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B padome npusooamca pesynvmamel uccie006anus 61UAHUA MEXHON02UYECKUX NAPA-
Mempog 1Umbs NOO 0A81eHUEM HA OCHOGHbIE (YUUKO-MEeXAHUYECKUE CEOICHEA HAHOKOMNO3U-
moe. I100 mexHonozuueckumu napamempamy UMeemcsa 66udy 0agjieHue u memMnepamypHulii pe-
JHCUM MAMEPUATLHOZ0 YUTUHOPA, MEeMRePamypa npecc@opmol, 6pems 6blOEPIHCKU HOO Oase-
HUeM, DaACnoodceHue TUMHUKA 6 npeccihopme no omHouieHuIo K hopmytoweiica oemanu. B ka-
yecmee 00veKmMa UCc1e006AHUA UCNONb306ANU MHOZOKOMNOHEHMHbIE HAHOKOMNO3UMbL HA OC-
HO6€ NOTUIMUIEHA GbICOKOU NIOMHOCMU, NOTUIMUIEHA HUZKOU NIOMHOCMU U COnonuUmMepa
IMUNEHA C 2eKCEHOM C MAKUMU HANOTHUM ENAMU, KAK MeXHUYeCKUIl HAHOY21epo0 U allOMUHUe-
eas nyopa. /[nsa ynyuuwieHus mexnono2uiecKoil C08MecmumMoCcnu NOTUMEPHOU OCHO8bL C HANOTI-
HUMENAMU UCHOIb30641U KOMRAMUOUIUIAM 0P, NP EOCMAGIAIO WL C OO0 RPUGUNL 0L CON 0IUMED
Ppanoom nonunponunenac 5,7 %macc. maneunosozo anzudpuoa. B ceasu c neobxooumocmaoro npu-
OQHUA HAHOKOMNO3UMAM AHMUCMAMUYECKUX CCOICHE U GbICOKOU A 02€3UOHHOI NPOYHOCIU K
nogepxnocmu memainiioe oaemcs 060cHoganue epl00py Imux nanonnumenei. Hccnedyomea ma-
Kue puzuko-mexanuuecKue c60icmea HAHOKOMNO3UM 08, KAK PA3pyuialoujee Hanpsiicenue, on-
HocumenvHoe yOnUHeHUe, MOOYl1b YAPYZOCMU HA U32UD, 00beMHAs YCAOKA, A02e3U0HHAA NP OY-
HOCmb, yOenvnasn 31eKmponpoeooHocms. Ilpueooamcesa peszyavmamel UCcied06aHUA 6IUAHUA
meMnepamypHo20 pexcuma u 0a61eHUA TUMbA HA PA3PYyuLaouiee HANPAXNCeHue U OMHOCUMme1b-
Hoe yOnuHeHue HAHOKOMNO3UN 08 HA OCHOGE NONUONIEPUHOB, COOEPIHCAUUX MEXHUYECKUTL y2ie-
P00, antomunuegyro nyopy u Kkomnamuounuzamop. Ilokazano, umo c yeenuuenuem memnepanyp-
HO20 pexcuma u 0ae1eHUA 1Umbs HAOII00Aem s 3aKOHOMEPHOe noGbluleHue (YUUKO-MeXaHu e-
ckux noxazameneit. Ilpueooamcsa dannvie no 61UAHUIO MEeMReEPamypsvl Hpeccoopmul 6 npedenax
25-70 °C na ceoiicmea komno3umnwix mamepuanos. /laemcs meopemuueckoe 060cHO8aHUe NP o-
yeccam, npomeKauuM npu nepepadomke HAaHoKomno3umos. Paccmompeno énuanue pacnono-
JHCeHUA TUMHUKA 8 npecchopme (6001b unu nonepex) Ha ceoiicmea omaumauix oopasuos. /loka-
3aHO, YMO NPU PACRONONHCEHUU U30eUA 800/1b HPHICKUBAEMO20 HOMOKA PACNIABA, NP OYHOCHb
U yonunenue 00pa3y06 CMAHOBUMCA gblile, YeM Y U30eaUll, PACRONIOHCEHHBIX NOnEPeK K um-
nuky. /laemca noopooénoe onucanue opueHmayuoHHbIM BPOUECCAM, UMEIOUWUM MECHO 8 00beme
OmMaAUEaAeMo20 uzoenus.
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The paper presents the results of a study of the influence of technological parameters of
injection molding on the main physicomechanical properties of nanocomposites. Technological
parameters mean the pressure and temperature of the material cylinder, the temperature of the
mold, the holding time under pressure, the position of the sprue in the mold in relation to the part
being formed. As an object of research, we used multicomponent nanocomposites based on high-
density polyethylene, low-density polyethylene, and an ethylene-hexene copolymer with fillers such
as technical nanocarbon and aluminum powder. To improve the technological compatibility of the
polymer base with fillers, a compatibilizer was used, which is a graft copolymer of random poly-
propylene with 5.7 wt. % maleic anhydride. In connection with the need to impart antistatic prop-
erties and high adhesion strength to the metal surface to nanocomposites, the rationale for the
choice of these fillers is given. Such physicomechanical properties of nanocomposites as ultimate
tensile stress, elongation at break, flexural modulus, volumetric shrinkage, adhesive strength, elec-
trical conductivity are investigated. The results of a study of the effect of temperature regime and
injection molding pressure onthe ultimate tensile stress and elongation at break of nanocomposites
based on polyolefins containing technical carbon, aluminum powder, and compatibilizer are pre-
sented. Itis shown that with an increase in the temperature and injection molding pressure, a nat-
ural increase in physicomechanical parameters is observed. The data on the influence of the tem-
perature of the mold in the range of 25-70 °C on the properties of composite materials are given.
The theoretical substantiation of the processes occurring during the processing of nanocomposites
is given. The influence of the sprue location in the mold (along or across) on the properties of the
cast specimens is considered. It has been proven that when the product is positioned along the
injected melt flow, the strength and elongation of the samples becomes higher than that of the
products located across the sprue. A detailed description of the orientation processes taking place
in the volume of the cast product is given.

