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X-RAY ANALYSIS OF ORGANOPLASTICS
BASED ON AROMATIC POLYAMIDE
PHENYLONE

06’exkmom 00CiOACEnII € MINCMONEKYLAPHA B3AEMOOLSL MINC 8 SICYYUUM MA BOLOKHUCTIUM HANOBHIOBAUEM, AKA
YUNUMD eNUKULL 6NAUE HA MPUOOMEXHIUNL Ma MIUHICTIT XAPAKMEPUCTIUKY BUPOOIE 3 NOTIMEPHUX KOMNOSUUITIHUX
mamepianie. Bpaxosyiouu 3asnauene, susnavenns Qiauunoi 63aemo0ii Midlc KOMNOHEHMAMU € BANCIUBOI0 3A0AUET0
npu cmeopenti HOBUX KOMNOSUYIUHUX MAMEPIanis.

Y pobomi posensymo eunaue norioxcioiazonviozo (Okcanon) ma nonicyavgonamionozo (Tannon T700) sonokna
Ha CMPYKMYpY apomMamuunozo nouiamioy ¢geniion mapxu C-1 3a 00nomozor penmezeHocmpyKmypHozo auaisy.
Amnanis docrioxcerv nokasas, ugo 6éedenis ximiunozo 6oaokna OKcaion npussooums 00 6nOPsaOKY6ans Haomo-
JeKYAAPHOL CIMPYKMYPU 8 S%iCyu020: 6i00Y6AEMbCA SMEHULCHI MINCNLOUUNHOT MA HALIKOPOMULOT MINCAMOMHOT
gidcmani na 18 i 25 %, npu odnouacnomy 36imvwenii cepedinnbozo posmipy xpucmanrimie na 50 %.

Jlns opzanoniacmukie cnocmepizacmocs 3HUNCEHIA WUPUHU OUDYSTUH020 MAKCUMYMY NOJIMePHOT Mampui
6 obaacmi kymie poscirosanns 20—30° ma snuknenns opyz0z0 amop@nozo 2ano é obracmi kymie 40—60° npo-
nopuitine 36invwentio KOHuenmpayii 60J10KkHa 6 noximepniti mampuui. Ipuuunoio cnocmepeicysanozo seuud,
0uesUONO, € OIUNCHLOOHOUA CIMPYKMYPU3AYLIA NOJIMEPHUX NANHUI0ZIE 6 SICYU020 HABKOLO0 BOIOKHA, 8 HACIIO0K Y020
YMEOPIIOMbCsL HOBI CMPYKMypii eiemenmu — Giopuu y npuxopooHnomy wapi i na mexci nodiny <Mampuis-
nanosmiosaus. [pu apmysainni 6uxionozo norimepy nouicyrvgonamionum eonroxnom Tannon T700 cnocmepizaemuvcs
He3HAUHEe 3MEHULeHHS MINCNIOWUNHOT ma natikopomuloi miscamomnoi eidcmani (na 5 % ) npu sbinvwenni cepeo-
Hb020 posmipy Kpucmanimie na 13 % y nopienanni 3 euxionum norimepom. Ompumani pesyivmamu 00ymosaeni
mum, wo Peniion i HanoeHI8ay MaMy OAULKI SHAUCHI CIMPYKMYPHUX XAPAKMEPUCTIUK, T, IK HACTIO0K, MOICHA
3pobumuU 8UCHOBOK, WO NOJICYTbHOHAMIOHOMY B0I0KHY NPUMAMAHHA AMOPDHA CMPYKMYPA.

