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The possibility of obtaining metallized granules of high-tonnage polymers using classical
metallization technology was studied. It is shown that this technology is not effective during the
metallization of polyethylene and polypropylene. Certain positive points during metallization were
achieved only in the case of polyvinyl chloride granules. It was established that the treatment of
granules with etching agents of different nature does not lead to a significant change in surface
properties, which can explain the low efficiency of classical technology during the metallization of
polyethylene, polypropylene and polyvinyl chloride granules.
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Introduction

Polymer composites as a basis for creating
modern structural materials have significant pro-
spects. This is caused by the possibility of combining
in one material high strength, low weight and a
number of unique and specific properties, which cre-
ates conditions for their possible use and imple-
mentation in various and very wide areas of app-
lication. In particular, already now, such materials
are used in medicine, space, aviation and defense in-
dustries. Polymer composite materials with dielectric
fillers have good heat-conducting properties, which
allows them to be used in heat removal and dissi-
pation systems [1-3]. Research conducted with a
polymer composite containing a filler based on
graphene and silver showed that high values of ther-
mal conductivity of the material can be achieved
even with a filler content of 15 % [4]. The use of
new fillers based on biofibers makes it possible to
obtain composite materials characterized by higher
mechanical properties compared to conventional
materials [5, 6] and good tribotechnical properties
[7]. Polymer composites can be used as a new g-
eneration of materials with shape memory [8]. Wood
flour [9], marble dust [10], and graphene oxide [11]
are considered promising fillers in polymer com-
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posite materials. polyoxometalates, metals organic-
frameworks, perovskites and metal oxides [12].

Purpose of the work is to check the pos-
sibility of using the classic technology of chemical
metalization of polymer granules for their further
processing into products.

Among the considered composite materials,
metal-filled polymer composites also have a signi-
ficant perspective. Such materials combine the low
mass of the polymer matrix with the plastic and
strength properties of metals, which allows their use
as a light and highly efficient material for industrial
use [13-15]. The combination of a low-density
polymer matrix with plastic and strong metals makes
it possible to obtain a composite material with flexi-
bility and increased mechanical properties of the
resulting hybrid structure, which is impossible for
individual components. However, obtaining metal-
filled composites with predictable mechanical proper-
ties using traditional production methods is a complex
technological task. This is caused by the difficulty of
controlling the distribution of the filler in the polymer
matrix and the low interfacial interaction between the
system components. In metal-filled polymer compo-
sites, the distribution boundary between the metal and
the polymer matrix, as a rule, determines the mechani-
cal properties of the resulting hybrid structure. Accor-
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dingly, the development of new methods of intro-
ducing a metal filler into a polymer matrix with the
possibility of a predictable effect on the final me-
chanical properties of the material is an urgent task.
We are developing a technology for the
production of metal-filled polymer composites, the
basis of which is the production of metallized
polymer granules and their subsequent processing
into products [16-19]. At the same time, the
introduction and uniform distribution of metal in the
polymer matrix is ensured as a result of processes
that are not used in traditional industrial methods.

Materials and research methods

In order to obtain metallized polymer raw ma-
terials, it was decided to use the classic technology of
polymer metallization. This technology has long been
and successfully used to apply a metal layer on a po-
lymer surface, however, the number of polymers that
are used for metallization on an industrial scale is
insignificant and does not include a number of high-
strength polymers. During the development of the
scheme of metallization of polymer raw materials, the
multi-stage nature of the classical technology was
taken into account, which includes the stages of
surface degreasing, its etching, sensitization, activa-
tion and the stage of metal deposition itself. Polymer
raw materials used for research were high-tonnage
granulated polymers: polyethylene (PE), polypro-
pylene (PP) and rigid polyvinyl chloride (PVC).

According to the classic technology of meta-
llization, at the first stage, it is necessary to clean and
degrease the polymer surface with ethyl alcohol. The
residence time of polymer granules during mixing in
ethyl alcohol was 30 minutes. After degreasing, the
polymer granules were dried and used for etching in
order to change the structure of the polymer surface.
CCly, chromium mixture and boiling concentrated
HNO; were used as etching agents. The etching time
in CCl; was 30 min, in chromium mixture and nitric
acid — 10 min. The etched polymer granules were

washed polymer granules were washed with distilled
water and dried. The next stage was sensitization,
which consists in processing the granules obtained as
a result of previous manipulations in an acidic tin
chloride solution (50 g/l SnCl,-2H,0 and 50 ml/1
HCI) with stirring for 2 minutes. After soluble
sensitization, the polymer granules were immediately
washed with hot distilled water and transferred to the
activation solution. An ammonia solution of silver
nitrate (2 g/l AgNO; and 20 ml/l NH;sy,)) Was used
as the activation solution. The stay time of the po-
lymer granules in the activation solution was 5 min.
After sensitization and activation of the surface of
the polymer granules, they were dried again. The
final stage was the metallization of activated poly-
mer granules in a solution of chemical precipitation,
which consisted of CuSO45H,0(12 g/1), EDTA-Na,
(25 g/), NaOH (10 g/1), formalin (25 ml/1).

