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Hccnenosano BnusHUE conepkanus (5—20 macc. %) MONMUMUIHBIX BOJIOKOH Ha CTENEHb KPHCTAJUIMYHOCTH
OpTaHOIUTACTUKOB Ha OCHOBE apomarmdeckoro moimamuzaa ¢enmmnona C-1. [TokasaHo, 9TO C yBeIHMUYEHHEM
coziepKaHMs BOJIOKHA 110 15 Macc. % cTelleHb KPUCTAUTMIHOCTH Bo3pacTaeT. [loka3aHa Xxoporast Koppesys
MEX/y CTENeHBI0 KPUCTAIUIMYHOCTH, TBEPAOCTHIO, MOIYJIEM YHPYrOCTH, MPENeNIOM TEKydeCTH HpPU CXKATHH
OpTaHOIIIACTHKOB.

Knrouesvie cnosa: nonmMepHbie KOMIIO3UTHI, TOJTHAMUBI, HAIOJIHUTEIH, CBOICTBA.

BBEJIEHUE

B Hacrosiiee BpeMst paboTaMy Kak OTEYECTBEHHBIX, TAK U 3apYOCIKHBIX UCCIICI0BATEICH
yOeOWTEIILHO TTOKA3aHO IMMPOKOE MHOT000pasne (GpopM CTPYKTYPHOU YHOPSIOYCHHOCTH B
amMop(HBIX MOIMMEPHBIX CHCTEMaX, HAYMHAsl OT TPOCTEHIIINX arperaToB IeNel THIIa MavYek U
(uOpwin ¥ 3aKaHYMBas BEChbMa CJIIOXKHBIMH DJIEMEHTAMH CTPYKTYP BHEIIHE MPAaBUILHOMN
thopmbl. PazButne pasnuuHbIX (POpM HAAMONEKYISIPHBIX CTPYKTYp M3 OAHHMX W TEX JKe
MaKpPOMOJIEKYJT JTOJDKHO TPHUBOANTE K pa3HBIM CBOMCTBaM moymMmepHoro Tena [1]. Ocoboro
BHUMAHUS 3aCITy’KUBACT HAXOXKICHUE CBA3M MEXKIY THUIIOM U Pa3MepOM HAJAMOJICKYJISIPHBIX
CTPYKTYp B MOJMMEpaxX 1 (PU3UKO-MEXaHUICCKUMU CBOMCTBaMHU [2].

W3BecTHO, 4TO CTENEeHbh KPUCTAJUIMYHOCTH OKAa3bIBaeT OYeHHb OOJBINOE BIHSHHE Ha
Takue CBOWCTBa MOJKMMEPOB, KaK IUIOTHOCTb, MOJYyJIb YINPYTrOCTH, TBEPIOCTD,
MPOHUIIAEMOCTh M TEIUIOEMKOCTh. B YacTMYHO KpUCTAUIMUECKOM TMOJUMEpPE €ro
aMop(HBIE ¥ KPUCTAIUTHIECKHE 00JIacTH OyAyT MMETh pa3INdHbIe CBOWCTBA HECMOTPS Ha
WX OJUHAKOBYIO XMMHYECKYIO mpupoy [3].

YuuThiBas  BBINICU3IOKECHHOE, LElb HACTOSMIEH pa0oThl  3aKiro4Yalach B
WCCIIEIOBAHNN BJVSIHAA COJAEP)KaHUS BOJIOKHA HA CTENEeHb KPHUCTAIMYHOCTH U
MIPOYHOCTHBIE CBOHCTBA TEPMOCTOWKIX TEPMOIIJIACTHIHBIX OPTaHOILIACTHKOB.