Key words: graft copolymer, technological parameters, nanocomposites, injection molding, polyole-
fins, ultimate tensile stress, elongation at break, flexural modulus, compatibility, adhesion

A lot of polymer composite materials are pro- UV and radiation exposure, etc. [1-3]. And each time
duced in the world, which are characterized by high  to achieve this goal, different types of fillers are used,
strength, elasticity, adhesive strength, hardness, ther-  the loading of which into the composition of polymers
mal and heatresistance, resistance to aggressive media, contributes to the formation of composite materials
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with predetermined properties [4-6]. But, it should be
noted that, along with this, there are very limited stud-
ies aimed at studying the processability of new types
of composite materials by standard methods of poly-
mer processing: injection molding and extrusion.
Many interpret this circumstance by the fact that at en-
terprises the choice of the technological mode of poly-
mer processing, as a rule, is carried out experimentally
and is based on the experience of specialists working
in this direction [7-10]. However, this approach, firstly,
is accompanied by certain material and energy losses,
and secondly, the absence of criteria for selecting and
assessing the quality of a polymer composite creates
certain difficulties in choosing the optimal technologi-
cal mode of their processing [11-14].

In connection with the above, in this work, we
focus on the use of such criteria for assessing the qual-
ity of a polymer material, which show significant sen-
sitivity to the main technological parameters of their
processing.

EXPERIMENTAL PART

In this work, we used composites based on pol-
yolefins: high density polyethylene (HDPE), low den-
sity polyethylene (LDPE), and ethylene hexene copol-
ymer (EHC).

HDPE — ultimate tensile stress — 31.3 MPa,
flexural modulus 753 MPa, elongation at break 435%,
density 946 kg/m?, melt flow index (MFI) 5.6 g/10 min,
heat resistance 119 °C, melting point 131 °C, degree of
crystallinity 80%.

LDPE — ultimate tensile stress — 11.2 MPa,
flexural modulus — 196 MPa, density — 927 kg/m?,
elongation at break — 720%, heat resistance -85 °C,
melting point — 101 °C, MFi = 1.9 g/ 10min, degree of
crystallinity 57%.

EHC — which is a heat-resistant linear low-
density polyethylene brand SP980.

The compatibilizer (RPP-MA) of the Exxeler
PO 1020 brand is a graft copolymer obtained in the
process of reactive extrusion as a result of the mecha-
nochemical synthesis of random polypropylene (RPP)
with maleic anhydride (MA). The grafting degree of
MA in the composition of the RPP was 5.7 wt. %.

