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CRFH T RS s 8 TR 2B, g K 030024)

FE: A O KB A 4%-7 £ % (carbon fiber-graphene, CF-G ) ¥ 38 # % 4 R £ 8 ( TPU)
AEMB3DITH RGN A FREURBKELENZ W, BXEFHFEHITZHET CF-GH
% TPU (G+CF/TPU) A M B E&HM, AR XRAKBA R REZA MR ELETZ, #l &7
G+CF/TPU £ & #f ¥ 3D 47 f1 R o #F % % 91, CF-G 7 J 4 1 i % h Fl #. % TPU & & # # i
HEWd, R REXAHAMMELE T LG, GHCF/TPU K 1 b9 4 (4 38 5 o 51 15 2| — &
"oH. HEHECF-GRMEMG WA W EER RS THEMRS ERk B0 R4, wd
TIDHHARF R EfmEZ A AREE, ARXERGTHREXIDITHMBMN S FHEENL
EAETZMENEHREHE L,

KRR 3D T EW; B A 4 A B MR A B A F M BN A Hh R B

& & 4y 2 5: 0347; TB333 SR FRAS S A

975 TR R A R (fused deposition modeling, FDM ) J& — i 3 F #4844 BLAY 3D FTERH KR, B
BUBR S #4187 50 . ZE4P AR AR A L 300, 2 T AR S5 M4 A 6L R0 Ty e A4 Rk €51 3l r b LI FH HIF S5 1) 3 784 o 1
A AR o FESEPR T AR, R Y E AT S VE AT . L6 PRI SR, 2 v v M L 401G A SR ok
HLMRETTIN . SR, 3D FTEN IR & WM BB A B K A AL AR 5 B, B b B ) 1 JFG 7 7K B 4k A1
g L

MY, 03 3D FTENR G WA R 12 e R i 7 vk E A 2 B R I R AE S A T AR R TR
Jn—Fp k22 Rhg oA, DU AR T 2R PR, 8RR R A AR R SRR AR, AT I
HACF W Jr2evene. B, PR AR O R R 4ED), B g R &1 B Ak 2T 41 S5 B8 /&5 3D 4T
B[ AL RE B 58 B AN EE o 911 40, Tzounis 5512 SR FHAT I T 200188 1 & ASTR) G BE e 44 K A8 1 e H RO 3R
2 B (thermoplastic urethane, TPU) & & KL, & BRI K A X TPU & A 4k Fr 5 B AL () 42 7+ 5T
A G, (ELJE: S B 0 KA A I 0 SR T 31 2.5% A 5.0% B5E, TPU & A R R F7 A58 B F4 Ik . Ning %507
R F FDM £ R#F 58 T B A A [F 5 4 4 (carbon fiber, CF) & & MK E MR- T - K O
(acrylonitrile-butadiene-styrene, ABS) 3D fTERZ AL (1) J7 24 Pk fig, 45 R R W, i 21 4 i (B 43 $5ik 31
15% IF, AH Lt T2l ABS, CF-ABS AU A Jr i K, (B R s B G 4 o o —Fh a2 ) 2= v Re ik
FE RGN T 2. Cao 25U K B, 3B K AP B A AH &b PRI X 3% B £F 2 434 5 28 LR (polylactic
acid, PA)-TPU & & A BHEAF 59 R T RS BE FIPLBCE BE 7™ A= %20 . Mushtaq 5515 SR OGO 75 1 %)
3D FTENJE Je-6 i A4 A7 J Ab 3, 78 B AT 14 3% TAREDRS B2 09 [R] B, S5t 1 25 il o BE A s B . S bt
TN GV Z RO 48 T+ 3D FTER R G Wb b 77 22 PR BE, H 2 8N B — 508 R S AH 0 5 1 X T
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AR S PERE R RCRA IR, R AL BT ZWAFAE 5y = e A RE I R AR TR (R, SR E Y
FESRAR, JF AR A DA R R AL BT, R AT R PR RE 3D FTEN R T AR H B R AR

