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Abstract : Fused Deposition Modeling (FDM) 3D printing to construct Polycaprolactone (PCL) flexible circuit applied in the
filed of biomedical science, is a new direction of the flexible electronic devices in the future. PCL as the flexible substrate could not
only satisfy the need of FDM 3D technology, but also largely deformed wearable medical devices and health monitoring field. In
order to find out the optimum content of the long carbon nanotube (LCNTSs), short carbon nanotube (SCNTs) and SCNTs/LCNTs
within the PCL based serial composites, LCNTs and SCNTs were incorporated into PCL matrix to investigate the mechanical and
electrical of the PCL based serial composites. When the amount of CNTs was less than 5 wt.% , incorporation of LCNTs, SCNTs and
LCNTs/SCNT into PCL matrix could enhance the mechanical, electrical of the PCL based serial composites. In addition, LCNTs
played the key role of the mechanical and electrical of the PCL based serial composites. When the content of CNTs was less than
Swt.% , more than 3wt.%(3wt.%<CNTs<5wt.%), the PCL/CNTs series flexible composites with good electrical and mechanical prop-
erties are suitable for making the large deformation and high sensitivity flexible conductive wires.
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f (CNTs<5%), SCNTs, LCNTs £l & [t SCNTs/
LCNTs S Xt PCL HEZE MG A MR )2 (H2g bk
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PCL: FDM 3D 4T E ], TR VI OG IR IK A R 2
Al
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=& H % (CHCL,) . JE/K L1 (C,H,0>98%): I
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1.3 PCL/CNTs & 7| =1 8 &4t &

PCL/SCNTs, PCL/LCNTs 5 PCL/SCNTs/
LCNTs RN EME S EHR DBRERL . SLg b
BT B — 2 w9 PCL AR WIS L@ AR,
A 40 mL (%) CHCL,, 7 15 {5 #% J7 3 #1248 Lot &=
40 °CIF AWt +E B & PCL 58 2V it T CHCL
FREL— 2 5 1) CNTs A BEES BEAR |, i A 40 mL
() CHCL, , B 75 438 15 min; FRK5 IR K PCLIAR S
R 5 I CNTs I HEATIR &, &80 4 h Jj 224
J& IR A R B AR IR S Aa i Borh | §E
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1.4 miX5 RIE

WAXD il 3« X §F £k 5 95 I CuKa, A =
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PCL/SCNTs Fl PCL/LCNTs Z= 1 5 4 b4 R v i
SRPERT R N ) d RMH W R 4 ) S i )
T2 2. 4l PCL WP s iite 4y 12.14 MPa. il
% SCNTs & A8 hin, PCL/SCNTS & & AR B f
SRR i S IR PR R I A R B, 2 SCNTs it i 434K
h 5% W, S-C-5 & A A RHA A AR B3k 31 T e
R 17.48 MPa, [ 4l PCL (14 380 A5 2 3 i
T 5.34 MPa; 7E PCL £ {4 11 75 it LCNTs i}, PCL/
LCNTs & 5 Bt s8R 4SS it 52 B0 500 T o 10
WA I Fa e, 4 LCNTs B 4350k 1% 5, L-C-1
A MR PRl 16.09 MPa, 2§ PCL 3t
A48 A LCNTSs 352 3% I, L-C-3 FH i s A5 i
A BT i K AH M 20.00 MPa, 4k 22 $i2 %5 LCNTs 1£
PCL AR A, B G AR A SR i 1 R
WA a3 ELIGE IR /1N, L-C-4 F1 L-C-5 By f s pEAs
05174 19.88,19.01 MPa.,

4fi PCL W /7 f% KAH A 24.06 N/mm?, 7 PCL
A48 A SCNTs 5, PCL/SCNTs & & A BH Sk
(B BT e RIS G ka4, 4 SCNTs Jii i 734X
H 1% B, S-C-1 IR 1 Fe KAE K 15.57 N/mm®, i 5
SCNTSs & £ A N, I g $5e KB A Bl =2 Hh AR 1 1

i, S-C-5 W B Fe RAE A #) T 27.63 N/mm’. 7F
PCL FAR P43 LCNTs i, PCL/LCNTs & & 41 R
N FI R KA S BRI I B AR AR 34 . LCNTs
B R AT 2% I, B2 A RE I B R (B A #
T KM 35.96 N/mm?, 4k 224 5 LCNTs 7£ PCL 3
R AR, B A PR B E 2R 52 2k
PERRACEA S, FRIERAR .

