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Osswald T. A., Menges G.: Materials Science of Polymers for Engineers, Carl Hanser Verlag,
Munich, 2012.



Félanc felépitése

Polikarbonat

I
[ |
0]

CH;

Polimer Ismétlodo egység T,
(C)
Poli(dimetil-sziloxdan) CH; —[23
|Si O
CHj3
Polietilén CH,—CH, —120
Polioximetilén CH,—O =50
Poliamid 6 — NH—(CH,)s—CO— 50
Poli(etilén-tereftaldt) 69
—OCH,CH,00C CO—
150

https://i.stack.imgur.com/TjOIT.gif

Pukanszky B.: Manyagok, BME Mianyag- és Gumiipari Tanszék, Budapest, 2003.
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Natural rubber (polyisoprene)

http://dx.doi.org/10.3390/ma13030782
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https://technologystudent.com/joints/pet1.html
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https://zetarmold.com/peek-molding-process/



https://shop.novia.hu/termek/170-g-m2-aramid-kevlar-szovet-savoly-120-cm/
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Pukanszky B.: Mlanyagok, BME M{(ianyag- és Gumiipari Tanszék, Budapest, 2003.
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1' Az Uveges atmeneti h6mérséklet modositasa

Mathijsen D.: Developing a new front undertray for the Jaguar F-type. Reinforced Plastics, 60,
50 O2Q7 [(ON1 )



Poliamid 6 [-NH-CH,-CH,-CH,-CH,-CH,-CO-]_

Poliamid 12 [-NH-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CO-] .

Poliamid tipusa T, [°C]
PA 3 107
PA 6 51
PA 8 49
PA 10 42
PA 11 41
PA 12 40

http://polymerdatabase.com/polymer%20classes/Polyamide%20type.html




1' Az Uveges atmeneti h6mérséklet modositasa

https://www.otasurvivalschool.com/the-pipe-dream-project/
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https://onlinelibrary.wiley.com/doi/pdf/10.1002/marc.201600734
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Hatzigrigoriou N. B., Vouyiouka S. N., Joly C., Dole P., C. D. Papaspyrides C. D.:
Temperature-humidity superposition in diffusion phenomena through polyamidic materials.
Journal of Applied Polymer Science, 125, 2814-2823 (2012).



https://www.researchgate.net/publication/273657868 Development_of a_Regeneration_Pr
ocess_for_Nylon-6_and_Nylon-66_from_Felt_Wastes/figures?lo=1



Kristalyolvadasi hémeérséklet [°C]

Pukanszky B.: Manyagok, BME M(ianyag- és Gumiipari Tanszék, Budapest, 2003.
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC14671/



Alakemlékez6 polimerek

https://www.youtube.com/watch?v=vWIRcazeSnU



https://fejhallgatoszerviz.hu/sony-dr-gal00-headset-javitasa-kabelcsere/
https://img.casual.hu/shops/2824/images/item/wcsm13035-900s-s50-zsugorcso-vastagfalu-
170095.jpg
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PVC, PS, PC, PMMA, SAN  PE, PP, PA, POM, PET, PBT SBR, NR, BR; NBR UP; VE; EP
ATP OK = T, = T, = T,
GTE 0K = T, & = = T,
STD 0K = = = T = T,
RK(Ti<T,) OK = T, = T, = T,

https://www.simtec-silicone.com/thermoplastics-and-liquid-silicone-rubber-Isr/

http://www.adhesiveandglue.com/elastomer.html



DMA gorbeéek

Three-point Bending
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G. W. Ehrenstein, G. Riedel, P. Trawiel: Thermal analysis of plastics, Carl Hanser Verlag, Munich,

2004



DMA gorbék

Gerjesztés: e(t) = gysinwt

Valasz: a(t) = opsin(wt + )
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Bodor G.; Vas L.M.: Polimer anyagszerkezettan. Mlegyetemi Kiadd, Budapest, 2000.
Grellmann W,, Seidler S.: Polymer testing. Carl Hanser Verlag, Munich, 2013.
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Bodor G.; Vas L.M.: Polimer anyagszerkezettan. Mlegyetemi Kiadd, Budapest, 2000.
Grellmann W,, Seidler S.: Polymer testing. Carl Hanser Verlag, Munich, 2013.
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Gottfried W. Ehrenstein: Polymeric Materials, Hanser, Munich, 2001



DMA gorbeéek
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Gottfried W. Ehrenstein: Polymeric Materials, Hanser, Munich, 2001
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Bodor G.; Vas L.M.: Polimer anyagszerkezettan. Mlegyetemi Kiadd, Budapest, 2000.



