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Mechanical and Thermal Degradation Properties
of Isotactic Polypropylene Composites with Cloisitel5A and Cloisite20A

In this work, the influence of maleic anhydride grafted polypropylene (PP-g-MA) content on thermaland me=
chanical properties of polypropylene (PP) composites with two types of clays, differing modifier density in
the interlayer space, Cloisite15A and Cloisite20A, was studied. PP/clay composites were melt blended.in
presence of different content of PP-g-MA from 3, 6, 9, and 12 wt.%. It was found that Cloisite15A with a
high density of the modifier promotes the formation of intercalated structures, while Cloisite20A with a low
density of the modifier, predominantly exfoliated nanocomposites are formed. In the first case, the structure
tends to become intercalated whilst composites with Cloisite20A favor the formation of predominantly exfo-
liated structures. The formation of the nanocomposite is accompanied by a significant increase in thermal sta-
bility (50 % weight loss is observed at temperatures of 360 °C and 430 °C for polypropylene and
nanocomposites based on it, respectively). An analysis of the mechanical properties of nanocomposites gen-
erally indicates an increase in the elastic modulus by 15-20 %, and this effect is more pronounced for exfoli-
ated structures, the yield strength practically does not change and the elongation at break decreases noticea-
bly.

Keywords: polypropylene, clay, composite, polypropylene grafted maleic anhydride, intercalation, exfolia-
tion, oxidation, montmorillonite.

Introduction

Recent research in polymer science has ‘shown finer dispersed inorganic layered silicates or smectite
clays through the organic polymer, increasing its mechanical, thermal, barrier, and fire retardant properties
[1-7]. Layered silicates are made up of several-hundred thin platelets stacked in orderly particles or tactoids
with dimensions of 8-10 um. Each disk-shaped platelet has a large aspect ratio of approximately 100-1000
and is easily agglomerated due to the interlayer van der Waals forces. Each leaf contains an octahedral layer
of alumina or magnesium flanked by two outer tetrahedral layers of silica, so the octahedral layer shares the
tetrahedral layer with its oxygen atoms.”Accordingly, clay particles should be homogeneously finer dispersed
and exfoliated as individual platelets within the polymer matrices to accomplish the ultimate properties.
Moreover, the lower clay content’is also essential to achieve the large contact surface area between the pol-
ymer matrix and the fillers:and.to obtain good dispersion by alleviating the clay aggregation [8-9, 20].

Due to its hydrophilic properties, clay minerals are incompatible with organic polymers like
polyolefins. Researchers employed surfactants aim to make compatible clay with PP. Alkyl amines are wide-
ly used'surfactants.in.obtaining PP clay nanocomposites. In particular, exceeding amine modifiers number 12
provides exfoliation and self-assembly of individual silicate layers within the PP matrix [20]. Cloisite 15A
and Cloisite 20A are organophilic clay minerals modified with dimethyl, dehydrogenated tallow, quaternary
ammonium, Hydrogenated tallow includes 65 % C18, 30 % C16, and 5 % C14. The only difference between
these two clays is the surfactant concentration between layers which accounts for 1,25 and 0.95 meg/g in
Cloisite 15A and Cloisite 20A, respectively. Accordingly, the interlayer distance of Cloisite15A (3,06 nm) is
bigger than Cloisite 20A (2,4 nm) [10].

Tessier et al. [11] used two types of clays: Cloisite 20A and Cloisite 30B (modified with a polar surfac-
tant) to obtain starch-grafted polypropylene organoclay nanocomposites. They used Cloisite 20A due to its
affinity to the polypropylene phase of the polymer matrix while Cloisite 30B has an affinity to the starch
phase. They interpret that the initial inter-platelet distance of this non-polar modified montmorillonite
(Cloisite 20A) is higher than that of its polar modified counterpart (Cloisite 30B). For this reason, on the oc-
casion of Cloisite 20A, the exfoliation mechanism is more mechanically driven (by polypropylene chain in-
sertion) rather than chemically in PP/clay hanocomposites.
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Thermal stability of PP/clay composites was considerably increased as soon as obtained exfoliated
structure [12-16]. The authors concluded that the improvement in the thermal properties was correlated with
lower oxygen permeability resulting from an increased diffusion path for oxygen as well as volatile decom-
position products. PP-g-MA was found the most effective compatibilizer for PP/clay composites in many
articles [17-20]. There are a lot of publications that investigate the effect of different clay modification tech-
niques [21, 22].