MATEPHAJIBI U METO/bI

B kauecTBe CBS3YIOIIETrO MPU CO3J]AHHU OPTraHOIIIACTHKOB HCIONB30BAIN (HEHHIIIOH
C-1 (TY 6-05-226-72) — npoAyKT NOJIMKOHJCHCAMU M- W n-(QDSHWICHIUAMHHA U
u3odTaneBoit Kuciotel. CTpyKTypHas (hopMyJia 3TOTO IMOJIMMEpa CISAYIOIIAs:
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Puc. 1. Ctpoenne ¢penmnona C-1.

Oenmnion C-1 mpencrarisier co0OOi MOPOIIOK PO30BOTO I[BETA C HACBITHOM
miotHocteio 0,2-0,4 r/en’. VYaensHas Bsa3kocTh ero 0,5%-noro pactsopa B IM®DA (c
no6aBkoit 5 % xmopuctoro auTus) He meree 0,75 [4].

B kauecTBe apMHpPYIOIIEro HAIOJHUTENS WCIOJIB30BAIH IOJIMUMUJIHOE BOJIOKHO
Mapku apuMui-T, CBONCTBA KOTOPOro mpejacraBieHbl B Tabmuie 2 [S]. CrpoeHue
apumuaa-T MOKeT OBITH BRIPQKEHO CIIEIYIONIeH (hopMyIIOii:

Q (6]

Puc. 2. Ctpoenue apumuna-T.

[IpuroroBneHne KOMIO3MLMN OCYIIECTBISUIM METOJOM CYXOr0 CMELIEHHS B
amnmapaTre ¢ BPAIaOMIIMCS 3JIEKTPOMArHUTHBIM TOJIEM C TOMOINBI0 (heppPOMarHUTHBIX
4acTull, BIIOCJIEACTBUU M3BJIEKAEMBIX METOJIOM MarHuTHOU cenapanuH.
[lepepabarbiBanuch KOMIIO3UIUHU B 00pa3ibl METOJJOM KOMIIPECCHOHHOTO MPECCOBAHMS.

Pentrenoqu¢pakivoHHbIe HMCCIEAOBaHHUS MPOBOMMIM Ha YycraHoBke YPC-50MM.
JlaHHas ycTaHOBKA MIPUMEHSETCS VISl PEelIeHus] OONBIIMHCTBA 33/1a4 PEHTT€HOCTPYKTYPHOTO
aHaJIN3a, B YACTHOCTH, JJIsl ONpeesieHns (pa3oBOro cocTaBa, TOUHOTO HAXOKICHUS TIEPHOIOB
peuieTky, OJI0YHOM CTPYKTYPHI, ONpEACIeHNs] XapaKTepUCTHIECKUX TeMIlepaTyp. bonbmmm
MIPEUMYIIECTBOM SIBIISIETCSL TO, YTO OHA IO3BOJISIET PE3KO COKPATUTH BPEMSI, 3aTpaylBacMoe
Ha TIONy4YeHHE PEHTTeHOrpaMM M (OTOMETPHYECKHMX KPHBBIX. B OIBITaX HMCIIOIB30BAN
MoKa-m3nydgenne (mmuraa BoiH 0,710 A).

TBepnocts MarepuanoB mno Poxsemny (HR,) onpenensnum BpaBmuBaHuMeM B
NOBEPXHOCTh  HCHBITYEMOTO  oOpaslia  HWHIEHTOpa,  IPEACTABIAIOIEro  coOoi
MTOJIMPOBAHHBIA 3aKaJCHHBIN CTAbHOHN mapuk. M3MepeHne oCHOBaHO Ha 00Iel rioyonHe
MIPOHUKHOBEHHS, KOTOpas BBIYHCISETCS Kak oOmas riyOWHa IMociie CHATUS OCHOBHOM
Harpy3kd MUHYC YOPYTro€ BOCCTAHOBJIEHHE IOCJIE CHSATHS OCHOBHOM HAarpy3kud U MHUHYC
rTyOMHa TIPOHWKHOBEHHMSI TP Mayiol Harpyske. Ywmcimo TtBepmoctu 1Mo PoxBemty
Beramcisiercs: 130 munyc riryouna BHeApenus ¢ marom 0,002 M.