4fi PCL My 244 %8k 844.12% , T it 1F PCL it
{4 th %8 Il SCNTs i & LCNTs, PCL/SCNTs, PCL/
LCNTs R 515 A Ak W7 241K R0 AT B0 i 2
BEAIR, BRI RFLE 600% DAL

%2 PCL,PCL/SCNTs,PCL/LCNTs &8 &1

NE LR BEEH R

VARSAPER R /Wi /
PCL 12.14 24.06 844.12 6.8x107  4.8x10°
S-C-1 12.81 15.57 650.65 2.7x107  1.7x10°
S-C-2 13.78 18.45 663.12 8.3x10° 5.8x10°
S-C-3 15.38 19.42 671.47 53x10° 1.2x10°
S-C—4 17.25 25.00 628.55  — 1.0x10*
S—-C-5 17.48 27.63 62943  — 1.1x10*
L-C-1 16.09 16.00 817.30 2.8x10* 5.8x10*
L-C-2 18.11 35.96 836.4 3.6x10° 1.3x10*
L-C-3 20.00 26.16 783.77 1.2x10°  2.6x10°
L-C—4 19.88 15.64 68020  — —
L-C-5 19.01 7.70 649.58  — —
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PCL/LCNTs 2415 & A Rk hir A i 485 1 1
= T PCL/SCNTs R4 574 L, PCL/SCNTs iz
PR AR B KA BLAE S-C-5 BE &, T PCL/LCNTS
52 G R RE R A MR AR i e (U 1 B AE L-C-03 #F
il PCL/SCNTs R4 A MR ) e KAE L T 3%
W e, NS 1%SCNTs 1Y 15.57 N/mm? 3
InE) T RN 5%SCNTs 1Y 27.63 N/mm?, 3
Wik 5] 76.62% ; PCL/LCNTs 225 5 & AR I 1
AR SIS I 2 I R R 3, {H Y PCL S 4
H 55 5% [ LCNTs B, S-C-5 B 5 (19 B 1 5 KAH M
20.54 N/mm’, #31 4li PCL i . PCL/SCNTs 1 PCL/
LCNTs R 51 5 & # B} B 2 K #8 7E PCL Bk rh
CNTs B AR HEiT 4% LU , Z AR RHR I 2L KR
LT AR, (ER R AN R

JC LCNTs i & SCNTs £F PCL JE {4 i 4 1] LA
i $2 7+ PCL 3L 52 & MR hr A st M5 1 55 0 )
KAl . MRIEAT AHRIE™, CNTs & 42K, CNTs
(iz S LA S R SRS Wiz sh 3840, I & 4
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BEZ AN Ve & AR A TE B, CNTs 23 Fifi 5 SR K kL2
Bl IS A ARLZ AN IR, SR ) CNTs
A LAAE Ry 5 B 1) 7 28 fmf X G2 bl 2 00 mT e 3
Wop=Reg b NOE A G RS T NN N SN HE 7T =
4 CNTs it it 70 $00E B, FLAE 2 A PR SR i 8
SIYEC RSN IVERIR , CNTs A2 2 1% 143 B Ve,
{AZEBEE CNTs 8 AR, CNTs 7£ 52 A AR L
PRH et S A AR AR 22, FEUL A R R =
A /NES R INBYIR, T O AR T, AT S8R Ak
B 12APERER FRE. X CNTs, HAS B g i 24 e
2 P 8 1A o i s 2 3 A B A KOk SE I L Rt
CNTs T B KM AL L, A e EUE RN 1518
KB GRIEE A ML 7 B R A8 3% A% 33 51 CN'Ts
B0 TSR AR FE AT LARIE CNTs 78 5 A W 31K
T 25 5 T S AR G5 4, X e SRR B 1A R T4
1 2 A MR RE B AE S e . LONTs HAA TR
(4 A% B, AR by 3 ik JE0R) T LA %5 b A% 34 1
J1 R AT, P PCL/LCNTs 250 &4 4R T
“2PEREN] @A T PCL/SCNTs & 441K, PCL/CNTs
BEMER MK R T, TE S5 CNTSHERE
VISR A HORES R Ko A5, CNTs RSB A
PCL F {4 2 1 ) FH 8 75 8RR 75 40, R 0 17 L7
PCL 34K iR 438, R 7E PCL & A= Wi %45 , CNTs
PRSI S K A Wi %L, {5 PCL/SCNTs, PCL/
LCNTs R E A M EH W2 R R R R .

