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Synthetic and Characterization of Al-
PTFE Functionally Graded Material
Using Powder Metallurgy Technique

The current work involves producing the functionally graded material (Al-
PTFE) utilizing the powder metallurgy technique. The proposed graded
materials include three, four, and five layers. Each layer consists of PTFE
and Al particles with an average diameter of 200nm and 25 micrometers,
respectively. The powders were blended, formed into cylindrical shapes,
and then sintered in an inert environment furnace. The microstructural and
morphological properties of the graded materials are studied using XRD
and SEM images. The prepared graded materials' porosity density and
hardness are measured experimentally. The results of XRD and SEM
images reveal that the FGMs are successfully developed without any
separation or crack formation and that PTFE was uniformly dispersed
throughout the layers with particle concentrations of 25 and 50 wt%. Al.
The obtained results also reveal that the density of various FGMs was
comparable to that of PTFE.

Keywords: Composite material, FGM, Powder compaction, physical

properties, PTFE, Al

1. INTRODUCTION

Advanced engineering applications need a new material
rather than a single composition, which cannot satisfy
the required specifications [1]. FGMs are advanced
composite materials with progressive changes in design
and structure through size and tailored properties with
great demands in engineering applications [2]. Prepa—
ration of FGM for adjusting the physical and mecha—
nical properties is a challenging task for the workers in
this field. Different methods are used for developing
FGMs, such as coating, centrifugal casting, and powder
metallurgy. Among these methods, Powder metallurgy
(PM) is more efficient for producing gradients without
flaws [3-6]. The critical process to get the required spe—
cifications of the FGM is the sintering of green
compact. It represents a challenge due to the different
thermal expansion of the materials. Many works have
been implemented to study the effect of sintering on the
characteristics of the FGMs [7-9]. The excellent design
of FGMs leads to a smooth transition of properties [10,
11]. Metal polymer was used as a bearing material to
substitute the conventional bi-metal bearings in several
lubrication applications due to its hardness and wear
resistance [12]. Yang et al. [13] constructed an orga—
nic/inorganic PTFE/AI*"- MXene bi-layer coating with
excellent lubricating properties and long service life
fabricated by a two-step strategy. The influences of pre-
friction time on the morphology and flatness of
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PTFE/AI**-MXene/T-1 heterogeneous coating were
investigated. Wu et al. [14] examined AI-PTFE compo—
sites' mechanical properties and reactivity with different
Al Particle sizes. The stress-strain data under quasistatic
compression demonstrates that as the Alparticle's size
increased, the AI-PTFE specimen's strength declined. It
was observed that the toughness of the material roses
initially and subsequently decreased. Sahli et al. [15]
prepared and characterized (PTFE)/Thermally Expan—
ded Graphite composite (TEG). The findings showed
that utilizing a higher concentration of TEG raised the
glass-transition temperature of the composite. The mec—
hanical properties improvement of functionally graded
bearing materials produced by horizontal centrifugal
casting was extensively studied [16,17]. The fabricated
composites can replace convent ional leaded bearing
materials with superior copper functionally graded
composites with better wear and mechanical charac—
teristics. Srinivas et al. [18] studied the microstructural,
mechanical, and tribological features of the Al-based
functionally graded material fabricated by powder
metallurgy. It was discovered that the mechanical cha—
racteristics of FGM highly depend upon the sintering
temperature and slightly on compacting pressure and
sintering time. Polytetrafluoroethylene is commonly
used as a bearing material due to its superior coefficient
of friction, corrosion resistance, ability to work under a
wide range of temperatures, and high self-lubricating
characteristics. Its high wear rate severely restricts its
uses in this field [19]. This material's high toughness
and flexibility make it appropriate for sealing parts [20].
It was found that employing different types of fillers,
such as copper [21], Al-SiC [22], carbon [23], and MoS,
[24], can alter the tribological properties of PTFE.
Zidaru et al.[25], studied the improvements of tribolo—
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gical behavior in three cone bits bearings. Amsler mac—
hine A135 was used to establish the bearing material
friction coefficient and wear when lubricated with the
PTFE greases.Keshavamurthy et al. [26] investigated
the behavior of copper-polymer composite material de—
veloped by fused deposition modeling. Worn-out sur—
faces were subjected to scanning electron microscopy
studies to analyze and identify the possible wear mec—
hanisms. Soni et al.[27] explored the microstructure,
machinability, and mechanical properties of the A17075
alloy reinforced by 1wt% microsized SiC particles and
0.5wt% of h-BN nanoparticles. The outcomes of the
machinability analysis for hybrid nanocomposites are
compared with those of Al7075.Fragassa et al. [28]
produced defect-free high-density polyurethane (PU) for
use in an innovative solar vehicle.Successful materials
have been synthesized. Poly-tetra-fluoro-ethylen(PTFE)
was used in biomedical applications due to its
biocompatibility, corrosion resistance, chemical inert—
ness, and comparatively low cost [29]. It can also be
used in bearing applications. However, PTFE has a
higher wear rate under the applied load and rubbing
speeds. So, adding aluminum particles can improve the
wear rate of this material. However, pure Aluminum
suffers from the highest friction coefficient compared to
its alloy[30], which can be enhanced due to the
existence of a low friction coefficient material such as
PTFE. The present study focuses on producing func—
tionally graded metal polymer (AI-PTFE) material using
powder metallurgy technique with an inert environment
sintering, which was not implemented in the previous
works mentioned above. Functionally graded materials
are novel materials with unique characteristics where
the properties change gradually with position. Three,
four, and five multi-layer functionally graded composite
samples with various Al and PTFE contents were expe—
rimentally produced and tested. The powder compaction
was implemented using a mold consisting of a punch,
filling chamber, and bottom base designed for this
purpose. Such materials' microstructure, density, poro—
sity, and hardness have been experimentally measured.