Jna onpenenenus Moaynsa ynpyroctd npu cxaruu (E) mo nuarpamme omnpenensiau
3HaYeHUE Harpy30K, KOTOpbIe OTBEYAIOT BEJIMYMHAM OTHOcHTesnbHOU aedopmanuu 0,1 u
0,3% (I'OCT 9550-81). Pacuersr mpoBoawm mmo gopmyire (1):
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— (K, -E)h,
)
A, [(Ah, —Ah))

rae F, — Harpyska, koTopas oTBedaeT OTHOCUTENbHOU Aedopmanmu 0,1%, H;

F, — Harpy3ka, KoTopas oTBeyaeT OTHOCUTENbHOM Aedopmarmuu 0,3 %, H;

h, — HagaapHAs BEICOTA 00Opasia, MM; A, — IUIONIA b IMOMIEPETHOTO CEUEHHU 00pasIia,
MM; Ah; — W3MeHEeHHEe BBICOTHI, KOTOpas OTBeYaeT Harpys3ke Fj, MM; Ah, — m3meHeHUE
BBICOTBI, KOTOPAas OTBeUaeT Harpy3ke F,, mm.

Pazpymaroree HanpspKeHUE IPH CKATHH () PaCCUYUTHIBAIH 10 hopMmyte (2):

ey

o=P/F, 2)
rae P — Harpyska, MIIa; F — MEHEMAIIbHAS [UTOMAb OMEPEIHOr0 CEICHIS 00pasIa, MM .

PE3YJBTATHI U OBCYXJIEHUE

Jdnst  ompeneneHus CTENEHH  KPUCTAJUIMYHOCTH  OBUIM  3aperMCTPHPOBAHBI
mrudpakTorpaMMEBI TS TipeccoBanHOTO (heHmmoHa C-1 u KOMIO3UTOB, coaepkanux 5, 10,
15 u 20 wmacc. % BonmokHa apumua-T. IlomydeHHble OUQpPaKIHOHHBIE KpPUBBIC
npeAcTaBIeHbI Ha pUc. 3.

S

o 3 {0 Is 26 s
20, rpag

Puc. 3. Jludpakiuonnsie kpusbie ¢peHmmona C-1 1 koMmo3uTos, coaepxaniux 5, 10,
15 u 20 macc. % BosiokHa (1—5 COOTBETCTBEHHO).

CrerneHp KPUCTAUTMIHOCTH OTNpPENesuiH 1Mo MeToauke ['epmanca m Betigunarepa [6].
[TockonbKy SIBHO BUIUMBIX YE€TKHX NMUKOB KPUCTAILIMUYECKOH (ha3bl Ha AU(PPAKIIMOHHBIX
KPUBBIX HET, MBI MPEINoJaraid, YTO BEIWYMHON, MPOIOPLUHUOHATHFHONW COAEPKAHHIO
KPUCTAUTHIECKON (ha3bl MOXKHO CUHUTATh PA3HOCTH IUIOIMIAACH IO IKCIICPUMEHTATBHON
TUGPAKIIMOHHOW KPUBOM © TOJA KPHWBOW, AaNIpPOKCUMUPYIOIICH aMop(HOE rajio
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(Ssien — Saano), TOTIAA KaK BETMYUHOM, MIPOIIOPITMOHATEHON copep)aHuio aMop(HOH (a3,
SIBJISICTCSI TUTOTAh TI0T KPUBOH, allPOKCHUMHUPYIOIIEH aMophHOE Taio (S,q,).

