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Study on preparation and absorption properties of ZnO-graphene-TPU/PLA composites

WU Haihua™?, FU Wenxin"?, LIU Shaokang"*, CHAO Bin"?, BAO Yuntian'?
(1. College of Mechanical and Power Engineering, China Three Gorges University, Yichang 443002, China; 2. Hubei
Engineering Research Center for Graphite Additive Manufacturing Technology and Equipment, China Three Gorges
University, Yichang 443002, China)

Abstract: Developing light-weight and high-efficiency absorbing composite materials is one of the important ways
to solve the electromagnetic pollution. In this paper, ZnO-graphene (GR)/polylactic acid (PLA)/thermoplastic
polyurethane (TPU) composite materials were prepared by a two-step method and the phase structure, micro-
morphology and electromagnetic characteristics of the composite were characterized by XRD, Raman spectroscopy,
SEM and vector network analyzer. The effects of different combinations of ZnO/GR on the microwave absorbing
properties of the composites were studied, and the synergistic mechanism was revealed. The results show that with
the increase of the content of ZnO, the microwave absorbing effect increases at first and then decreases. Proper
amount of ZnO dispersed in the matrix increases the defects of the composites enriching the heterogeneous inter-
face, enhancing the interface polarization and dipolarization, and improving the microwave absorbing properties of
the composites. When the content of ZnO is 2wt% , at 5.6 mm thickness, the minimum reflection loss is -49.2 dB and
the effective absorption bandwidth is 2.0 GHz meaning the best absorption efficiency. The excellent absorbing

effect is attributed to the good impedance matching and the synergy among the interface polarization loss, the
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dipolarization loss and the conductivity loss. In addition, the preparation process of ZnO-GR/PLA/TPU composite

is simple and environment-friendly, and the component of absorbing agent can be adjusted which is expected to be

used in the manufacturing of complex absorption structures.

Keywords: composites; graphene; ZnO; electromagnetic wave absorbing properties; impedance matching
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1 F8% (GR) (a) 1 ZnO (b) 1§ SEM IR

Fig.1 SEM images of graphene (GR) (a) and ZnO (b)
5wt%. T4C, # PLA. TPU I ZnO ¥} K & T BPG-
43BG A HL FVIE TR S XTI A (7 M E A RS A B
Zcwl) H 60°C T 12h, SRJE HE R 1 & LR
S OR JE R ABRIE R, Hoh PLA : TPU Jit &
Feoh 9t 1, JEORIE Zro, BE BRI i it 5 8 & M R 1
ST AHE, A ENAT R BRI P (R R RAY
A R A 3R R A 14 B AN R ZnOo & 7Y ZnO-
A1 8 1 -TPU/PLA & & By K, Horp 5RO 5% 8
350 r/min, FREERT[E] 4 h,

F1 ZnO-GR-ABMHRIERMEAEBKA (TPU)/ R
(PLA) E5# RIS
Table 1 Ingredients of ZnO-GR-thermoplastic polyurethane
(TPU)/polylactic acid (PLA) composites

Mass fraction/wt%
Sample

ZnO GR PLA TPU
ZNO 0 5 85.5 9.5
ZN2 2 5 83.7 9.3
ZN4 4 5 81.9 9.1
ZN6 6 5 80.1 8.9
ZN8 8 5 78.3 8.7

K SHSJ-25 7 BB AT 55 AL (ZR 58 T A 1AL
BRBE 03 A7 BR 23 \1) $8 LA b &G 0 R 0 BT s R
1% (1.75+0.05) mm f4 3D FTENFEHS, WNIKl 2(a) A,
H B M ALE S B0 IR — B . IR B
TS %) 5L BE 43 3] 4 150°C . 155°C . 160°C, & &K
TR H 40°C

(a) (b)

334 5 8 7

i

[§ 2 (a) ZnO-GR-TPU/PLA & &4#t; (b) [RHER
Fig.2 (a) ZnO-GR-TPU/PLA composite filaments; (b) Coaxial rings

)i, fdi /] prusa_mk3s 3D fTE#HL, K E &
2k B AT BN R /M 42 7.00mm ., N 4% 3.04 mm, =
2.50 mm fY [R5l 2R, Qi 2(b) fras, 2R TRl ik
MR BB 240, FDM EZE SR E N
FTERTRLEE 190°C . UKL 70°C . FTEN)Z 5 0.1 mm,
AR 100% . 4T EI#E 25 mm/s.