2. EXPERIMENTAL PROCEDURE

The required materials and the experimental procedure
needed to produce the functionally graded materials
with different layers are presented in the following
sections.

2.1 Powder characterization

Different weight percentages of 99% pure aluminum
and 99% pure PTFE powders with average diameters of
25pm and 200 nm were used to produce the required
functionally graded materials. Table (1) lists the phy—
sical characteristics of such powders.

Table 1. Physical properties of Al and PTFE powders

Powder Al PTFE
Density g/cm’ 2.7 2.2
Melting temperature °C 660.3 327
Particle size 25 pm 200 nm
Purity% 99.9 99.9

58 = VOL. 52, No 1, 2024

The PTFE and AL powder types were confirmed by
performing the XRD test for each powder, as shown in
Figure 1. Figure 1(a) illustrates the diffraction peaks
18°, 31.5° 37°,41°, 49°, and 70° match the PTFE stan—
dard card for Polytetrafluoroethylene (00-047-2217).
Also, the diffraction peaks 19°, 39°41° 65° and 79°
illustratedin Figure 1(b) match the Al standard card (00-
004-0787). The XRD was implemented using the
diffractometer shown in Figure 1(c).

A0 BTFE ]
100 % PTFE |

Intensity

=00 pyg  PTFE

T000 -+ .M:

stno frog % Al

8

Al
4000+ Al

Intensity

3000

2000

Al
1000 Al Al

o 10 20 30 40 50 &0 TO0O B0 90

(c)

Figure 1. XRD for the powders used (a) PTFE powder (b)Al
powder (c) XR Diffractometer

The morphological properties of the powders affec—
ting their technological properties are studied using a
scanning electron microscope (SEM). Figures 2(a) and
Figure 2 (b) show the SEM images of the PTFE and
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aluminum powders used in the present work. It can be
observed from Figure 2 ( a) that the PTFE particles have
irregular shapes with variable grain sizes. In contrast,
Figure 2(b) shows that the aluminium particles have
semi-spherical shapes of different sizes. These images
have been taken using the FESEM type INSPECTF50
shown in Figure 2(c).

FME Transactions
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Figure. 2. SEM image of materials used (a) PTFE powder (b)
Aluminium powder (c) FESEM INSPECT F50

The percent weight ratio of the FGM layers is deter—
mined by one side with the higher percentage of alumi—
nium while the other side has the higher rate of PTFE.
Table 2 illustrates detailed information about the
number of layers and powder contained in each FGM
layer.