CF Filf71 824 (graphene, G) & —REA L7 J127 | A5 PERE R R BUR A B, BOA =R S4B
HUARHE S8 AN CF M G 23 3l AT — ZE R — 4 25 () S5 R e b, A 2 0 F 9 20 A ek A0 A O 57 A
255, B IR S5 AT REIE R IR B 28 () 25 A R HEAT 75 3K, D 3D FTEIRLRE A g 2 1k BE I 47 £ (L
8L . IESh, CF A G i) LS O BEAT R 47 AOARS &, S2 BRI RESE Ak o A RE , 2 T fie 15 2R At et
SIS G o AR P P A R LS AR PR A L, S A B T B AT 2 A (1) U AR BE AT
PATE 53 17K 72 FEAE T, 5 A0 7 A 5 i AR LL, B AT B g 9 A o 4 R B 2 &) B i B O A U,
(2) TER AL P v, B8 e A A 1 37 o Al 4 Mk 7 A% 3 25 IO BARORL, A bR IR B2 77 1) b R o
A ] IR AR 07 30 B0 B 5 (3) Rl A T Ay /b b BRI [RD I 4 RE IR . DRI b, 3R J Ak BB R T A Sy
JEFE 3D TN 40 F AR R Y 28 T Be, A 90 3D 4TED TPU A& MR 1AMk e tlfb . BT, LA
CF #1 G Jg 3 35 A1 KL 3D 3T EI TPU & & Bk SR I RCE IN # AR 147 i A PR BF 58 4 B AR /D,
KT TPU E A AR 12 P RE P AL HH K HE 5 ep O R 5 A P 7 AN T A

AT BA PO | AR L A5 A SR SR TPU A B et Crl B2 - A T JEE A
L TCHLYLAG P A AR AT ), R FDM 3D AT ERKL, 4 th CF Al G B3 ) TPU & 5 48}, #4815 CF Al
G 35 A1 5 OB & JE [R5 TPU J1 Ak RE B9 1 FH AL, LU 38 3D T ENSE & 4 RHIY T~ 1k BE 1
B8 T7 5 L AR T LA e b BT 2, A BE RS A A 2 A K 5 B B AR A I ]

1 R & S ERERAE

1.1 FE#H

SRy 5 5 A FR 8 4 28 TR ( Elastollan 1164D, BASF Polyurethanes) ) [ 75 M 2 Ak Z 340 H BR A ), )&
— Tz N T 3D ATER IR Bl o 38 SR AR AL 45 1 B B B R A FR 28 "l B %8 CF(T700G-12K, H A< ZR il #k
K Lskt, HAR 7 um, B 1.80 g/em?, Pihism B 4.9 GPa, #iHE 240 GPa, £F 45K i 50~ 100 pum) F1IA [ 15 1T
W KB AT BR A /1 2 )2 A 8800 (7 42 10 pm, 4608 KT 99%) .
1.2 EEMRHI&E

DL TPU 34K CF. G LA K G-CF A4, il 45 TPU & &M k. Ft CF. G LUK G-CF IR& Wik
1) TPU &2 &+ RHAE 2 ) %€ X CF/TPU, G/TPU il G+CF/TPU. G A% CF #43% TPU (%) 3D 47 Ep il 4
) 3 A 2 e R AR 1 TR o
121 EA%HH&E

W WA M RNE T 60 °C RHEFE T 36 ho 76 HL T R F B FRIBO N T i 9 CF . TPU L G By, $
R A I A . 45 G/TPU LI B K (G FI TPU BB & Ly 5 = 95) Fil CF/TPU ALIR ¥y K (CF #11
TPU (i Lo~ 5 ¢ 95) I, #% CF 5 G My AR % e B A TPU 3 A I 13450, LIRS A% 75 2 348 i A
B FHOR 5 il & G+CF/TPU LR KK (G, CF, PU ARG M 12 5 2 94, i G 1E 1R A7) B, 56
¥ G5 CFHERIRE, SRIG A TPU M AR I 5.

