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TEPMOMEXAHNWYECKHE CBONCTBA OPHEHTHPOBAHHBIX
MUKJIOAINPATHYECKHUX IMOJINMHIOB

Boaoweun A.H., IEpymovxo 3.T., II poxonuyx H.P.,
Ropawcasun J.H., Ilaywexun A. M,

CHETe3UpOBaEbl NUKAOANN(ATHICCKES MOMUNMUABL Ha OCHOBE CTEPEOU30-
MEpPHBIX THAHTEAPEAOB 1,2,3 4-IUKIOreKcaHTeTpakapOOHOBON KHCAOTH C yuc-
WU TPaHC-PACIONOeHTeM aErMIPUIHBIX IMHKIOB OTHOCHTEILHO MIOCKOCTH ITH-
KIOr€KCAHOBOr0 KONBLA M psda apoOMAardieCKHX [AHAMUHOB: R-(eHHICHIM-
aMuHa, OeH3UIHHA, 4,4 -THAMHHOMM(EHHAIOKCH A, 4,4'—HHaMﬂH0}IH$eHH.ﬂMeTa—
Ha. M3ydeHBl TepMOMeXaHHIeCKHe CBOIICTRA OpPHEHTHPOBAHHBIX MOMENbHBIX
MOHOBOJIOKOH M3 YKA3aHHBIX NOIUEMuIOB, HcciefoBaHO BAMsiHHEe XUMNYe-
CKOTO CTPOCHHUA MOJYICHHBIX IOIMUMHIOB HA HX CTPYKTYPY H (PUIHKO-Me-
X4aHAYECKHE CBOMCTBA B MIMPOKOM TEMIEPATypPHOM HHTEpBale.

IMonuuMupner ABAATCS OTHUM M3 Hambojee MEPCHEKTHBHBIX KJIACCOB TEP-
MocTodKux momumepos [1]. B paGorax [2—4] mpuBemensi pesyanTaTsl mccle-
MOBaHUA B3ANMOCBA3H XUMHYECKOIO CTPOEHHA apOMaTHYECKUX IOJHUMUIOB CO
CTPYKTYPOil H MEXaHMYECKHMH CBOMCTBAMU OPHEHTHPOBAHHBIX INIEHOK K MO-
ReJIBHBIX BOJOKOH, MOJYyYEHHBIX Ha uX ocHoBe. JlaibHeiilllee HaKoIUIEHWe MO~
RBOGHBIX JAHHBIX ¢ IEIbI0 YCTAHORICHUSA ellle 6oliee IMOMHBIX KOPPeSANUIT Mes-
KY CBOMCTBAMH M CTPOGHYEeM B IIMPOKOM PAAY DOJUMMMUAOB IpefcTaBliAeTca He
TOJBKO 1leiecoofpasHEIM, HO I HeoGXOTMMBIM.

Hamu ocymmecTsien cHHTe3 M HCCHEXOBAHEL TePMOMEXAHHYECKIE H HEKOTO-
pole apyrue (U3HYECKHe CBOHCTBA OPHEHTHPOBAHHBIX BOJOKOH U3 IMKIOATH-
darnueckuX HOMMUMHIOB CTPOSHUSA

ocC CO dn

rge Q m R — paguxanel guanruapuga terpakapGoHOBON KHCIOTH H JUAMHEHA
cootBercTBeHHO (Tadmuia).

IHoayueHne AMAHTHAPHAOB IUKI0ANHQATHYECKHX TeTPAKAPOOHOBBIX KHCIOT H CHMH-
Te3 HOAMAMUTOKHMCIOT, [/ MmONyIeHHA OONAMMHUAOB HCHOOAL30BAIH NEAHTAJDPHALI IHC-
1,23 .4-yqurmorercanrerparkapbonosoit (mommmep V) u  yuc-1,2-rpawnc-3,4-OUKIOTEKCAH-
TeTpaKapGonoBoii kuciaor (moiumepest 1—V), MeTonuKa cHHTe3a KOTOPBEIX OMUCaHA B pa-
forax [5, 6], u clegyomme AuaMuub: n-QeHuNeHIHAMHH, GeHamaun, 4.4 -quammHogade-
HWIOKCBJ, 4.4'-1MaMuHoAndeHILIMETaH,

