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The microstructure of phenylone C-1 and metal-containing polymers based on it, con-
taining 15 wt. % of fillers was investigated. Electron microscopy investigation of metal-
containing polymers has shown significant changes in the nature of the phenylone cleavage
in the presence of metal particles. The greatest changes occur in the boundary and
interfacial layers. Within the interfacial layer, polymer-filler phenylone macromolecules
are straightened and aggregated into the oriented fibrillar structures around the filler
particles. The changes in the structure has a positive impact on physical and mechanical
properties; compared to the unfilled polyamide, the hardness, the yield strength at com-
pression, the proportionality limit, the modulus of elasticity, the temperature of glass
transition and the wear resistance increase.

Keywords: aromatic polyamide phenylone, fine powders metal filler, structure forma-
tion, properties.

JocainxeHHsa BIIMBY HAJAMOJIERYJISPHOI CTPYKTYPH HA BJACTHMBOCTI MeTAJOIOJiMepiB.
K.A€pvomina, O.I.Bypa

Hocaimxeno MikpocTpykTypy (denimony C-1 i meranomosimepiB Ha ioro ocHoBi, mio
micrare 15 mac. % HamoBHIOBaua. EJIeKTPOHHO-MIKPOCKOIIIUHI QOCHiAMEeHHS MeTaJIOIIoJi-
MepiB cBiguaTe mpo cyTTeBi 3MiHM xapakTepy BigKoay (eHIIOHY Yy IPHCYTHOCTI MeTajeBUX
yacTok. Hanbineuri aminu mporikamoTs y npurpanudeHomMy i mimdasHomy mapax. ¥ Mmikdas-
HOMY ILIapi moJiMepa-HAIIOBHIOBAYA MaKPOMOJIEKYIN (PEeHiJOHY BUOPAMJIAIOTLCI 1 arperyioTh
y opienroBami (ibpuaApHi CTPYKTYypHM HABKOJIO YaCTOK HAIIOBHIOBaua. SMiHM Yy CTPYKTYpi
YMHATh [IO3UTHBHUII BIauB Ha (isurKo-mexamiuHi BiacTmBocTi, HigBHIIyHOUYN TBepIiCcTh,
MeXXy IUIMHHOCTI Ta IPOIOPIiNHOCTI HPM CTUCHEHHI, MOAYJb IPYXXHOCTI, TeMIIEPATYPY CKJY-
BaHHS i 3HOCOCTIIIKiCTL HOPIBHAHO 3 HEHAOBHEHUM IIOJiaMizom.

Hccnemopausl MmukpocTpykrypa (eruiaona C-1 u MeTangomoJMMepPOB Ha €ro OCHOBE, CO-
mepxamux 15 mace. % HaAMOJMHUTENSA. DIEKTPOHHO-MUKPOCKOINYECKNE HCCIEeIOBAHUS Me-
TAJIJIOMOJNMEPOE CBHAAETEJIBbCTBYIOT O CYIIECTBEHHBIX M3MEHEHHSIX XapakTepa cKoJa heHUJIO-
HA B IPHCYTCTBAM METAJIIMUYECKUX dacTull. HambGosplline M3SMeHEHUA [IPOUCXOAAT B IIOrpa-
HUYHOM 1 MeX(DasHoOM ca0AX. B MexdasHOM cioe HOIMMepP-HAIIOJHUTEIb MAKPOMOJEKYJIb
(eHUIIOHA BBIOPSAMIAITCA M arperupyoT B OPUEHTHPOBAHHBIE (GUOPUIIAPHBIE CTPYKTYPBI
BOKPYT YACTUI HAIOJHUTENSA. VI3aMeHeHUs B CTPYKTYPEe OKAa3bIBAIOT IOSUTHBHOE BO3aelicTBUE
Ha (U3HKO-MEXaHWYECKUe CBOIICTBA, HOBBIIIAS TBEPAOCTH, HPELe] TEeKYUYECTH IIPH CiXKATUH,
mpees IPOIOPIIMOHAIBHOCTH, MOAYJIb YIPYTOCTH, TEMIIEPATYPY CTEKJIOBAHUA U M3HOCOCTOM-
KOCTb, B CPABHEHHH C HEHAIIOJHEHHBIM IIOJUAMUEIOM.
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1. Introduction

