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Abstract. The paper studies the effect of the technological parameters for the production of new
aluminium alloy wastes-based antifriction composite materials on the structurization and tribotechnical
properties at friction (bearings perform at a sliding speed of 1.0 m/sec and a pressure up to 5.0 MPa in

air).

The study focuses on the features of structure formation in the composite with Al-alloy AK12MMgN
wastes matrix, their role in friction behavior of new composite material under severe operating
conditions. It was shown the principle possibility of successful use of the valuable industrial colour
metals grinding wastes for manufacturing of effective friction parts for printing machines.

Keywords: metal grinding wastes, aluminium alloy AK12MMgN, physical mechanical properties,
tribological characteristics, friction parts, printing knife-machines.

1. Introduction

The main task in the development of new composite
antifriction materials is to increase the life of machines
and mechanisms, for example, printing equipment.

Among antifrictional composite materials intended
for severe operating conditions of higher loads and
sliding speeds materials based on aluminium are well
known [1-3].

Numerous studies show that aluminium alloys
improve the tribotechnical characteristics of friction
parts [1, 4]. This is due to their original physical
properties. For example, aluminium-based materials are
characterized by low density, high heat conductivity,
which makes them highly wear-resistant owing to
intensive heat removal from the friction area.

Now existent parts of friction elements in printing
machines (especially of cast aluminium alloys) aren’t
capable to satisfy the modern severe operating
conditions of printing equipment, for example, knife-
machines [3].

It is connected with their unsatisfactory antifriction
properties of such parts, which are the sequent of
existent making technologies imperfection, which are
not able to ensure high quality of contact surfaces [3, 4].
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Composite aluminium antifriction materials have
advantages over cast ones because they have not such
essential defect like liquation. But they have high cost
which is connected with high cost of powder production
technology. These factors limit the usage of composite
materials based on aluminium.

At the same time the big resource reserves exist in
machine-building industry in the world now. There are
large in number of grinding powder wastes of
ferrous and colour metals.

Such metal powder wastes are appeared at the finish
abrasive grinding of different parts in machine-building
plants [5]. They consist of large number of valuable
alloy elements (Ni, Cu, V, Mg, W, Si, Ti and others) and
aren’t used in subsequent production cycle because they
are polluted by grinding abrasives and cutting emulsion.
Therefore, such wastes are usually dumped. It concerns
aluminium alloys too.

Therefore, it is of theoretical and practical
importance to establish the possibility of usage of
aluminium grinding powder wastes for effective
materials manufactures, and their effect on the friction
behavior of aluminium-based materials in severe
operating conditions of printing machines.
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The objective of the present paper is to develop an
antifrictional ~ aluminium  wastes-based  composite
material for increased-duty conditions (sliding speed and
higher pressure) and to study the formation of a film on
the working surfaces of a friction pair at a sliding speed
of 1.0 m/sec and a pressure to 5.0 MPa.

2. Experimental procedure

The subject of the study is new material of
aluminium alloy AK12MMgN (silumin) powder
grinding wastes which were chosen like a basis for the
new composite antifriction material.

Silumin AK12MMgN consists of different alloy
elements (Table 1).

Table 1
Chemical composition of Silumin AK12MMgN

Element, wt.%

o

Zn Mn | Cr | Ni

pd

a| Fe

%2}

Cu | Mg Sn

11.0-13.0
12-16
0.3-0.5
0.01-0.02
0.3-0.6
0.05-0.2
0.8-1.3
0.05-0.1
0.5-0.8
0.05-0.2
rest

0.9-1.2

Assortment of valuable alloy elements (Table 1) in
microparticles of alloy AK12MMgN powder wastes is
able to ensure high level of tribotechnical, physic and
physic-mechanical properties of material.

Preparation of Powder Charge. The complex making
technology that consists of two main stages was
developed during he researches:

- First stage - technology of alloy AK12MMgN
powder wastes regeneration (cleaning from abrasive and
cutting emulsion);

- Second stage -technology of new material
manufacturing, including preliminary cold pressing and
next hot pressing of specimens.

The technology of wastes regeneration has been
created during the experimental researches.

This regeneration technology has 3 stages for
obtaining clean aluminium alloy AK12MMgN powders:

1. Drying of moisture;

2. Annealing components of cutting emulsion;

3. Electric static (separating) cleaning against

abrasives.

After regeneration the remains of abrasives were
come to 5% and it was confirmed by metallographic
analysis.

Overview of alloy AK12MMgN powder wastes
microparticles after regeneration has been presented on
Fig. 1.

Compaction. Last time well-known methods of hot
pressing have taken the special significance for making
antifriction materials of high density [1, 6, 7].

These methods were used for development of the
new composite materials on silumin AK12MMgN
wastes- based manufacturing technology.

During the experiments the technological properties
were determined, for example, packed density of
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regenerated silumin powder is 0.75 g/cm® This
parameter is a technological characteristic for ensuring
the constant shrinkage.