Technical carbon (TC) of the Printex XE 2-B
brand with a nanoparticle size of 18-40 nm.

As a metal filler used aluminum powder with
a particle size of 0.5-2 um.

The ultimate tensile stress and elongation at
break of the nanocomposites were determined from the
results of analytical data (out of 5 measurements) in
accordance with GOST 11262-80. The relative experi-
mental error is 3-5%.

The flexural modulus was determined in ac-
cordance with GOST 9550-81.
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The MFI of polymer materials was determined
on a capillary rheometer of the MELT FLOW TESTER
brand, CEAST MF50 (INSTRON, Italy) at a tempera-
ture of 190 °C and a load of 5 kg. The relative experi-
mental error is 5%.

The volumetric shrinkage was determined by
measuring the change in the length of the bar from the
original length of the forming part of the mold 55.5 mm.
Shrinkage (A) was calculated according to the equation:
A= (55.5- L) 100%/55.5, where: L is the current value
of the sample length. The shrinkage value was deter-
mined as the average of 5 experiments carried out for
each sample.

All studies on the development of the techno-
logical mode of processing nanocomposites by injec-
tion molding were carriedout in the company METAK
LLC in Baku city, which is one of the leading enter-
prises for the production of pipe and injection molded
plastic products in Azerbaijan.

Polymer nanocomposites based on HDPE
were preparedin the process of preliminary dry mixing
in a ball mill. Then the resulting mixture was loaded
into the hopper of the injection molding machine. To
carry out studies to assess the physicomechanical prop-
erties of polymer compositions, samples were inject on
a JIE3132.250111 injection molding machine. The ma-
terial cylinder of this equipment consists of 4 heated
zones, has a worm-type auger (ratio L/D = 24) with
preliminary plasticization, which rotates and can sim-
ultaneously move forward and backward. The design
of the injection molding machine allows using its ca-
pabilities simultaneously for intensive mixing of the
components of the mixture and cast molding the prod-
uct in the mold. The mold makes it possible to carry
out the process of forming a polymer product. Molded
products are blades for determining the ultimate tensile
stress and elongation at break in accordance with
GOST 11262-80 and bars 4x6x55.5mm in size for
evaluating the modulus of elasticity in bending in ac-
cordance with GOST 9550-81.

RESULTS AND ITS DISCUSSION

The task of the study was to show the optimal
technological mode of their processing by injection
molding using the example of polyolefins, aluminum
powder and technical nanocarbon. The choice of these
complex objects of study was due to the fact that the
considered composites based on HDPE, LDPE, and
EHC are characterized by rather good physicomechan-
ical properties. The loading of TC into the composition
of polyolefins makes it possible to significantly reduce
static electricity, and the presence of an aluminum
filler made it possible to significantly increase the ad-
hesion to the metal surface. We are talking about ob-
taining products that have antistatic properties and are
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used in contact with a rubbing metal surface in the en-
vironment of oil products. In the course of the studies
carried out, it was found that polymer composites con-
taining aluminum and TC in their composition are
characterized by relatively good values of electrical
conductivity and adhesion to an iron surface. Accord-
ing to the data in Table-1, the following composites
meet these requirements to the greatest extent: HDPE +
+ 5.0wt. % TC + 5.0 wt. % aluminum + 2.0 wt %
RPP-MA; EHC +7.0wt. % TC + 5.0 wt. % aluminum

+ 2.0 wt. % RPP-MA; LDPE + 10 wt. % TC + 5.0 wt.
% aluminum + 2.0 wt. % RPP-Ma. As canbe seenfrom
this table, at a higher concentration of technical carbon
and aluminum in the composition of the composites,
the samples are characterized by relatively low values
of strength indicators and elongation at break. At a
lower concentration of the fillers used, the effectin im-
proving the adhesion properties and electrical conduc-
tivity was insufficient.