Researches in the field of structural me-
chanics of polymers strongly confirm the
existence of a close relationship between the
morphology of the structural formations of
polymers and their mechanical properties. It
is known from [1, 2] that the formation of
globular structures is characteristic of
amorphous polymers and is accompanied by
deterioration in their mechanical properties.
Polymers become brittle and break easily
under shock loads. The introduction of fill-
ers can significantly improve the mechani-
cal properties; since they are able to influ-
ence the formation of the supramolecular
structure of polymers. The available litera-
ture covers several aspects of phenylone
characteristics: friction and wear [3], struc-
ture of interphase layers [4], energy dissipa-
tion [5], tribotechnical properties [6], and
thermophysical properties [7]. The effect of
various solid additives on the structure can be
used to purposefully correct the mechanical
properties of polymers, which makes the study
of the structure of these materials a priority.

2. Experimental

The aromatic polyamide phenylone, modifi-
cation C-1 (a polymer analogous to Nomex by
DuPont), was used as the polymeric matrix
and fine powders of carbonyl nickel (PNK-
2K10), copper (PMS-1), aluminum (PA-1), tita-
nium (PTK-1(2)), and bronze (Br O5Ts5S5)
were used as filling materials. The degree of
filling was 15 wt.% [8]. The basic properties
of the materials are presented in Table 1.

The compacted powder compositions were
prepared by mixing the components: pheny-
lone C-1 + 15 wt. % of a fine metallic fill-
ing material in a rotating electromagnetic
field in the presence of ferromagnetic parti-
cles. The resulting mixtures were pelleted
on a hydraulic press at room temperature

Table 1. Basic properties of compacted powders

break of the phenylone C-1 surface, x20000.

and a pressure of 40 MPa; then, the pel-
leted samples were dried in an oven at a
temperature of 473-523 K since the proc-
essing of undried phenylone impairs its
strength properties and results in surface
flaws. The dried and pelleted workpieces were
subjected to compression molding at a tem-
perature of 593 K and a pressure of 40 MPa
for 10 min to manufacture products.

Morphological studies were carried out
with an electron microscope UEMV-100,
using the replica method. Replica shadow-
ing was performed with the help of plati-
num. Physical and mechanical properties
were determined according to the state
standards (GOST) for plastics. The tri-
bological characteristics were determined on
the disc friction machine according to the
method described in [9].

3. Results and discussion

Phenylone is an amorphous polymer and
has a globular structure (see Fig. 1). Cleav-
age surface is uniformly covered with the
spherical structures of approximately
30 nm, which is consistent with the results
[10, 11].

Symbol Color Density, kg/m3 Apparlin} dgnsity, Melting point, K | Particle size, um
g/m

C-1 Pink 1350 200-300 543" 35-50
Ni Gray 8900-1200 1726 12-21
Cu Red 8960 1250-2000 1356 33-57
Al Silver-white 2699 960 934 129-172
Ti Silver-white 4505 2850 1933 158-284

Br (Bronze) Goldish 8800 3700—-4700 1203-1373 43-90

*Vicat softening point.
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For amorphous polymers with flexible
circuits, a globular type structure is the
simplest one, consisting of one or many
macromolecules rolled into spherical parti-
cles. The ability of the macromolecules to
roll into a ball is due to their high flexibil-
ity and the predominance of intramolecular
interaction forces over intermolecular ones
[12]. The globules may be considered [13] as
three-dimensional formations of macromole-
cules or their segments with a short-range
order of the axes of molecular chains.

Electron microscopy investigation of
metal-containing polymers (Fig. 2, 3) shows
significant changes in the nature of pheny-
lone cleavage in the presence of metal parti-
cles. The greatest changes occur in the
boundary and interfacial layers. In filled
systems containing aluminum (Fig. 2a,) the
formation of multimolecular globules is ob-
served in the layers adjacent to the filler.
In systems with copper and bronze (Fig. 2b,
c), ordering with the formation of globular
slats is observed. Nickel (Fig. 2d) provides
the formation of separate folded structures.
Titanium initiates the formation and orien-
tation of globular slats that provide a
crown-shaped structure (Fig. 2e).