Table 2. Three different FGMs produced

Sample | Layer Al PTFE Thickness
No. No. wt% wt% of layer(mm)

FGM3 1 75 25 2

2 50 50 5

3 25 75 8
FGM2 1 75 25 1.5

2 50 50 3.5

3 25 75 4.5

4 0 100 5.5
FGM1 1 100 0 1

2 75 25 2

3 50 50 3

4 25 75 4

5 0 100 5
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2.2 Samples preparation

Developing the composite layers and the required func—
tionally graded materials includes mixing the Al and
PTFE powders, Compressing the mixture, staking
layers, and sintering the green compact. According to
the ratios in Table 2, the powder was weighted using a
high-precision balance type (BEL) with a four-digit
resolution. A ball blender was used to mix the consti—
tuents for one and a half hours to obtain a homogenous
mixture using a Bench-Top planetary automatic ball
mill (MTI Corporation). Four balls with 5 to 10 mm
diameters were utilized to avoid the powder agglo—
meration.

(b)

Figure 3. (a) Powder compaction die parts lower punch, Upper
punch, die chamber, and Die assembly (b) Hydraulic press.

A cylindrical mold made of tool steel type BH224/5
with the chemical composition presented in Table 3 was
used for stacking the powder mixture. The mold shown
in Figure 3(a) consists of the cylindrical die chamber
with inner and outer diameters of 13mm and 20mm,
respectively, and a length of 150mm, upper punch with

Table 3. Chemical composition of tool steel

a diameter of 13mm and a length of (100mm) and the
movable lower punch with a diameter of 13mm. A
careful layer-by-layer application was accomplis—hed in
the cylindrical Mold chamber with a 13mm diameter
and 15 mm height, including three layers with (2mm,
Smm, and 8mm) sizes, respectively, four layers with
sizes (1.5mm, 3.5mm, 4.5mm, 5.5mm), five layers with
heights (1mm, 2mm, 3mm, 4mm, Smm). The powder of
each layer was poured into the die using a glass funnel,
shaking the die to enhance its packing. The green
samples are produced by uniaxially pressing the layers
using a hydraulic press type Carver with a uniaxial
pressing force of 6 tons applied on the mold piston
using the hydraulic press shown in Figure 3(b). The
green FGM samples are then sintered using an Argon
inert atmosphere furnace according to the heating cycle
shown in Figure 4(a) using the tumbler furnace with
Argon inert atmosphere shown in Figure 4(b).

According to Figure 4(a), the program control of
sintering temperature was divided into five stages. At
stage I, the components of specimens were in solid phase,
and the temperature of the specimen was increased to
150°C for 40 min with a heating rate of 3°C/min. In order
to ensure the phase transformation of PTFE components
in stage II, the end temperature is slightly lower than the
melting point of PTFE. At stage I, the PTFE phase began
to transform, and the transformation was accompanied by
micro-cracks, which reduced the heating rate. The
temperature incre—ases to 290°C within 50 min in this
stage, accelerating the melting flow. At stage III, the
melting flow was kept for 30 min. At stage IV, the
samples were left at 290°C for 210 minutes as while near
the melting point of PTFE. Finally, in stage V, the
temperature dropped from (290 to -120)°C for 120min.
i.e., samples were left for 6 h in the furnace, the
temperature was kept for half an hour and then cooled
rapidly. The enhanced AI/PTFE reactive material
specimen was obtained after the specimen was
completely cooled. Enhanced AI/PTFE reactive material
specimens have been obtained as a result of the sintering
and rapid cooling of specimen structure. As a result of the
mechanical pressing during the preparation of the
specimens, it can noticed that before sintering, the
distribution of each component in the specimen was not
uniform, and the strength of the specimen in this stage
was low. During the sintering process, PTFE was in the
solid state, PTFE diffused between aluminum particles,
the internal gap of the specimen became smaller, and
some defects were eliminated. After this stage, the
strength of the specimen was greatly improved. When the
temperature was lower than the melting point of PTFE
(290°C), the rapid cooling process was conducted after
keeping for half an hour. At this stage, the volume of the
specimen was reduced, the distribution was more orderly,
and the internal defects of the specimen were further
reduced; therefore, the strength of the specimen was
further improved after this stage [31].

C% Si% Mn% P% S% Cr%

Mo% Ni% Al% Cu% Fe%

0.466 0.268 0.637 0.0131

0.0269 0.950

0.208 1.53 0.0251 0.0567 | Balance

60 = VOL. 52, No 1, 2024
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Figure 4. Sintering process (a)Sintering heat cycle (b)
Tubler vacuuming furnace with an inert atmosphere.