Tablel

Influence of TC, aluminum (Al) and compatibilizer (K) concentration on the properties of composites based on
LDPE, HDPE, and EHC
Taonuya 1. Biusinue koHuentpauuu TY, amovunus (AJs) u komnaruouiuzatopa (K) Ha cBolicTBa KOMIIO3UTOB Ha

ocuose IIDHIL, TIDBII u COI'

. . Ultimate . Specific electrical
NoNo Composntlonv\(,)tf EZe composite, tensile stress. EI%r:gaalilo‘;) at Si;gzczeil ﬁ;m conductivity e

: MPa ’ ’ (Omm)?
1 88LDPE+5T C+5Al+2K 14.2 235 82.4 4.6x10*
2 83LDPE+10T C+5Al1+2K 144 145 75.3 7.1x104
3 78LDPE+15T C+5Al1+2K 12.1 75 712 9.3x104
4 90HDPE+3TC+5AI+2K 353 215 92.7 2.6.x10°3
5 88HDPE+5TC+5A1+2K 36.0 210 99.5 5.2x10°3
6 83HDPE+10T C+5A I+2K 314 115 89.3 7.9x10°3
7 88 EHC +5TC+5AI+2K 221 350 84.6 2.4x10°
8 86 EHC +7TC+5AI+2K 233 350 85.0 5.7x10°°
9 83 EHC +10TC+5AI+2K 21.0 270 72.8 7.8x10™°

It seemed interesting to use the example of the
considered composites to determine the influence of
the technological parameters of injection molding on
the basic physicomechanical properties. Carrying out
this type of experimental research makes it possible to
get as close as possible to the selection of optimal con-
ditions for processing multicomponent polymer com-
posites. The optimal mode means good miscibility,
technological compatibility of the components of the
mixture, provided that the basic properties of the com-
posite material are maintained at a sufficiently high
level. In order to improve the compatibility and misci-
bility of fillers with a polymer matrix, we used a com-
patibilizer (RPP-MA), which atthe same time hastech-
nological compatibility with HDPE, EHC, and LDPE.
Technological compatibility implies satisfactory mis-
cibility of the components of the mixture without strat-
ification in the polymer matrix.

There is reason to believe that the loading of
fillers into the composition of the considered polyole-
fins will be accompanied by the fact that some of the
solid particles will contribute to the formation of het-
erogeneous nucleation centers. Another part of the fill-
ers, in the process of crystallization of the polyolefin
and the growth of crystal structures simultaneously
from homogeneous and heterogeneous nucleation cen-
ters, will be pushed into the interspherolite amorphous
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region. With the growth of crystals from various crys-
tallization centers, as a rule, it leads to the formation of
small-spherolite crystalline formations [15, 16]. In all
likelihood, the use of RPP-MA as a compatibilizer will
contribute to the fact that MA-free segments of the
macrochain will participate in the formation of spher-
ulite formations, and the RPP macrochains containing
MA units will be redistributed predominantly in the in-
terspherlite region together with filler particles [15-17].
Concentration of MA units, TC nanoparticles and alu-
minum particles in the amorphous interfacial region
will improve the compatibility of the mixture compo-
nents with a subsequent increase in the basic physi-
comechanical properties of the composites.

It seemed interesting to consider the influence
of the main technological parameters of processing by
injection molding on the properties of the composites
under consideration. The main factors of the techno-
logical regime of injection molding are the temperature
of the material cylinder, the rotation speed of the
screw, the injection pressure, the temperature of the
mold, the holding time under pressure and the position
of the product in the mold in relation to the sprue
(along or across). The most sensitive properties to a
change in the technological mode of moulding condi-
tion, in our opinion, are ultimate tensile stress, elonga-
tion, flexural modulus and volumetric shrinkage.
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Tables 2-4 show the results of a study of the
effect of temperature and injection pressure on the
above properties of composites basedon LDPE,HDPE
and EHC. Analyzing the data given in these tables, it
can be established that with an increase in the temper-
ature regime in the zones of the material cylinder and
the injection pressure, there is a natural tendency to an
increase in strength characteristics, elongation at break
of composites and a decrease in their volumetric
shrinkage. The most pronounced effect on the proper-
ties is the temperature regime of processing.

If we pay attention to the strength properties of
composites basedon EHC, we cansee that they occupy
intermediate values between the composites of HDPE

N.T. Kakhramanov et al.

and LDPE. The influence of injection pressure on ulti-
mate tensile stress and elongation, properties is mainly
manifested in the transition from 50 to 100 MPa. A fur-
ther increase in pressure from 100 to 150 MPa has a
lesser effect on the increase in the value of these indi-
cators. The flexural modulus increases continuously
with increasing injection temperature and pressure.
With a injection pressure of over 100 MPa, the growth
of this indicator slows down sharply.