Cuntes mommamuporucior ([TAK) mpopogaid mo reTeporeHHOMY cHoco0y Ha MEKpO-
ycTaHOBKEe ¢ 00BeMOM peakTopa 25 cx® M CKOPOCTBIO BpAIlleHMA JONACTHOH MeIaJIKH
60 o6/mun mpu Temmeparype pearumonHoil cMecu 15°, Homuemrtpammio pacrsopoB ITAH
mogOHpa/iM ONBITHRIM HYTeM O BeiWYdHe KUHEMAaTWIecKOH BA3SROCTH IPAARILHOTO
pactBopa. Mouexyaspuayle Maccy ITAK omeHuBaim mo sHAUeHWAM XapaKTepHCTAYecKol
BAsKoctd B JIMO.
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dopMoBaHile MONEIBHBIX BOJMOKOH H HX McnsitaduA, Pamee Ono nokasago,
9T0 JJIA YCTAHOBAGHHA IIOCHETOBATENRHOCTH KOJHYECTBEHHBIX ROPpENAUNE B PALY Xd-
MHTecKoe CTPOCHIIe — CTPYKTYPa — MeXagUdYecKHe CBOHCTBA HEODXOJIMO H3ydaTb BhICO-
KOOpHeHTHpoBaHAbe moirMepHble cucTeMbl {2]. IloaTomy Bce IccIe10BaHMA OBLIM BEHI-
TMOJIEeHEl HAMH Ha 00pasiaX MAaKCHMANLHO OPHEHTHDOBAHHBIX MOHOBOJOKOH, HOJYYeH-
HHIX B CPAaBHHMBIX yca0BmAX. DopMOBaHHE MOJIENbHBIX BOJOKOH POBOTMIN HA Y CTAHOBRE,
ommcaHHOM B padore [7]. UcxonHsle IONIMAMUJORKCIOTHBIE BOJIOKHA BHATale MOGBEpP-
ramm cyllKe B BAKYYMHOIl CYHIMIIKe, a 3aTeM OCYILECTBIATH TePMIYeCKYI0 MMHAH3ALMIC
B atMocepe azoTa UpH IIABHOM IOATLEMe TeMIepPATYPhl o OUTHMaihHOH (B 3aBHCH-
MOCTH OT XMMEYECKOTO CTPOeHWA), MeXaHMIeCKHe XAapaKTePHCTHRE BodokoH mpm 20°,
a tamme sasucmMocts o=f(T), E=f(T), ep=f(T) ompemensim Ha ycraumoske YMHB-3
(8] mpm saxxmmHoil gamee ofpasma 25 au, AMAMETPEe MOHOBONOKOH 30—40 MEM B CKO-
POCTH pacTsenns 25 muxm/mun. [IpHBefeHABle B HAcTOAMeH cTaThe 3HATEHUA IPOTHOCTH

Heroropble UIHKO-MEXaHHIECKHE XAPAKTEPUCTHRH OPHEHTHPOBAHHBIX BOJIOKOH
HA 0CHOBe HUKI0ANHQATHYCCKHX IOIHHMHUOB

XuMHYeCcKoe CTPOeHNe NOBTOPAMIIErocs dp E P -
3ReHa g E
VeaosHoe 0603HaYEHUE £p, kS ]
noJuMepa % < o
>Q < —R— w2 5 ,Z é._:
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Gp, YAJNHHEHUA NPH DPa3pelBe £, U MOLYJNA yUOpyroctu E ABIAKTCA cpefHUMH apHdMe-
THYeCKUME JBAMIATH U3MEpPeHHI,

TemIepaTypsl pasMATICEHA OOpeHeNAld TEPMOMEXAaHHYECKHM MeTomoM, TepMmome-
dopManmoHEEEIe KpHBble CHUMald Ha mnpuaGope, ommcanmoM ® paGore [8]. Cropocrth
OoABeMa TeMIepaTypsl 6 epad/mun, sagasaeMas Harpyska AJdd BCeX HCCAEJOBAHHBIX
o6pasnos cocraBiaana 0,1 xI'/uu?. Bce MCUHTAHNA MPOBONHIA HA BO3LyXe.