(2)HL2EPERE

PCL/SCNTs, PCL/LCNTs Z 145 &+ RH AR FR
FL B (o, ) FI 1T LR A (o) WL 2 SCNTs #5 i
H 1% B, S-C-1 52 & 4 ) i BH 22 3238 F 41 PCL, H
VERE A W M . B SCNTs & itk —2b
B, 25 MR F BHR B TR AR . 24 SCNTs Jit
o N 3% ), 54 PCLAR L, S-C-3 Hi B A P A
TSRS, SCNTs i SRR H 4% 2 )5,
BB 20k S-C-4 1 S-C-5 B p HU B , %
iRCREy P SRNEEN AT R RTAN

X} T PCL/LCNTs & & #4 #L, LCNTs B & 4
1% B, L-C-1 1 p, 5 p #H L4l PCL AR T 3 4%
Y. Btz LCNTs B & s 3a0m , & A ARk i BH 26 p
fI%, LCNTs i ik 3% i, L-C-3 54l PCLFEAIK T 5
MY, Y PCL AR L-CNTs 8 A it ik 5] 4%
F1 5%, L-C-4, L-C-5 & & M B B BH % g 5 Hb R
B, Mk T B AR

BAM LRI B2 S RHEA T CNTs &
FEL I 4% B P i e 5, KA ONTs B 25 590 T AR 418
CNTs (A ELFE 42 , 35035 1) IR 2 2000 >k A% i F F-
DIAS A L3 TS 3 T F ISR, CNTs E R A
PR b i B DL RO B s 6 B G R R
“EVEREF= AR . ONTs S FAR A, 5 HiL R 265
WA B, T HL D028 45 14 (1) A5 A0 X B P 52 1 55
K, CNTs & B AIG, o0 5 s AR Y R SR B0 R
s PRI CNTs & i3I ATEE T, B R4
Ko J12 M RE Y PCL/CNTSs &2 A A1 RS 5158 A I VE K
AR R S
Q)RR
M PCL/SCNTs, PCL/LCNTs 1458 Gk R 11
SEFFE AT LUK B, 24 PCL 4R v CNTs i & 75
TE 1~3% I}, G APRHZ5G 12 PERE LA L 5+
I3 5% PCL, S-C-1,S-C-3,L-C-1,L-C-3 TLHE
W4T T DSC ¥, anE 4 fron . &l 4arh 4 PCL Y45
m i N 23.64 °C, S-C-1 A 4% fhiEEE o~ 33.63 °C, S-
C-3 BY4E TR 4 34.40 °C., 4 PCLEAT B A 1%
() SCNTs Ji7 , & A A RE A 25 & T 2 745 31 I 3 b 4
F, FHIE 24 10 °C, {H 2 SCNTs i 48 A ft ik 3|
3% LA, PCL W4, S EE 3 = AN Bk, (& 4b b, L-
C-1 FY 45 f IR B My 31.18 °C, L-C-3 [ 45 i & R
36.41 °C, B A—E &M LCNTs Ji7 , L2 W] i 48
1= PCL 45 iR o HL7E PCL AR 48 A R BRI
M H03% (19 CNTs B, L-C-3 (45 b T3 (36.41 °C)
PCL