Ha ocnosi ompumanux 0anux 6Cmanoieno, wo HAKpauumu excniyamayiiinuMu 6Aacmueocmsamu 6yoe xapax-
Mepusys8amucy OPeaHoONIAcmuK, smiyHenutl 601okHom Oxcanon. /lani pesyavmamu y32004cy0mMvCs 3 NPO8eOeHUMU
paniute docuidncennamu mpubonrozivnux xapaxmepucmux. Lle dossonse pexomendysamu oanuil KomMnosum ois
BUZOMOBNEHILA 0eMANE BY3J1i6 MEPMA MAULUIL | MEXANIZMIE 00IAOHANN CYUACHOT MEXHIKU HATMOMICTID KOLbOPOBUM
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1. Introduction

In recent years, many polymer composite materials (PCM)
have been developed, which along with non-ferrous metals
and ceramics contribute to scientific and technological
progress in all areas of modern technology — agricultural,
automotive and metallurgical [1]. Among PCMs for struc-
tural and tribotechnical purposes, composites based on
aromatic polyamides (AP) reinforced with various chemical
fibers (CF) are of great interest [2]. The use of CF as
a filler allows one to obtain PCM with high indices of
tribological and physicomechanical characteristics, which
in turn depend on the intermolecular interaction between
the matrix and filler. The greater the interaction, the bet-
ter the performance [3]. Therefore, it is relevant to study
the relationship between performance and intermolecular
interaction between a binder and a filler. Thus, the object
of research is the intermolecular interaction between the
binder and the fibrous filler, which has a great influence on
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the tribolotechnical and strength characteristics of products
made of polymer composite materials. Given the above, the
aim of research is studying the intermolecular interaction
between the filler and the binder of organoplastics (OP)
based on aromatic polyamide phenylone grade C-1, reinfor-
ced with polyoxydiazole and polysulfonamide fiber.

2. Methods of research

Aromatic polyamide phenylone grade C-1 (TU 6-05-
221-101-71) was selected as the polymer matrix for the
creation of organoplastics. APM-based PCMs are cha-
racterized by high hardness, strength and stiffness, and
stability of physical and mechanical properties at elevated
temperatures (up to 523 K) [4]. Organic fillers were chosen
as filler: polyoxidiazole (Oxalon, Svetlogorsk Khimvolokno
production, Belarus) and polysulfonamide (Tanlon T700,
Shanghai production), the main properties of which are
given in Table 1. The choice of fillers was determined
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on the one hand, its technical characteristics, and on the
other hand, cheapness in the manufacture.

Preparation of OP based on phenylone containing
5-20 wt. % CF (length 3-7 mm) was carried out by dry
mixing in an apparatus with a rotating electromagnetic
field (0.12 T) using ferromagnetic particles. Subsequently,
the fractions were removed from the prepared compositions
by magnetic separation. The mixtures thus obtained were
formed into finished products by compression pressing.

Tahle 1
Properties of chemical fibers*
Value
Indicator

Oxalon Tanlon
Density, g/cm® 1.43 1.42
Tensile modulus, GPa 10.5 7.45
Elongation at break, % 19-24 20-25
Softening point, K 723 640
Operating temperature, K:
— long; 523 523
— short-term 673 573
Oxygen Index, % 28 33

Note: * — developed on the basis of data [5, 6]

The processes of the interaction of Oxalon and Tan-
lon fibers with a polymer binder were evaluated using
X-ray diffraction analysis (XRDA) on a DRON-2.0 dif-
fractometer (Russia) in a CoKo monochromatic radiation
(A=0.17890 nm) in the range of angles 26 from 10° to 80°.
The samples were mounted in standard quartz rings of the
GP-12 attachment (Russia) with goniometric diffractom-
eter equipment using plasticine. The series of the studied
samples were shot in one mode, which made it possible
to assess the structural characteristics. Interplanar (dyx;)
and short interatomic distances (Ry), average crystallite
size (L) of the initial polymer and OP based on it were
calculated using the formulas given in [7].

3. Research results and discussion

Analysis of the diffraction patterns of phenylone and
organoplastics based on it, reinforced with the Oxalon
organic fiber (Fig. 1) shows the following. The structure
of the initial polymer is amorphous (Fig. 1, curve 1), as
evidenced by the presence of a pronounced diffuse maximum
(halo) in the region of scattering angles of 20—-30° of X-ray
radiation. In addition, the second, weakly pronounced dif-
fuse maximum, characteristic of amorphous substances, is
clearly manifested in phenylones on diffraction curves [8].