Kak BumHo u3 prc. 3, aMmopghHOe rajio moiaMepa uMeeT aBa Makcumyma (20 okoiro
10 u 20°), HO3TOMY €ro OIMHUCBHIBAIN KaK CYICPIIO3HIMIO JBYX T'ayCCOBCKHX KPHUBBIX.
ATMPOKCHMAIIMI0O W WHTETPUPOBAHWE KPUBBIX BBHINONHIM C IIOMOIIBIO ITaKeTa
MPUKJIAHBIX MaTeMAaTUYeCKUX mporpamMm Scilab, mnpuuem, TOCKOIBKY CTEIEHb
KPUCTAIUTMYHOCTH (CyZs MO XapakTepy Au(pakTorpaMM) HEBEIHKA, TO Jy4IlIed KPHUBOH
CUMTAIHM TaKyl0, KOTOpas ONTHMAaJbHO OIHCHIBAET HKCHEPUMEHTAIBHYI0 TU(PAKTO-
rpammy. Bce KpuBBIE HHTEPUPOBAIIH B AMama3one 26 ot 3 mo 24°.

CorracHo [6] cTemeHr KPUCTaUTMYHOCTH X M Y JUIA Maphl 00pa3IioB OMPEICISIFOTCS
no ¢popmynam (3):

A(1-B) 1-B
X=—- =, 3
A-B Y A-B ®
SIBKCH B S:‘B.J'IO SII"ZU'IO
rae A =—52 e ; =—52 .

Judpakrorpammsl oOpabaTsiBanu monapHo. M3 msatu oOpa3ioB MOXXHO COCTaBUTH
JIeCcSITh PAa3MUYHBIX IMMap, MpUYeM Kax bl oOpasell B 3THUX Mapax BCTPEYACTCS YEThIPE
paza, TOATOMY CTENEeHb KPHCTAUIMYHOCTH KaXkJoro oOpasna ObLia ompejelicHa
YETBIPEHKJIBI H PE3YIbTAThl YCPETHSIIUCH.

[Mony4eHHbIe TAKHM 00Pa30M BEJIMUYHHBI CTETICHU KPUCTAJUIMYHOCTH MCCIIEIOBAHHBIX
00pa3IoB MpeACTaBICHEI Ha pUC. 4 (KpuBas 4).

0_,MIla X,%
E, MITla HRg,MIIa ol sl Ay
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Puc. 4. 3aBUCUMOCTH CTETICHH KPUCTALTUIHOCTH (4) U MPOYHOCTHBIX XapaKTEPUCTHK
(TBepmocTh 1o Poxsemmty (1), Moxyis ynpyrocta (2), mpeaen TeKy49ecTH TpH cxxaTuu (3)
KOMIIO3UTOB Ha ocHOBe (eHmIIoHa C-1 OT coepkaHus BOJIOKHA apuMu-T.

C yBenmnueHWeM coIep)KaHUsS BOJIOKHA 1O 15 Macc. % CTemeHb KPUCTAUTMYHOCTH
MOJIMMEPHBIX KOMIIO3UTOB Bo3pacraeT. JlabHeliee yBennIeHne CoiepKaHus BOJIOKHA JI0
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20 macc. % TNPUBOIOWUT K CHWKEHHUIO CTEIEHH KPHUCTAJUIMYHOCTH BCIICACTBHUE ITOHMKEHMS
CETMEHTAIbHON MOABMKHOCTH MAaKPOMOJIEKYJI Ha TPaHULIE pa3Jielia OJIUMEP—BOJIOKHO.

Ha puc. 4 Takxke mnpeacTaBieHbl M pe3yabTaThl H3MEPEHHUH MPOYHOCTHBIX
XapakTepucTUK (TBepaocTH no Poksemny (1), Moxgyns ynpyroctu (2), mpenena TeKy4ecT!
mpu cxatuu (3)) HMCCIIEMOBAaHHBIX MAaTEPHAIOB, KOTOPBIE XOPOIIO KOPPEIHPYIOT C
HallICHHBIMH BEJTMYMHAMH CTENIEHU KPUCTAJITMYHOCTH.

