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Using Hollow Glass Bead as Glidants to Improve Selective Laser
Sintering 3D Printing of Polyurethane Covalent Adaptable Networks

HE Xi-wen, ZHAO Qi-fan, XIA He-sheng”, FEI Guo-xia”

(State Key Laboratory of Advanced Polymer Materials, Polymer Research Institute, Sichuan University,
Chengdu 610065)

Abstract: Diels-Alder bonded polyurethane covalent adaptable networks (PUDA) were synthesized and
pulverized to prepare PUDA powders for selective laser sintering (SLS) 3D printing. SiO, nanoparticles
and hollow glass microspheres (HGM) were used as glidants to modify the PUDA powder. The modified
composite powder fluidity, thermal properties, sintering behavior, and mechanical and self-repairing
properties of SLS printed parts were systematically investigated. The results show that when 0.2 wt%
SiO, and 0.5 wt% HGM are added together, the static angle of repose of the PUDA powder decreases from
54.7° to 29.5°, the basic flow energy decreases, the bulk density increases, and the fluidity is close to free
flow. The composite powder can be successfully SLS sintered, and the minimum apparent porosity of the
printed parts is 5.09%, and the tensile strength is 14.54 MPa, which is 36.6% higher than that prepared
with the single additive system. In addition, the self healing efficiency reaches 124%—126% after 2 h of
repair at 120 °C. The use of glidants can improve the SLS 3D printing of polymers and can be extended to
other polymer powders.
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Figure 1 Synthetic routes of PUDA
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Table 1 Mass fraction of additives in different PUDA
powders

SiO, mass fraction  HGM mass fraction

Material %) %)
PUDA-0.2N 0.2 0
PUDA-0.5HGM 0 0.5
PUDA-0.2N-0.5HGM 0.2 0.5
PUDA-0.2N-1.0HGM 0.2 1.0
PUDA-0.2N-2.0HGM 0.2 2.0

0.15 mm, ¥t F4E 7] #E 4 0.08 mm, 3R E
2, MR 2 PR, NRFEIE 7 — 8k, Frf il
FRIBCPAT TR R R 3 5 ), S A i X
e A E, 2R, Ak, # PUDA K R
FELEL 110 °C. 15 MPa. 30 min [ 50 T 4 413347 4
FE R, 15 B PR AR DAE XS EE

F2 SLSITHIZH
Table 2 SLS printing parameter

SLS printing parameter Value
Part bed temperature (°C) 60
Powder feed temperature (°C) 50
Laser power (W) 60
Laser scan times 2

Laser scan spacing (mm) 0.08
Laser scan speed (m/s) 7.6
Layer thickness (mm) 0.15

Roller

(=
Y

L,

2 R XioRE A
Figure 2 Schematic diagram of sintering area
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USA) RAEK A IR R A1 L, DL BN 7 HR
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K H FT4 Z Dhae s R 3 v 101X (Freeman
Technology Ltd., UK) M58 44 1) 8 5 H e P fg «
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mJ/g); CBD (conditioned bulk density, g/mL) & #3 K
b T RS BOIRZAS I 1) B SR HEAR B 525 Tt &k /)
SR A SR BB R T e SRS H Bk AR AR AR
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B 5 Zh A BEE R EORD
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200 °C, 13 M R FHE DSC i 2k . KA AR E
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Fe s AT b, I B S & IR ~ 800 °C, FHER
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1.34 M
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PR W THT T AT RAF . WS RE 2 T TH T2 5
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179 U B A MIRE SRy R 1 A1 IR 4K T 8o v
k5 BL30 °C/min (1) i 20K K R M = S0 F E
200 °C, HFEAGMLAC M A AE I #ad 72 v i 4 4k
1.35 HBEEEElR
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By B IE N 98 IR (1) 58 SR A D), 4 B 4y
R F (R B x B8 B x K ) 92 mm x 5 mm x
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oA, prarer 7 7E I B3 FE N () 7K B %5 B (7 25 °C
N1 glem®)e DAAERE ) AR B TR 1) % HOLHE A o
LA B IR B L (Dneroy) o SLSFE il I WAL
B2 (porosity) HI i+ 5 A XN
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saturated

Porosity (1 - pb—“‘k] x100% @)

ptheroy
IR 25 S0 Rl SEPE RN L, REALRE )
I 3K

2 HRSIIE

SRS SIS & KR
K FH i #4226 1) 56 O N BB 2 1 & 29 1000, S
FRHE MDI, 7N 3 — R EREE = B 817
B B i F2 2 (1) DA /N 431 R Rk, SR R SR
AMRE B A& T AT R BN L EER A
fiis (PUDA CANS), iZ 58 & W) I 45 M 3RAE W, 225 S
w0, B O s PR DL R MU B B
IR BT BE 7933R 15 1 PUDA K K A5 #1249 K1
1 R ) (Dgp 29 220.1 pm) (& 3a), 3 H 100 H 7
oI5, Ry R BREAR 53 A B8 2, HA R4S Dy FEAI
%2126.8 um (& 3b), B G K S A RE RN B B 1Rl
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W R I A U 32 B S B A —, B3
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VL 1) PR 2 [t 0 B 2 BEL 77 184 O, 3 T 0T 6 e £ HE A
5 P AN Bl A g OO, i T RERRAIR. SIO,
W B 2 oy A OO 2 THT 5 Bk g 3 T D' 1 HLJB 35
BRI RORL, 734 TR AR F A4 (3¢,

