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Figure 1 SLS processed PA12 product by Materialise Company, Belgium (a)'*)and FDM processed
ABS product by University of California, USA (b)'"
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Figure 2 Effect of particle shape on the flow function (a) and compressibility percentage (b) of polymer powders
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Figure 3 (a) Good dispersion of BaTiO; in PA11 matrix by solid state shear milling (S* M)*1,
(b) the milled PA11/BaTiO; composite powders, (c) the spherical PA11/BaTiO; composite powders,

(d) the Angle of Repose of PA11/BaTiO; composite powders before and after spheroidizing treatment
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Figure 4 DSC curves of PA11/BaTiO; (40 % (wt)) composite powders
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Figure 5 Process of melting and coalescence of PA11 (a) and PA11/BaTiO, (80% (wt)) (b) powders on

a hot stage microscope
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Figure 6 PA11/BaTiO; piezoelectric parts fabricated by SLS processing!*™
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SR T 28. 5% 81 57. 9%,
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Figure 7 (a) Dependence of dielectric constant on frequency of PA11 and PA11/BaTiO; composites'™,

(b) piezoelectric strain coefficient dj; and piezoelectric voltage coefficient gy; of PA11 and PA11/BaTiO; composites
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CNTs SHL il 4.
I R 28 A 7= AR 14 43 W0 B A AN 5 | R S 2 AR T L 3l A R A B O DT TE 4 T CNTs
8 TPU &5 ik, Ik 2y 57pm, CNTs Y5 7E TPU ok 3R 1 . 40 83 2 )8 B2 100nm (WL & 8).,
OF & | (b) o2 © F &

B8 0.5% (wt) CNTs 4 TPU #k () A1 (b (i SEM B A F1 CNTs 18 TPU #3{A ) TEM & F (o)
Figure 8 SEM images of 0. 5% (wt) CNTs wrapping TPU powder (a), CNTs wrapping TPU particle surface (b)!'" and
TEM image of CNTs wrapping TPU powder (c)

1 HHERYLCNTs M AR T TPU B8 S iR . E i SLS N T T 22480, 503
T TPU/CNTs & MK SLS T, & 9 3R, CNTs 43 HUfE TPU UKL L1 P B = 4 W 2%, 7] 1 2%
PR R SR, B 10 KB 2 SLS In To5 il & Wil 44 46 CNTs & it 0. 226 (wo i & A4 S LT B
M, MFE2A0.CNTs &8 1% (woO B, 25 SLS I Tl 5 09 S35k 0. 35S/m, He A 5885 6 i 5
1~2 AN, B S s 7~8 N K

& 1 TPU XK TPU/CNTs £ & #Hi 59 # 14 BE 847
Table 1 Thermal properties of TPU and TPU/CNTs powders

S E YR RE /00 G fifg i £ / °C
BRANA AT S 4/ e i B2/ °C 0Tk 5000 Lk
0 143.0 307. 7 357.7
0.2 144. 5 312.7 365. 2
0.5 154. 8 315. 2 362.7
1 151. 4 315. 2 363.7
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Bl 9 TPU/CNTs &4k SLS Hil {7162 8 IR A () Al TEM B8 (b)H
Figure 9 Optical image (a) and TEM image (b) of SLS processed TPU/CNTs(0.5% (wt)) powder:'"
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Figure 10  Electrical co nductivity of the SLS-processed TPU/CNTs part as a function of CNTs content

Inset: a log-log plot of electrical conductivity versus CNTs content'"
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Table 2 Electrical conductivity of TPU/CNTs [1% (wt)] parts prepared by different processing techniques'”]

T SLS JinT. AR s i 2 i i BURL AR B 2 o A 28 AL B UKL 28 Y
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HAT 52 ¢ Z LS5 K 1 S v 3R B 0 vl I JE D A% s A% G0 i 25 7 1 — MO R s sl Al ik #  {H
il b SR MU AT FRATTE e CAD @B Bl T 2 LAY SR AT SLS I il & 1 % MU 07 %A
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AEAS 3 BT R 2 2R i B U 2 FL 45 #9 g TPU/CNTs il 5 CWLIEL 112) o 76 K 45 &I AR 8] 52 1 78 o L
FLBELREJE A i i AR AR T AR AL . 28 22 AR 3R e 46 28 [l &2 )5 i 4 rL BEL P 58 e 2 (UL 11b) .

28 SLS il % TPU/CNTs SR F AR R K HE T35 LED ATH B B e hLff 5
it B A1 i SR TFB AR R L B R RF KA 1 S PR R L (i LED ST AL T i 52 RS . X i R I SLS
T & TIARE 2819 TPU/CNTs 20 T il 0 76 A2 SR 7T 58 B 4 L P AR A Fl O sl 5 S SRt
0 3 e 8 P 45 7 T A EE 2R
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155 Al T FR % B (Fused deposition modeling, FDM) & —Fh #2014 3D FTER N T 75 32 , ) H e hin P o5
LR AR, th = d) R ohiE 22 55 B 2 HE RS = el 0F . 2257 FDM i T/ iifs 5t 25 10 02 -
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Figure 11 A SLS processed TPU/CNTs piezoresistors with programmed porous structure with a
0. 5% (wt) CNTs content (a), Reversible change of resistance for the composites at a 50% strain with