0 10 20 30 40 50 60
R/ C
()

“23.64

0 10 20 30 40 50 60
g C
(b)
a—PCL 5 S-C-1,S-C-3 B4 fhth 22141 ;
b—PCL,L-C-1 ] L-C-3 i 45 it 2k &1
El4 PCL/CNTs & 541K DSC £k &l
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kb S-C-3 Hy 45 f T2 (34.40 °C)H i T2 °C, 54l
PCL #f It , PCL/SCNTs, PCL/LCNTs %2 & #4 B} ) #4
45 UG R R 2 b B 06 IR B 1) = IR T 1) A% 8, 1
SCNTs 5 LCNTs fig# 5 PCL B4t S B f1, ¥k
T PCL %5 5% H . SCNTs 5 LCNTs % 7F PCL %
PR R T USRI RPE T, AT D 35 b 2 =5 PCL 7E
o I DX A AR . (RJ2 Y PCL AR A 24
f) CNTs Ji7 , PCL 445 fit T B 18 o N B 8, 3 22 J )
g it 9 CNTs BHLAS T PCL 43 1 1 88 B iz 8l , XF
PCL fhiRA K BRI AR HEAE T

Kl 5 & PCL 5 S-C-3, L-C-3 1 TG 43 ¥ &l .
PCL,S-C-3 5 L-C-3 =AM FE i R B Tl
o TE 350 ~ 450 °Cw Bl H B H S i ot 4 %
PCL TE 12k Y0 [l N & LE I3, O3 il R S 7K
A A, 5k T A iR IR F] 500 °CLA
b, PCL /3 5¢ 4, S-C-3 55 L-C-3 7£ 500 °CH} | 4%
J i T4l PCL, EZEH N A AR CNTs I
o f . AN AT L& B, PCL H1#8 A CNTs
J&7 , PCL A5 A AR IR e M RE P i AN i

100
hY

80 L \
60 |

i \
%40— \

20| “':\ S-C-3
op PCL}‘;‘\L-CJ
50 100 150 200 250 300 350 400 450 500
HE/°C
€5 PCL5S-C-35L-C-31TG &k

(HXRD 73Hr

K H WAXD 34341 SCNTs LK LCNTs f 5 A
X} PCL iS5 152 . 816 2 PCL M Ak}
A WAXD fhk , IR FR AT LS B PCL K H A2 Akt
AL WAXD fh &R H e 47 5 RSO [R] , (H 2 7E S-C-
3} L-C-3 54 # B PCL (110)F1(200) 5 1 8977 5
WA I A A AR R NI A RS, 2 ] SCNTs LA K LCNTS (1
I AX} PCL fiR S5 RE M AN K

/%

5 10 15 20 25 30 35

K6 PCL,S-C-3F1L-C-3 % WAXD

2.3 PCL/SCNTS/LCNTs W& 5 & 7] S PE AL 547

R SE & BUFE PCL 2R 8 A m K AR L
K42 B9 i A LCNTs, SCNTs, PCL/LCNTs & &
MR J127  H A PERESS EE PCL/SCNTs 2 A 44 kHY
PEREML S . b T #F9% LCNTs 5 SCNTs B 6 /5 %)
PCL & G MEMERR B2 IR , 0 T AN [F] Lo ) &2 i
() LCNTs F11 SCNTs Xf PCL 3£ 5 & A1 R1 4 724 K i,
“EPERERYZ I, 45151 T3 3,

