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One of the effective ways to design products is currently metallization. Owing
to extraordinary bright effects that can be obtained using different combinations of
metallization, this method is effectively used in the manufacture of various products
advertising printing, labels and packing. “Metallization” effect of products scrutinizes
manufacturing companies, which in turn tend to increase consumer demand for goods
in this category.

There are three methods of manufacturing metallic pigments: vacuum deposition
method, a traditional method (mechanical grinding), processing metal scrap. Given the
increasing consumer demand for metalized products, research questions of technological
possibilities of using such materials in economic indicators are relevant and very
important for modern printing companies. The introduction of metallic pigments from
the shaving waste opens a new stage in the evolution of production, safer in terms of
ecology. The present analysis of economic and organizational features of the use metal
waste emphasizes the usefulness of latest in modern printing processes.
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Problem statement. Metallized surfaces have a number of valuable properties that
can be used for different functional purposes. They are antifrictional, that is, they have
a low coefficient of friction; one of the properties of metallized surfaces is that they
are conductor and abrasive. Metallized coating makes products more durable, resistant
to damage, protects against moisture and sunlight. One of the simplest and cheaper
methods of achieving metallization effects is printing with metallized inks. At the same
time, metallized inks are added to ordinary inks that can convey the color of gold, bronze
and silver [1-7].

In the manufacture of metallized inks, metallic pigments obtained by mechanical
grinding of metals and their alloys are used. Aluminium pigments are used to imitate
silver, aluminium pigments are used to imitate gold and bronze, which are tinted with
transparent colored varnish, as well as copper or brass pigments.

The presence of metallic particles of aluminium or copper powders in conventional
printing inks changes their physicochemical properties. The main factor determining



TEXHIYHI HAYKIW / TECHNICAL SCIENCES 147

their kinetic resistance is the degree of sedimentation of colloidal solutions. The effect on
the sedimentation resistance of the system depends on the concentration and dispersion
of the particles of the metal filler [8].

Economic aspects of the use of metal pigments from waste. In the current con-
ditions of the development of printing products, an important economic and ecological
lever is the use of metal pigments from chip waste, which is confirmed by the data shown
in the diagram (Fig. 1).
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Fig. 1. Diagram comparing technical and economic indicators
of various metallization technologies

As an alternative to metallized inks, bronzing technology is used in the finishing of
labels and packaging products in the operational and protective printing [3]. The packa-
ging design using metallized ink gives it a higher status, and ennobles an inexpensive
range of printing products. Due to the fact that the particle size of the bronzing powder
is much larger than in pigments of conventional printing inks, the image on the sealed
surface is formed bright, original, with the effect of a three-dimensional figure. Despite
the amount of the dispersion of the bronze powder, it is possible to reproduce even thin
lines and patterns, which allows you to actively use this method for various design solu-
tions. This method is quite cheap and effective, which makes bronzing very popular in
the market of printing services. A unique bright effect is caused by the size of bronzing
powder (12-14 pum), while in offset it is (3-5 pm), and distribution of powder on the
surface of the primer.

Comparing the prices of powders and waste and taking into account the cost of me-
tallurgical processing, it is possible to predict the economic efficiency of powder produc-
tion from waste. The results of the projected accounts are given to one tone of powder
products for the various metal wastes presented in Table 1 [9].



148

HAYKOBI 3ATIMICKW / SCIENTIFIC PAPERS * 2023 / 1 (66)

Table 1

The results of the projected accounts given to one ton of powder products
for various metal wastes

Metal or Waste price, Recycling Powder cost, | Powder price, Expected
alloy $/ton cost, $/ton $/ton $/ton profit, $/ton

Aluminium 990 400 1390 4070 2680
Copper 1640 450 2090 3600 1610
Cast iron 20 300 320 650 330
(chips)
Stainless 475 900 1375 4180 2805
steel
High-

igh-speed 390 1500 1890 6000 4110
steel
Titanium

. 900 2500 3400 20000 16600

(chips)
Hard alloys 4500 2000 6500 16000 9500

The analysis of tabular data indicates a high economic efficiency of powder pro-
duction from metal waste. A number of business projects have been worked out on the
creation of production of powders from copper shavings and lump wastes of solid alloys,
as well as the production of pulverized powders from titanium, tool steel.

Even when it comes to recycling used printing products, metallized pigments in
ink have their advantages. Packaging processing is quite profitable not only from an
environmental point of view, but also with an economical for the manufacturer itself, as
due to its sufficiently long-lasting stability pigment does not lose its main properties, and
so it can be reused in the production of printing inks. Therefore, the priority of recycling
(metal reuse) is important for optimizing the modern production of metallized inks.