The efficiency of metallization of polymer
granules was calculated as the ratio of copper
deposited on them to the theoretical content that can
be obtained on polymer granules in the case of
recovery of all copper ions that were introduced into
the chemical deposition solution. The amount of
copper deposited on the polymer granules was
determined by the difference in mass of the granules
after metallization and after their treatment in nitric
acid in order to dissolve the deposited copper.

Results and discussion
The obtained results of metallization of the
surface of the granules of the used polymers
according to the classical technology showed its low
efficiency. When carbon tetrachloride was used as an
etching agent, it was possible to obtain an almost
continuous copper coating on the surface of all
granules only for rigid PVC (Fig. 1). In the case of
PE and PP, it was possible to form a copper coating
only on a small amount of granules, while the
resulting coating is not continuous and does not

cover the entire surface of the granules.

PVc

PE

PP

Fig. 1. Photographs of polymer granules after metallization using classical technology.
The pickling agent is carbon tetrachloride
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The use of a more aggressive solution as an
etching agent, namely, a chromium mixture, also did
not show a positive effect, and, on the contrary, even
during the metallization of rigid PVC, it was not
possible to obtain a continuous copper coating. In this
case, the use of a chromium mixture affected the
deposited copper on the polymer surface in the form
of a loose metal layer that does not cover the entire
surface of the granules (Fig. 2). The copper coating
formed on the granules of rigid PVC interacts weakly
with the surface of the granules and is easily separated
from it in the form of powder. Etching of PE and PP
granules in a chromium mixture also did not allow
obtaining a continuous copper coating on all granules,
and also, in this case, copper deposition on the polymer
surface occurs in the form of a loose layer of metal.

The use of boiling concentrated nitric acid for
etching the surface of the proposed polymers also did
not allow obtaining polymer granules with the

required characteristics. In the case of PE and PP, the
copper coating is formed only on a small number of
granules, with the impossibility of obtaining a conti-
nuous coating on the entire surface of the granules
(Fig. 3). The copper coating formed on hard PVC
granules, as in the case of the chrome mixture, is
loose and easily separated from the polymer surface.

Certain differences in the effect of the etching
agent on the result of the metallization of the pro-
posed polymers according to the classical technology
can be explained by the different chemical structure
of the macrochains. All considered polymers are
chemically stable materials that are difficult to sur-
face modification. And for successful metallization,
it is necessary to give the polymer surface a certain
structure (etching) and ensure hydrophilic properties
(sensitization). The hydrophilicity of the polymer
surface guarantees good wettability of the surface
with aqueous chemical deposition solutions.

PVc

PE

PP

Fig. 2. Photographs of polymer granules after metallization using classical technology.
The pickling agent is a chromium mixture

PVc

PE

PP

Fig. 3. Photographs of polymer granules after metallization using classical technology.
The pickling agent is HNO;
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In the classical technology of metallization,
the stage of etching and sensitization corresponds to
the change of the structure and rendering the surface
hydrophilic. As a result of sensitization, tin hydro-
xides are formed on the polymer surface. The next
stage of activation only saturates the surface of the
polymer with catalytically active centers. Thus, it
can be stated that the nature of the etching agent will
have a significant effect on the obtained structure of
the polymer surface and on the next stage of
sensitization, and therefore on the hydrophobicity of
the polymer surface.

In order to investigate the influence of the
nature of the used etching agent on the hydrophobic
properties of polymers before their chemical metal-
lization, a study was conducted to determine the
change in the marginal wetting angle of the polymer
surface (Table 1). In Fig. 4 shows the change in the
marginal angle of wetting on the example of poly-
ethylene.

Analyzing the data shown in Table 1, it can be
stated that as a result of preparatory operations
before chemical metallization, the hydrophilicity of

B\’

without pickling agent ccly

chromium mixture

the polymer surface changes insignificantly and in
any case remains low.

Thus, on the basis of the conducted research, it
can be concluded that precisely due to the combi-
nation of the complexity of changing the structure
and the hydrophobicity of the surface of the used
polymers, it was not possible to obtain a copper layer
of satisfactory quality on the polymer granules using
the classic metallization technology.

In the case of polyvinyl chloride granules,
certain positive points in the metallization results can
be explained by the polarity of the polyvinyl chloride
macromolecule and, as a result, possibly better
adsorption of catalytically active ions at the acti-
vation stage.

