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Abstract
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printed h-BN/TPU thermal conductive polymer composites, a single factor experiment was carried
out to h-BN/TPU with filler mass fraction of 20 wt% and three groups of filling densities of 80%, 90%
and 100%. The microstructure and macro properties of the composites were characterized by SEM,
laser thermal conductivity analyzer, thermogravimetric analyzer and universal material testing
machine. The results show that the filling density increases from 80% to 100%, the fusion interface
is closer, the internal porosity is significantly reduced, and the horizontal orientation of h-BN layer
is improved; The thermal conductivity, 700°C residual carbon rate, tensile strength and elongation
at break of the composite showed an upward trend, achieving the synergistic enhancement of ther-
mal conductivity, thermal stability and mechanical properties. The results show that the filling den-
sity affects the material properties by adjusting the fuse bonding morphology and filler orientation,
which provides an experimental basis for the process optimization of 3D printing thermal conduc-
tive composites.
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Table 1. Experimental apparatus
1. ZLER

& ES UitRs) I
LG SUEATBF AL HK2.6 B HURHIE
3D FTEIFEA 2251 HL HTES-25 HARTEK
FDM3D #TEf#L Ender-3 S1 Pro B =4
EN TR L] DHG-9070A Eig—1H
T B Star Thermo Fisher Scientific
LLAMA R A3 AT A R60 MISSION
HOLERAX LFA467 78 [ i 2t
X FHERATEHX Xpert Powder e SN
P 5 22 A AY TGA/DSC 3+ HERF ) -FE 7] 2
RIS 5966 Instron

2.2. 3D $TEDSELG SHPRHBI & %

ASCIEEL h-BN R R 808 20 witte, FEIETLUTHIE: 28 B40E h-BN/TPU 14 R 1S Hud@
BEME, FEBRISINE TIEEA BTG [ 20 wi%e s INE Al fRIER S EHE ER st . 2
M#ERLF, W52 FDM 3D fTELELEFTH . ARk, AR TZEK, ESHERE. BN TS
EPEREZ LB R LT . D9 % h-BN/TPU E& 41K} 3D TENZ244, Jefs TPU 5 h-BN JEURHE 80C T
TR 6h, FTEERRKID . LR 8:2 #EFARE M ERL, FEREM VB BFHE G R SR
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N HK2.6 BUXUEAFH AL, S8FF 4% 26 mm, KAREL 68:1, #HATIE AR S5HF Gk Bl TESH0N:
BEFTAE TR 100 rpm, HEEMIER 5 Hz, &R bR B HLELK IR A 120°CL 150°C, 170°C. 180°C.
180°C\ 175°C\ 170°C, IBFLLFHIURE 190°C. FrHMEEMREEIN MR 2, Heh HiEfeE
FEHIAE 1.75 0.1 mm. S miicE, IFE THERTRETIRESH.

I SolidWorks S8 RGET EIAE i (1) = 4G, MG BALERA7 A STL 4% 305 F A\ Creality Slicer 4.8.2 V) /¢
AR, RO E T RIESEI A — 8, HEMA R h-BN/TPU, HRITEISHI[E € R: 4T
ERE N 220°C . JRARIEE N 60°C. Wik EARHY 0.4 mm. BEELLVUCE 3 Wk, LLMKIE RG2S 500T 78 14
. SRSHRESU R AEE, £ G ARIGIHES N FDM 3D FTEINLHATITEN, e mFE il s, RNHEE
FUEE SIS A AN 2 BTR .

Table 2. Experimental groups with different fill densities
2. TRIAFRBEEARISEL S 4E

He HAEE (%) JZ i (mm) FT EN3 E (mm/s) 5 B 1% (mm)
1. 100 0.2 40 0.4
2. 90 0.2 40 0.4
3. 80 0.2 40 0.4