3AK/IIOYEHUE

1. Tlo mudpakmOHHBIM KPHUBBIM OMPEIEIICHO, YTO HAITOJTHECHIE apOMATHICCKOTO TTOJTHAMUIA
(bermnona C-1 monmMMMHIHBIME BOJIOKHaMH A0 15 macc. % NpUBOAUT K YBEIUYCHUIO
CTEIeHU KpHUCTaUIMIHOCTH. [lanbHeiliee yBenuueHue coepkanus BoiokHa 10 20 macc.
% TPUBOAAT K YMCEHBIICHUIO CTENCHH KPHUCTAUTMYHOCTH BCICACTBUC TTOHIKCHUS
CETMEHTAIBHOMN MTOIBIPKHOCTH MaKPOMOJICKYJI Ha TPaHUIIe pa3zielia MoIuMep—BOJIOKHO.

2. TIlokazaHo, 4YTO  VyBEJIMYEHHE CTENEHH  KPUCTAIUIMYHOCTH  NPUBOAUT K
YIOPSIOYNBAHUIO CTPYKTYPHI M, KaK CJEICTBHE, K BO3PAaCTaHUIO IMPOYHOCTHBIX
CBOHCTB MOJIMMEPHBIX KOMITO3HUTOB.
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THE STUDY OF THE INFLUENCE OF FIBER CONTENT ON THE DEGREE OF
CRYSTALITY AND THE STRENGTH OF PROPERTIES OF HEAT-RESISTANT
ORGANOPLASTICS

Tkachenko E.V., Tolstenko Y.V.

Sevastopol State University, Sevastopol, Russia
E-mail: tkelly@rambler.ru

Currently, the work of both domestic and foreign researchers convincingly shows a wide
variety of forms of structural orderliness in amorphous polymer systems, ranging from the
simplest aggregates of chains such as the study of the influence of the content of polyimide
fibers on the degree of bundles and fibrils and ending with very complex elements of
structures of externally regular shape. The development of various forms of supramolecular
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structures from the same macromolecules should lead to different properties of the polymer
body [1]. Of particular note is the determination of the relationship between the type and size
of supramolecular structures in polymers and physicomechanical properties [2].

It is known that the degree of crystallinity has a very large influence on such
properties of polymers as density, elastic modulus, hardness, permeability and heat
capacity. In a partially crystalline polymer, its amorphous and crystalline regions will have
different properties, despite their identical chemical nature [3].

Considering all of the above, the purpose of this work was to study the effect of fiber
content on the degree of crystallinity and strength properties of heat-resistant
thermoplastic organoplastics.

Phenilon C-1 (TU 6-05-226-72), a product of polycondensation of m- and
p-phenylenediamine and isophthalic acid, was used as a binder in the creation of
organoplastics. As a reinforcing filler polyimide fiber brand arimid-T was used.

In order to determine the degree of crystallinity, diffraction patterns were recorded
for pure compressed phenylon C-1 and composites containing 5, 10, 15, and 20 wt. %
fiber arimid-T.

The compositions were prepared by the method of dry mixing in a rotating
electromagnetic field in the presence of ferromagnetic particles. Compositions were
processed into samples by compression pressing.

The degree of crystallinity was determined by the method of Germans and Weidinger
[6]. Since there are no clearly visible clear peaks of the crystalline phase on the diffraction
curves, we assumed that the quantity proportional to the content of the crystalline phase
can be considered the difference of areas under the experimental diffraction curve and
under the curve approximating the amorphous halo (Sex, — Sg0), While phase, is the area
under the curve that approximates an amorphous halo (Sy,)-

With increasing fiber content up to 15 mass. % degree of crystallinity of polymer
composites increases. A further increase in fiber content to 20 mass. % leads to a decrease
in the degree of crystallinity due to a decrease in the segmental mobility of
macromolecules at the polymer-fiber interface. In fig. 5 also presents the results of
measurements of strength characteristics (Rockwell hardness (1), modulus of elasticity
(2), yield strength under compression (3)) of the materials studied, which correlate well
with the found values of the degree of crystallinity.

Keywords: polymer composites, polyamides, fillers, properties.
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