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The results of experimental studies of the peculiarities of metallization of granular
polyethylene are presented. The influence of concentration factors on the metallization process of
zinc-activated polyethylene granules of brand Liten PL-10 was investigated. It is established that
by changing the concentration of copper sulfate and sodium hydroxide, as well as the degree of
loading of polymeric raw materials, it is possible to effectively regulate the amount of recovered
copper on granules of polyethylene, and therefore the thickness of the metal layer formed on them.
The use of the method of preliminary processing of activated polyethylene granules in a solution of
copper sulfate can significantly reduce the induction period and increase the rate of recovery of

copper ions.
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Introduction

Considering new trends in the field of
environmental protection and the adopted Council
Directive Of European Union on the prohibition of
the use of disposable plastics [1], significant release
of polymeric raw materials used in this field can be
expected. This particularly applies to polymers such
as polyethylene, polypropylene, polystyrene and its
derivatives traditionally used in the manufacture of
disposable tableware and packaging products.
Among the listed polymers for polyethylene, which
main area of use is in particular production of the
film, the adopted directive means the loss of the
main area of use. Thus, the introduction of
polyethylene into new and uncharacteristic uses is
promising, given the large capacity of its production
and low cost. This can be achieved by creating new
composite materials based on it.

Composite materials allow to obtain the
necessary combination of properties: high specific
strength and hardness, heat and wear resistance,
heat-protective properties, etc. Composite materials
have been widely used in recent years as high-tech
structural materials [2]. Their use makes it possible
to create previously unavailable, fundamentally new
construction designs. Thanks to the composite
materials, a new qualitative leap in increasing the
power of engines, reducing the mass of parts and
structures and increasing the weight efficiency of
vehicles and aerospace vehicles has become possible
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[3]. Composite materials play an increasingly impor-
tant role in the industry and are now the leaders in
practical use due to high technological effectiveness
and scientific intensity, excellent combination of
properties such as high specific modulus and
strength, wear resistance, high abrasion resistance,
improved properties at higher temperatures, etc.
makes them most applicable [4] in various engi-
neering fields such as aviation, military, transport
and construction [5].

The perspective field of composite materials
use can be considered non-traditional energy, in
which the composite materials, in addition to wides-
pread use as structural materials, can also be used as
the active substance, for example in heat accu-
mulators [6]. The use of phase-transition materials
heat such as highly crystalline polyethylene [7] in
such batteries enables high specific values of energy
storage. In this case, to obtain highly efficient heat
storage systems, one technological problem must be
solved, namely to increase the thermal conductivity
values, which are very low for polymers. In this
direction, it is promising to create metal-filled
polymer composites.

Metal-filled polymer composites are of great
interest for obtaining products characterized by
thermal and electrical conductivity, certain magnetic
properties, and at the same time have low mass and
high technological effectiveness [8, 9]. Such
materials are processed into products by highly
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productive methods of the polymer processing
industry and at the same time they can have elect-
rical conductivity that is close to the conductivity of
metals [10]. Improving the performance properties of
polymer composites can be achieved by using
submicron or nanosized metal particles as fillers
[11]. However, in this case, the main problem for
obtaining metal-filled composites characterized by
high performance properties is the poor dispersion of
the metal filler in the polymer matrix. Obtaining
homogeneous polymer blends can be achieved using
certain technological techniques, in particular,
surface modification of the filler [12]. The shape of
the metal filler used also has a significant effect on
the properties of the final material, with the
advantage being that the filler is in the form of short
fibers, scales or other long forms [13].

High-tech metal-filled polymer composites
can also be obtained using the method of metal-
lization of granular [14, 15] or powdered [16—19]
polymeric raw materials. This method allows to
refuse the stage of pre-mixing the polymer with a
metal filler and combine the optaining of the
composite with the molding of the final product in
one technological process.

Thus, research aimed at obtaining high-tech
polymer composites using new technological
techniques is promising given the possibility of
obtaining materials with a complex of unique
properties, which will allow them to be introduced
into new and promising fields of use.

Materials and methods of the study

Granular polymeric raw material used for
research is polyethylene brand Liten PL-10
(Unipetrol). Components of chemical reduction
solutions [14—18] were: CuSO,5H,O brand “pure
for analysis”, EDTA-Naz (C]()H]4N2N3208'2H20)
brand “pure for analysis”, NaOH brand “pure”,
formalin stabilized.

Activation of the polyethylene surface was
conducted according to the developed method [19]
using ball mill and fine zinc as the activator metal.
The ratio of the activator metal and polyethylene
(PE) was Zn : I1IE =9 : 50 (mass parts).

Investigation of kinetic regularities of copper
recovery on activated polyethylene was performed
by volumetric method by the amount of hydrogen
released [16, 18].

Results of the studies and their discussion
In order to obtain high-quality polymeric raw
materials and to understand the processes that occur
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during the recovery of copper, it is necessary to
know the basic patterns of formation of a metal layer
on the activated polyethylene surface. To this end,
the kinetics of metal layer formation in chemical
precipitation solutions was investigated.

