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Mechanisms and properties of PA6/GB/CB composite materials sintered by selective fiber laser
DENG Zhengdong'*?*, WU Zehong'**, WU Jian'*, GU Wenquan', SUN Maoyin'**
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Abstract : The application of polyamide 6 (PA6) in selective laser sintering (SLS) was limited by its insufficient absorption of

the 1 064 nm wavelength, which is commonly emitted by fiber lasers. To overcome the limitation in laser absorption during the SLS
process and improve both the success rate and tensile strength of PA6 under 1 064 nm laser irradiation, carbon black (CB) was intro-
duced as a light-absorbing enhancer and glass beads (GB) were incorporated to improve the stability and deformation resistance of
the components. The composite powder was systematically characterized, clarifying the influence of fillers on crystallization behav-
ior and interfacial strengthening mechanisms. Based on the optimized material properties, the laser sintering process parameters were
further matched. The results show that when the mass fraction of CB is 0.5%, the absorption rate of the composite powder for 1 064
nm laser wavelength significantly increases to 84.7%. Under the rapid melting and solidification effect of the laser, PA6 was success-
fully transformed into the y-crystal form. Through the orthogonal experiments, the range analysis, and the performance testing, the
optimal volumetric energy density is determined to be 0.25 J/mm? under the conditions of a laser power of 160 W, a scanning speed
of 15 000 mm/s, and a scanning spacing of 0.3 mm, and the tensile strength of the composite reaches a maximum of 66.4 MPa,
where the glass beads uniformly coated by the melt and exhibiting strong interfacial bonding.

Keywords : selective laser sintering ; polyamides 6 ; glass beads ; carbon black ; volumetric energy density ; tensile strength
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Tab.1 Technical parameters of SLS equipment

Items Specification
Build cylinder size/mm® 400x400%450
Layer thickness/mm 0.06~0.3
Laser type Fiber laser
Power/W 10~500
Max scanning speed/(mm-s ") 20 000
Max chamber temperature/°C 220
Dimensional accuracy(>100 mm)/% +0.1
Dimensional accuracy(<100 mm)/mm +0.1
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Fig.3 Microscopic morphology of PA6/GB powder
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Tab.2 Orthogonal experimental factor level table

Factor
Level
A/W B/mm
1 100 0.25
2 130 0.3
3 160 0.35

Notes: 4 is power; B is scan spacing.

MR 4 I Ir 45 L, & IR X2 (i fifi
AL 2252 W FEE : R >R, , R BTBOG I X hr o
FERISE I o 2, ORI AR .

R T A R 1Y BT k3 I A 56 LS e A e
TR e BT 25500 o PR B A 25 A b
RUWFRS, AW For A, 78 B E PEKF a=0.05 1)
LT Fl FUE N F, (2,4)=6.94, 455 58,806
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Tab.3 u and tensile strength at each factor level in orthogonal

experiments
Samples  A/W B/mm  w/(Jrmm~)  Tensile strength/MPa

¥ 100 0.25 0.19 54.4
2* 100 0.3 0.16 50.5
3" 100 0.35 0.13 47.6
4 130 0.25 0.25 65.9
5* 130 0.3 0.20 57.5
6" 130 0.35 0.18 52

7" 160 0.25 0.30 58.5
8" 160 0.3 0.25 66.4
9’ 160 0.35 0.22 62.7

i 2 3" 4 @ EGEEE R O

ML

E7 SEERE%

Fig. 7 Experimental samples
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Tab.4 Range analysis table for tensile strength

Value A B

K, 152.5 178.8

K, 175.4 174.4

K, 187.6 162.3

Ko 171.8 171.8

R 35.1 16.5
Optimization level A3 B1

Notes: K. is horizontal mean; R is range; A3 is power of 160 W;

Bl is scan spacing of 0.25 mm.

195 ¢
190 -
185+
180
175+
170 -
165
160 -
155
150

Tensile strength/MPa

Al A2 A3 Bl B2 B3
Level of each factor

8 hrfiins i 54 R E KT RE
Fig. 8 Relationship plot between tensile strength and factor levels
DR 1) FAE(4.08)/NTF Fli 1 (6.94), e it EA
= FHE R Y FH.(0.94) [FIRE/N T Filfs L5 (6.94),
Gt BRSNS o SR, X — 25 R A2 IR T
FEA B (n) 4/ Nn=9) F1 F 1 B (df ) BR(df=4). Mot
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Tab.5 Variance analysis table for tensile strength

Sum of Degree of Mean F-

Source Contribution
squares  freedom  square value
A 211.68 2 105.84 4.08 58.1%
B 48.66 2 2433 094 13.4%
Residual error  103.88 4 25.97 28.5%
Total 364.22 8 100%
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Tab.5 Supplementary experiments of tensile strength

Samples Power/W Scan;;:cmg/ str;l:;i/ﬂi/[Pa
1 160 0.25 54.5
2 160 0.25 60.5
3 160 0.25 56.1
4 160 0.25 57.6
5 160 0.25 57.2
Average 160 0.25 57.2
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Fig. 9 Factor interaction diagram
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