Therefore, from an energy point of view, the
injection molding process of nanocomposites ata pres-
sure of 150 MPa will be ineffective. In this case, it will
be correctto assert about the most optimal injection pres-
sure for the considered composites, equal to 100 MPa.

Table?2

Influence of temperature and injection pressure on the properties of nanocomposites based on LDPE + 10% wt.
TC+ 5.0% wt. aluminum + 2.0 wt.% RPP-MA
Tabnuya 2. Biusinue TeMNepaTypHOro peKHUMa W JaBJIEHUS JUTh HA CBOICTBA HAHOKOMIIO3UTOB HA OCHOBE
IIDHII+10% mace. TY+5,0% macc. amovunmii +2,0% macc. PIIN-MA

Temperature by zones, ° Injection Ultimate tensile | Elongation at break, | Shrinkage, Flexural
| pressure, MPa stress, MPa % % modulus, MPa
120-130-140-150 10.3 105 0.51 235
120-130-150-160 10.3 110 0.51 256
120-130-150-170 50 11.5 120 0.50 261
120-130-160-180 12.0 135 0.43 272
120-130-140-150 10.7 120 0.42 251
120-130-150-160 11.0 125 0.42 266
120-130-140-170 100 132 130 0.35 281
120-130-160-180 14.4 145 0.35 292
120-130-140-150 10.7 120 0.32 254
120-130-150-160 11.2 125 0.32 264
120-130-140-170 150 13.7 135 0.24 285
120-130-160-180 14.5 140 0.22 297
Table 3

Influence of temperature and injection pressure on the properties of nanocomposites based on HDPE + 5.0wt.%
TC +5.0m.% aluminum + 2.0wt.% RPP-MA
Tabnuuya 3. Biusinue TeMnepaTypHOro peKHUMa W JaBJIEHUSl JUThs Ha CBOICTBA HAHOKOMIIO3UTOB HA OCHOBE
IIDBII+5.0% mace. TY+5,0% mace. amomunnii +2,0% macc. PIIII-MA

Temperature by zones, Injection Ultimate tensile | Elongation at break, | Shrinkage, Flexural
°C pressure, MPa stress, MPa % % modulus, MPa
140-160-170-180 29.3 115 0.56 425
140-160-180-190 30.3 130 0.55 456
140-165-190-200 50 331 150 0.47 461
140-170-190-210 33.6 175 0.42 522
140-160-170-180 305 140 0.44 451
140-160-180-190 315 175 0.32 486
140-165-190-200 100 34.7 200 0.25 581
140-170-190-210 35.7 200 0.25 652
140-160-170-180 30.7 200 0.44 454
140-160-180-190 319 195 0.30 488
140-165-190-200 150 352 220 0.21 591
140-170-190-210 36.0 210 0.21 655

An increase in the strength properties and elon-
gation at break of composites at a relatively high tem-
perature regime of injection molding is due to the fact

ChemChemTech. 2022. V. 65. N 1

that under these conditions there is a uniform disper-
sion and mixing of filler particles throughout the vol-
ume of the polymer matrix. This process is especially
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intense in the dosing zone of the injection unit, since it
is in this zone that the screw thread depth is minimal [18].

One of the important technological factors af-
fecting the properties of a molded product is the tem-
perature of the mold and the holding time of the prod-
uct under pressure. The results of an experimental
study on the influence of these factors on the properties
of composites based on LDPE, HDPE and EHC are
shown in Table 5.

As can be seen from this table, the maximum
mold temperature for composites based on LDPE s 50 °C,
for composites based on HDPE and EHC — 70 °C. This
is because the melting point of LDPE is lower than that
of HDPE and EHC. According to the data presented,
with an increase in temperature and time of holding un-
der pressure, there is a definite tendency towards an in-
crease in the ultimate tensile stress and elongation at
break. In some cases, compositions that are cast in a
relatively cold mold (25 °C) have a comparatively in-
significant improvement in elongation. This is due to
the fact that the greater the temperature drop, the faster
the cooling of the surface areas of the polymer matrix
in contact with the surface of the mold occurs. Since
polymers are characterized by a relatively low thermal