4Tl PUDA ¥y AR PR B0 & 2 22 57, I sh kg
R B2 AR AR PE H, BUIK Y
AR LA O P Dok R B S AF a1t . Xt
F AR BH T PUDA NG A, UL LR AS B H.

2.1

0 \ 100 55 100 55 _ 100
= Channel mm Channel B Channel

40F  — Passing 180 20 — Passing 180 20+ — Passing 180
S 3 _ S S
<300 Dy=151.7 pm 160 % < 15} Dy=67.63 um 160 & S 15} Dy=64.82 um 160 8;
g | Dar220.1um ge ;| Dor=126.8 m " g £ 1| Dso126.1 um o0
£ 207 Dg279.5 um 1908 2107 Dg=175.8 ym 198 £ Deg=1749 um 19 8

10} {20 5t {20 5t {20

0 0 - 0 0 : 0
1 10 100 1000 1 10 100 1000 1 10 100 1000
Size (um) Size (um) Size (um)
(@) ®) (©
\l
\l
500 um 200 um 200 um

&3
N

B ALAR 5T BRAL - (a, )RR 035 B A, (b, br) 100 H 5 94 1oL 5 /5 RS il B3 A< s (¢, ') PUDA-0.2N-0.5 HGM

Figure 3 Characterization of particle size and morphology of powder: (a, a’) Coarse powder crushed by liquid nitrogen;
(b, b") Refined powder sieved by 100-mesh screen; (c, ¢') PUDA-0.2N-0.5 HGM powder
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2.0HGM & & ¥ oK 2 I H A AL 1 3 2 M g, G
BFE(964.94 mJ) Al CPS 1 (10.21%) % fik . iX % B}
526 BRI 2 I 2 B A T OR8] PR Rl 422 7 5 BE
BH 7, (AR A HE T 9 R % R4t T B, ik —
SUESE T RS VE R G 58

B 1A fiE (BFE) 5 A 3R 32 % (CPS) 2
b, b %52 i (CBD) 52 P4 SLS 4T B R K 1 5%
S B CBDEERE M R MR B %, o
BERAR, XA A1 kbe s et 7 8o By
SRy PR EEAM, A OR T e gh i B mh ROR 7] B i
PR 3050 B RAL 5 DT T 4 TR AN 1 5 1)
JR ARG . R, K2 IR UG CBD Bk E T ke
SR A BUE R RAPR LS 1% g B
(1) CBDAEAEAT /& S BT ALIR 2 & Wi 2T K
PERE BB BB IR IR . E AR B4 8RR
% (/& 5b~d): 1 ¥ AN SiO, 44 >k Biki I, ¥y K BFE

Si0,

HGM

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

& 4 ﬁfmﬁﬁﬁ*%ﬂﬁa?*ﬁmﬁﬁﬂI%ﬁtﬂu (a) PUDA- 4i# 7K , (b) PUDA-0.2N, (c) PUDA-0.5HGM, (d) PUDA-0.2N-0.5

HGM; (&) Bl 71 AR IDA3 ACHIORE f 7 FH L2

Figure 4 Static angle of repose and consolidation test of low temperature grinding powder: (a) PUDA-pure, (b) PUDA-0.2N,
(c) PUDA-0.5HGM, (d) PUDA-0.2N-0.5HGM; (e) Mechanism of glidant on irregular powder particles
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5 ANFEBHARFE SN HIPUDANS A [ (a) v] JE 46 P F 43 B s (0) 2 AT s P At (BFE) AR kI 5l At (SE) « 26 (- HERA % & (CBD)
Figure 5 (a) Compressibility percentage, (b) basic flow performance (BFE), special flow energy (SE) and conditional bulk

density (CBD) of PUDA powder with different flow aids
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i BFE {f it — 20 [£ {1k %2 £ 1028.1 mJ (&1 5b~5d),
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Figure 6 Thermal degradation curve of PUDA: curves of (a) residual weight and (b) degradation rate with temperature;
(c) Melting behavior of PUDA and its composite powder; (d) DMA graph of PUDA
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Figure 7 Melting and coalescence behavior of PUDA powder and its composite powders during heating: (a) PUDA-0.2N-
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Figure 8 Stress-strain curves of PUDA with different glidant contents by (a) hot pressing (HP) molding and (c) SLS molding;

(b) Morphology of SLS parts; (d) Change of modulus of SLS parts
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