Phase diagram of polymer — clay mixture, proposed by Ginzburg et al., revealed that increased length
and density of grafted chains led to improved miscibility of the clay and the polymer, in its turn, proper mis-
cibility contributes to exfoliated structure in the wide range of clay volume ratio. In the case of short surfac-
tant macromolecules, the polymer is not likely to insert space between the clay layers. This causes immisci-
bility for major values of the Flory — Huggins parameter and the clay volume ratio. There is also a limitation
to the strong interaction between grafted chains and polymer macromolecules [23].

For different surfactant lengths, surfactant coverage and surfactant — matrix enthalpic, Balazs et al. stud-
ied morphological behavior of polymer clay composites by employing their model -named. self-consistent
field calculation. According to their model, it turned out that a longer organic modifier provides better inter-
calation of polymer macromolecules to penetrate the space between clay platelets. However, the density of
surfactant should be reasonable because dense coverage makes intercalation and/or exfoliation impossible
[24].

Accordingly, in this paper isotactic PP, PP-g-MA, and two types of clays were chosen in obtaining
composites and the aim of this study is to explore the properties of PP/clay nanocomposites obtained with
different modifier densities between interlayer space in the variation of compatibilizer content.

Experimental

Materials

Isotactic PP (J-170T) with MFI = (2.16 kg, 230 °C).21 g/10 min was kindly provided by JV Uz-Kor
Gas Chemical LLC. PP-g-MA with 2.5 wt.% maleic. anhydride content and MFI = (2.16 kg, 230 °C)
>200 g/min was provided by JV UzAuto CEPLA LLC as a gift. Cloisite15A, (spacing dg; = 3.06 nm, dime-
thyl dehydrogenated tallow ammonium conc. 1.25 meg/g), Cloisite20A, (spacing dgy;:=2,4 nm, dimethyl de-
hydrogenated tallow ammonium conc. 0.95 meg/g) Southern Clay Products, Inc., Gonzales, TX.

Preparation

Components melt blended in Brabender. Plastograph (Germany). First PP and PP-g-MA were intro-
duced into plastograph after getting molten-mass clay was introduced and kept during 8 min 150 rpm in or-
der to provide better mixing components one another. Next, tensile test samples were prepared by injection-
molding machine Mercator 1971 (Poland).-.Name of samples and their content ratios are given in Table 1.

Table 1
Name of obtained samples and their contents
Name of samples PP, % PP-g-MA, % Cloisitel5A, % Cloisite20A,%

PP 100 - - -
PP-g-MA - 100 - -
PP/MA10 90 10 - -
PP/MA20 80 20 - -
15A3 94 3 3 -
15A6 91 6 3 -
15A9 88 9 3 -
15A12 85 12 3 -
20A3 94 3 - 3
20A6 91 6 - 3
20A9 88 9 - 3
20A12 85 12 - 3

XRD measurements
XRD measurements were conducted with Rigaku Miniflex 600 (Japan) in the condition of 40 kV volt-
age, 15 mA current and 0.02° step.
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DSC and TGA measurements
Thermal properties of the samples studied by DSC and TGA analysis were conducted simultaneously,
in the range from room temperature to 600 °C by Linseis thermal analysis PT1610.

Mechanical analysis

Tensile tests were conducted according to ASTMD 638 in Shimadzu AG-X PLUS (Japan). For measur-
ing tensile module (E), 1 mm/min crosshead speed was chosen until 0,3% deformation, after that crosshead
speed increased immediately to 20 mm/min for further exploring yield stress (c) and deformation ().

MFI measurement
MFI was measured according to ASTMD 1238 using Zwick extrusion plastometer (Germany) at
230 °C/2.16 kg.
Results and Discussion

