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Figure 1 Scheme of shape memory cycle
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1.2.2  Joiigm BB ARICIC R A Wy e B ALEE  JCRARE R L TR R 312 RGN i — Tl i 28 ) 2 W 18 T R 3
LR 2 Testa %5 F 2019 RIS HR N WAL . 5250 ¥ Rl 16 A 102 070 % A 76 22 B0 1) 850y i R
Jr2EE BE N AL T S DA R RE S, K A s 6 MR G O . AT 3 Ca) BT R RS DA AR
A RAPEAR R 25 TG A 3 W6 Bl P UL X 50 A A R v B A AR TS T N G e A BORE E
BHES L 53707 1) % 5 S BORE VA I E G0 L S e T B B AR B 2 . 18] 3Ch) AR T JE R W I TR
RIS FE . B SGAERIIR S BLT (Stage 0) 2R FE H OB 0 52 4 4 BL 2547 15 1 (Stage 1. BiJR
FHIK BEAR T TN 7 (Stage 2) AEREGAFIN T  AARHEAL . TREFRES L i 2B R (Stage 3)  BEHIE IR B &
Tk HEE R IE AR UR SUE R Y 5] 0 A BERHEAE L BT IE SR IE AR 2K (Stage 4) .

(@)

PDMS Magnetic C¢
field ON

—_—

((

Magnetic £ & ¢
Particle PR
C

€ Water + £¢ ¢
cecc Glyceral T ' 5

Magnetic B=0 B>0
Fluid

o
Polymer

(b)

Bl 3 Ca) AR 0 1 TR G A2 WL 5 (b) 8 AR I B I AR 1242 1 2 (2019 John Wiley & Sons, Inc. R AI) 7
Figure 3 (a) Shape memory mechanism and (b) shape memory cycle of athermal megnetic response

(Reprinted with permission from Ref. [27]; Copyright 2019 John Wiley & Sons, Inc.)

10. 14028/j. enki. 1003-3726. 2022. 06. 001



c 4. 5 a5 T i 1 2022 4F 6 H

2 LR BLFRAT L R A ey & %

Wi 52 SMPC (1) 8l # 07 ¥ S B 22 BRI e Rt 34 o AR Jo 1 3 D058 14 26 B, S 9 R D T A 23 S )
HE AL . W B ) A g e B SMIPC R 55X 32 2060 A Al LR AN IR . W BEA ) A T
BB DT IR /N By T B T AR A L (LY B A Y G e L SMIPCHR P BORL A 5
A VAR o B BURHE SR R 2 HON R . ok L il T 4D ATETEOR B K B8, Wy Bk o) 4% i i SMIPC 4%
SR

Al ) A R A S SMIPC 3 238 5o J A 2R 41, 5 W B TR AR H o RO 3R A A ) T die Al 5 i AR
HAER 4R P BUR AR SMPC SR i 20 BrE . Al i il 5 9 i i i SMIPC 25 F 5 76 — 28 )
S A S REAT AR SMPC 1 1 A PR RE VR ARG AZ VR BE 312 i FEAE S B R T b i ml A 1. (HZ
A7 0 ) 26 B R IS SMIPC W S 6 2% A 2R 20 i B 85 0 52 2% o U RE T S 6 35 A5 1 8 5 i, X L S B
AR A= . SRS ] A TR S AR R — T

3 HEUE RLTDOIR AT T R A A e AR K R e

TERZBUR T, Fe, O, 285 KB G B ASIS , BoA B 28 W AH 25 1k R A= ) vl B i ik . A PR 3R
B, RSEAE 20nm LA R (8 Fe, O, 78 AR A 892 52 1104 45 K AT 38 i 1E 4 19 R B A6 31 HE AR AR L i fili
A5 FUAE A= Wy 1 2 0 32 53 S TR I A B ) 8 1 e 1. SMIPC e 5 FH 1) G P AR