Rax cnemyer us skcmepuMeHTaZbHBIX FAHHBIX, IPHBEJEHHHIX B Tabmume,
HamGoNbllleli IPOYHOCTHI0 M MOLYJNEM YHPYIoCTH 00JagaloT OPUeHTHPOBAHHBIE
noauMephl ¢ «GecmiapEUpPHBIMY (pparMeHToM Makpomonxeryiasl (I, II). Beege-
Huze rerepoatoMoB —O— u —CH,— B IMAMHHEEY0 cOCTABIAOMIYIO MOINEMHUJI-
HOWl Ienu NPUBOAUT K CYIIeCTBEHHOMY CHHIKeHHMI0 mpoaHocTH (~ B 1,5—
2 pasa) m ocoleHHO MoOAyIA yupyroctm (~ B 5 pa3), HO K 3aMETHOMY IIOBBI-
IIeHHI0 3JIaCTHYHOCTI, ONEHMBAEMOH IO OTHOCHTENBHOMY VIUIMHEHHI OpPH
paspeiBe nukmoantndarniecknx moannmuoe (moxnmepsl I—IV), Ilepexon ot
u30Mepa TUKJIOTEKCAHTETPAKAPOOHOBOE KMCIOTBL C 7PAHC-PACIIONOMEHIIEM
AHPHAPU/IHBIX IIIKJAOB IO OTHOLIEHHI0 K IUIOCKOCTH LHKIOTeKCaHOBOTO KONbIA
K H30Mepy ¢ YUC-paCIoNoenneM aHTUAPUAHBIX IUKIOB 8 ANAHTHADPHAHON Ta-
CTH MaKPOMOJIEKYIBI TAKKe CONPOROKAALTCS HEKOTOPHIM H3MEHEHHEM yIpyro-
OPOYHOCTHBIX CBOHCTB OPMEHTHPOBAHHEIX IoiuuMupmoB (mommmepst III m V).
Comocrapienne MeXaHHYeCKHX CBOHCTB LuKMoamindaruieckux (1abamma) m
apoMaTuueckux [3, 4] momMUMHIOB HOKa3BIBaeT, UTO 3aMeHa NEAHTHAPHAA
OHPOMEJIMTOROH KHMCJIOTBl Ha JMABFHAPMA NHKIOANIA(ATAYECKON KHCIOTHI
Bcerfa MPUBOAUT K ONPeeNeHHOMY NOHIKEeHHI0 HPOIHOCTH O MOAYJISA YHPYTo-
CTH OPUEHTHPOBAHHBIX INeHOK MIM BONOKOH, Ogmako mpm 3ToM HaGmmofaerca
CyllleCTBeHHOE BO3pacTaHWe HX dTACTHYHOCTH. Tak, HAIpPHMEp, ecliu MOXYIb

2780



yopyroctu y monumepa III pasoe Membie, uem y apumuaa IIM (apomarude-
CKOr0 MOMUHMHUJA Ha OCHOBe AHAHCHADHAA NUPOMEIATOBOH KucHoTH 1 4,4’-
ZUaMUHOZU(EHUIOKCHA), TO YAJIUHEHAe LPH paspeiee BTpoe Gonbire (mpm
HPUMEPHO PABHOH MPOIHOCTH).

HaMeneHuss TepMoMexaHHYECKAX CBOMCTB MOHOBONOKOH H3 HUKIoanHQa-
TUUECKHX OOJHUMUOB B IIMPOKOM MHTepBalle TeMIEPATyp HOpeACTABIEHBI HA
pucyHke. Bugso, aro HabaogaeMaa upu 20° m paccMOTPeHHAA BHIIIE B3AHMO-
CBA3b XHMHYECKOTO CTPOEHUA i MeXaHHYeCKHX CBOMCTB COXPaHAETCA BO BCeM
uCCIeAyeMOM TeMImepaTypHoMm muTepsate. HampuMep, mpm Bcex TemmepaTypax
OPOYHOCTh H MOAYJIb YIPYIOCTH MOJENbHBIX BOJOKOH m3 monumepor I m II
BBIIIEE, & OTHOCHTENbHOE YJIHHEHW® IPU Pasphise Hupke, deM momuMepos III u
V. IIpuuem mpousocts opueHTUpoBanHOro moamumufa 11 mpu 200° Briuze, YeMm
III 8 2,2 pasa m V 8 5 pas, xora npu 20° oHE oTauvannch Bcero aums B 1,4 u
B 2 pasa coorsercTBenno. Emie Gonbmue pasiamuua HAOIIOMAOTCA TIPU CpaBHe-
HEU TeMl)IepaTypme 3aBHCUMOCTEH MOAYIs YHPYLOCTH THX HOJIHMEDPOB (pu-
CYHOK, 0). :