The analysis of the kinetic curves obtained
shows that the greatest influence on the copper
recovery rate has the concentration of copper sulfate
and sodium hydroxide, the effect of the concent-
ration of EDTA-Na, is negligible. An increase in the
concentration of both copper sulfate and sodium
hydroxide affects some increase in the rate and
amount of recovered copper (Fig. 1), with the effect
of the concentration of copper sulfate being more
significant.

It should be noted that in all cases, regardless
of the concentration of components, there is a fairly
significant induction period (2-5 min) after which
the reaction occurs at almost constant speed and ends
at the consumption of copper sulfate, which can be
judged by the loss of coloring solutions, which
occurs simultaneously with the termination of
hydrogen evolution. The existence of an induction
period is probably caused by the processes of wetting
the activated polymer surface with a chemical
reduction solution, which is a necessary condition for
ensuring contact between the components and
undergoing a chemical reaction, as well as the fact
that the activation occurs as a result of the interaction
with zinc, which passes without hydrogen evolution.

In order to reduce the duration of the induction
period and to improve the efficiency of the
metallization process, studies were conducted aimed
at establishing the possibility of its reduction. Based
on the assumption that the induction period caused
by the surface wetting process it was supposed to
wet the polymer surface by treating activated
polyethylene granules with distilled water before
conducting the metallization process. Such a solution
proved to be ineffective and shortening of the
induction period was not observed (Fig. 2a pos. 2).
Use of CuSO4 solution instead of distilled water for
wetting proved to be more effective (Fig. 2a pos. 3)
in this case the reduction the duration of the
induction period by more than 3 times.

In addition, it should be noted that the wetting
processes still have some effect on the duration of the
induction period, as can be judged from the fact that
the use of pre-metallized polyethylene granules and
metallized polyethylene granules moistened in
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distilled water as raw materials affects the different
duration of induction period (Fig. 2a pos. 4 and 5). In
this case, it is possible to completely reject the stage
of activation of the recovery of copper by zinc, which
occurs without the release of hydrogen. Recovery of
copper ions occurs only as a result of the autocatalytic
reaction of interaction with copper. The pre-moistened
surface provides rapid access of the chemical recovery
solution reagents to the copper of the surface and
reduces the duration of the induction period.
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Fig. 1. Kinetic curves of recovery of copper ions on the
activated surface of polyethylene granules.
Concentration (mol/l):

a) CuSO,— 0,5; EDTA-Na, — 0,67, formaldehyde — 3,7.
b) NaOH — 0,38; EDTA-Na, — 0,67, formaldehyde — 3,7.

Thus, it can be argued that a reduction in the
duration of the induction period and an increase in
metallization efficiency can be achieved by using a
copper sulfate solution. The effectiveness of such a
solution becomes even more significant in the case
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of chemical reduction solutions with higher
concentrations of CuSO, (Fig. 2b), for which the
reduction of the duration of the induction period is
more than 6 times.
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Fig. 2. The influence of the method of preparation of the
activated polyethylene surface on the duration of the
induction period of the recovery of copper ions.
Concentration (mol/l): a) CuSO,— 0,5; EDTA-Na, — 0,67,
NaOH — 0,38; formaldehyde — 3,7. b) CuSO,— 0,8;
EDTA-Na; — 0,67, NaOH — 0,38; formaldehyde — 3,7.
1 — the original activated polyethylene,

2 — the original activated polyethylene moistened in
distilled water, 3 — the original activated polyethylene
moistened in CuSO, solution, 4 — metallic granules of
polyethylene, 5 — metallic granules of polyethylene
moistened in distilled water.

As it was established during the research, the
method of preparation of the activated surface also
has a significant effect on the rate of recovery of
copper ions in the solution of chemical
metallization (Fig. 3).
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Fig. 3. The influence of the method of preparation
of the activated surface of polyethylene on the rate of
hydrogen evolution. Concentration (mol/l):
CuSO,— 0,5; EDTA-Na, — 0,67, NaOH — 0,38;

formaldehyde — 3,7.

In the case of using the original granules of
activated polyethylene (1), metallized granules of
polyethylene (4) and metallized granules of
polyethylene moistened in distilled water (5), the rate
of copper recovery reaction is almost the same.
When using activated polyethylene wetted by in
CuSOy solution (3), we observe the highest rate of
recovery of copper ions. This can be explained by
the high activity of copper particles formed by the
interaction with zinc in CuSQy solution. It can also
be argued that as a result of the treatment of
activated polyethylene in CuSO, solution only a
partial interaction of zinc with copper ions occurs, as
evidenced by the limiting amount of recovered
metal, which we determine by the amount of
hydrogen released (Table 1) by the reaction:

2CH,O+Cu®" +40H™ —

— Cu +H, T +2HCOO™ +2H,0.