Figure 5 shows the three, four, and five layers of
FGM samples produced after the sintering process.
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Figure 5. Samples of FGM (a)Three layers, (b) Four layers,
(c) Five layers

2.3 Apparent Density and porosity Measurement

The bulk density and porosity of the produced single
layer and FGMs were measured experimentally using
Archimedes principle (AP) according to ASTM C373-
88 with the following steps:

1. The produced FGMs were dried inside a furnace at
110°C for 24 hours and cooled to room temperature. A
sensitive balance is used to measure the dry mass (W}).
2.The single layer and FGMs were hung in a distilled
water bath, then boiled for five hours and socked there
for 24 hours. The suspended weight (W,) was measured.
3. The water-saturated samples are then taken out of the
water, and their surfaces are dried and weighed in air to
obtain (W3). The apparent density and porosity of the
FGM can be calculated using the following formula [32]:

41

=L 1
Wy, P M

pap

where:
Pap 1s the apparent density (g/cm’)
p,, is the water density(g/cm’)
The porosity of the FGM specimen can be calculated
as [32]:
W5 -Wh

PY% =——— 2
0 %—szw ()

where P% is the percentage of the apparent porosity.
The suspended and dry masses used in calculating the

density and the porosity of the FGMs samples have been

measured using the balance scale shown in Figure 6.

Fig. 6. suspended mass and dry mass measurement
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3. RESULTS AND DISCUSSION

The following articles will discuss the results of XRD and
microstructure for each layer and FGMs product and the
measured density and porosity of such materials.

3.1 Microstructure results

Figure 7 illustrates the SEM image for each layer of the
FGM with 75wt%Al, 50wt%Al, and 25wt%Al, respec—
tively, after performing the sintering process. Figure
7(a) shows the Aluminum matrix (black color) with a
homogenous distribution of PTFE particles (white
color) in a nearly rectangular shape at the grain boun—
daries of the Al. As illustrated in Figure 7 (b), more
PTFE particles were displaced at the Al-matrix's grain
boundaries by increasing the weight percentages of the
PTFE particles. As can be observed from Figure 7(c), at
a weight percentage of 75% for PTFE, there is a greater
chance of PTFE particles aggregating at the outer
boundaries of the aluminum grains. However, the PTFE
particles are distributed uniformly throughout the
aluminum matrix throughout these images, with no
clustering.

~ 3, . -
SEMHV:20.0kV |  WD:8.91mm
| - SE o 200 pm
Date(midly). 03/22/23
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Figure 7. SEM image for single layer with chemical
composition (a) 75%Al, (b) 50%Al, (c) 25%Al

Figure 8 shows the SEM images for the functionally
graded materials produced with three, four, and five
layers. Figure 8(a) shows the strong diffusion between
layers after sintering the three layers of FGM with clear
inspected boundaries between them. Figure 8(b) and
Figure 8 (c) show how the PTFE particles displaced
within the Aluminium particles evenly. This can be att—
ributed to the well preparation of the powder compaction.

3.2 XRD Characterization

Three distinct produced FGMs layers, 75wt%Al-
25wt%PTFE, 50%wtAl-50wt%PTFE, and 25wt% Al-75
wt% PTFE, were XRD tested after sintering as can be
shown in Figures 9, Figure 10, and Figure 11. The XRD
characterization was performed by comparing the acqu—
ired peaks with the diffraction after mixing the compo—
nents. Since metal-polymer FGM layers were developed
in the current work, it is unlikely that the elements will
interact. However, the peak shift between the Al and
PTFE, as well as their composites, which have various
weight percentages of both elements, reveals that the
synthesized product experienced a structural change.

Performance in nanospace
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Figure 8. SEM images of produced FGM (a)Three layers, (b)
Four layers, (c) Five layers
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Figure 9. XRD for the layer with 75%Al and 25% PTFE

The XRD analysis presented in Figure 9 shows that
all acquired peaks have been shifted to the left when
comparing them with those of the aluminum illustrated
in Figure 1(b). This Figure reveals that the layer consists

FME Transactions

of 75%Al and 25% PTFE particles after sintering has an
angle 20 = 31.3°, 37°, 38°, 41.1°, 49°, 37.1°, 65° and
78° while it becomes 22.5°, 31.1°, 37.1°, 38° and 66°
for a layer consists 50% Al and 50% PTFE as can be
shown in Figurel0 and 26=31.8°, 37.1°, 38.5°, 41.5°,
44.5°, 65.5°, 78° for the layer consists of 25%Al and
75% PTFE as illustrated in Figurell. The comparison
of the peak positions of the different layers with those of
Al (26=38.1°, 45°, 65.5°, 78°) shows that the peaks of
the composite materials shifted to the left, which reveals
an expansion of the material crystallin. The SEM image
for the five layers of FGM shown in Figure 12 clearly
depicts the displacement of the PTFE particles inside
the Aluminium matrix.
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Figure 10. XRD for the layer with 50%Al and 50% PTFE
12004