Small angle X-ray diffraction

Small angle X-ray (SAXS) diffraction is identical for characterizing clay dispersion in polymer matrix
[25-27]. The basal spacing of the silicate layer (do;) was calculated with Bragg’s law: nk:= 2dsinf. Figures 1
and 2 show SAXS pattern of obtained samples. The difference between these two organically modified clays
is modifier volume and interlayer distance d (which Cloisitel5A has greater than Cloisite20A) [28]. Cloisites
have two main peaks, the second peak at 20 = 7.2° (dgo; = 1.2 nm) corresponding to interlayer distance of
pure unmodified montmorillonite (MMT), the first peak occurs at 26 = 2.88° in Cleisite15SA corresponding to
intercalation of MMT as a result of modifier penetration during modification while in Cloisite20A, this peak
accounts for in 20 = 3.68°. SAXS curves in Figures 1 and 2, compare the effect of PP-g-MA content on the
intercalation degree of Cloisite15A and Cloisite20A. There was a considerable difference between the dis-
persion of clay through the PP matrix. While composites with Cloisite15A show an intercalated structure,
Cloisite20A achieves exfoliation except for 20A3. In the case of Cloisite15A first peak in 20 = 2.8° shifts
towards small angles about 20 = 2.3° corresponding to d = 38.25 A, however, 15A9 has slightly smaller an-
gles than others, indicating all samples’ intercalation. The second peak also decreased from 20 =7.2° to
20 = 4.7°. With respect to the intensity of the peaks, the smallest intensity was seen in both main peaks in
15A9. This reduction in the peak intensity can be interpreted.as the formation particular amount of exfoliated
structure as well as intercalated. When it comes to Cloisite20A, except for composite with 20A3 all had a
considerable shift in peaks to lower than 20 = 2° angle, as a result of exfoliation. The reason for exception
20A3 is the lack of compatibilizer to achieve finer dispersion of clay in polymer matrix. Occurrence of exfo-
liation in the composites with Cloisite20A can:be proved shifting of the first peak smaller angle relation to
pure Cloisite20A.
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Figure 1. PP and Cloisite15A composites small angle X-ray curves
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Figure 2. PP and Cloisite20A composites small angle X-ray curves.

MFI

Figure 3 compares MFIs of PP and PP-g-MA blends. PP-g-MA{shows more than 200 g/10 min MFI
while PP has 21 ¢g/10 min. Presence of 10 wt.% PP-g-MA in_PP/PP-g-MA blends MFI accounts for
56 g/10 min and further addition of PP-g-MA increases MFI to 94 g/10:min. This is due to the low molecular
weight of PP-g-MA and, as shown in a number of works [14,.15, 23, 24], it is oligomeric functionalized PP
that provides favorable conditions for intercalation in the interlayer space and subsequent exfoliation of
MMT particles. For PP and clay systems, MFI decreases as soon as the formation of exfoliated and interca-
lated structures. Our compounds also exhibited these properties (Figure 4). For composites with Cloisite15A,
when the ratio of compatibilizer/filler was 1, MFI is 58.6 g/10 min and as compatibilizer content increases
MFI decreases to 17.5 g/10 min in the 15A9, however, subsequent addition of PP-g-MA causes slight growth
in the 15A12. The initial reduction in MFI is related to the extension of clay particles dimensions as a result
of intercalation. When PP-g-MA content reaches saturation point, that is 9 wt.%, additional PP-g-MA causes
to increase MFI. With regard to composites with Cloisite20A, an optimal amount of compatibilizer is 6 wt.%
and extra compatibilizer just leads to the increase in the melt flow without participating in intercalation or
exfoliation. Intercalated centers in the form of physical knots (similar to crosslinking), as PP-g-MA rises,
leads to the increase of the compounds’ viscosity. An extremal dependence of viscosity is observed for exfo-
liated structures (uniform distribution of nanoparticles) with a minimum at a PP-g-MA content of 6 wt.%.
For these structures, the contribution of low-viscosity PP-g-MA above 6 wt.% becomes noticeable.
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Figure 3. MFI of PP and PP-g-MA blends Figure 4. MFI of composites
based on Cloisite15A and Cloisite20A
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DSC and TGA measurements

DSC curves for PP and PP-g-MA blends show different oxidation behavior while the melting tempera-
ture of the samples is almost the same. Showing a melting point of 158.5°C, PP stands stable until 220 °C,
and subsequent heating causes intensive oxidation. PP-g-MA with a melting point of 160.6 °C is immediate-
ly engaged in oxidation after melting. Their blends indicate thermal behavior corresponding to individual
components. As PP-g-MA content increases in the blend, oxidation occurs in relatively lower temperatures
(Figure 5). Figure 6 compares DSC curves of composites with Cloisite15A, reflecting differences only in
oxidation behavior. In composites with 9 and 12 wt.%, although PP-g-MA leads to oxidation due to interca-
lation, engaging in oxidation is reduced. DSC curves of composites with Cloisite20A show distinction in
both melting point and oxidation (Figure 7). 20A3, intercalated composite, has a melting point of 159.1 °C
and gets involved in oxidation intensively after melting. However, when PP-g-MA content is increased by
6 wt.% the composite is stable to oxidation until 188 °C. Due to the penetration of PP-g-MA molecules into
the interlayer space of filler, this exfoliated composite has a lower melting point temperature, which is
157.9 °C, in this case. Even though there is exfoliation, the subsequent addition of PP-g-MA again causes
more sensitive oxidation behavior and increased melting points, in the compositions with.9 and 12 wt.% of
Cloisite20A.