FEARYLE T G R SMPC [ 3EAMERE , WOB RIS BE . 1 24 T Be VIR E BT R 45 . % F i AR 0
BEL A% b 2 375 A A, X 4B A 203 & 1047 38 A T 0T 0 o 3. SMIPC A J2 Sy A= 9 2 2 g FH T 4 1 9 DA
SRR ZREA YRR A Y IR mENRASY, FEERARE BB KB N
B A A BT — 2 DL BRI IR R Nafion'™ hy FE A ) G 0 . SMIPC, {H A 3¢ F 5% -
ANV, R TR LA R WA BT A A
3.1 ERRE§ZE SMPC

RABEIE SMP J2 i — 5 SR IR 5 i 2 56 SR TR Bl SR Ik 2 1 5 2 B 26 mUny 2L 2R W . B ooy 5 Y
W) Sy P M SR I+ PR 22 DU IBE NN =) 7 B 0% D00 2 A T P SR i .+ BE T A0 SR U A T P 2R i
HA B FARR 8 P | e SR RSV T X S 30 ZR R SR X AR ZE 2 — OH: —NCO #9281 1 i Ik
BIF B A S R 22 W RE PR UE SR 2R A R AF Y 1 2 M RE  (H 8L 5 i) AR [ M 2R 20 IE AN AR AR A B PE SR
i I e il P I T A RO IR L BB 2 R A R IR G012 B R (SMIPU) 34 il 38 1 4 3 5B Bt A Lo 9] B
Pl BLXF SMP LAk Jp 22 PR RE A T .. B VA 28 LLGE N AN ) R 75 R

Correas 25" DL L-# & R — 5 R TR 5 B PR 3t K 20 1 W JURE L TN Bl B 5 G B 2B R
HHMT BAEWHAEERMEE SN EY R SMPU, e & i) SMPU J) 24 MR8 22 | i i B — [ 7]
B A AT 2T 2 2 9K AR (CNO) #il Fe, O, 31 AF] SMPU Hr, BF58 KB, HURH R MR &5 7 SMPC 1y
T e » [FIEZHBERE & T SMPC B TR AR [ 22 38, 78 AN B X [E] 1, SMPC B B A7 L 4l SMPU 5 (5 (1) i 4
AN ). Fe, O, i /%R 5% 1) SMPC £33 () 2 1018k Hz, #4558 B (H ) 2y 15. 9kAem ' [ 3C
TGS T 13s BMRE VIR IR ANl 4 Frs) . BRI HEAT 1 48 TG 77 00 52 0 i v AR 25 1k 55 56 DA 36 ik
I G OB LRy 5 2 45 ) v AR S AN AL {HL0E SMIPC i 36 T 1Y 4 3 %6 K ey JF AN 38 T AR
(EIFRELBUIHBH H X f<5X10°A+m " +s D", Soto %" il i3 W W IL IR H & T Fe, O,/
SMPU & & MR AF 5T T P FIURL e 3 X 8 i 157 1R SE 0 B4 1) s i), 45 S 9 B e 0 e 8 i, 3R
T BGH e Can & 5 TR T RE IR F 1 dh e IR U Ry L YRR EOR R TR TR L LA T
EERRIEIR

10. 14028/j. cnki. 1003-3726. 2022. 06. 001



5% 6 [ S T ' R © 5

erEEEE

t=10s t=13s

4 PU-SMNP-CNC 73828 B 3 i T PR ZRIURTE R (2022 American Chemical Society RRAX VA
Figure 4 Shape recovery of PU-5MNP-CNC triggered by an alternating magnetic field
(Reprinted with permission from Ref. [43]; Copyright 2022 American Chemical Society)
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Figure 5 Heating rate of nanocomposite samples with different Fe, O, loaded submitted to magnetic heating

(Reprinted with permission from Ref. [34]; Copyright 2022 Elsevier)

3.2 EFEZE SMPC

BILER (PLA) H1 24 FL IR AR 28 07K i B S T I 6 i 7 40 ol — SR A e S5 7K 3k AR B 3R B8 T 5
PLA 4 F5 0 p S A ISR A B B4 19 nl FE 0 1M L 38 B ok B8 A A B T Re 12 4 P L 3l L
FE il % SMP B B A 1. (B PLA W01 25, T il 45 4l SMP i )i 81— IR [0l & R 4 9227