conductivity, it would be natural to assume that a pe-
culiar temperature gradient appears over the sample
cross section. In other words, depending on the thick-
ness of the sample, the process of cooling or crystalli-
zation of the composite proceeds at different rates.
Therefore, the surface areas of the cast sample are char-
acterized by a fine-spherolite structure, and in rela-
tively deep areas the crystallization process proceeds
relatively slowly with the formation of larger crystal-
line formations [18-20]. Therefore, the process of in-
jection molding samples into relatively heated molds
to some extent contributes to their more uniform cool-
ing throughout the entire mass of the polymer matrix.
The latter circumstance, in fact, explains a certain in-
crease in the ultimate tensile stress and elongation at
break of the composites. It is important to note that as
the holding time under pressure increases, there is also
a slight tendency to improve the properties of the com-
posites. Apparently, this fact is due to the fact that with
an increase in the cooling time of the sample in the
mold, their volumetric shrinkage occurs, and holding
under pressure and feeding a fresh portion of the poly-
mer mass contributes to the preservation of the external
dimensions of the product according to the forming
part of the mold [17, 21].

Table4

Influence of temperature and injection pressure on the properties of nanocomposites based on EHC + 7.0wt.% TC
+5.0wt.% aluminum + 2.0wt.% RPP-MA
Tabnuua 4. Bimsinue TeMnepaTypHOro peKHUMa W JaBJIEHUS] JUTh HA CBOICTBA HAHOKOMIIO3MTOB HA OCHOBE

COI'+7.0% macce. TY+5,0% macc. amomunmii +2,0% macc. PIII-MA

Temperature by zones, [Injection pres-|  Ultimate tensile Elongation at . Flexural mod-
Shrinkage, %
°C sure, MPa stress, MPa break, % ulus, MPa
140-150-160-170 185 165 0.58 321
140-150-170-180 19.2 190 0.56 356
140-160-180-190 50 20.1 270 0.50 364
140-170-180-200 20.8 285 0.47 429
140-150-160-170 19.7 180 0.49 341
140-150-170-180 20.5 235 0.42 384
140-160-180-190 100 22.8 315 0.35 421
140-170-180-200 23.3 350 0.29 512
140-150-160-170 20.0 190 0.45 354
140-150-170-180 20.9 295 0.36 385
140-160-180-190 150 23.0 320 0.29 428
140-170-180-200 23.3 350 0.29 523

It should also be taken into account that the
process of polymer cooling in the mold proceeds
throughout the entire molding cycle, accompanied by
the occurrence of residual stresses. As a rule, residual
stresses are concentrated in those parts of the product
where the orientation of polymer macromolecules took
place. For example, in the first molding stage, the mold
is quickly filled with the polymer melt. As a result, the
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process of cooling and solidification of the polymer oc-
curs primarily near the surface of the mold with the for-
mation of a highly oriented thin film with the retention
of residual stresses in them. At the second stage of the
molding cycle, the product is compressed and com-
pletely cooled with a constant inflow of a fresh portion
of the polymer into the forming partof the mold. In this
case, an additional orientation arises, which also leads
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to the accumulation of residual stresses. Anincrease in
the mold temperature will undoubtedly affect a de-
crease in the temperature difference between the melt
and the mold wall, thereby contributing to a decrease
in the crystallization rate and the likelihood of residual
stress formation [18, 20]. The danger of residual
stresses is that during operation, under the influence of
temperature and variable mechanical loads, the product
can deform with a change in its structural dimensions.
This circumstance is extremely undesirable, since it
can lead to product breakdown and to emergency situ-
ations.

In the process of injection molding, the poly-
mer matrix is subjected to thermomechanical action, as
a result of which various side reactions of destruction
and crosslinking canoccur in the composite, affecting
their quality characteristics. In this case, depending on
the arrangement of the sprue in the plastic product, pro-
cesses associated with the orientation of macromole-
cules along the melt flow in the forming part of the
mold cantake place. Depending on the type of polymer
composite used, all these factors, to a greater or lesser
extent, affect the basic physicomechanical properties.
At the same time, there are a lot of factors influencing
the orientation processes and this is due not only to the
location of the sprue, but also to the wall thickness and
thickness variation of the product. It is quite obvious
that the thinner the walls of the product, the more pro-
nounced the orientational effect is.

When designing a mold, the most important
consideration is the position of the plastic product rel-
ative to the sprue (along or across). In this regard, it
seemed interesting to consider the influence of the
sprue location in relation to samples (in the form of
blades) intended for testing for ultimate tensile stress
and elongation at break. The results of the study of
composites based on the considered polyolefins are
summarized in Table 6. Analyzing the data presented
in this table, one can find a significant effect of the po-
sition of the sprue in the change in the properties of
composites.