K 6 CBRIBEAT B L (Wellzoom C, BRI K LA R AT BR 28 /) ¥ 4l TPU B AR s I 1R By AR
fill, £33 40 TPU LA M TPU A LM ARG TR B FF S 5003 1. 7629 25 C ISR T il
T RS B R BB W E T 0.5 m R MK VA HEAT VR A, R AR 5 IO i, (A AR A [ A
$HILE (1.75£0.05) mm.
1.2.2 3D ITENK &l &%

| FDM 3D 3T EQ 4 ARo¥s 26 61 %6 A ANYCUBIC Mega S FTEIHL, DA/ ME 4% T A5 v 114 (ARic BB
43 RSF: 20 mmx4 mm=2 mm) . B %6, 1 F SOLIDWORKS £ i W} 48 bR v il 18, B4 & 4T Bt AR L
IS5 STL X5 A CURA U) 5 i . Gid 2k 253 MR R, o FDM B B 421X %k 0.40 mm, -
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IR B E A 80 °C, 45 TPU., G/TPU., CF/TPU Fll G+CF/TPU 3D FT B[ it {2 (it 5 186 i B 43 51| 4% 8 47 205 .
215, 215 F1215 °Co FTEDEE R EFE 40 moy/s, JZ =1 0.1 mm, FTEI A R 0°, 5 R0 {85 ) —3% .

- Graphene

Filament extruding

Mechanical testing Tested sample Microwave treatment
SRR EE R p R il Al
Fig. 1 Specimen preparation process and performance testing

®1 TREEMHIFESH

Table 1 Extrusion parameters of different composites

Material ~ Extruder barrel heating zone temperature/°C. Extruder head temperature/°C ~ Screw rotational speed/(r-min")

Pure TPU 196 190 24
CF/TPU 188 184 18
G/TPU 182 179 24
G+CF/TPU 180 177 18

1.23 RUERAAE

K D A%+ FDM $T B4 617 J5 A B, Hov . B B850 Q5-251A, BN 24, JiR ly
2.45 GHz, &y 23K 1 kW, 2L FREHE] A 300 s,
1.3 A1t e A 4F

TE TCS-2000-GD F $7 {1 - e 45 30 56 L1 FF R R A 56 (O 2854 7 2 mm/min) o BR300 45
B4 a8 Y31 . SR Saikedigital %9 5 53 85 VLB AL M7 A JC Aol Ak B ) 3l 24 R0 300 235 ) R 45 43 T
o RIS L (FLIR C2, I8 FE TG —10~150 °C, ¥ RE+2 °C, 80 152 £ %60 14 2 ) & I 4T BNk 4 11 3=
TR EE