%3 PCL/SCNTs/LCNTs R 48 &# R BZER H2HE

EALE]
. v, WIERCRAE W p,/
FE s 'f(i&ﬁ}i/ (N'mm?) K% p/MQ MQ.m)
S—-1-L-1-C 1641 17.39 871.19 3.4x10° 1.07x10°
S-1-L-2-C 1691 12.88 841.33 1.4x10* 3.05x10°
S-1-L-3-C  17.34 11.04 797.83  — —
S-1-L-4-C  17.12 9.43 65472  — —
S-2-L-1-C  15.86 15.29 861.67 2.3x10* 7.2x10°
S-2-L-2-C  15.86 13.29 82472  — —
S-2-L-3-C  16.85 12.73 723.05  — —
S-3-L-1-C  15.73 14.53 846.88  — —
S-3-L-2-C 16.71 13.28 83576  — —
S—4-L-1-C  15.69 14.23 82743  — —
" RN LT R, ek AR
()2 HERE

M3 H ] LA H, PCL f CNTs 35 5y 4%

1 5% A i 1 FL B R 34 38 10 T v LT A 0 Y L
Vi PCL 4R 148 A CNTs A4 i i 43 B0k 21 4% LU
J& A MR A PR RE AT B K k3 . S-1-L-
1-C W & A 2% ) CNTs, H:H LCNTs 5 SCNTs 7&
PCL AR LGN 1:1,p,5 p, 700010 3.4x10° MQ,
1.07x10° MQ.m. 54 PCLAR L, 23 33 E 1 541
A BER . %39, PCL H145 A 2% ) SCNTs i}
S-C-2 1 p, 5 p, 435K 8.3%x10° MQ, 5.8x10° MQ.m,
IMi7E PCL #1458 A 2% Y LCNTs (L-C-2) p, 5 p, 535
9 3.6x10° MQ, 1.3x10° MQ.m. XF Hnl L& BR, S-
C-2Hp, 5 p Bl E K, S-1-L-1-C W p 5 p B(EH 5 L-
C-2 4 AH T , 0] PCL # A% 7 & 9 CNTs I,
LCNTs A DL g 2 i3 PCL 2 MERT R HL B 5
S-1-L-2-C & A 3% 1 CNTs, LCNTs 5 SCNTs &
PCL AR th ] hy 1:2, Hop, 5 p, 23 51 M 1.4x10°
MQ, 3.05x10° MQ. m; S-2-L-1-C [6] ¥ & & 3% (1)
CNTs, H:1 LCNTs 5 SCNTs 7 PCL 44 L 5] 4y 2
1, Hop. 5 p, 20 91K 2.3%x10° MQ, 7.2x10° MQ.m.
PCL A H#5 A 3% i CNTs i, LCNTs 5 SCNTs ()
L A% PCL Z2 PR 44 8L s BH R 2 i AN B i . 3R 3
i1, PCL 145 A 3% ¥ SCNTs I}, S-C-3 ¥ p, 5 p, 3



AETE I SRR UE PCL Y E R S AR 27

514 5.3x10* MQ, 1.2x10° MQ.m, [fij 7 PCL #7148 A
3%LCNTs (L-C-3)# p, 5 p, 7305124 1.2x10° MQ, 2.6
10° MQ.m, CNTs B850 3% i, PCL 55 & R
H, BELR (1 28 Ak I A TH R S-C-3 ok, L-C-3 fe /),
S-2-L-1-C, S-1-L-2-C L BH A 2= A K, H AT S-C-
35 L-C-3200, X4 PCLAEAAH CNTs 8 A #<3%,
PCL/SCNTs/LCNTs & & #4 FH H 244 RE L T AH 7]
PCL/SCNTs & & # ¥}, 45 F PCL/LCNTs.