In this case, regardless of the type of the initial
polymer matrix, the samples obtained along the direc-
tion of injection of the melt are characterized by higher
values of the ultimate tensile stress and elongation at
break. This circumstance is interpreted by the fact that,
asaresult of the orientation of macromolecules relative
to each other, the crystallization process proceeds uni-
formly over the entire volume of the sample with the
formation of crystal structures with a minimum defec-
tiveness of the supramolecular structure [17, 18, 20].
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Table5
Influence of mold temperature and holding time under
pressure on ultimate tensile stress and elongation of
nanocomposites based on LDPE, HDPE and EHC. In-
jection pressure 100 MPa
Taonuya 5. Bnusiaue temMmneparypsl mnpeccopMbl U
BPEMEHHN BBIACPKKHM IO AABJICHMEM Ha pa3pyliaro mee
HaNpsi;k€HHE W OTHOCUTEJIbHOE YAJUHEHHE HAHOKOMIIO-
3utoB Ha ocHoBe IIIOHIL, IIDBII u COI'. [|aBjieHue Jiu-

T 100 MIIa
Mold Holding time U_Itlmate Elongation at
temperature, T, | under pres- [tensile stress,
o break, %
C sure, s MPa

LDPE + 10 wt. % TC + 5.0 wt. % aluminum + 2.0 wt. %
compatibilizer Injection temperature by zones,
120-130-160-180 °C

25 13.6 125
40 5 13.9 140
50 13.9 145
25 14.0 150
40 10 144 145
50 14.8 145
25 14.0 150
40 20 145 145
50 14.2 155

HDPE + 5.0 wt. % TC + 5.0 wt. % aluminum + 2.0 wt. %
compatibilizer Injection temperature by zones,
140-170-190-210 °C

25 34.6 210
40 5 35.0 200
50 355 200
70 36.8 220
25 35.0 210
40 35.7 200
50 10 36.0 200
70 37.2 220
25 35.0 210
40 35.8 200
50 20 36.2 200
70 37.0 210

EHC + 7.0 wt. % TC + 5.0 wt. % aluminum + 2.0 wt. %

compatibilizer Injection temperature by zones,
140-170-180-200 °C

25 224 350
40 22.8 355
50 5 231 355
70 231 360
25 230 360
40 233 360
50 10 236 360
70 24.3 370
25 233 370
40 235 360
50 20 239 365
70 24.5 370
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Table 6
The influence of the position of the blade inthe mold on
the physicomechanical properties of HDPE and its
nanocomposites obtained under optimal technological
conditions of injection molding

Tabnuya 6. Bausinue pacnoJioKeHUs1 JIONATKH B Ipecc-
¢opme Ha pusuko-mexanudeckue cpoiictBa IIIBII u
€ro HAHOKOMIIO3MTOB, IIOJYYCHHBIX IPH ONTHMAJIbHBIX
TEXHOJIOTHICCKUX YCJIOBHUAX JHUTHA 1O AABJICHUEM

The loca- | Ultimate
Composition of the |tion of the| tensile |Elongation
nanocomposite, wt.% | bladesin | stress, |at break, %
the mold MPa
along 14.8 145
LDPE+10T C+5A 1+2K ACTOSS 122 110
along 36.2 200
HDPE+STC+5A 2K across 33.7 155
along 23.9 355
EHC +7TC+5ARZK across 21.4 305

Thus, on the basis of the foregoing, it can be
stated that for a number of nanocomposites based on
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LDPE, HDPE, and EHC, the technological modes of
injection molding have been developed. It was shown
that with anincrease in the injection pressure, the tem-
perature regime of the material cylinder, the tempera-
ture of the mold, and the holding time under pressure,
an increase in the strength parameters and elongation
at break of nanocomposites is observed. The filler used
TC, aluminum powder and a compatibilizer based on
RPP-MA.

The influence of the sprue location in relation
to the forming part of the mold is considered. It was
found that the samples located in the forming part of
the mold along the melt injection are characterized by
comparatively better physicomechanical properties.
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A6m0pbl 3asensiom oo omcymcmeuu KOH-
Gauxma unmepecos, mpeodyoue2o packpolmust 8 OaH-
HOU cmamve.
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