—_— .' _b‘__ ke
Fig. 1. Overview of alloy AK12MMgN powder wastes
microparticles after regeneration (on plastic plate), ? 32.

=L SR = TH

Manufacturing technology has 2 stages:

1. Preliminary Cold pressing. Experimental samples
have been manufactured at specific pressure 500 MPa
and had a relative density 0.92. Pressing was carried out
at hydraulic press PSU-125 for cold pressing.

Experimental samples of regenerated alloy
AK12MMgN were pressed at a room temperature in
press-forms of different dimensions (for different tests):
1-in plug-and-socket press-form, dimensions 10-40 mm;
2- in bushing press-form, 032:12 mm;

3- in cylindrical press-form, 032 mm.

2. Final Hot pressing. A stage of cold pressed
samples hot pressing was realized at the temperature of
external heating 400 °C and loading 300 MPa. Hot
pressing was carried out at hydraulic press for hot
pressing with maximum nominal pressure 1.6 MN. This
technological operation is necessary for obtaining
maximum density of composite samples to avoid volume
oxidation of materials during their next exploitation on
air in printing machines.

Examination Techniques. The microstructure and
abrasive remains of obtained new material AK12MMgN
grinding wastes-based were researched by quantitative
metallographic methods (Fig. 1) at images analyzer Leco
IA3001 IMAGE SYSTEM (USA).

Initial intermetallic compounds were studied on
unetched microsections. Second intermetallic
compounds were identified using scanning electron
microscopy method (SEM) by electron microscope
SELMI-200 (Ukraine) (Fig. 2).

Chemical composition of friction zones was studied
using micro-X-ray analysis by scanning electron
microscope EVO 50X VP (Germany, Carl Zeiss).

Physical mechanical properties were studied by
standard methods [8-10].

Tribological tests were performed on a VMT-1
friction testing machine where the specimen was held
against a rotating steel disc. The line dimensions of the
specimen were fixed after every 1.0 km sliding distance.
The dimension losses of specimens were calculated from
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the difference in dimensions between the initial and final
dimensions after friction tests.

The parameters for tribotechnical tests are the
following: V = 1.0 m/sec; P = 5.0 and 7.0 MPg; in air,
the counterface is made of 45 steel — unalloyed carbon
steel, C=0.45 wt.% (HRC=51-55); shaft—pin friction
pair; lubricant - machinery industrial oil 1-20; sliding
distance -2.5 kim.

Conditions of tribological tests correspond to real
operating conditions of printing machine friction units.
Dimension loss measurements were fixed after every
50000m sliding distance approximately.

The antifriction properties of the cast alloy [6] and
new composite were determined under liquid sliding
conditions for comparison of properties between the cast
aluminium alloy and new material of aluminium alloy
AK12MMgN grinding wastes-based.

3. Experimental results and discussion

We produced a heterogeneous composite material
consisting of a metal matrix and inclusions of abrasive
remains. In turn, the structure consists of high-alloyed -
solid solution on the base of aluminium. In this solid
solution there is an eutectic which is formed at silicon
content of 11.6 wt.% which corresponds to the Al-Si
phase diagram [7] and seats as cellular structure of solid
solution grains in whole matrix volume (Fig. 2).

Futectic (Al-Si)

R TR

Al-a-solid selution

HS R

: S :
Fig. 2. Microstructure of ma;terial AK12MMgN grinding
wastes-based: etched microsection, x100 (a), x500 (b),
etching in 5% NaOH
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Complicated heterophase metallographic structure of
composite material AK12MMgN grinding wastes-based
formation took place as a result of hot pressing process.

Moreover a big quality of alloy elements (Table 1)
causes the formation of a large number of fine
reinforcing phases— intermetallic compounds. These are
CuAl; (6-phase), Mg,Si, NiAl; (e-phase) (Fig. 3).

Structural researches (Fig.3) are evidence of the
presence of the initial and second intermetallic
compounds as the reinforcing phases - T(AICu,Mn),
S(Al,CuMg), MnAlg, TiAl;, AlFeSi (a-phase),
N(Al;Cu,Fe) in metal matrix. These phases have a high
density and they are uniformly distributed over the entire
matrix in the samples. It is beneficial effect to decrease
the grain size and increase physical mechanical and
antifriction properties.

_.CuAl
P ]

NiAl; AlICu,Mn

4 g

AlICu;Mn  AlLCuM MnAlg

TiAlg
- '{‘,% \ = 3

-

Fig. 3. Initial (a), x200, and second (b), x100000,
intermetallic  compounds in  composite material
AK12MMgN grinding wastes-based

Physical mechanical and antifriction properties of
new composite material AK12MMgN grinding wastes-
based in a comparison of the same mark cast alloy have
been presented in Table 2.