Heat flow, [W/g]

120 140 160 180 200 220
Temperature, [°C]

Figure 5. DSC curves of PP and PP-g-MA blends

Heat tlow, [W/g]

120 140 160 180 200 220
Temperature, [°C]

Figure 6. DSC curves of composites with Cloisite15A
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Figure 7. DSC curves of composites with Cloisite20A

Except for DSC, TGA analyses of obtained samples also were conducted. In Figure 8, PP starts mass
loss at 237 °C (onset temperature of degradation) while in the case of PP-g-MA accounts for 256 °C.
Furthermore, after starting degradation, PP engages in degradation:more intensively than PP-g-MA. PP and
PP-g-MA blends show different degradation mechanisms, as‘increases PP-g-MA content in the blends
degradation curve of the blend tends to become similar to-PP-g-MA. However, PP/MA10 and PP/MA20
blends start degradation in lower temperatures relative to PP. Actually, the onset temperature of degradation
must have been between degradation temperatures of ‘PP and PP-g-MA according to the rule of polymer
additiveness. The reason for this is that PP-g-MA makes PP. sensitive toward oxidation, due to its individual
thermal behavior, during melt processing components; according to the DSC curves in Figure 5. PP-g-MA
uptakes oxygen during melt processing and then this absorbed oxygen leads to degradation by generating
free radical which causes PP/MA10 and PP/MA20 blends mass loss in relatively earlier temperatures [9].
With regard to TGA analysis of composites obtained with Cloisite15A and Cloisite20A, though PP shows
superior thermal stability to oxidation among samples in DSC analysis, thermal degradation properties —
mass loss — of PP are inferior to that of PP/clay nanocomposites (Figure 9). In PP/clay nanocomposites,
clay acts as an excellent insulating barrier that slows the release of gas from decomposition, so the
degradation temperature increases. In general, the presence of clay in the PP tends to the increased thermal
stability of the polymer [29].

204

60

Mass loss, [%]

200 250 300 350 400 450 500
Temperature, [°C]

Figure 8. TGA of PP and PP-g-MA blends
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Figure 9. TGA of PP and PP/clay composites

Mechanical measurements

Tensile properties such as tensile module (E), yield stress (o), and elongation at break () have been
studied. The results are given in Table 2. The neat PP possesses superior mechanical properties with the best
E and o, while PP-g-MA has good ¢ which is approximately five times more than neat PP. The addition of
PP-g-MA to PP makes PP tougher that ¢ increases and reduces E and ¢ PP tends to become more brittle. In
the compositions with Cloisite15A, as PP-g-MA increases, unlike PP/PP-g-MA blend, E and ¢ also increase;
actually, filler content is constant. These phenomena occur due to the development of nano-dispersed clay
particles through the matrix as can be seen from SAXS, shifting the peak in d001 to small angles. In the case
of composites with Cloisite20A, a saturation of composite with PP-g-MA occurs when PP-g-MA content is 6
wt.% and further addition of compatibilizer leads mechanical properties to diminish by causing oxidation of
composite in high temperature.

Table 2
Mechanical properties of obtained PP/clay composites
Sample names E, [MPa] o, [MPa] g, [%]
PP 922468 36.2+1.2 845+90
PP/MA10 918+54 36.5+1.2 738+93
PP/MA20 770+7 29.9+0.7 984+150
PP-g-MA 713+61 26.2+1.6 697+52
15A3 946161 32.8+0.6 18.54+2
15A6 960+52 34.5+1.2 17.8+£3.8
15A9 968+49 35.2+0.8 127+18
15A12 1008+41 35.3+1.1 102+29
20A3 1000£51 35.4+0.8 12,742
20A6 1087+19 37.6+0.3 52+7
20A9 1002+52 35.9+0.5 17.34£5
20A12 932451 35.4+0.4 16.8+3
Conclusions