2 HR5i1e

B2 R T ARG AL B 4l TPU BUREFI TPU & & A RHAFE g hr il {25 5 . wT LUE H, A
G M1 CF Ji5, 3D 1Bl TPU & & A BFAYFLAR 58 B2 RBP4 K, 24 G A B 7 5l 1% B, Ffiias B ik
3] 23 MPa( b4l TPU [ 54.36%) , ¥ 7 35 146.5 MI/m?( He4di TPU & 75.02%) . X 6, 76 TPU #1 K
SN CF #1 G J&, CF 1 G 7E2i 3% 3D 4TER TPU & & M KLY 12 Pk 6 7 1 vl GE 7= 28 B R R4 o
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S E— R G M CF (AR 230 AL B 3D $TE1 TPU &AM R0, TR T4 . ik
Ab 3R &R 3D TED TPU & & M B RLAP XS LS5 . 1B 3(a) F1IEL 3(b) 43 7 T JC vk ik b 2 1) 40
TPU & F L Ak PR S () CF/TPU Ml G+CF/TPU & & A48 3D T ER IR iy s 15 . 301 DA B g Ay - 1
ML . S5 R R, 2 Fh TPU &2 & MORHT BRI 448 78 50 B 1] (30 s ) A R I8 Ak B8 5 S 3T v feft it 5 99
PERSE T, R S TPU & & bR 2 fil R $2 T T 2 P BB W A7 RGE AR, (FUR 2 Fh & & M RHT BRI
PEAE AL B B 12 PR AR TR B R[] . Hodh, CF/TPU B i1 58 J3 48 K 28 21.8 MPa( Fb JC i b B
B4l TPU AL A58 55 46.31%, H TGk kb B Y CF/TPU AL 55 B 25 1.87% ), B IS K % 146.6 MI/m?
(L JC ol Ak 31 0 26 TPU (B PE &5 75.15%, o TCi AL B A CF/TPU M ME 55 2.52%) 5 L4h, X T
G WM B, G+CF/TPU By H7 3 B i — 4 8 K & 23.7 MPa( L JG A3k Ak BEAYG 4 TPU 4 7 1 538 13 5
59.10%, o ICHLIE AL R G+CF/TPU FR-H7AH 58 B 15 3.04% ), 3044 D48 A 2 159.6 MI/m>3( Ho JG i kb B i
afi TPU BB 5 90.68%, G i 4b BRIy G+CF/TPU BB & 8.94%), Bk 4b ¥ 5 G+CF/TPU FTED
A 2 IR ot 5 BB R B AN . X W], CF-G 2548 B 3532 55 7 3D 4T E1 TPU &4 bRk 1 il i i
R, 28 0 A 305 7 Ao i B2 B dE — 20 2 5, B/R CF 5 G 22 [H] W BEAE 76 AR 5K 19 TR ) 8 5 RT3 )
BLEE, 5 2B 72 TIOR8 A WA J7 1T itE— 25 43 Bt CF-G 4589 %) 3D 4T E TPU &2 & # kL J1 4 AR 11

iSA
W urﬁj o

180 25
25 | Il Strength —— Pure TPU
I Toughness ] — CF/TPU |~
_ 20 — G+CF/TPU
I8 G/TPU \
£ G
= s &
5 g =
p=3 = 2]
@ g
=
0
Pure TPU G/TPU CF/TPU  G+CF/TPU 12
Pure TPU and TPU composites Strain/%
(a) Strength and toughness (b) Stress-strain curves
[ 2 TEIPALFRAIAE TPU A% M A TCHGM AL FRAY AN R TPU 25 A0 R RO R IS5 R
Fig.2 Tensile test results of pure TPU samples and different TPU composites in the absence of microwave radiation
180 25
25 | I Strength —— Pure TPU
Il Toughness 1150 — CF/TPU L
_ 20 — G+CF/TPU
20+ TE
« 4120
£ S £ 15}
S st e =
£ 190 =2 2
5 = = 10k
= =
& 101 10 & 7
=
St 130 i
0 0 0 I I I I I
Pure TPU CF/TPU G+CF/TPU 2 4 6 8 10 12
Pure TPU and TPU composites Strain/%
(a) Strength and toughness (b) Stress-strain curves

K3 TR A B AL TPU A S R IR TPU A HP RS R
Fig. 3 Tensile test results of pure TPU samples without microwave radiation
and different TPU composites after microwave radiation treatment
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2.1 CF-G By h=iEsainEER