(2) )15 EfRE

PCL/SCNTs/LCNTSs FRFI ity 0 Fr A 5L A 1 |
I3 7 B KB DA B W B SR A (i L6 3. X4 PCL
HR4F SCNTs & i 1% AZF , LCNTs ff i 2 75 B A
1% 54/ 5] 4%, Bl SCNTs/LCNTs B LM 1/1,1/2,
1/3 38 Im %] 1/4, PCL 2152 G M RL ) B 2 A R LA
Y E-oNIPIEERC R NS TE A NEE T i ZRT EE N
871.19% F [ 2| 654.72%, it 50 1k A5 4 U] it 25
LCNTs # A 1 B3 i, A 16.24 MPa ¥ Jin £ 17.34
MPa, 4622 7F PCL HEAA rh 34 i LONTs (4 51 2t 73 8065
£ 4%, 52 A AR A PR R BN T B B
% 17.12 MPa, 47F PCL 3E4A& {345 LCNTs i 243
B 1% A5, SCNTs 1Y o 2 5 5 M\ 1% B I E 4%, B
SCNTs/LCNTs [ b ] BN 1/1, 2/1, 3/1 34 Jin 21 4/1,
PCL M5 A ABH I 24 38 i A PR A8E o LA
R A R AT LT T ks, BT R R %
/No B LCNTs 78 PCL B4R H & 34 i, PCL 2L 3¢
PES G APRL I W 2L R T BRI SRR i
RIS 2] T HE T 5 {H SCNTs & 36 i, PCL 3 &
B AR B R 2T B FEAR DN, A i PR A5
50 1 B RAE IR /N

24 PCL H14#8 A CNTs 1Y Gl i 35 5] 5% i, Horr
LCNTs 4 5 20 BOA 3 4% , 52 A AR 240 KR |
I 7 e KA H B AR 53 3 M 654.72%,9.43 N/mm'®,
BB A i A R Sy 17,12 N/mm?; 21 5 SCNTs Ji 1
SHEGRE) 4% , 5 G PORHBT AW R 8 N ) Bk
18 0] 43 591 2y 824.43%, 14.23 N/mm? , {H $7 e i P 45
%A 5] 15.69 MPa; 4 PCL #1458 A SCNTs/LCNTs
IR E] 4% B, LCNTs A9 Bt it & 1 35 21 3%, S-1-L-
3-C 52 & MRHBT R R A 8 I B KA 43 i) R
] 697.83% 1 11.04 N/mm? , {HF7 {e P A5 U] 3k )
B KAE 17.34 MPa, 4% SCNTs Jii & 23 50k 3] 3%,
S-3-L-1-C & A& M RHKT 2L W 24 32 0 7 SR KA )
43911 846.88%, 14.53 N/mm?®, {H 47 {1 3L 1 455 5 )

AR 15.73 MPa,

3R & B, LCNTs/SCNTs Ph[f]#5 A PCL 3t
&J5 ,S-1-L-1-C, S-2-L-1-C, S-3-L-1-C, S-4-L-1-C A
A5 B W PR S ORRELE 800% LA L, IR R ]
fit 5 SCNTs A LCNTSs 7£ PCL 34 H PRl 4 A ¢
Zhu SFIHE CNTs 58 B 3 PR R, FEAM 1 1
BAEH T ARE G SR, BLAEZ 40 b it A —
JEMIE e . Y CNTs 5 B IR S, & 3L Ui, mT DATE
P A7 T B g HEF 2 R e AE R A SCNTs
5 LCNTs AT AT Ad 7 10 #E PCL B i A Tl
H SCNTs 7] DL 7E LCNTs 2 [8] & #5 “ ¥ 3% 7 4 FH “ BT
#hLCNTs Z 1] [Hliz sl #% 77 AR ) 25 B, 44 155 CNTs
FE PCL SEAAR 3] 7 % 38 35 R R R , AT 2=
IR G A PRV W 2R, A 7 B o