Organizational aspects of the use of pigments in the manufacture of packaging.
As noted above, one way of recycling metal chips is through their use in the printing
industry as pigments for printing inks, which are widely used in the packaging in-
dustry. Usually, glass, plastic, polymer film, various metals are printed material in the
manufacture of packages. The most important feature of the group of these materials
is the relatively short life cycle (from the manufacturing of packages to their removal
before the main product is put into use). The life cycle of packaging materials is directly
dependent on the liquidity of the main product and is measured by the time taken to pack
the main product (t,) and the time taken to store the main product in stock during the
pre-sale period (t,) the time taken to transport the product to the place of use (t,) and the
period of time before the main product is unpacked from the consumer (t,) [10].

4
Tm-;,:;n‘ (1)
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Figure 2 shows the distribution of the costs and efficiencies of each Life Cycle
Stage (LCS) of a technological system regardless of its purpose. The theoretical and
methodological value of the HVP accounting of the technological system offers great
real possibilities for improving the management of the set of stages formed in a single
organizational model.

Through a single LCS system, there are viable ways to improve the management
of the national economy, in particular by redistributing the length of the cycle stages.
Research, design, technology, production and disposal phases need to be shortened
through cycle optimization and longer operation.
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Fig. 2. Qualitative Diagram of Milestones of the Metal Waste Recovery
Process System Stages (in Standard Units)

Figure 3 shows a block diagram of the criteria for joining and compatibility of
individual stages of the LCS technological system (TS) for metal waste disposal.
Presenting the stages of the LCS as an integrating methodological tool ensures the
stability of scientific creativity and management from the unified standpoint of the
newly created organizational system. New organizational system (integrity of the LCS
stage) provides a single continuous process and the ability at each stage to achieve
maximum social economic efficiency at a fixed cost or set efficiency with minimal
resource-efficient investments. However, by now in the theory and practice of creation,
in particular metallurgical equipment, at best optimized only some stages of incomplete
«life» machine cycle. At the same time, it is known that the step-by-step optimization
of the technological system as a whole, the lack of a systematic approach to the analysis
of stages of technological machines leads to big mistakes, especially in calculating
their cost, as well as forecasting the timing of physical and obsolescence. At the same
time, it is known that the step-by-step optimization of the technological system as a
whole, the lack of a systematic approach to the analysis of the stages of the life cycle
of technological machines leads to big errors, especially when calculating their cost, as
well as predicting the terms of physical and moral wear.



150 HAYKOBI 3ATIMICKW / SCIENTIFIC PAPERS * 2023 / 1 (66)

stages of using the law of progressive development of technology in the creation of technological systems

e A —
AR ATRTATAY

Research and Design and Technological production ‘Operation Modernization Utilization
decision construction preparation of
making production

docking and compatibility criteria of individual stages of the complete life cycle of the technological system

Fig. 3. Block diagram of quality management in the formation of stages
of the LCS technological system as a whole

The authors would like to draw attention to a significant contradiction in the fact
that packaging materials are initially oriented to an increased consumption mechanism,
but, unlike the main products, their useful life is less, the more effective they are (Fig.4).
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Fig. 4. The influence of product quality on the duration of its life cycle:
1 — for main products; 2 — for packaging materials

Since the manufacturer is interested in the product having a «commercial ap-
pearance», was not damaged in the pre-sale period, was sold faster and at a higher
price, he sets the task — to provide packaging materials of high quality (even if this
requires additional labour), pre-emptively or at least without lowering the cost of the
main product, and as a result contribute to its liquidity. However, even the high liquidity
of the product itself is not a guarantee of an ideal condition for the manufacturer t,—0.
The main problem in terms of waste for this type of product is that the circumstances of
the nature of this phenomenon are ideal for the implementation of previously planned
mechanisms of waste generation. They are built on terms advantageous to the main
manufacturer, but not favourable to the environment.
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As a result, one has in waste a large amount (both by mass and by nomenclature)
of packaging materials. Polymeric materials (packs, packaging of all kinds, rotating
materials, fixtures, supporting elements, necessary for transportation, forming and pro-
tective materials, etc.) are of particular interest. Typically, these polymeric materials, in
large quantities and with a short life span in the waste, have a very long natural decay
period, which means that they are constantly accumulated and stored sometimes for
decades without any processing.

However, packaging processing is not only profitable from an environmental point
of view, but also economical for the manufacturer itself, as due to its sufficiently long-
lasting resistance, the metal pigment does not lose its main properties, and so it can be
reused in the production of printing inks. This stability is ensured precisely by the fact
that the pigment is formed from metal chips and, due to its preliminary processing and
introduction into the dispersion medium of the printing ink, it can adhere well to the
printed material and exfoliate from it without being damaged during processing. Figure
5 shows the algorithm for recycling metal raw materials from the processing of used
packaging to the reuse of metal pigments in printing inks.