2.3. MRIFRIES RN FG ZE

% h-BN/TPU A RHIEAT 2 4E B RAEMINR, A SC 32 BER 46 o7 A O I 4 22 48 T o I
Plo K 20mm x 8 mm x 1.2 mm FEFRENERT . 180s &HEMI4)5, 76 SkV A K. 8mm TAEHESE T,
Xf [F] — A AT AR [R5 2 I, A Image J 8 E B HALBREE, 0 Ard T B0 200 FLIBE5 A4 1) 52 0 K1
At R XS RATHOO0 B AE 30 mm. JBE 0.6 mm [ AERE S 3EAT 0K, F94VE FE 10°~80° 3 5°/min,
JEIL(002)55(100) 47 THIAT 5 0650 5 LL e B3R AE h-BN HBXUA] s SRALLAMARAZ /T A0 20 mm x 20 mm x 2
mm R REE AT, AR E T 80 CIHIE MM G, HALER 10 mm. JEE 5 mm SFHEM:, E820
K140 s IHACFIRE S, 1] TGA/DSC 3+ - ZHIPEAAL, L 10~20 mg #E5 T 70 uL L4
Wy, ERSFAE T L 10°C/min A 25 CFHEZE 700°C, MR HAFR e MR SRR R R febr; IS AR k =
a xC, xp IHHMTE, KH LFA467 LS HUXAE 25°C PR E AR 25 mm. [ 0.6 mm [F F A 17K
FRATHR BT 3 POPAT I ), AR A, %R B R KRS %
ASTM-D638 IV BUR#Efi 1 115 mm. JE 3.6 mm FIME A TERLARIARE, (4 5966 2L 77 BeM BHAZSALEL 10
mm/min SEFBR AN EWR, FHED 3 YCPATREE, BOFIE SR B S R K
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3.1. WA BEEXNE SRS

HH7e# B2 4% FDM 3D 4T E] h-BN/TPU R & FEH N BRSO 28, Il oA 22 Rl
ok sg S A RS 5 LB BRI . B SEM B4 1) 5 LR BRI 2)rT &, 785 M 80%I2 T+ 2
100%I0f, W22 B BEIZ A8/, SRS G R B 0 . 80% TS T, Mzt X, TR fE+ X
I BRI, SRS 2, B A KR EALE, FLBRREIE 1.89%; 90%ITEH LS, &L A
ZURE 5, AR, SLBRECE S RO R G, FLBRREEE 1.07%; 100%HFEHE T, WL H L7
e, SRR LI BOE S R R R & ST, AR ALERAR D, SLERRAN 0.84%
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Figure 2. Porosity of filament cross-section at different
filler densities
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Figure 3. XRD patterns of h-BN/TPU composites with different
filler densities
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PR EE (Looo/T100) 7B BFRALE AR . HHE 3 AT, 100%IAFE %R, % HAEIA 199.78, h-BN F /2T EN
ST BE ] s TR R AR 90%. 80%, LUAE 73 AR A 156.62. 146.71, HUMFEFERFSE T, mtHAY
FERE, FALIXIRNIE 2B R E RS, SRS ARG R, LR A AR, W) h-
BN v ZWra R IR g n kA, T e AP R 454 . IR E T, WLsRA RS LRI 2.
FHIHRG AL, 29 HORIRIRESS, h-BN FrE0E LS, B oAb i 2 . X RN ) 22 S5 B e R
FHGEBA R S EA R AE, R UUE E SRR A RE R SO R 2 .

3.2. WA EEXME SR SRR N

SRR (K 4. 1 5)ER, h-BN/TPU EEMEHAS R S5 B R BBEE 7T % BT [H)25
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FETR, IS B%HEY]. R, TWBOELL T MEITR A I, WAL, h-BN 27K 71
U, AR AT AR R S AL, AR T AL S AR . (RIETT B, I 2[R EE K
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Figure 4. (a) and (b) show the thermal diffusivity and thermal conductivity of h-BN/TPU composites with different filler
densities, respectively
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Figure 5. (a) and (b) show the infrared thermal imaging and surface temperature rise curves of 3D printed samples
under different filler densities, respectively
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Figure 6. Thermogravimetric curves of h-BN/TPU composites with
different filler densities
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N, PLHGRE N 19.11 MPa, WK Rk 440.05%; B& 5 90%HF, 555 A 16.64 MPa, K F A 360.26%;
80%HT, HRIEAN 11.72 MPa, KRN 346.67%, J12-MERERIIH AR ERECKIEE . EREAEET,
IS A 7o FLBRERFE D, TR ROE SR SE eI J1 AR N, 0 e . R fE
TPU FARTT I8 IE K7 T HEN 5 HUA LBl m B4, h-BN BURHR 2% [F) 52040 87, ARl SR B o g 5w
VIt IERE R, W mBR. L2, MRS SRR, FLERCA N F14EF T, 5l
RGOy g, PP LRI TET, MEEMRN 1 TR AR, 585 FD TR
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Figure 7. (a) and (b) show the tensile properties of h-BN/TPU composites with different filler densities, respectively
7. (@) (O)FHAREEFZEER h-BN/TPU E &M RHU MM B

4. g
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(3) ABFFIAM T “HEAREE - FOIES - AR OCERILE], ESE 100%H A% N h-
BN/TPU M FREGM BB L2248, WS MErEL . Bk E a5 g b FHE . afF s 3
4 FDM 3D #TEp RS E AR LA SR AL T S0k, WALl 7. et e S5 a1
TN REAEER SR L.
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