£ /ﬂizﬁf / mm

%) ,/(/'/MMZ

JOt e

= 4 3aBECEMOCTh TPOYHOCTH
~ ¥ (a), MOXYyIA yUPYTOCTH
=X 6 I OTHOCHTEIBHOTO

yaAJIMHeHHA HPH paspeiBe

s I (¢) or TeMmeparypsl A
) W OUEI0aTH(DaTATECKAX
7 OOMAEMAA0B [-V

100 200 Joo 400 T2C

Cremyer Takie OTMETHTh, 4UTO XapPAaKTep TeMOEPATYPHBIX 3aBHCHIMOCTEMH
MOAYJIst YUPYTOCTH U YAJUHEHUA OPH PaspPEIBE JaeT OCHOBAHUE IPeNION0OHHUTE,
970 HCCAENOBAHHBIE NUKIOATHPATHIECKAE MHOIMUMHILL MOTYT Pa3aMATIATHCHA
(momumepst I u IT — B o6mactz 400°, a I1I u V — 300°).

Ananm3 TepMoAedOPMANHOHHEIX KPHBHIX, IOJNYUEHHBIX TEPMOMEXAHUYe-
CRHM METO[0M, ITOKA3AJ, YTO NEKIoaIu(aTHICCKHE IOJIUUMUIEL Teiic TBUTENbHO
HIMEIOT JeTHKHe TeMmepaTypsl pasmardenus (tabamia). 9To ABIgeTca OTHOH
3 ocobeHHOCTEN IUKIoanuPATHICCKAX HOIMAMMIOB M0 CPABHEHHIO C apoMa-
tAgecKuMA, Tak, ecaym HOIANHPOMEIATAMUIBL ¢ «0eCIIADHEPHBIM» NHAMUH-
HBIM parMeHTOM BOOOIIe He PasMATYAlOTCA, 4 ¢ OMHOM «IIapHEPHOH» CBA3LIO
pasMArdaiorca upd TeMmmepatypax cseime 400°, To miA quKIoaTmPaTHIECKUX
OOIUMMHJIOB ¢ COOTBETCTRYIOIMUM CTPOEHHEM IMAMHHHOTO ()parMeHTa Xapak-
TEPHEI SBHO BBIPAKEHHEIE TeMIEPATyphl PAasMArdeHNA, MOHMMKAIOUIHECA IpPH
BBeJeHHN «mapHAPHOHy rpyummposku ¢ 400 mo 300° (rabmuia). YMeHbienne
HHTEHCUBHOCTH MEKMOJICKYIAPHOr0 B3AUMOAEMCTBUA U IJIOTHOCTH YIIAKOBKH
MaKpPOMONEKYJI B OPHEHTHPOBAHHHIX LHHRIOANHPATHICCKUX MONHEMHAAX, NPH-
BOJfilllee K HOABJEHHWI0 CPABHUTEAHHO HEBBICOKEX TEMIEpPATyp pasMArdeHusd,
BEI3BAHO, IO-BUJUMOMY, MPOCTPAHCTBEHHEIM CTpOeHAeM guadruapumos 1, 2. 3,
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A-MUKJOTeKCAHTETPAKAPHOHOBON KUCHOTHL. JHEPTH AKTHBALNYM IIpollecca paz-
pyweenus U,, ABIsomagcad Mepoil YCIOBHOH TeopeTHUYECKOH MPOYHOCTH ILOJIK-
MepOB ¥ HX Temlocroiikoctu [9], uaMeHaercs B 3aBHCHMOCTH OT XMMHYECKOTO
CTpOeHHA LHKTOANH(paTHICCKUX MONMUMHUAOB mourd eipoe (raGmuua). Ilpm
aToM HabHIOfaeTca Ta ke 3aKOHOMEpPHOCTh, YTO M B clydae HX YyHOPYrompod-
HOCTHEIX CBOMCTB, a MMEHHO: BBeJeHHe DPOCTOH 3QUpPHOH cBA3H B IoJHMep-
HYIO Ilenb WIH ke 3aMeHa TPAHC- Ha ylc-u3oMep RuaHruapuga moHmxaer U.
Toaobuyio sakonoMepHoCTh HAOMIOfAMN paHee I apOMaTHYECKHX MOJIMMMM-~
mos [10] n o6macEAnn uaMeHeHmeMm 3PPEKTEBHOCTH COUPKEHUA B LeEmAX
3TUX MOIUMepOB, MPUBOJAINEH K U3MeHEHHMI) 3IEKTDOHHOH CTDYKTYDHL «cCla-
Goii cBasu» C—N. Tlpm cpaBHeHEE TERIOANINPATHIECKHX M APOMATHYECKHX
OOTHMMMMI0L OKA3BIBAETCH, 4YTO IIEpeXof OT AMAHTUAPHAA INPOMeNIMTOBOI
KHCTOTHI K amamrmgpuay 1, 2, 3, 4-UMKIOreKcaHTETpaKkapBOHOBOH KHCIOTHL
He33BUCHMO OT CTPOeHHA IHAMHHHOTO (PparMeHTa COIPOBOMKIAETCA TOHMMKe-
HUeM SHEPruM AKTHBRAIMH mponecca paspymenus U, ma 15—20 rraa/Moas.
9710 BBLI3BAHO, NMO-BUAUMOMY, yMeHbmnieHueM 5Q@EKTHBHOCTH CONPAREHUA B
menAxX MUKIoANInPATHUeCKUX HOMUMMHANOB, CHUMEHHUEM JHEpTHd MeKMOJERY-
JAAPHOTO B3aMMONeHcTBUA U 00pas3oBaHHeM MeHee ILIOTHOH M YHOpPSfodeHHOU
HAMOJIeKYJIAPHOI opraHW3audd OpHeHTHpPOBaHHBIX 06pasmos. JaHuoe mpep-
MOJIOIKEeHNEe OTYACTH MMOATBEP:KRIAETCss pPe3yJIbraTaME pPeHTTeHOTrpaduIecKoTo
AHANM3A BOJIOKOH M3 NURIOAIHPATHUECKAX HoImuMHIoB. Mx cTpykrypa, B OT-
JA4Me OT CTPYKTYDH OPHEHTHPOBAHHBIX APOMATHIECKHX OOIUHMUIOB, aMop-
$ua. »