compression cycles at a compression rate of 5mm/min (b)!"
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WA AHER .5 PVA R BIE S E A 0055 PVA [ &5 F 18021 PS8 A 350 il H 25 & 1%
R A5 B LA Ul B L 753 100°C DL i PVA BN T% 1,588 T PVA/HA B & MR E
P RS B TR B X FDM N T 3 . PVA/HA 5 4 22 5 JF 45 85 3% HA 49K B F 5 40 B A% 1B
RSl PVA/HA #2555 & (WL IE 122)  ANREAS 2036 & FDM I T 2R PVA/HA B & %45, htE
PVA/HA B &8 FDM Jin T R ATE PVA/HA thin AR B . 5 PVA M PRI 1) PLA,
PR MR O HA 5 PLA RS L HA dE M40 A 76 PLA A 30 &2 A 22 B i ad R p ok &
DT B ) 28 AR B A) R A R BB WG 2 FDM il T2k 1) PVA/PLA/HA AW B & & 4 5%
(WA 12b),

i,

12 PVA/HA(a) Ml PVA/PLA/HA(b)$f I 22 4 It I8 F 1
Figure 12 Photos of PVA/HA (a) and PVA/PLA/HA (b) filamentst"
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Figure 13 Compressive modulus (a), viscosity (b) and E/r] (¢) of PVA and PVA/PLA/HA filament
(A-PVA;B-PVA60PLA15HA10; C-PVA60PLA30HA20; D-PVA60PLA45HA30™"

RGHFE T FDM T T2 S50 iR IR RE | % 1 3R 5 T g ol B 43 )2 T P L B S 4 ) B L 3 70 )
BEAEXT PVA/PLA/HA 224 FDM il {F 4589 5 ¥R R %2 mm . @3 R4k FDM Jin T2 4, & Wl if FDM
I A TR S 2% A Wy s T PVA/PLA/HA A Ak A0 B A58 (UL & 14a) FlE T RE 3228 (UL A
14b),

&l 14 PVA/PLA/HA 5G4 225 FDM il Tl 25 > A0 N80 B Y Ca) Rl T RE 32 48 (b)
Figure 14 FDM-processed human jaw model (a) and biological scaffold (b) using PVA/PLA/HA filaments
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H i % F A9 FDM T EDAILAY fI; 5 2 2% B 1 2R L pig Y 5 22 4 O 0 A4 ) O L (LS SR 5 W 110 Bl 22 1k
Uit B PR B B A R B L R FDM I T 22K i 22 2% R /b, 2802 ABS PLAAH L T 3RHBUREL , 22
25 ICRE A AR 157 5 X DA AT B s B R o Rl TR 22 SR M M B L R A W S AN oK A MR BRI T
FDM T ERAILEY 1

BEXT LA b R, AT B T B A R R A B FDM T ERAL (UL R 150120 220, B3 LU 40 TR0k
JEARE S BT L B 22 TR R o LA A B AE R« TR BT L CROIE R A B 1 TR R Wl 1 A AR
FRRNEE o, O SR ACRICR S 57 ORI Bl A g s TV 0 M 15 38 6 2% MR 0% 42, O o 4 1R T 40 AN [ ) A i
W R FYE R s T 38 sh A XL HE T IBAT B th SR T [ 2 L AT ERF & XYZ =8z g R4 S TNz 3
ARG RIGHEE,
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Figure 15 photo of novel FDM printer (a) and the schematic drawing of conical screw extruder(b)?!- 2]

ARG T B FDM T EHL T 20 S 5O 4T B0 ] 4 5 46 1 58 1) 52l , 2 390 el ATL Jok o 01 % | 3 76 2k (]
PE 2R FTEQ A B AR AT EQ AR A UL A BB AT TR B 5L, nJ 3 Gk R ML O R 22 R R
B ST eI BEAR VS , B 22 Ph e 4 . AT M A B & FDM 4T ERHL B #% i PLA PP kit FDM fin T ol
i (UL 16) . B 7 FDM AT ERAIL A f P A FDM T BB A R 35 (] 850, 45 58 FDM i T2 Ry FH 450 5 £ 43t 1 5
W& R g1 .

FE 16 SR #iA FDM T EQHLHE 4% iRkt FDM in T A9 PLA K% ¥ 4 il i () . PP R4S R ) 258 45 (b)
PP E LM+ ()
Figure 16 Photos of PLA rectangular sheet (a) ., PP mechanical testing specimen (b) and PP Chinese
chess(c) by our invented FDM machine
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Studies on 3D Printing of Polymer-based Micro/Nano Functional Composites

CHEN Ning' ?, XIA He sheng'?, ZHANG Jie"*, WANG Qi'"? *
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Abstract: The 3D printing of polymer materials, as an advanced and rapidly developed manufacturing technology, can
fabricate polymer parts with very complicated shape and structure that can’t be achieved by traditional polymer processing
technology. However, it is difficult to prepare the polymer devices with desired shapes and functions due to only few single
component polymer materials suitable for 3D printing. This paper introduced our research work on 3D printing of polymer
based micro/nano functional composites. By using organic-inorganic hybrid, solid state shear milling, ultrasonic irradiation,
molecular complexation, etc. , a series of polymer-based micro/nano functional composites suitable for selective laser
sintering (SLS) and fused deposition modeling (FDM) processing were successfully prepared. The SLS processing of
functional polymer-based micro/nano composite powders and FDM processing of functional composite filaments were
successfully realized. The low-dimensional construction, layer by layer superposition, free interface forming and
complicated solid-liquid-solid phase transition in 3D printing process were investigated. The novel technique for
spheroidization of polymer-based micro/nano powders was established, and the new directly melt-extruded FDM printer
was invented. A lot of polymer parts with complicated geometric shapes and functions, such as PA11/BaTiO; piezoelectric
device, flexible PU/CNTs sensor, individualized mandible model, etc., which can’t be manufactured by traditional
polymer processing technology, were successfully fabricated by optimizing 3D printing process. This is a big breakthrough
in manufacturing polymer parts with complicated shapes and functions that can’ t be prepared by traditional polymer
processing and the current 3D printing technologies.

Key words: Polymer-based micro/nano functional composites; 3D Printing; Selective laser sintering; Fused

deposition modeling
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