Gottfried W. Ehrenstein: Polymeric Materials, Hanser, Munich, 2001



e

U ALx

TRREs Wi
-

» 1 V4 V4 . V4 7 o
1’ Alakemlékezest kivalto ingerek <o

Stiraulus
Teraperatare - >
N
Electucity

: _ 1) Themal
(&  sensitive
o
Water sensitive
S 2) Water
= R
Light/radiation =
3) Light
Ox(iidatti,on S
-reduction 4) Reda
<2 x . = sensitrve
. % >

HuJ., Zhu Y., Huang H., Lu J.: Recent advances in shape—memory polymers: Structure, mechanism,
functionality, modeling and applications. Progress in Polymer Science 37 (2012) 1720- 1763.



Polimerek alakemlékez6 mechanizmusa molekularis

szinten
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http://image.slidesharecdn.com/presentation-124836241952-phpapp02/95/presentation-5-
728.jpg?cb=1248345161



Polimerek alakemlékez6 mechanizmusa molekularis
szinten

http://image.slidesharecdn.com/presentation-124836241952-phpapp02/95/presentation-5-
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Szabad visszaalakulasu alakemlékezési ciklus

haromdimenzids abrazolasa
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Fej6s Marta — PhD értekezés



visszanyert

<
e

— /00

" & mED
S

eredeti

R, - visszaalakulasi tényez6

Fej6s Marta — PhD értekezés

Deformécio (%]

eredeti deformacio




megvalosult

P

™~

elméleti max.

Deformécio (%]

R; - Osszesitett alakemlékezési tényezs

Fej6s Marta — PhD értekezés

eredeti deformacio




g 1 ” ”” ° ” Y ) ° g —:::
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T, tarolasi h6mérseklet, T, iveges atmeneti hémérseklet, T, alakadasi hémerséklet, o,
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Fej6s Marta — PhD értekezés
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Xie T.. Xiao X.. {:heng Y-T.: Revealing triple-shape memory effect by polymer

bilayers. Macromolecular Rapid Communications. 30, 1823-1827 (2009).
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Xie T.. Xiao X.. Cheng Y-T.: Revealing triple-shape memory effect by polymer

bilayers. Macromolecular Rapid Communications. 30, 1823-1827 (2009).



Két alakra emlékezeés
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Két alakra emlékezeés

£ 10°
=,
L 4)]
=
E \
3 |
£ 10°-
[ ] =——FEPp
© | e EP/PCL szalp./grafén
i _ EP/PCL szélpaplan
10" | —EPIPCL in-situ
] PCL
I I ' I v I
-40 -20 0 20 40

Hémérséklet [°C]

Fej6s Marta — PhD értekezés

LEE ALK
2 B 1] O
MUOEGYETEM 1




Két alakra emlékezeés

Ip1 F1 MD2  F2 Shape recovery
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Fej6s M., Molnar K., Karger-Kocsis J.: Epoxy/Polycaprolactone Systems with Triple-Shape
Memory Effect: Electrospun Nanoweb with and without Graphene Versus Co-Continuous
Morphology. Materials, 6 (2013) 4489-4504.



Két alakra emlékezeés
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Polimerek alakemlékez6 mechanizmusa molekularis

szinten

extension

http://image.slidesharecdn.com/presentation-124836241952-phpapp02/95/presentation-5-
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Tarolasi modulus [MPa]

Hoémérséklet [°C]
Fej6s Marta — PhD értekezés alapjan
Behl M., Lendlein A.: Shape-memory polymers. Materials Today, 10 (2007) 20-28.
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http://plzcdn.com/
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Hu J.,, Dong Z.-E., Liu Y., Liu Y.: The Investigation about the shape memory behavior of wool,
Advances in Science and Technology, 60 (2008) 1-10.




Egy reflektor ideiglenes (balra) és visszanyert.(jobbra)
alakjaban

Leng J., Lan X., Liu Y., Du S.: Shape-memory polymers and their composites: Stimulus methods and
applications. Progress in Materials Science, 56, 1077-1135 (2011).
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http://pubs.rsc.org/en/content/articlehtm!/2007/IM/B615954K
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C. M. Yakacki et 3l.: Biomaterials 28, 2007, 2255-2263
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