In the interfacial layer of the polymer-
filler, the phenylone macromolecules
straighten and aggregate into oriented fibrillar
structures around the filler particles (Fig. 3).

The destruction of all the filled systems
occurs by the adhesive-cohesive mechanism;
on the surface of the polymer particles, in-
dividual globules are visible. At the same
time, at a very big distance from the inter-
face boundary, the globular structure of the
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Fig. 2. Electron microscopy im-
ages of a boundary layer of poly-
mers containing metals: a) alumi-
num, x10000; b) copper, x10000;
¢) bronze, x6000; d) nickel,
x10000; e) titanium, x6000.

binder, the sizes of the globules and their
packing density remain unchanged, which is
typical for the initial polymer.

The micrographs of cleavages give only a
general idea of the supramolecular struc-
ture, since the character of cleavage is in-
fluenced by the nature of crack growth dur-
ing brittle fracture of the material. How-
ever, the observed differences for uniformly
filled metal-containing polymers, which dif-
fer only in the nature of the particles, are
so significant that they can only be associ-
ated with changes in the binder structure.
The correlation between physical-mechanical
and tribotechnical characteristics of the
metal containing polymers and the morphol-
ogy of the structural units within the poly-
mers is really confirmed (see Table 2). As it
can be seen from the Table, the changes in
the structure have a positive impact on
physical and mechanical properties; the
hardness increases by 28-45, the compres-
sive stress at yield — by 10-18, compres-
sion stress at the proportionality limit (de-
viation from Hooke’s law is observed above
this compression stress) — by 23-40, the
modulus of elasticity — by 9-22, the tem-
perature of glass transition — by 1.8-26.3 %,
the wear resistance — by 1.5-19.75 times
compared to the unfilled polyamide.

Analyzing the properties of filled sys-
tems and comparing them with the struec-
ture, it can be noted that the formation of
multimolecular globules in the boundary
layer with the filler has the least effect on
the increase in hardness and yield strength
in compression, while the crown-like struc-
tures of spherical strips have the greatest
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effect. The formation of individual folded
structures leads to a significant improve-
ment in the proportional limit at compres-
sion, as well as the wear resistance of the
system. The formation of globular slat has a
significant effect on increasing the glass
transition temperature, but the wear resis-
tance and elastic modulus systems change
insignificantly.

4. Conclusions

It was found that metal fillers have a
strong effect on the properties of the poly-
mer matrix, causing thermochemical
changes associated with the active action of
fillers on the formation of the structure of
metal-containing polymers. Electron micros-
copy shows the emergence of new structures
at the "polymer-filler” interface and in
boundary layers, which have a strong influ-

Fig. 3. Electron microscopy im-
ages of the interfacial layer of
polymers containing metals:
a) bronze, x6000; b) copper, x8000;
¢) nickel, x10000; d) titanium,
x6000; e) aluminum, x6000.

ence on the properties of the filled systems.
The data obtained indicate that the intro-
duction of various metal fillers can be used
to purposefully adjust the properties of
polymers.
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Table 2. Physical and mechanical properties of metal-containing polymers with 15 wt. % of

metallic filler

Properties Phenylone C-1 containing 15 wt. % of metallic filler:

- Ni Br Cu Ti Al

Hardness, HB, MPa 180 241 230 227 260 221
Compressive stress at yield, o,, MPa 228.8 259.5 261.7 267.0 269.0 251.3
Compression stress at the proportional 152.6 212.8 200.8 210.0 203.0 187.5

limit, 6,, MPa

Elasticity modulus, E, MPa 2750 3310 3060 2990 3350 3310

The glass transition temperature, T,, K 457 465 579 577 553 571
Wear intensity, I,, 1078 3.95 0.2 2.2 2.6 1.5 1.0
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