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BJIUSHUE HAHOYACTHULl OKCUI0B METAJLJIOB
HA MEXAHUYECKHUE CBOUCTBA ITIOJIMAMUJIA 6

T. A. BUIIHEBCKAJI*, H. P. TIPOKOITYYK

Benopycckuii rocyapcTBeHHbIH TEXHOJIOTMUECKUI YHUBEpcUTeT, yi. CBepasiosa, 13a, 220006, r. MuHck, benapych

Lenv pabomvl — uzyuums e1usHUE HAHOPAZMEPHBIX YACTNUY OKCUOO8 MAKUX MEMAILI08 KAK ATOMUHULL
YUHK U MUMAH, d MAK’ce OKCUOA KPeMHUsl, Ha Mexanuyeckue ceoticmga noauamuda 6 (I1A6): npeder mexy-
yecmu (BbIHYHCOEHHOU BbICOKOINACMUYHOCU), MOOYIb YAPY2OCMU NPU PACMANICEHUU, MOOYIb YAPY2OCHU
npu uzeube, yoapruyio esaskocme no Llapnu u no H300y. B pabome paccmompen 603MOX’CHbLIL MEXAHUSM 83d-
UMOOeLCEUs MeAHCOY HAHOYACTIUYAMU U NOTUMEPHOU Mampuyell.

Ilposedeno cucmemnoe uccredoganue GIUSAHUSL HAHOYACTUY PA3HOU NPUPOObl HA MeXanudecKue
ceoticmea I[IA6 . Hzyuen xonyewmpayuownuvitli urmepeanr esooumvix Hanouacmuy 0,005-0,020 mac.%.
Ilokaszano, ymo onmumanvHol KoHyenmpayuei 0Jis 8cex U008 HAHOUACMUY, OKA3bl8aroujelti MaKCUMAalbHbll
ynpounsiowuil d¢pgpexm na oobpazyvt 1146, sensemes 0,015 mac.%. B maxux ceepxmanvix KOIULeCmeax
HAHOYACTUYbL CYUWECMBEHHO NOGLIUAIOM ROKA3amenu mexanudeckux ceoticme I1AG: npeden mexyuecmu
(8b1HY2ICOEHHOU bICOKOINIACMUYUHOCIU) Ha 27-26%; Mmo0yns ynpyeocmu npu pacmsicenuu na 26—27%;
MOO0ynb ynpyzocmu npu useube na 26—25%,; maxcumanvhyio npozubarowyio cuny na 29-25%; yoapmuyio
saskocmy (¢ naopesom npu 22 °C) no Lllapnu na 40-22%, no U300y na 30—28%.

Yemanoenen psao sgpgpexmuenocmu nanouacmuy 8 yayuuieHuyu KoOMnieKca mexanuueckux ceoticme I146:
TiO2 = ZnO > Al,O3 > SiO,.

Ilpeononazaemes, umo yayuuleHue MeEXAHUHYECKUX CBOUCME 00pa308aHuemM OONOTHUMETbHIX
MENCMONEKYIAPHLIX  g3aumoleticmeutl  Ban-dep-Baanvcoeoco  muna  mesxncdy — Hamouacmuyamu U
maxpomonexymanu I146. Ilpeononoocenue noomeepaicoaemcs 3amedeHuem peraKCayuonHbiX Npoyeccos.
Maxcumanvuvlii s¢pghexm 3ameonenus peraKcayuoHHblx NPoOYecco8 NPOUCXoOUm npu KOHYEHMpayuu HaHo-
yacmuy 0,015 mac.% u yovieaem ¢ psoy TiOp = ZnO > Al,O3 > SiO,. 3axonomepno nabuooaemes koppens-
Yusi Mencoy CKOPOCMbIO 3AMeONeHUsl NPOYeccd penaKcayuu U yeeiudeHueM noxKazamenel MeXaHuyecKux
ceoticms [IA6. Ycunenue MmedNcMONEKYIAPHBIX B3AUMOOCUCMBUL HAHOYACUYAMU 8 NPEOTONCEHHOM POy
MOJCHO 0OBACHUMb USMEHEHUeM BeTUYUHBL HEKOMNEHCUPOBAHHO20 3apA0d HA UX NOBEPXHOCMU, M. K. pa3mep
U nIOWAOL UX NOGePXHOCMell ObLIU OOUHAKOBHI.

KaroueBrblie ciioBa: noJuaMu g 6, MO,I[I/I(I)I/IL[I/IPOBaHI/Ie, HAaHOYACTULIbl, OKCHUAbI MCTAJIJIOB, pCIaKCAllUA HAIIPAKCHUA,
MIPOYHOCTHBIC CBOIICTBA.

INFLUENCE OF METAL OXIDE NANOPARTICLES
ON THE MECHANICAL PROPERTIES OF POLYAMIDE 6

T. A. VISHNEVSKAYA*, N. R. PROKOPCHUK

Belarusian State Technological University, Sverdlov St., 13a, 220006, Minsk, Belarus

The aim of the work is to study the effect of nanoscale particles of oxides of metals such as aluminum,
zinc and titanium, as well as silicon oxide, on the mechanical properties of polyamide 6 (PA6): yield strength
(forced high elasticity), tensile modulus, flexural modulus, Sharpie and Isode toughness. The paper considers
a possible mechanism of interaction between nanoparticles and a polymer matrix.
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A systematic study of the effect of nanoparticles of different nature on the mechanical properties of PA6
has been carried out. The concentration range of injected nanoparticles was 0.005-0.020 wt.%. It was shown
that the optimal concentration for all types of nanoparticles, which has the maximum strengthening effect on
PA6 samples, is 0.015 wt.%. In such ultra-small quantities, nanoparticles significantly increase the
mechanical properties of PA6: yield strength (forced high elasticity) by 27-26%; modulus of elasticity when
stretched by 26-27%; flexural modulus by 26-25%); maximum bending force by 29-25%; impact strength
(incised at 22 ° C) by Sharpie by 40-22%, by Isode by 30-28%.

A series of efficiency of nanoparticles in improving the complex of mechanical properties of PA6 has
been established: TiO, = ZnO > A1,03 > SiOs.

It is assumed that the improvement of mechanical properties is due to the formation of additional inter-
molecular interactions of the Van der Waals type between nanoparticles and macromolecules of PA6. The
assumption is confirmed by the slowing down of relaxation processes. The maximum effect of slowing down
relaxation processes occurs at a nanoparticle concentration of 0.015 wt.% and decreases in the range TiO; =
Zn0O > Al,O3 > SiO,. A correlation is naturally observed between the rate of deceleration of the relaxation
process and an increase in the mechanical properties of PA6. The increase in intermolecular interactions be-
tween nanoparticles in the proposed series can be explained by the amount of the uncompensated charge on
their surface, since their size and surface area were the same.
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