sulfides find potential applications in
numerous fields, such as in photo-thermal conversion,
coatings for microwave shields in the form of thin films, as
super-ionic materials, optical filters [2], etc. Silver sulfide
is widely used as a functional media in a variety of
electronic and optoelectronic devices like ion selective
membranes [3], solar selective coating [4], photo
conducting cells and IR detectors [5 – 7], etc.
Recently owing to the interesting properties and
potential applications, metal sulfides with special microstructure and particle size have gained much attention in
the field of material sciences. Usually, the material design
for these technological applications is based on thin film
preparation techniques, the film thickness being in the
micrometer range.
Metal sulfides thin layers by several methods such as
photochemical deposition [8] and spray pyrolysis [9] have
been prepared. Sorption-diffusion method is nowadays
very attractive, since it is relatively simple, low cost and
convenient for larger area deposition of thin layers. We
obtained Ag-Cu-S layers using sorption-diffusion method.
The aim of present work was to characterize Ag-Cu-S
layers formed on the low density polyethylene film (PE) by
the use of a solution of a polythionic acid as sulfurization
precursor. The formed layers have been characterized by
scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) measurements in order to
determine the thickness, morphology, elemental
composition of the layers.

Table 1. The times of treatment with H2S33O6, Cu (II/I) salt and
AgNO3 solutions at 60 °C
Sample
No

Sulfurization
time, min

Treating time in
Cu (II/I) salt
solution, min

Treating time
in AgNO3
solution, min

1
2
3

30
120
120

10
1
10

10
10
10

The scanning electron microscope (SEM) equipped
with an energy dispersive spectrometer Quantax 200 with a
detector XFlash 4030 (Bruker AXS Microanalysis GmbH,
Germany), was applied for surface of obtained layers
analysis.

ANALYSIS AND RESULTS
In previously work, we determined that the amount of
copper in the copper sulphide layer increased with the
increase in the sulfurization time and treating time in the
copper (II/I) salt solution. The amount of silver in modified
layer increased with the increase in the sulfurization time
and treating time in the solution of copper salts. Copper
ions from the copper sulphide layer during reaction with
Ag+ released and the amount of copper in the modified
layer decreased [11].
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Scanning electron microscopy is a convenient
technique microstructure study of thin layers. The
thickness of obtained layers by SEM measurements also is
studied. SEM images revealed the dendritic morphology of
Ag-Cu-S layer. Surface and cross-section micrographs of
the obtained layers are shown in Figs. 1 – 3.

a

a

b
Fig. 2. Surface (a) and cross-section (b) SEM images of Ag-Cu-S
thin layer of sample No 2

The sulfide layer elemental composition was analyzed
by energy dispersive spectrometry. EDS shows the
presence of Ag, Cu, S, C and O peaks. EDS data revealed
large quantities of carbon (44 at. % – 65 at. %) in the
samples. The existence of C is believed appeared from a
polymer. The existence of oxygen (20 at. % – 25 at. %) is
believed originated from the surface contamination in the
atmosphere. The results indicate that modified layers are
poor in copper (0.5 at. % – 1.5 at. %). That means, copper
ions released from the copper sulfide layer during reaction
with silver (I) ions and the amount of copper in the
modified layer decreased. The lowest amount of copper
was in the sample No 2, which was only 1 min treated with
Cu (II/I) salt solution.

b
Fig. 1. Surface (a) and cross-section (b) SEM images of Ag-Cu-S
thin layer of sample No 1

The SEM micrographs of the sulfide layers indicate
the creation of an irregular but continuous base of small
dendrites and agglomerates (Figs. 1 – 3, a). With the
increase in the sulfurization time and treating time in
Cu (II/I) salts solution an increase of the agglomerates size
is observed.
Figs. 1 – 3, b, show the cross-section views of the
Ag-Cu-S/PE composites. According to the illustration of
Fig. 1, b, the average thickness of obtained layer was
1.9 μm. The roughness, irregular surface and various
dendrites were also evidenced by the cross-section view of
Fig. 1, b. The micrograph of Fig. 2, b, and Fig. 3, b,
showed the average thickness of Ag-Cu-S layer was
increased from 3.9 μm to 5.6 μm. It is noticed that the
average thickness of sulfide layers on PE increase from
1.9 μm to 5.6 μm with the increase in the sulfurization
time and from 1.9 μm to 3.9 μm with the increase of
treating time in the solution of copper salts.

Table 2. Elemental composition by EDS of Ag-Cu-S layers
(excluded C and O elements)
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Sample

Ag (at. %)
L-series

Cu (at. %)
K-series

S (at. %)
K-series

Ag/S

1

8.3

1.5

4.4

1.9

2

8.7

0.5

4.3

2.0

3

23.0

1.2

10.9

2.1

CONCLUSIONS
1. The cross-section showed the average thickness of
sulfide layers on polyethylene increase from 1.9 μm to
5.6 μm with the increase in the sulfurization time and
from 1.9 μm to 3.9 μm with the increase of treating
time in the solution of copper salts.
2. With the increase in the sulfurization time and treating
time in copper (II/I) salts solution observed an increase
of the agglomerates size.
3. Energy dispersive spectrometry results indicated that
modified layers are poor in copper (0.5 at. %–1.5 at. %)
and are nearly stoichiometric Ag2S.
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Fig. 3. Surface (a) and cross-section (b) SEM images of Ag-Cu-S
thin layer of sample No 3

The results described in the paper [12] show that an
amount of copper ions was released from Cu2-xS grains
during reacting with Ag+ ions. The data of the chemical
analysis in earlier paper [11] also showed that an amount
of copper ions was released from CuxS layer during
reacting with AgNO3. Thus, a part of Cu+ and Cu2+ ions in
the layer during the modifying process was substituted by
silver ions:
Cu2S + 2Ag+ → Ag2S + 2Cu+,

(1)

CuS + 2Ag+ → Ag2S + Cu2+.

(2)

It follows from the data in the Table 2 the surfaces of
formed layers contain mainly the element of silver, sulfur
and small amount of copper. The EDS data reveal that the
molar ratio of silver and sulfur element is about 2, in good
agreement with the stoichiometric component of Ag2S,
which indicates that Ag2S is main component of the
surface of modified layer. From the results mentioned
above, it can be seen that the surfaces of samples No 1 – 3
also contain little amount of CuxS.
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