Takum oGpazom, Bapbupys KoHQUrypanuio KUaMEHHOrO (parMeHTa ilenu,
MOKHO HONYTATH OPHEHTHPOBAHHBIE LHKIOATHPATHIECKHE TOTHUMHUABL ¢ KOM-
IIJIEKCOM BBICOKHX MEXaHHYECRUX CBOHCTB ([0CTaTOYHOM MPOYIHOCTHIO B MOTY-
JleM yOpyrocTH IpH Xopomieil sracTuaHocTH). BMecre ¢ TeM ocobGeHHOCTH mpo-
CTPAHCTBEHHOTO CTPOEHHA INUAHTMAPHUIOB NHEKIoAIN@ATHIECKHX Terparapbo-
HOBBIX KHCJHOT, IPHUBOJAMUE K 0COGEHHOCTAM HMX MEKMOJEKYIAPHON YKIATKH,
BBI3HIBAIOT PAN U3MEHEHWIT (M3UYeCKUX CBOACTB TAKHX MOJUMMHMIOB WO CpaB-
HeHA0 ¢ apoMaTmIecKuMH. CyllecTBeHHOe 0ClallleHHe CHIABHBIX MEHMMOIEKY-
JNAPHBIX (PU3ATECKAX B3ANMOMEHCTBHH, HAOMIOTaeMBIX B apOMATHIECKHX MOJIH-
UMAAAX, B PaspHXIeHne CTPYKTYPH YMEHBIIAIOT TAaK:Ke BepOATHOCTH 00pa-

30BAaBRAA BO BpeMmAa TepMH‘IeCKOﬁ IMUAN3alAA XWUMHAYECKUX MeIemHbIX
CIIIABOK.

MAECcTUTYT (UBUKO-OpPraHAYeCKROI IToctynmia B pemarmuio
xamuun AH BCCP 30 X1II 1978
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THERMOMECHANICAL PROPERTIES OF ORIENTED CYCLOALIPHATIC

POLYIMIDES
Volozhin A.I., Krut'ko E.T., Prokopchuk N. R., Korzhavin L. N.,
Paushkin Ya. M.

Summary

Cycloaliphatic poliimides have been synthesized on the basis of stereoisomeric
anhydrides of 1,2,34-cyclohexanetetracarbon acid with c¢is and trans- position of
anhydride cycles regarding the plane of cyclohexane ring and a number of aromatic
diamines: p-phenylenediamine, benzidine, 44/-diaminodiphenyloxide, 4,4’-diaminodi-
phenylmethane. The thermomechanical properties of the oriented model monofibers of
the said polyimides have been studied. The effect of the chemical constitution of the
polyimides obtained on their structure, thermal and physical-mechanical properties has
been studied in the wide range of temperatures.