Al
O 25% Al

2004

600 Al

Intensity

g

Al Al

Al PTFE
2004 PTFE

PTFE !
0+

10 40 S50 60 70 80
20

Figure 11. XRD for the layer with25%Al and 75% PTFE
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Figure 12. SEM images of produced Five layers of FGM
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3.3 Results of Density Measurement

Each layer's bulk density and the material that has been
functionally graded have been measured using the
method outlined in section 2.3. The results obtained for
three, four, and five layers of FGM are demonstrated in
Figures 14 to 17.

3.4 Hardness measurement

Hardness values across the wall thickness of the samp—
les were made between the PTFE-rich and Aluminium-
rich regions. Figure 13 illustrates the average values of
the microhardness of PTFE-Al layers with different Al
particle content. This Figure shows that the hardness
increases with the increased percentage of the Alumi—
nium particles. The hardness improved from 6.37HV in
a PTFE-rich layer (with zero Al particle content) to
51.35HV in an Aluminium-rich layer (25wt% of PTFE
and 75wt% of Al). The hardness improvement can be
attributed to the good mechanical properties of the Al
compared to the PTFE. As shown in Figures 7-12, the
nearly homogeneous distribution of the PTFE helps
improve this.
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Figure 13. Average microhardness of the different
composite layers

Figure 14 shows that the apparent density of the
three layers of FGM is 2.254 gm/cm’ as compared to
2.068 gm/cm’ and 2.246 gm/cm’ for four and five layers
of FGMs, as can be seen from Figure 15 and Figure 16.
It was observed that when compared to the three layers
of FGM, the apparent density of the four FGMs dec—
reased by 8% while the density of the five layers of
FGM negligibly increased by 0.35%.
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Figure 14. Apparent density for three layers of FGM
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The drop in density for the four layers of func—
tionally graded materials can be attributed to the FGM's
increased porosity, as can be observed in the SEM
images of the various layers that were previously pro—
vided. Figure 17 compa-res the apparent densities of
various functionally graded materials to those of their
primary components (Al and PTFE). This graph demo—
nstrates that the apparent densities of the various
functionally graded materials produced are more com—
parable to those of PTFE than Al.

2.577 2542
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layer1 layer2 layer3 layerd FGM2

Figure 15. Apparent density for four layers of FGM
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Figure 16. Apparent density for Five layers FGMs
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Figure 17. Comparison between the apparent density of
different FGMs

3.5 Results of the porosity measurement

Figures 18 to 20 show the results of the measurements
performed on the porosity of the various layers as well
as the functionally graded materials using the method
described in section 2.4. Figure 18 demonstrates that the
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highest porosity for layer one, composed of 75wt%
Aluminium and 25wt% PTFE, is 1.76%, whereas the
porosity for the other two layers is minimal and only
reaches 0.6525%. Also, this Figure shows that the FGM
with three layers has a porosity of 2.31% greater than
the three layers. Figure 19 illustrates each layer's
porosity and the four FGM layers. This Figure displays
a porosity of 0.297% for the first layer, which made up
75wt%Al and 25wt%PTFE, while it becomes
0.6525wt% for the second and third layers, which are
composed of 50wt%Al-50wt%PTFE and 25wt%Al-
75wt%PTFE respectively. The fourth layer shows a
porosity of 4.49%, which represents the highest porosity
even than the four layers FGM, which exhibited a
2.27% porosity. Figure 20 demonstrates that the first
and fifth layers of the FGM exhibited the highest
porosities, with respective values of 2.7% and 4.94%,
compared to the other three layers. The functionally
graded material shows an overall porosity of 1.818%,
which is lower than the porosity of the top and bottom
layers. As can be seen, the functionally graded material
with five layers has a lower porosity of 1.818%
compared to that of three and four-layer FGMs, which
reached 2.13% and 2.27%. A comparison between the
porosities of various functionally graded materials is
shown in Figure 21. This Figure clearly shows that the
porosities of different FGMs are nearly comparable to
that of Al rather than the PTFE. Comparatively
speaking, the five-layer FGM (FGM,) exhibits the most
negligible porosity. The porosity of FGM; reaches
1.818%, with 3.8% higher than Al's, while FGM2 and
FGM3 show 29.71% and 21.71% higher than Al.

