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Prepar ation and properties of shape memory FesO/EUG
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Abstract: Shape memory Fe;04/EUG composites exhibiting magnetic and thermal dual response were
prepared from mechanical dispersion of Fe;O4 nanoparticles in Eucommia ulmoides gum (EUG) matrix, and
characterized by SEM, universal testing machine, DSC, dynamic thermomechanical analyzer, induction
heating equipment and infrared thermal imager. The effects of Fe;O4 nanoparticle content on heating rate,
magnetic response shape recovery, Fe;O, nanoparticles dispersion state and mechanical properties of Fe;O4/
EUG composites were then explored. The results demonstrated that Fe;O0, showed slight agglomeration in
the vulcanized EUG matrix when its content=30% (based on the mass of EUG, the same below). The
mechanical properties of Fe;04/EUG-50 composites were improved at high temperature (60 °C), and the
tensile strength was 47% higher compared with that of EUG, indicating the reinforcing effect of Fe;O,.
DMA test showed that both the fixation and recovery rate of Fe;O4/EUG composites remained above 98%
after recycled three times. Moreover, the temperature rise rate of Fe;04/EUG composites increased along
the Fe;O,4 content increase in the induction magnetic field, leading to rapid non-contact heating and rapid
shape recovery, which could be realized in as short as 12 s.
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Table 1 Formulation of composites
FE it 24 FR EUG/g Fe;0./g
EUG 100 0
Fe;04/EUG-10 100 10
Fe;04/EUG-20 100 20
Fe;04/EUG-30 100 30
Fe;04/EUG-40 100 40
Fe;04/EUG-50 100 50

W FIMAEALEE S g, WARER 2 g, P& 4010NA 1.5 g,
23] NOBS 2 g #ififi 0.5 g
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Fig. 1 SEM images of fracture of composites with different Fe;O, contents
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Fig. 2 Effects of content of Fe;0,4 on stress-strain curves
of composites
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. Rt It 2 PARITLiiER"
R X%
TJ/°C AHJ/(J/g) TJ/°C Tw/°C AH./(J/g)
EUG 13.4 50.1 -62.5 41.9 53.8 28.8

Fe;04/EUG-10 9.4  49.6 —63.6 418 515 27.6
Fe;04/EUG-20 9.0  47.6 —639 413 496 265
Fe;04/EUG-30 84 445 638 41.9  49.1 259
Fe;04/EUG-40 6.2 437 —63.4 417 472 253
Fe;04/EUG-50 10.0  43.1 —63.4 41.6 456 24.4
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Fig. 4 Cyclic thermomechanical curves of composites with
different Fe;O,4 contents
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Fig. 5 Shape fixation rate (a) and shape recovery rate (b)

of composites with different Fe;0,4 contents
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Fig. 6 Heat generation process of Fe;O0,/EUG composites
in magnetic field
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Fig. 7 Shape recovery process of Fe;O4,/EUG composites
specimen in magnetic field
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Table 3  Properties comparison of magnetic responsive shape memory materials

T 1oy 42 bR AH A8 i B /°C Fr A5 E /MPa W 5444 3 /% 2 NIRRT Iml 42 5} [ /s
Fe;04/PDLLA-1001% 48 ~ 53 44.0 2 98.3 35
MagSilica 50-H8/PDC-10'*) 40 15.4 574 98 —
MNP/OPDL-1121 80 14.0 155 97 —
Fe,03/PEVA-13.624 94 90.0 100 89 —
NdFeB/PE-151"! 131 22.0 100 85 70
Fe;04/PLLA-101¢ 60 93.1 175 83 200
Fe;04/PCLAU-15!" 40 19.3 101 82 30
Fe;04/EUG-20 41 29.0 545 98 30

#:: PDLLA A D,L-A TG ; PDC R £ iix BeIL Y ; PCLAU 4 3 DU FH 3L fE — B (PTMEG)HT 3R (D,L-H 58 i -co-¢- . I ER) ( PCLA )
PLLA N ERFLAL; PEVA R LHM-BER LMl ; OPDL AR (w-T HEENNER); MNP S #H9K kLT
MagSilica i 5 M ik o

IR Y; PE R LN
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2R 3 AT, e A I B A AN AR 4 i B DL Y 3
A EMIHE S Fe;0./PDLLA-100, MagSilica 50-H8/
PDC-10, Fe;04/PCLAU-15 #l Fe;0,/EUG-20, FEiX
JLFh AR, Fe;04/EUG & A 84Kl Fe;04/PDLLA-
100 fyfr A B2 4w , Y i 20 MPa, {H Fe;0/EUG
-20 52 A MORHEAT T R Y W 2R R RN ] A2 2R
AR He B R B A G e N R G2 A2 B R T g
Fe;0./EUG-20 & & M EHEA B AR ZE G P fE .

3 #£it

(1) RPN T K Fe;04 40Kk F 5 A EUG
FeRH L 2 Fe;O4 9K KT 5 it = 30%I, B 7EFEIK
PR, SEOMEARY, FRAERN ET, R
B MOBHY 125 R/ NIE R % .

(2) i#id DMA KHIE T Fe;O4/EUG &AM BHE
PR T IR R SRR, SN ARHR TR, 3 Ik
B G FesO4/EUG &4 MBI AR [ 1 AR 1]
8 RPIRFFAE 98% L) I, FBLH B 4FFfse eIk
STRR VAR Y-8

(3) F RN #AEE B 8E T FesO4/EUG B &
POBHERG R, T R R B R R, 5 RH, &F
Fe;04 A1+ 1) 5 A M B A] 78 28 A8 1 3 vh i T
TR AR, et A 12 s Y HD AT SEER IR AR 1 1 45

. HAUFE R Y FesO4/EUG EARICIZE A #K
SEEL T iR, e a | o, TEC ol
PR T R T AR AR Rk A e A R 25 B P RE (T
AR AE Y B A SO RE R A3 TR R A A 3 N o
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