Lin S8 AR & /M Fe, O, BEMENR 5 PLA I fh R 38 3 55 I ALHI 5 3D FTED B 75 B9 40 22 34T B
T2 B BHERAL BT T R X SMPC [ 77 2% PE B8 (14 5% 0 I 5000 1 220 - B 3% 45 45 A0 78 7% 37 7
THIEARWKEE . S5 RERWPATEN A 220 BB B AERE /R T 38s IR E Wi B AR . A4 B H0 4 oi B2 0 iy
4 IO 745 I I e R0 1 155 Jor i e AU, L e R 1 7 s IO A T I g R AR ) R R KL AT A R R
R i i) SMIPC R 1T A 2615 24 20, REAS 1 3R & W 1 B0 5 107 28 2o B it S5 SMIPC & THI ) S 200k /b L BRAIG T 44 Rk
PR S i OGS B R B 20 AR R . S HPE RO PLA 899, B R R E R0 A s L2
—. Huang %5714 T Fe, O,/ KR A B (ENR) /PLA = JCREWI . SMPC, Fe,O, 5 ENR 7 4
R Z [ AEE A BAE . 5 ENR & A 9845, K {3 5> ENR # A PLA #, %3 7 ENR #5 PLA
AH 22 [ (8 35 T A 25 1, DT (6 A Rk LA B4 i 25 ke (&l 6) . 7E f =45kHz, H =29. TkA*m '3 4E
Wi Fe, O, &84 9. 1vol % 19 SMPC A& 5s NIk F] 96. 11 % BB R 2 %,
3.3 B2 HWE§ZE SMPC

EOHBR(PCL) EH e- QAR RIRZH A RAE RN AR LR TRAW. EEZH0E 54T
LA 1 i MR R S  T H Rg py 2 B M vl im Tk, 0 PCL & S 2= Mg B Ric iz 8 22, A
3 HIRRICAZ D e T4 78 J1 2 PR Bl . — e B2 R W B Ak 2 )y vk i sg B L s o S b R A
R IR,

Gao 2P L y- O 3 DR IS TR 48035 ) TR 36 = TP S0 3 Tk e X Fey O, T M 7 30F £ 1 Ak BB 78 214 <8 B 591, R

10. 14028/j. enki. 1003-3726. 2022. 06. 001



© 6 . 5 a5 T i 1 2022 4F 6 H

@S PLA ®EE ~ ENR @ Fe,0,

Bl 6 ENR 3% PLA HLI/R 5 8 (2018 Elsevier AL YFA[) 17
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Figure 11  (a) Gripper lifting a lead ball without (L) and with (R) shape locking(Reprinted with permission from
Ref. [56]; Copyright 2020 John Wiley &. Sons, Inc.); (b) A printed butterfly flaps its wings in the magnetic
field(Reprinted with permission from Ref. [28]; Copyright 2018 American Chemical Society)
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Research Status and Application Progress of Magnetically
Responsive Shape Memory Polymer Composites
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(1. School of Sciences Tianjin University, Tianjin 300072, China ;
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Nanoscience and Technology s Beijing 100190, China ;
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Abstract: Magnetically responsive shape memory polymer is a class of intelligent materials that can change its shape in
response to stimulation of external magnetic field. It provides a new way to solve the problem that the thermally responsive
shape memory polymer cannot be directly heated to recover the permanent shape in some situations. In this paper, the
research progress of magnetically responsive shape memory polymer is reviewed. The mechanism of magnetically
responsive shape memory polymer is discussed in combination with magnetocaloric effect, and an athermal magnetically
responsive shape memory polymer is introduced. Secondly, the main matrix materials used for magnetically responsive
shape memory polymer are introduced. Then, the application progress of magnetically responsive shape memory polymer in
the fields of biomedical, self-healing and soft robotics is introduced. Finally, the advantages of magnetically responsive
shape memory polymer are summarized. the problems faced are put forward and the prospect is given.

Key words: Magnetic response; Shape memory polymers; Composites; Magnetocaloric effect
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