AR JE AL, BESRAR G B R AF 0 SRS A AR AL R M Re A B A R G W G A RE A
I A5 H Ty S 3 R FH o I FE R [R5 A i TPU & A Rk, s AR 45 44 5 5L 1 (0 285 A A1
i 22 S, BRI TPU & A MR J) 25 RE . 8 THRE CF-G 4543 7€ 3D #TE1 TPU & & Ak i HE
G o3 AT RN SN2 A 1 O, 38 a6 BB X 3D FTEY TPU & & M B AT O SR AE, 45 R an (&1 4 i
7N, Hop o T Sk A AT Sk 3578 CF. AR 4 7T LIE F, CF/TPU Ml G+CF/TPU #£ 4 H Y CF 7E T T ER
J5 1) BA BEOLECn HEAG o AR gy 1) 54T ERBGE 7 10 SEAT I, CF BB 4% 5853 & # HR Z AL 3, it
BE AT T AL SR BE A . I, 3D $TEN CF-TPU & & A By 1 24 M BE B WA F 3D FTEp 4l
TPU #1 K} .

® e (h) ) )
CF/TPU G+CF/TPU

4 PP ERRETE AR E SRR HOIE S (2)~ () WAL ERRT, (D~ () Mt B5
Fig. 4 Microscopic morphology of different composites before and after microwave treatment:
(a)—(e) before microwave treatment, (f)—(j) after microwave treatment

7£ 3D 4TE CF-TPU Z &M R MA G J&, H A28 B3R T, 4 THR % CF-G 45 i[RI 15k
2EVERE RO ML, LA B AR 7 43 A0 R A 1 338 FE A7 0 B 1S /R T CF/TPU Fl G+CF/TPU & &
MR R B T A A Bams T (4 1 43 A AR A AT o AR B 0 S BEe, X e it AR I
B, 33 AR AT B S Bt N A AR 1, SRS A T A% 3 B AR AR 1, RI4 % CF A TPU B, BY 4
J1 v ¥ W& CF 5 TPU Z [ i . W&l S(a) " 21 R X it 7, P2 ar T, 7648 CF 3t JL AT
ZEARNL B AL 27 B N S R, S A A MR R RE T . R AL B4 CF 5 TPU Z 8]
S AR ME ST BRAR M B 45, J CF AR 25 5 R s 8 DI SR i AR vh ikt . BEE G A, #64r G &2
FETE CF WY T, P K T £F 4 iy 5 K v (81358 43 5 JE A 0 42 o T B, S (LB 40 180T 4 sty 358 149 Jmy 35 12 g, 38
Il 2 1 2T 2 5 FE A 22 ) 1) A T 285 5 R, DT/ 7 B o e st SR AR Y N 0 4 A o B A(e) TPl L
SR G R, G R A K3 N T 345 A A 43 FORR B, A A A T SRR ORI B AT, R A
R RE AR SR RS FR TE . Uk, NI 4(c) 38 A LUK B, 48 CF 3 307 A FL IR i, 237 3 3 i G Al
DABH - 248009 . 4 G ALZEE CF 338 (A&l 5(b) BT 2% ) B, I R34 3D 45 449, 33 ol S5 Jo 205 A ¢
AR CF 53k 2 8] ) B i 4k, 8 DI 7l AWE & CF-G 5 TPU Z [l 9 AL i i AN & CF 5 TPU Z Rl
i feh (WL s a2k, Ikt A 454 . CF-G X F 24 by [ AL (£ 45 3D $TE G+CF/TPU
S A R L Ao R ) S ) B AR T
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Force Force Force

e
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P —
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gttt

(a) CF/TPU (b) G+CF/TPU

[0 CF

[ Matrix Heterostructures
@D Graphene

K5 AIE TPU A #0RHE S LB ML < 5]

Fig. 5 Schematic illustration of load transfer mechanisms for different TPU composites

22 CF-G5WEMBEFESNhFERER

S 4k B R, Ik A0 RS 19 CF/TPU 1 G+CE/TPU F7 BB st {4 i o it 2 P A5 3 T4 7, o2
ol e b B 1) G+CF/TPU & A MRk ak 2] T e i AP sm BE A ME . N iR R A 0T CF-G 7 g5 5
T AN A 1G5 3D 4T EN S A M kL T 2 AR A HIL I

TPU 1E b — B e & T 608 7= A5 26 PRI sh I SE B8 497 A 18 2 A FL B 78 19 S8 AR b1 R}, 7 $A b B
i BT B ek 3D FTED TPU &2 & MR LT 45 A Fe e o T & — Al | JR 3k . A 44 i ik 38 7
B, Kl 6(a). K 6(b) 73978 T G Hl CF 78 G+CF/TPU B fi i B 70 A7 4 15 B2 CF-G = 44544 5 140k 22 1)
MRS A 3

.
et .