It is also necessary to note the low efficiency
of using classical technology for the purpose of
metallization of the proposed types of polymers
(Table 2). At the same time, it can be noted that
during the metallization process, copper ions are
fully recovered from the chemical reduction solution,
which is indicated by the discoloration of the solu-
tion at the end of the metallization process (Fig. 5).

HNO;

Fig. 4. Influence of the nature of the etching agent on the marginal wetting angle of the polyethylene surface

Table 1
The value of the marginal wetting angle of the polymer surface
S Polymer
No. Pickling Agent Ve PE PP
1 — 84.4 90.8 81.7
2 CCly 68,5 89.3 86.9
3 chromium mixture 71.1 82.8 77.4
4 HNO; 72.2 89.1 75.0
Table 2
The effectiveness of the metallization of polymer granules depending
on the nature of the etching agent (mass %)
S Polymer
No. Pickling Agent Ve PE PP
1 CCly 35.8 22.3 19.0
2 chromium mixture 31.2 13.8 15.9
3 HNO; 26.1 15.9 13.3
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Fig. 5. Photographs of the chemical metallization solution corresponding
to various stages of the metallization process of polyethylene granules: a — initial solution;
b — solution corresponding to the beginning of the process of metallization and washing of active centers,
¢ — solution corresponding to the recovery of copper ions in the volume of the solution;
d — solution afier the end of metallization

The low efficiency of the process of chemical
metallization of polymer granules with complete
reduction of copper ions can be explained by the fact
that the vast majority of active centers that are
formed on the polymer surface at the stage of
activation, as a result of its high hydrophobicity, are
casily washed off it and pass into the volume of the
solution. The result of such washing is that only a
small number of active centers remain on the
polymer surface, which catalyze the process of
recovery of copper ions on the granules, and the
main amount of copper ions is recovered in the
volume of the solution on the washed active centers.
As a result, during the metallization of polymer
granules according to the classical technology, most
of the copper ions, which do not interact with the
polymer surface, are recovered in the volume of the
solution. This feature of the recovery of copper ions
in the volume of the solution is well illustrated by the
photographs of the chemical metallization solution at
various stages of the process (Fig. 5).

After the beginning of the metallization
process (which is evidenced by the release of gas on
the polymer granules), there is a rapid clouding and a
change in the color of the solution to a brown color,
which indicates the recovery of copper ions in the
volume of the solution. At the final stage, the
agglomeration of the copper particles recovered in
the volume of the solution takes place among
themselves and their precipitation.

Somewhat higher values of the efficiency of
metallization of PVC granules compared to other
polymers when all etching media are used are
probably caused by the lower value of the washout
of active centers in the chemical metallization
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solution due to their stronger interaction with the
surface, which was noted above.

Conclusions

Thus, on the basis of the obtained results, the
low efficiency and fundamental unsuitability of the
classic metallization technology for the formation of
copper coating on polyethylene, polypropylene and
hard polyvinyl chloride granules and the subsequent
production of metal-containing composites using the
proposed technology have been established. In addi-
tion, the classic technology of metallization is charac-
terized by multi-stages, the need to use precious metals,
volatile and aggressive environments, and also requires
repeated washing and drying of polymer granules.
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NEPEBIPKA MO)KJII/IBOCTEI‘/’I"KJIACI/I‘{HOi TEXHOJIOT'Ti XIMIYHOI
METAJIIBALII TPAHYJI IOJIIMEPIB

JocigxeHo MOXKINBICTD OlepsKaHHA MeTANi30BAHUX IPAHyJI BHCOKOTOHAKHHUX NMOJiMepiB i3 BUKOpHU-
CTAHHSAM KJIACMYHOI TexHoJiorii MeTaizauii. [TokazaHo, 0 1aHA TEXHOIOTisA € He e)eKTUBHOIO MijJ Yac Me-
Tajgizauii nosieTuseny i mosinponisieny. IleBHi MO3UTHBHI MOMEHTH MiJ Yac MeTajizamii BAaJjJocs AOCATTH
JIMIIe Y BUNAAKY NOJiBIHIIXJIOpUIHUX rpaHy]. BecraHoBieHo, o 00podka rpanyJ pisHMMH 32 NPUPOIOI0
TPABWJIBHUMHU areHTAMHU He MPU3BOIMTH J0 CYTTEBOI 3MiHH MOBEPXHEBUX BJIACTUBOCTEH, YUM i MOKHA MO-
SICHUTH HM3bKY e()eKTHBHICTh KJACHYHOI TEXHOJIOTII i yac MeTaJizanii rpaHyJ nojieTujieHy, moJinponi-

JeHy i nosiBiHiIxJI0pPHY.
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