1.3 E&#EHEEN KSR

oK JSM-7500F #1459 4% f 7 &2 i 5% (H A i 7
O A X R A R R AR K A A I TOU I S AR AR
AT M ES, R ] Ultima IV % X 526 77 561X (H 4
P22 H], Cu il K, #8906, 3K 1=0.15418 nm)
G352 A A RHY A A RN R AR 254 . R Thermo
Scientific DXR %! 0l 2 5 f2 7 & O 143 (36 1= TR
KRB A D) WG A MR B
K I R&SZNA #5155 0 2 43 14X (% 75 5l B 2k 2y
) R & A bR ) il 2R 7 2~18 GHz 315 [l P9 9
WS, A HEHLEETEAREE TE &
AL 1) B AR FE

2 #RE5Te
2.1 ZnO-GR-TPU/PLA £ & #f £} 9 ) 18 45 ¥4 #n %
WL 57

3(a) & ZnO-GR-TPU/PLA & & ¥ ¥l i) XRD
E 3%, Al A1, 78 20=19.56°F1 22.60°4) HI| % i PLA
B A5 Bt e 09 25.98° B 3T AT LA I 85 B £k 55 9 A
B AT B 0 Y FE 31720, 34.46°. 36.28°,
47.56°, 56.62°. 62.88°. 66.40°%) %9 J& T ZnO 1Y
(100). (002). (101). (102). (110). (103). (200)
f AT, O P& AT B 2t A M B ZnO JR i LU Y
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1 L
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1] 172} |
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A A -
__J/LA N N2 110911
ZNO INO 11,0873

20 30 40 50 60 70 80 3500 3000 2500 2 000 1500 1000 500
20/(°) Raman shift/cm™

I/Ig—Intensity ratio of peak D to peak G
{13 ZnO-GR-TPU/PLA &3 #1Kl XRD [&lii (a) AL EOGTE (b)
Fig.3 XRD patterns (a) and Raman spectra (b) of the ZnO-GR-TPU/PLA composites
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0.901, 7= F 0.900, X KB 5 KU ZnO [ {H
FHLE, &G ROREr G Bl FE RE BB I, X AT BEJE:
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%l 4 ZnO-GR-TPU/PLA & & ¥yA K SEM 1% (a)ZN0; (b)ZN2; (c)ZN4; (d) ZN6; (e) ZN8

ZnO FlA BIGTEIR G B, A BE W P AETE
W . AL BEAL . AR BTAE S ERIGTE R G it
L ZnO e s . AR, (A BRI I AR A

& 4 & A & & #Y ZnO-GR-TPU/PLA & & ¥
K SEM #1145 , W&l 4(a) Fron , 7E ARSI ZnO
BT DU B 4 8800 7 2450, A 80 AR B il R
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Fig.4 SEM images of ZnO-GR-TPU/PLA composite powder: (a) ZNO; (b) ZN2; (c) ZN4; (d) ZN6; (e) ZN8
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Fig.5 Electromagnetic parameters of ZnO-GR-TPU/PLA composites: (a) Real part of complex permittivity £; (b) Imaginary part of

complex permittivity £"; (c) Dielectric loss tangent tand,,
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%16 ZnO-GR-TPU/PLA & & #1#H1 Colo-Colo iZk: (a) ZNO; (b)ZN2; (c) ZN4; (d) ZN6; (e) ZN8

Fig.6 Colo-Colo curves of ZnO-GR-TPU/PLA composites: (a) ZNO; (b) ZN2; (c) ZN4; (d) ZN6; (e) ZN8
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Table2 Recent literature reports on the absorption properties of ZnO/graphene composites

Materials Loading/wt% Matrix RL,in (Thickness) Ref.
Starlike ZnO/RGO 75 Paraffin -77.50 dB (4.5 mm) [9]
ZnO@RGO 75 Paraffin -44.50 dB (4.5 mm) [15]
RGO@NiO/ZnO 70 PS -42.50 dB (2.15 mm) [41]
GR/ZnO hollow sphere 50 Paraffin -45.05 dB (2.2 mm) [42]
3D-ZFO/GNs 50 Paraffin -34.56 dB (1.3 mm) [43]
Zn0/Zn0 nanocrystal@RGO foam 25 Paraffin -38.00 dB (3.2 mm) [26]
RGO/ZnO-mrs 15 Paraffin -38.50 dB (2.0 mm) [44]
MF/ZnO@Reduced graphene oxide 5 Paraffin -63.20 dB (4.1 mm) [33]
5wt%GR+2wt%ZnO 7 PLA -49.20 dB (5.6 mm) This work

Notes: RGO—Reduced graphene oxide; ZFO—ZnFe,0,; GNs—Graphene nanosheets; mrs—Microrods; MF—Carbonized melamine

foame; PS—Polystyrene.
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