The introduction of fiber leads to a decrease in the width
of the diffuse maximum of the binder, which is proportional
to the increase in fiber concentration in the polymer matrix
and the disappearance of the second amorphous halo (Fig. 1,
curves 2-5). The reason for the observed phenomenon is
obviously the short-range structuring of the polymer chains
of the binder around the fiber, as a result of which new
structural elements are formed — fibrils in the boundary
layer and at the «matrix-filler» interface [9]. This is con-
firmed by a decrease in interplanar and short interatomic
distances by 18 and 25 %, respectively, with an increase
in the average crystallite size by 50 % compared with the
initial polymer (Table 2). This indicates the interaction
between the binder and filler between the components.
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Fig. 1. Diffraction patterns of the initial polymer (1) and organoplastics
based on it, containing 5 wt. % (2), 10 wt. % (3), 15 wt. % (4),
20 wt. % (5) Oxalon fiber (B)

Tahle 2
Results of qualitative and quantitative analysis of phenylone
reinforced with Oxalon fiber

Fiber content, % dypr, NI Hy, nm L, nm
0 0.3976 0.4891 3.3664

5 0.3456 0.4251 4.245

10 0.3388 0.4125 5.0816

15 0.3321 0.3961 6.0826

20 0.3231 0.3676 6.8289

100 0.2834 0.3486 10.492

X-ray structural analysis of organoplastics reinforced
with Tanlon fiber (Fig. 2) showed that the introduction
of a filler leads to a slight decrease in interplanar. As well
as a short interatomic distance (by 5 %) with an increase
in the average crystallite size (by 13 %) compared with
the initial polymer (Table 3). It is characteristic that the
second diffuse maximum appears even at a sufficiently high
(20 wt. %) fiber concentration (Fig. 2, curve 5) in the
studied compositions. This fact, as well as the preservation
of the pronounced diffuse halo in the region of small angles
of 20—30° diffraction, indicates that the phenylone structure
is amorphous for all the composites studied.
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Fig. 2. Diffraction patterns of the starting polymer (1) and organoplastics
based on it, containing 5 wt. % (2), 10 wt. % (3), 15 wt. % (4),
20 wt. % (5) Tanlon fiber (B)
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Table 3
Results of qualitative and quantitative analysis of phenylone
reinforced with Tanlon fiber

Fiber content, % dygz, M Hp, nm L, nm
0 0.3976 0.4891 3.3664

5 0.3867 0.4756 3.4421

10 0.3832 0.4713 3.5120

15 0.3787 0.4671 3.6663

20 0.3746 0.4628 3.8203

100 0.3697 0.4548 3.8400

These results are due to the fact that phenylone and
filler have a close chemical structure (Fig. 3, 4), and as
a result, similar values of structural characteristics (which
is confirmed by the experimental data given in Table 2).
That is, the Tanlon fiber is characterized by an amorphous
structure.

Fig. 3. The chemical formula of phenylone C-1
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Fig. 4. The chemical formula of Tanlon fiber

The obtained results of the structural analysis are
in good agreement with the indicators of the tribologi-
cal characteristics of these OPs. As is known [10], the
increase in PCM wear resistance is associated with the
improvement of the supramolecular structure of the binder,
that is, the transformation of the globular structure into
fibrillar. So, organoplastic reinforced with Oxalon fiber is
characterized by better tribological properties compared
to Tanlon [11, 12].

4. Conclusions

Based on the obtained results, it is found that rein-
forcing phenylone with Oxalon CF promotes structural
rearrangement of the polymer in the presence of a filler:
new structural elements — fibrils — are formed in the
boundary layer and at the «matrix-filler> interface. The
use of polysulfonamide fiber as a filler does not allow

to achieve this effect. Given the above, it can be argued
that the best representative performance properties will
be characterized by OP based on phenylone reinforced
with Oxalon fiber, which is confirmed by the experimental
data [11, 12] conducted by the authors earlier.
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