Studies have been carried out on the formation of nanocomposites of isotactic polypropylene with mod-
ified MMT (Cloisitel5A, Cloisite20A), differing modifier densities in the interlayer space. To ensure the
diffusion of PP into clays, PP-g-MA (2.5 wt.%) was employed as a compatibilizer, the amount of which a
mixture with PP-g-MA varied within 3, 6, 9, and 12 wt.%. It was found that MMT with a high density of the
modifier (Cloisite15A) promotes the formation of intercalated structures, while MMT with a low density of
the modifier (Cloisite20A), predominantly exfoliated nanocomposites are formed. In the first case, an in-
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crease in the content of PP-g-MA leads to an expansion of the interlayer space (from 30.6 to 39.5 A). In
composites with Cloisite20A, only 3 wt.% content of PP-g-MA shows the formation of mixed intercalated
and exfoliated structures, while subsequent increasing compatibilizer content favors the formation of pre-
dominantly exfoliated structures. The observed structures are reflected in the viscosity parameter.
Nanocomposites intercalated with an increase in less viscous PP-g-MA due to limitations associated with the
intercalation of macromolecules in the interlayer space and the presence of a specific interaction with the
modifier. The clay surface increases markedly (from 65 to 20 g/min), whereas the exfoliation of the structure
passes through a minimum in the region between 6 and 9 % by weight of PP-g-MA. The formation of the
nanocomposite is accompanied by a significant increase in thermal stability (50 % weight loss is observed at
temperatures of 360 °C and 430 °C for polypropylene and nanocomposites based on it, respectively). An
analysis of the mechanical properties of nanocomposites generally indicates an increase in the elastic modu-
lus by 15-20 % (considering the presence of low-modulus PP-g-MA), and this effect is more pronounced for
exfoliated structures, the yield strength practically does not change, and the elongation at break decreases
very noticeably. Heat-resistance properties of intercalated and exfoliated nanocomposites (with a content of
9-12 wt.% and 6 wt.% PP-g-MA, respectively) with enhanced characteristics according to the tensile module
and moderate deformability (more than 100 %) generate diverse practical and technological interest.
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K.H. Bepaunazapos, E.O. Xak6epaues, H.®. Hopmypoznos, H.P. Aurypos

Cloisite15A xkone Cloisite20A n30TaKTHKAJIBIK MOJUIIPONHJICH
KOMIIO3UTTEPiHIH MEXaHUKAJIBIK KIHE KbLTYJIBIK KacueTTepi

Makaraga manenn anrugpuniMeH (PP-g-MA) erinren nomumpormieH KypamblHbIH Cloisite15SA  sxoHe
Cloisite20A kabartapaiblK KeHiCTiKTeri MOAU(PUKATOPIBIH THIFBI3IBIFBIMEH epPEKIIEIEHETIH Ca3IbIH eKi Typi
6ap monunponmieH (I1I1) xOMIO3MLMSIIAPBIHBEIH TEPMIUSUIBIK JKOHE MEXaHHKAIBIK KacHeTTepiHe acepi
3eprrenren. [1I1/ca3 kommnosutrepi 3, 6, 9 xouHe 12 maccansik % aprypui PP-g-MA KypaMbIHBIH KaThICYbIMEH
OaNKpITBUIBIN, — apanacTeipbUiFan.  Mogudukaropasi  korapsl  TeiFb3AbIFel  Oap  Cloisite15A
HUHTEPKAIMPJICHIeH KYPbUIBIMAAP/bIH TY3UIyiHE BIKMAJI €TeTiHi, al MOAM(DUKATOPABIH TOMEH THIFbI3/IBIFbI
Oap Cloisite20A HeriziHeH KaObIpIIaKTaHFaH HAHOKOMIO3UTTEPIi TY3€TiHI aHBIKTaIIbl. bBipiHmi skarmaiina
KYPBUIBIM HHTepKAIAMsIanyFa OeifiM, con yakpirta Cloisite20A KOMIIO3UTTEpi HETi3iHeH KaObIpIIaKTaHFaH
KYpPBUIBIMIApABIH ~ maifga OosiyblHa BIKman — ereni. HaHOKOMIO3WTTIH — KalbIITacybl  TEPMUSIIBIK
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Q.N. Berdinazarov, E.O. Khakberdiev et al.

TYPaKTBUIBIKTBIH €dyip apTybiMeH Katap kypedi (50 % canmak >KOFanTy MOJIMIPOIIMICH JKOHE OHBIH
Heri3ingeri HaHokommo3uTTep YiuiH caiikecinme 360 °C xone 430 °C Ttemmneparypana Oaiikanambr).
HaHokoMmo3uTTepAiH MeXaHHMKaJbIK KAaCHETTEPiH Taljay, oAeTTe, cepmiMaurik MoxyminiH 15-20 %-ra
apTKaHBIH KepceTeli (TemeH Moxynbai PP-g-MA GoyslH eckepe OTHIPHIN) jKoHE OYIT acep KaObIpIIaKTaHFaH
KYPBUIBIMJIap YIIiH afiKbIHBIPAK, aKKBIITHIK HIETiHAE KEpHEy iC )KY3iHAe e3repMeiifii, ajl ChIHy Ke3iHJe
CaJIBICTBIPMAJIBI Y3apy alTapibIKTail TOMEHCHII.