-

HPHTPCLIE L A1

l Ffip

- TN S 3
A5 PCLIEME L b
&7 HrfHis SCNTs, LCNTs BRI 1 FH AR

3 &g

SCNTs I LCNTs Fiff U CNTs #8 A PCL 244
1 il 4 PCL/SCNTs, PCL/LCNTs F1 PCL/SCNTs/
LCNTs 51K GH4KL 58 % LCNTs 5 SCNTs
Adt LS SCNTS/LCNTs 8 A LB fb, S G bt
PHRL RS DR R N ) B KA L HLBE
AL . 2 PCL A48 A D (1) CNTs (<
5%), JCit & LCNTs, SCNTs if J& & il i LCNTs/
SCNTs #8 A PCL J:AK Hh 35 AT LA i $2 5+ PCL 5: 52
AR D)2 K r M RE (& LCNTs I8 A LU
KeAB A X PCL B LR & MBHR 727 DL S HL 2
PERERY IR T R, 24 PCL K44 rh CNTs B9 5 20 4
KT 3% LG, PCL/ICNTs 2552 A A RHE) B 2 fE
YIneok s 3 . ONTs i & R 7E 3%<CNTs<5% L
FEIFF, B PCL/CNTs R8I R HEE A AR EA K FH
012 EME R S A IE R AR S RS
HL 2R, ABIF 5T 45 ] iy PCL 7E FDM 3D $] E 1k}
SR R E S