. ‘e

4 d
- *
N .
A
" -
Microwave s ;
3
'_;' . R
4 0. "
04 - »
.
v"
.

Interface between CF and G

(c) Eddy currents loss

.07

........

14
(a) Interface between (b) ., o
CF and G PRIl
(e) Polarization losses

K16 G+CE/TPU & G RHRH R M
Fig. 6 Schematic diagram of microwave absorption of G+CF/TPU composites
FEATFIE A HE R PR T, I 6 B 7%t CF A G RO BHRIASBE, 4 7 £ 250 15 SO A 2 1 BUREE
e (1) CF M1 G 2 5 LM RAF A R, 3T &5 A B M I B, B AT DI AL B e i 0 305 R IRt e
RAEHL, W 6(e) 7R ; (2) G AT AR BRBE AL AR, 3K 8 i B 2 Jili 30 L 467 800 7, IR L Ay P-4, O AE 228
Tz P S VT 0 e R A P A st B0 e e 7 A AR5 (3) BR T R AETE SUA, th T G A T A A, TR
B AE G 2R K e L7 0077 HE R L, I TRADRE, JF L A% 16 B BE AR, An1ET 6(c) BTz s (4) BEE
CF il G 7L 8] TPU F: A, Xt T G+CF/TPU & 418}, i1 T CF M1 G R i, CF-G 7 Jiait ik
R S Jo B i (LI 6(b) S @ 2k ), 5 200 35 A9 S AR AL B 6, I S S A A1 1) IRl RE R AR HIC, 4n
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[’ 6(d) i . tk, CF-G 54544 51 ke i D R R0z #F — 25 38 in T TPU & & M R ik FERE & 72, (i
Z RS BB AL A IGE, (R IR B, 238 T TPU & A& AR 385 A1 5 514 2 1] (1) FL IR 285 45 o

Flipl Ak 3R 4 R B A Akl P RE I A% 38 45 S0, DT e 3 B T o 3 2o £ A G R DL B R UK [R]
POBHA R B RO #05 . S it, F R 20 AR A T 3D FT ER A AR EE, &l 7(a) R 7(b) BT
INo Zeit 30 s R AL RS, G+CF/TPU (1) 3R M il B W1 & T CF/TPU (3R Ml 2 . X 3R WL, A
GJa, B AR S E o B 2 00 7 XS AR A, 7 AR T 2 A, (R T S R R s AT, ek
BT RS .

Temperature/°C Temperature/°C
77.9 57.4
CF/TPY)
\' /A “‘"\‘ 311 331
CRABRY, ' G+CF/TRPU . .

QFLIR QFLIR Jlmm

K7 BEAbEE 30 s J§ CF/TPU Al G+CF/TPU & & # Mg K iR
Fig. 7 Surface temperature of CF/TPU and G+CF/TPU composites after microwave treatment of 30 s