In the case of pre-metallized polyethylene
granules (4), the amount of recovered copper as a
result of the interaction with formaldehyde is
highest. This result is expected because the use of
such raw materials does not involve the exchange
reaction with zinc, which increases the amount of
copper recovered as a result of interaction with
formaldehyde. The specific contribution of zinc
exchange reaction to the copper recovery process can
be illustrated by the example of the original activated
granules (1) and activated granules and machined in
CuSOq solution (3). In this case, we have less copper
recovered as a result of the interaction with

formaldehyde. Also practically equal amounts of
recovered copper indicate that no deep
transformations between zinc and copper ions occur
in the preparation of the granules in CuSQOy solution.
Thus, it can be argued that the nature of the
activation remains unchanged, but the high surface
activity after its processing in CuSQ, solution can
significantly increase the rate of recovery of copper
ions, which improves the efficiency of the
metallization process.

Table 1

The dependence of the limit amount of recovered
copper on the method of preparation of the
activated surface of polyethylene

Method of surface preparation Weight of recovered
copper, g/ 1
| the original activated 2.06
polyethylene
the original activated
3 | polyethylene moistened 2,04
in solution CuSO,
4 metallized polyethylene 2,35
granules

Along with the influence of the concentration
factors of the components of chemical metallization
solutions on the kinetic regularities of metallization
of granular polyethylene, the effect of the ratio of
activated polymeric raw material — chemical
recovery solution, ie the influence of the degree of
raw material loading on the kinetic regularities of
metallization (Fig. 4) was also investigated.
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Fig. 4. Effect of loading of activated polyethylene
granules on kinetic curves of copper ion recovery.
Concentration (mol/l): CuSO,;— 0,5; EDTA-Na, — 0,67,
NaOH - 0,38, formaldehyde — 3,7
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The analysis of the obtained dependences of
the influence of the degree of loading of activated
polyethylene granules on the kinetic curves of
copper ion recovery shows that this factor is one of
the most significant. By changing the ratio of the
original polymeric raw material — a solution of
chemical metallization can effectively affect the
speed of the recovery process. This feature is
technologically convenient and can be recommended
for use to regulate the metal content of the metallized
raw material obtained, and thus to influence the
properties of the finished metal-filled composites.

Fig. 5. Photos of metallized granules
of polyethylene brand Liten PL-10

The obtained metallized granules are evenly
coated with metal (Fig. 5), which during their
subsequent processing will allow to obtain metal-
filled polymer composites with even distribution of
metal in the polymer matrix. In this case, the
distribution of metal in the polymer matrix will occur
at the stage of direct formation of the product, which
will exclude a separate operation of mixing the
polymer with a metal filler.

Conclusions

Thus, studies of the kinetic regularities of the
recovery of copper ions in solutions of chemical
metallization on activated pellets of polyethylene
brand Liten PL-10 suggest that the proposed
technology can be used to obtain high quality
metallized raw materials with high efficiency and in
controlled modes. It is established that the main
factors influencing the process of obtaining
metallized polyethylene are the concentrations of
copper sulfate, sodium hydroxide, the degree of
loading of activated polymeric raw materials, as well
as the method of preparation of the activated surface.
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A. M. Kyuepenko', C. O. Manbkesua', M. 5I. Kysuenosa’, B .C. Mopagcbkuii'
Haunionanshuii yHiBepcuteT “JIbBiBChKa MOMiTEXHIKA”,
'kadeapa xiMiuHOI TeXHONOTI TepepOOKH IIacTMAC,
*kade/Ipa TEIIIOCHEPTeTHKH, TEIIOBUX TA ATOMHHX ICKTPHYHAX CTAHIIIM

OCOBJMUBOCTI METAJI3AIII TPAHYJIbOBAHOI'O OJIIETUJIEHY

HageeHo pe3ybTaTu eKCNEPUMEHTAIBHUX J0CJIIKeHb 0c00MBOCTell MeTali3alii rPaHyJILOBAHOT 0
nodieTnyneny. JlocjigxkeHo BIVIMB KOHHEHTPANiiHMX YWHHUKIB Ha @pomec MeTani3anii aKTHBOBaHUX
IMHKOM rpanyJ nojieruneny mapku Liten PL-10. BctanoBJieHo, 110 3MiHOI0 KOHUEHTpaWii cyabdarty miai i
TiAPOKCHAY HATPil0, a TAKOK CTyIeHeM 3aBAHTAa’KEHHSl IOJIMEepPHOI CHPOBHHM MOKHA e(eKTHBHO
Pery/aoBaTH KiIbKiCTh BiTHOBJEHOI Mill Ha rpaHyJjax moJieTujeHy, a 3HAYUTH i TOBIMHY copMOBaHOr0
HA HUX IIapy MeTaay. BUKopUCTaHHSI MeTOAY MonepeHb0i 00pPOOKH aKTHBOBAHMX I'PAHYJ NOJieTHIEHY B
po3unHi cyabdary Migi 103B0oJIA€ CYTTEBO CKOPOTUTH iHAyKWiliHMA mnepion i 30LIbIIMTH MBUAKICTH

BigHOBJIeHH i0HIB Mii.

Ku11040Bi c10Ba: KOMNO3UT, MOJIieTH/IEH, Mi/lb, IMHK, XiMiYHA MeTAaJi3allis, KiHeTHKA.
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