. processing of the
Used packaging —_— Shredd.mg - Crushed mixture with |
packaging chemical solutions

application of metallic

extraction of bringing metal )
- pigments for new products

metallic pigments particles to reuse

Fig. 5. Circuit diagram of metal pigments

Thus, metal waste in the form of chips can be used in printing metal ink, which is
very attractive for applying it to the package, and further metal particles when recycling
packages can be restored for further operation [11-12].

Conclusions. Metal-plated inks can be used to produce printing products for various
purposes, depending on production and consumption needs. Metallized gloss, which has
many applications and opens up new opportunities in the manufacture and promotion
of packaging materials is gaining popularity. A positive development is the economic
aspect of the life cycle of metallized pigments. They are available at different levels for
printing, and the introduction of recycled particle metal pigments opens a new phase in
the evolution of production — a more environmentally friendly one. Due to sufficient
long-term stability, the pigment does not lose its main properties, and therefore it can be
reused in the production of printing inks.
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Oonum 3 natlegpexmugHiuux cnocodie 0exopysanus upoby Ha CbO20OHI € Mema-
nizayis. 3a60aKu HelMOGIPHO ACKPAGUM epeKmam, AKi MOXCHA ompumamu 3a 0ono-
MO2010 PI3HUX NPULoMie Memanizayii, yei mMemoo epekmueHo GUKOPUCTNOBYEMbCI NPU
BU2OMOBIEHHI PI3HUX 6UpP00I8 pekiamHoi noniepagii, emuxemox i ynaxkoexu. Eghexm
«memanizayii» npooyKyii ma 1020 NCUXOI02IYHI paxmopu 6naugy Ha 6UOIp CnodcU8aia
00CUMb pemenbHO O0CIONHCYIOMbCSL KOMNAHIAMU-BUPOOHUKAMU, K 8 CB0I0 Uepey npae-
HYMb NIOGUWUMU CROJICUGHUL NONU MOBADY.

Ha cvoeooniwniii Oenv icHye mpu Memoou 8ue0mosieHHs . Memaiesux nieMeHmis:
Memoo 8aKyyMHOI Memanizayii, mpaouyitiHuil Memoo, nepepooKa memanesux ioxoois.
Boockonanenns mexnonoeiii 6iokpueae memanizosanum hapoam Hogi nepcnekmusu, i
3apas3 ix UKOpUCMOBYIOMb He uwe 0Ji mpaouyiiiHoi YRnakoeKku , ane il y 6UCOKOAKICHUX
OyKIemax, pekiamMHux mamepianax ma npooykyii imiodcesozo xapaxmepy. Oomne 3
OCTAHHIX 3ACTOCYBAHD - K OU3AUH eIeMEeHMI8 3aXUCMY NP USOMOGLEHHT YIHHUX Na-
nepig. 3eaxcarouu Ha cneyudixy npooykyii, 3axucm yinnux nanepis 6io niopobox ma
Ganvcugirxayii 3atimae uinone micye. Buxopucmanns memanizosaunux ¢apod onsi Oine-
wocmi enemMeHmis i cnocobis 3axucmy 3aKiaoarmscs Ha cmaodii Ou3alHy, 6OHU 0aOMb
2apaHmMil0 HeMONCIUBOCIT MOYHO20 GIOMEOPEHHS OPYKOBAHO20 300padicents npu (haib-
cughixayii, sK 3a 00NOMO20I0 KONIIOBANHUX NPUCMPOi8, MAK I OPYKAPCHLKO2O MUNO-
epaghcvrozo oonaouanus. Bpaxosyouu 30inbuieHHs cnojcugio2o nonumy Ha Memaii-
308aHy NPOOYKYII0, NUMAHHS U000 QOCIIOHNCEHHS MEXHON02I 3aCMOCY8AHHS NOOIOHUX
mamepianie Ha eKOHOMIUHI NOKAZHUKU € AKMYANbHUM | 8ANCIUBUM OISl CYUACHUX NO-
niepaghiunux xomnawuiu. Bnposadoicenns memanegux niemeHmie i3 CMpYsICKOGUX 8i0-
X00i6 BIOKpUBAE HOBUL eman 6 eBoNoyil UpOOHUYMEA — Oinbll Oe3neyHull 3 MoyKu
s0py exonocii. Hadanuii ananiz exoHOMIUHUX Ma OpP2aHi3ayiliHuX 0coOIUBOCmEll BU-
KOPUCTAHHS Memanesux 8i0x00i6 NiOKpecaoe OOYiIbHICMb OCMAHHIX 6 CYYACHUX NO-
niepaghiunHux npoyecax.

Knrwowuogi cnoea: memanesi niemenmu, cmpyjicrkogi i0xoou, 6pOH3Y8aNbHULL NOPO-
WOK, NePioo HCUMMEBO20 YUKITY, MEMAni3oeana hapoa, maprno-naxKysaibHi mamepiaiu,
noniepaghiuna npooyKyis, nepepooKa naKyeamb, MexHOI02IUHA CUCTeMd.
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