S & 3wk

[1] Liu LB, Xiang D, Wu YP, et al. Conductive polymer composites

~~~ LCNTs
~  SCNTs

based flexible strain sensors by 3D printing : a mini-review[J]. Fron-

tiers in Materials, 2021, 8. DOI:10.3389/fmats.2021.725420.



28

AR

2023 4E, %5 51 4,45 4 )

[2]

(3]

(4]

(3]

(6]

(7]

[8]

]

[10]

(1]

[12]

[13]

[14]

Valino A D, Dizon JRC, EsperaJr. AH, et al. Advances in 3D print-
ing of thermoplastic polymer composites and nanocomposites[J].
Progress in Polymer Science, 2019, 98. DOI:10.1016/j.progpolym-
s¢1.2019. 101162.

WRERZE, METE , BhaHeisE 3D 4T ENBARTE A= 4y B T 85 20 T MOBH 2
USRI T]. ) AR A6 T2, 2018 ,45(4):123-124.

Chen Shaojun, Ye Xuan, Zhong Yanhui. The application of 3D
printing technology in the preparation of biomedical polymer mate-
rials[J]. Guangdong Chemical Industry,2018,45(4):123—124.

KA, TKICHE, T B AR ER AR R 0], @5
BERR S TR, 2021,37(9):182-189.

Zhang Jie, Zhang Yuanjing, Ding Yuqin. Research hotspots of
biomedical polymer materials[J]. Polymer Materials Science &
Engineering,2021,37(9):182—-189.

Musa L, Kumar N K, Rahim S Z A.et al. A review on the potential
of polylactic acid based thermoplastic elastomer as filament mate-
rial for fused deposition modelling[J]. Journal of Materials
Research and Technology,2022,20:2 841-2 858.

Koch F, Thaden O, Conrad OS, et al. Mechanical properties of
polycaprolactone (PCL) scaffolds for hybrid 3D-bioprinting with
alginate-gelatin hydrogel[J]. Journal of the Mechanical Behavior of
Materials, 2022, 130. DOI:  10.1016/.
jmbbm.2022.105219.

Li B, Zhang S H, Zhang L, et al. Strain sensing behavior of FDM

Biomedical

3D printed carbon black filled TPU with periodic configurations
and flexible substrates[J]. Journal of Manufacturing Processes,
2022,74:283-295.
Wu WZ, Jiang J L, Jiang H, et al. Improving bending and dynamic
mechanics performance of 3D printing through ultrasonic strength-
ening[J]. Materials Letters,2018,220:317-320.
Bartnikowski M, Dargaville T R, Ivanovski S, et al. Degradation
mechanisms of polycaprolactone in the context of chemistry, geom-
etry and environment[J]. Progress in Polymer Science, 2019, 96:
1-20.
Kweon HY, Yoo M K, Park T K, et al. A novel degradable poly-
caprolactone networks for tissue engineering[J]. Biomaterials,
2003,24(5):801-808.
Dwivedi R, Kumar S, Pandey R, et al. Polycaprolactone as bioma-
terial for bone scaffolds: Review of literature[J]. Journal of Oral
Biology and Craniofacial Research, 2020, 10(1):381-388.
Gebizli S D, Cunayev S, Koc S K, et al. Influence of solvent
system on the optoelectrical properties of PCL/carbon black nano-
fiber[J]. Fullerenes, Nanotubes and Carbon Nanostructures, 2022,
30(8):814-819.
Masarra N A, Batistella M, Quantin J C, et al. Fabrication of PLA/
PCL/Graphene nanoplatelet (GNP) electrically conductive circuit
using the fused filament fabrication (FFF) 3D printing technique
[J]. Materials, 2022,15(3):762-762.
Shi G, Lowe SE, Teo AJT, et al. A versatile PDMS submicrobead/
graphene oxide nanocomposite ink for the direct ink writing of

wearable micron-scale tactile sensors[J]. Applied Materials Today,

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

2019,16:482-492.

Zhu Y, Xu F. Buckling of aligned carbon nanotubes as stretchable
conductors: A New Manufacturing Strategy[J]. Advanced Materi-
als,2012,24(8):1 073-1 077.

Zhang Q Y, Wang J X, Guo B H, et al. Electrical conductivity of
carbon nanotube-filled miscible poly (phenylene oxide)/polysty-
rene blends prepared by melt compounding[J]. Composites Part
B: Engineering, 2019, 176. DOI: 10.1016/.
itesb.2019.107213.

L. PET 25 KT 32 S AR BFE[D]. 2L 1L Tl oK
27,2011.

compos-

Feng Kai. Studies on the crystallization behavior and properties of
PET/GF Composites[D]. Wu Han: Hubei University of Technol-
ogy,2011.

Qian D, Dickey E C, Andrews R, et al. Load transfer and deforma-
tion mechanisms in carbon nanotube-polystyrene composites[J].
Applied Physics Letters,2000,76(20):2 8682 870.

TG0 RAUKAE R AW A PR T BUR P B R PR IR AR AT
[D]. db5t  JEHE R, 2013,

Wang Zhifeng. Research on piezoresistivity of carbon nanotube/
polymer composites and a piezoresistive flexible sensor array[D].
Beiling: Tsinghua University,2013.

EIRIE, i, SROR . AR S SR R K SRR i P RE A
O3 T8 1 F RN, R 22241, 2022, DOI:10.19636/j.cnki.
cjsm42-1250/03.2022.043.

Yan Hongyuan, Yang Yang, Guo Rongxin. Enhanced tensile prop-
erties of vulcanized natural rubber composites by applications of
carbon nanotube: molecular dynamics simulation[J]. Chinese
Journal of Solid Mechanics, 2022. DOI: 10.19636/j. cnki. cjsm42-
1250/03.2022.043.

L, WA SRR B R YR A BRI R (1], AR 3
A ,2014,28(1):59-78.

Gao Ying, Pan Li. Reasearch progress on the carbon nanotubes/
polymer composites[J]. Materials Reports A,2014,28(1):59-78.
ATERH S AR I AR S HAR AR BITSE (D). B R BT
Ke#,2014,

Fu Chaoyang. Research on pressure-sensitive characteristics of
conductive rubber and sensor[D]. KunMing: Kunming University
of Science and Technology,2014.

W B T BRANKAE BRI L Rl Rt R 5 LR R 1 22 e
AR AR [D]. i R P TR, 2021.

Yang Shuaitao. Research on multifunctional flexible sensors based
on conductive systems composed of carbon nanotubes/carbon
nanocoils or carbon black[D]. Da Lian: Dalian University of Tech-
nology,2021.

XJE W HE T A3 3 3 # M RAK AT R B3R M B M RE[D].
BB ARP R R, 2017.

Liu Qiming. Study on tensile, pull and damping properties of
carbon nanotubes based on molecular dynamics[D]. Wu Han:

Huazhong University of Science &Technology,2017.