I Porosity
2.13

0.6525 0.6525

layer1 layer2 layer3 FGM3

Fig. 17. Three layers of FGM porosity
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Figure 19. Four layers of FGM porosity
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Figure 21. Porosity of different FGMs

4. CONCLUSIONS

The present work has produced three different AI-PTFE
functionally graded materials with three, four, and five
layers using uniaxial powder compaction technology.
The materials are characterized by checking the
microstructure and measuring the porosity and the
apparent densities for the different layers and the FGMs.
Following is a summary of the findings related to the
microstructure, density, and porosity of the produced
functionally graded materials:

1. Functionally graded materials with three, four, and
five layers have been successfully produced using the
powder compaction technique without delamination in
transition boundaries and surface defects.

2. The hardness improved from 6.37HV in a PTFE-rich
layer to 51.35HV in an aluminum-rich layer.

3. SEM images confirm the strong diffusion of the layer
boundaries.

4. The PTFE particles distributed relatively homoge—
neously in Al particles when added with low concent—
rations (25% and 50%), while they agglomerated at the
Al boundaries when added with a higher concentration
(75%).

5. The SEM images of the different functionally graded
materials produced confirm the change in host particle
size. XRD results indicated the possibility of distortion
in the crystal lattice lattice.

6. The apparent density of different functionally graded
materials is comparable to that of the PTFE rather than Al

7. The highest and the lowest apparent densities were
observed at the layers containing 50 wt% and 25
wt%PTFE, respectively.
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8. The highest and the lowest porosities were observed
with the four and five-layer FGMs, respectively.
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NOMENCLATURE

P Apparent porosity(percentage)

W, the dry mass (gm)

W, The suspended weight (gm)

W; Mass of the sample in the air (gm)
Pap Apparent density (g/cm?)

P Water density(g/cm’)

Abbreviations

Al Aluminum

SiC Silicon carbide

FGM  Functionally graded material
MoS, Molybdinium die sulphate
PTFE Poly-tetra-fluoro-ethylene
SEM  Scanning electron microscope
XRD  X-ray diffraction

CHUHTETHUKA U KAPAKTEPU3ALINJA AJI-
INTO®E ®YHKIINOHAJIHO KJIACUDU-
KOBAHOI' MATEPUJAJIA IPUMEHOM

TEXHUKE METAJYPTHUJE TPAXA

I'.X. Ompan, H.C. Patxu, B.A. Adac

TpenyTHU pal yKibydyje NPOHM3BOAKY (YHKIMOHAIHO
knacugukoBanor marepujana (An-IITOE) npumenom
TEeXHHKE MeTalypruje mnpaxa. [Ipe/uiokeHn rpaanpaHu
MaTepujald yKJbY4yjy TpH, YEeTHPH W TET CIIOjeBa.
Caku cmoj ce cactoju ox IITO®E um An dyectuma
npoceyHor mnpeuHuka on 200 HM U 25 MuUKpomerapa,
pecrekTHBHO. [IpaxoBu cy nomemianu, GopMHpaHH Yy
LUIAHAPUYHE OOJIMKE, a 3aTUM CHHTEpOBaHH y mehu y
WHEPTHO] cpeArHH. MUKPOCTPYKTYPHE M MOP(OIIOLIKE
ocoOuHe Kiacu(UKOBaHUX MaTepujajia Cy NnpoydaBaHe
koputithetem KCPJl u CEM cnuka. ExcriepumeHTanHo
ce MepH TI'yCTMHAa M TBpAOha NMPHUIPEMIbEHHX Kilacu—
¢uxoBanux marepujana. Pesynratu KCP/l u CEM cun—
Maka oTkpuBajy na cy ®I'M-oBu ycnemiHo pasBHjeHH
0e3 MKaKBOT pa3dBajama MU CTBapama IMyKOTHHA W Ja
je IITOE 6mo paBHOMEPHO IUCIIEPTOBAH 1O CIIOjeBUMA
ca KOHIIeHTpamujamMa dectrna ox 25 u 50 tex.%. A
Jobujenn pesynratu Takohe OTKpHBajy la je rycTHHA
paznmuuutux ®I'M ynopeausa ca ryctusom [ITOE.
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