A standard cast alloy AK12MMgN [6] material has
been also tested for comparison with new composite
material of alloy AK12MMgN grinding wastes-based

Analysis data shows (Table 2) the composite material
of AK12MMgN grinding wastes-based doesn’t yield to
cast one by physical mechanical properties (Ultimate
strength, Hardness, Impact elasticity), has a much lower
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coefficient of friction and wear rate than those of cast
alloy AK12MMgN used in similar operating conditions,
especially under loads up to 7 MPa.

Table 2
Physical mechanical and antifriction properties of
materials
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These facts can be explained by the essential
distinctions of cast and composite material structural
formation. Such distinctions appear in consequence of
different principles of their synthesis.

Cast alloy AK12MMgN manufactured by traditional
moulding method has liquations of alloy elements which
becomes apparent as chemical  composition
heterogeneity in volume of material. As against cast
alloy new composite material of wastes-based was
produced (final hot-pressing method) of AK12MMgN
powder microparticles which are microingots without
any liquation. As a result the structure of such composite
material is homogeneous and ensures higher level of
properties.

The full-scale tests of new composite material of
AK12MMgN grinding wastes-based showed increase of
wear resistance 2.24 times more than cast alloy
AK12MMQgN.

It is explained that the liquid lubricant is inoperative
on the surface of cast AK12MMgN as it is squeezed out
from the friction zone under pressure at high operating
loadings of printing machines. In such case the cast
aluminium antifriction materials have dry friction
contact with the counterface because the surfaces remain
unprotected, juvenile.

Composite material of AK12MMgN grinding wastes-
based has porosity 2-3% where liquid lubricant is
stopped and can run out to contact friction surfaces
under operating loads.

Surface topographies of friction zones of new
material and counterface have been presented on fig. 4.

Investigations of contact surfaces (Fig. 4) after
tribological tests show the friction surfaces of new
composite material AK12MMgN wastes-based and
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counterface are not damaged, have high quality, and are
usable.

b
Fig. 4. Antifriction material AK12MMgN grinding
wastes-based (a) and counterface of 45 steel (b), x5

The scanning electron microscopy and micro-X-ray
of the friction surfaces after tribological tests confirms
the presence of chemical elements both composite
material and counterface (Fig. 5, 6).

200
Fig. 5. Electron image of composite material friction
surface after tribological tests at load P=5.0 MPa (in
reflected electrons)

Distribution of chemical elements on friction surface
after tribological tests at load P=5.0 MPa was as follows,
at.%:
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Spectrum 1: C — 54.49; O — 41.47; Na — 0.31; Al -
0.50; Si - 0.53; P-0.12; S-0.29; Cl - 0.13; K- 0.15;
Ca-0.10; Fe -0.03.

Fig. 6. Spectrums of composite material friction surface
after tribological tests at load P=5.0 MPa (spectrums 2,
3,5)

Spectrum 2: C — 37.42; O - 28.63; Na - 0.56; Mg -
0.37; Al —18.22; Si — 8.04; P - 3.08; S - 0.50; Cl - 0.12;
K -0.20; Ca—0.25; Mn - 0.10; Fe — 1.23; Ni —0.23; Cu
—0.69; Zn - 0.25.

Spectrum 3: C — 60.28; O — 22.64; Na - 0.20; Mg -
0.17; Al - 8.99; Si — 6.87; P-0.17; S-0.08; Cl — 0.11;
K -0.10; Fe - 0.12; Ni—0.11; Cu-0.16.

Spectrum 4: C — 49.52; O - 21.35; Na - 0.59; Mg -
0.23; Al - 13.42; Si —7.03; P - 1.94; S-0.39; Cl - 0.11;
K -0.15; Ca-0.18; Fe — 4.36; Ni — 0.23; Cu — 0.50.

Spectrum 5: C — 51.03; O — 21.17; Na - 0.87; Mg -
0.27; Al - 3.23; Si —2.48; P - 2.32; S-0.77; Cl - 0.17;
K -0.18; Ca-0.21; Fe — 16.29; Ni — 0.29; Cu - 0.74.

As is evident from fig. 5, 6 friction zones in addition
to main chemical elements of composite silumin
specimen have been saturated with carbon, iron and
oxygen. It’s connected with high loads on friction pair,
participation of 45 steel counterface and air at friction
process, also chemical elements (K, Cl, Na, Ca, S) of
liquid lubricant (industrial oil) remains were present.

Since composite material has residual porosity liquid
oil penetrates to pores and they are microvessels for oil
in a case of lubricant emergency stopping.

4. Conclusions

The research results obtained in such a way
confirmed adequacy and practicability of composite
antifriction aluminium alloy wastes-based material
making technology. Such data illustrates
availability to use the high-alloyed valuable and
inexpensive grinding wastes of aluminium alloy
AK12MMgN as initial resource for manufacturing
quality friction parts for printing machines.

Next experiments will be devoted to the research of
phase composition in friction zone and its effect of
antifriction aluminium alloy wastes-based material
tribological properties.
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