Kinm coe30ep: MOMUNPONIICH, ca3, KOMIIO3UT, MAJICHH aHTUAPHUITI €TiIreH MOJUIPOINNICH, HHTePKaIAIHs,
KaOBIPIIAKTaHy, TOTHIFY, MOHTMOPHUJUIOHUT.

K.H. bepnunazapos, 2.0. Xax6epaues, H.®. Hopmyponos, H.P. Aurypos

MexaHHYecKHe H TEPMHUYECKHE CBOMCTBA H30TAKTHYECKHX MOJTHITPONMIEHOBBIX
rkommo3uToB ¢ Cloisitel5A u Cloisite20A

B crarbe M3y4eHO BIHSHHUE COCPIKaHKs MONUIIPOIIMIICHA, IPUBUTOTO MAJICHHOBBIM aHruaApunoM(PP-g-MA),
Ha TepMHYECKHe U MeXaHW4IecKHe CBoiicTBa kommonmuii monumpomwiena (I1IT) ¢ aByMst THmaMu mivH, pas-
JIMYAIOIINXCS TUIOTHOCTBIO MoH(dHKaTOpa B MexciioeBoM mpocrpancTse, Cloisite15A u Cloisite20A: Kowm-
no3utsl [1I1/rnuHa cMemyBanych B paciiaBe B IPUCYTCTBUHU pasiuyHoro copepxanus PP-g-MA ot 3, 6, 9 u
12 mac.%. BeisBieHo, uro Cloisite15A ¢ BRICOKO# MIIOTHOCTBIO MOAH(BHKATOPa CIIOCOOCTBYCT 0OPa30BaHHIO
HHTEPKATMPOBAHHBIX CTPYKTYp, Toraa kak Cloisite20A ¢ HU3KOM IUIOTHOCTHIO MOIUMHUKATOPA (POPMHUPYIOT
HPEUMYIIECTBEHHO 3KC(OIMPOBaHHbIE HAHOKOMIIO3UTHL. B IepBOM ciiydae CTPYKTypa MMEET TEHICHLHIO K
MHTEPKAIMPOBAHUIO, B TO BpeMs Kak KoMro3uTsl ¢ Cloisite20A crnocoOCTBYIOT 00pa30BaHUIO MPEHMYIECT-
BEHHO 3KC(OIMPOBAHHBIX CTPYKTYp. POPMUPOBaHHE HAHOKOMIIO3UTA COMPOBOXKIACTCS 3HAUUTEIBHBIM yCH-
aeHueM tepmoctabmipHocTH (50 % notepst Beca Habmrogaetcst mpu Temneparypax 360 °C u 430 °C mis mo-
JUIPOIIMICHA M HAHOKOMIIO3UTOB Ha €ro OCHOBE, COOTBETCTBEHHO).. AHAIN3 MEXaHWYECKHX CBOMHCTB
HAaHOKOMITIO3UTOB CBHIETEIBCTBYET, B LIEJIOM, 00 YBEJUUCHUH MOy ynpyroctu Ha 15-20 % (c ydyerom
NpUCYTCTBUS HU3KOoMoayibHoro I[IIIMA), npuuem 3ToT 3¢ ekt Oosee BhIpaXKeH Uil 3KC(HOUTHUPOBAHHBIX
CTPYKTYp, HampsDKEHHE @pH TpeAele TEKY4ecTH INPAKTHYCCKH HE IpeTepreBacT W3MCHCHUH, a
OTHOCHTEJBHOE YUIMHEHHUE TIPU Pa3pyIICHUH BeCbMa 3aMETHO YMEHbIIaeTCs.

Kniouesvie cnosa: NOJIMIPONUIICH, TJIMHA, KOMIIO3UT, IMOJUIIPOTHIICH C MPUBUTHIM MAJICKUHOBBIM aHTUAPH-
JA0M, HHTCPKAJIAHA, SKC(bOHI/IaIII/ISI, OKHMCJICHUE, MOHTMOPHUJUIOHUT.
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