H T RR AL FEXT 3D AT ERE 5 AR ST A5 & A VE SR AT WO R B ¢ 1T A . e Ak
B CF/TPU Ml G+CF/TPU a4 1) P B 45 k4 R O Wr i T2 50 . &1 4(e) FTIEL 4G)) v i 2% (il (R A QR 45 4
P SR % Y LA, X e 2 B R 2 AR BRI S8 CF 5 TPU 22 8] 1 L 1 45 4 5 A BRAR, 48 CF #idi ity
B IR SRl K 22 B4 T S b B S B H 1 CF 21 LA 219 TPU, R H R mZ A MR T 8%
O, O Y LT 45 A T RE R O Ab B G+CF/TPU A4 7158 3 5 T Gl 4b B G+CF/TPU F i 56k
BB oAb, B 4(a)~ B 4) 206 R B AT Sk i ROoR A IR E G M Eh CF
CF J& IR S5 AR S . i ad Xt H IR 4(a). [ 4(b). D 4(F). I 4(g) KPR, T Ab B, CF 53y 57
1A 45 A BH 728 4 38 2 % EE T 4(b) FTIET 4(g) K30, Tk Ab B , CF 4 A JE AR 7™ A= 1 L B B A8 /1
FEl 4(a)~ & 4G) i R B Gt [ 20 5 s A L TG A B Y B2 A A R R FLBR 7 ', X L K B, B
WAL FR S TPU 7= A B Wi sh I LSS FLBR . X Ui CF A1 G B9 1A R Zh 1K 330 0 BE 5% 1k o PR BE I 14 1
P FEIR, T X B A BT B A A Ak BT LA A A L BN SR A S . I DR O Bl Ak B i R
CF 5 G Ml H ARG IE PR, 3D T E) G+CF/TPU & & 4 R} i) 5t 1 #5 21 2le 36, 4o ik B A0 400 M - ok A5 2]
T

3 & g

% H FDM # A 204 7 46 TPU. G/TPU. CF/TPU F1 G+CF/TPU & & £t K AH N7 09 4T Rt 42
SCYG 4R, MU G B CF #2471 3D 4T E1 TPU B $7 A5 B Fng ok, I Hon A CF i TH380R
FOMEE ., 4 G F CFIRAJE A TPU HIE K CF-G 5 25 BT, 2T 1% 1 2288 A0 , (b4 R ity ir e
S AN PE A B 0 S . CF-G 57 45 A U W) 389 560 ) 2 1 BB 1 [R) B, 38 B 55 — b B IRl &8z, B 5 1
2 PO R A FERE, DT AT RCHLRE 1 e e Ak R AR, 2 2F TPU R kUi 30, 3555 3D 4TE) TPU B &
MR FLRTSS A, 52 A ARG R R A R AR T . 54l TPU M L, 280 oDk 4 3 G+CF/
TPU i A O FL 5 B 3 5 T 59.10%, BIMEHR & T 90.68%. CF-G Z5# /Y 2 Fp PRI ALEE by 3D FTEN &R &
MR AL TR 00 1 A vk e AL B T2, ok m MR TPU B & MR DL AL Fn g s Ak i 4R L T
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Synergistic Effects of “Carbon Fibre-Graphene” Hybrid Systems
and Microwave Post-Treatment Processes on the Mechanics
of 3D Printed Polyurethane Composites

WANG Jiugiang, LI Yongcun, LIU Chaoyang, LEI Keming, GUO Zhangxin, LUAN Yunbo

(College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: The 3D printing manufacturing process and mechanical behaviors of “carbon fiber-graphene”
(CF-G) reinforced thermoplastic polyurethane (TPU) composites were investigated. The CF-G reinforced
TPU composite filaments were prepared by the screw extrusion process, then the G+CF/TPU composites
were manufactured by the fused deposition modeling (FDM) technology and microwave post-treatment
process. It shows that the CF-G heterostructure can synergistically enhance the mechanical properties of TPU
composites. Especially, by adopting the novel microwave post-treatment process, the G+CF/TPU specimens
exhibited the further improved tensile strength and toughness, which may be attributed to the promoted
interface bonding between the reinforcing phase and matrix, and the reduced internal defects between points,
layers, and channels induced by the synergistic effect between the CF-G heterostructure and microwave. This
study has positive significance for exploring the mechanical reinforcement and post-treatment processes of
3D printed materials.

Keywords: 3D printing; carbon fiber; thermoplastic urethane; mechanical properties; microwave

treatment; synergistic effect
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