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Factors influencing laser welding performance of long glass fiber reinforced polypropylene
NIU Zhihai, WANG Kai, WANG Mingyi
[Polystar Engineering Plastics(Shanghai) Co.,Ltd.,Shanghai 201613, China]

Abstract : To achieve lightweighting, dimensional stability, and laser welding compatibility in automotive parts, the feasibility
of substituting conventional glass fiber-reinforced nylon with long glass fiber-reinforced polypropylene (PP/LGF) composites was
investigated. The effects of glass fiber content, pigment type, pigment surface treatment, pigment content, and nucleating agent
content on the mechanical properties, laser transmittance, and high-temperature exudation behavior of PP/LGF composites were
systematically evaluated. The results demonstrate that PP/LGF composites with 35wt% LGF exhibit optimal mechanical properties
and laser transmission characteristics. Replacing traditional solvent-based black pigments with a custom-developed RGB tri-color
(red, yellow, blue) blended black pigment significantly reduce the risk of pigment exudation at high temperature. Surface modifica-
tion of RGB blended black pigment further enhances its interfacial adhesion with PP/LGF matrix, effectively suppressing high-
temperature exudation. At RGB blended black pigment concentration of 0.3 wt% , PP/LGF composite achieves satisfactory black
coloration while maintaining excellent mechanical performance and laser transmittance. The addition level of nucleating agents
should be adjusted accordingly, depending on the specific requirements of the laser welding process. For regular laser welding appli-
cations, the addition of nucleating agents may not be necessary. However, under high-demand laser welding conditions, it is recom-
mended to add 0.5 wt% nucleating agent to achieve favorable overall performance. This study provides critical insights for optimiz-
ing the formulation and processing parameters of PP/LGF composites in laser-welded automotive parts.

Keywords : long glass fiber ; polypropylene ; laser welding ; laser transmittance ; RGB tri-color
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Tab.1 Formula of PP/LGF composites with different

contents of LGF(mass fraction)
%

Materials type 1 2* 3* 4
1450T 76 66 61 56
GPM 200A 3.0 3.0 3.0 3.0
1010 0.3 0.3 0.3 0.3

PS 802 0.4 0.4 0.4 0.4
NA 11 0.3 0.3 0.3 0.3
T838J 20 30 35 40

®2 WS EX PP/LGF E&HPHERRIRIE
Tab. 2 Influence of glass fiber content on properties of PP/LGF

composites

NIS/
(kJ*m™)
1* 96+4.1 130+7.5 4 400+32.4 19.8+1.6 155.0+0.5 45.4+2.3
2" 105+5.5 164+8.9 6 500+50.6 22.3+2.0 156.3+1.1 26.2+1.9
3% 111+4.8 17249.1 7580+55.7 25.4+1.1 157.2+1.6 19.8+1.1
4% 118459 183+6.6 8200+77.8 31.0+1.7 158.8£0.9 16.0+2.4

Samples TS/MPa FS/MPa FM/MPa HDT/°C  LTC/%

Notes: TS represents tensile strength; FS represents flexural
strength; FM represents flexural modulus; NIS represents notched impact
strength; HDT represents heat deflection temperature; LTC represents

laser transmission coefficient, as shown in the following table.
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Tab.3 Formula of PP/LGF composites containing different

pigment types(mass fraction)
%

Materials 5 6" 7"
1450T 60.7 60.7 60.7

GPM 200A 3.0 3.0 3.0

1010 0.3 0.3 0.3

PS 802 0.4 0.4 0.4

NA 11 0.3 0.3 0.3

T8381J 35 35 35

Solvent—based black pigment(X70) 0.3
1% custom—developed pigment 0.3
2" custom—developed pigment 0.3

F4 BRFEITPP/LGF & & HRMEEM N
Tab. 4 Influence of pigment type on properties of
PP/LGF composites

NIS/
(kJ+m™)
5 110£3.2 170£8.5 7 550+60.4 25.2+1.5 157.3+1.4 20.1£1.0
6" 10742.6 166+6.1 7310+66.9 23.8+1.1 156.4+1.8 17.5+0.9
7 109+4.0 168+5.9 7490+70.1 24.6+1.9 157.042.0 17.6+1.2
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Fig. 1 Influence of pigment type on high temperature resistance of
PP/LGF composites
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£5 TREHESENPP/LGFEEHEERF(RES &)
Tab.5 Formula of PP/LGF composites with different pigment
contents(mass fraction)
%

Materials 8" 9' 10*
1450T 60.85 60.7 60.4

GPM 200A 3.0 3.0 3.0

1010 0.3 0.3 0.3

PS 802 0.4 0.4 0.4

NA 11 0.3 0.3 0.3

T8381J 35 35 35

2" custom-developed pigment 0.15 0.3 0.6

*x6 BHEESPP/LGFE&MEMEERISNE
Tab. 6 Effect of pigment content on material properties of PP/LGF

composites

NIS/

Samples TS/MPa FS/MPa FM/MPa (J-m™?)

HDT/°C  LTC/%

8 110£3.2 169+8.8 7 510+50.4 24.8+0.9 157.1+0.8 20.3+1.0
9* 109+3.5 168+7.9 7490+61.2 24.6+0.6 157.0+1.1 17.6+0.8
10" 105+2.6 163+6.3 7360+49.6 21.8+1.0 156.0+0.6 14.5+0.6
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Tab.7 Formula of PP/LGF composites with different nucleating

agent contents(mass fraction)

%

Materials 1" 12* 13*
1450T 61 60.7 60.5

GPM 200A 3.0 3.0 3.0

1010 0.3 0.3 0.3

PS 802 0.4 0.4 0.4

NA 11 0 0.3 0.5

T8381J 35 35 35

2" custom—developed pigment 0.3 0.3 0.3

F8 MZF&E3 PP/LGF £ &7 I KRR

Tab. 8 Effect of nucleating agent content on crystallization of

PP/LGF composites
Samples AH/(J-g™") T/°C X /%
1" 56.74 124.67 27.41
12* 57.63 129.16 27.84
13° 56.30 130.17 27.20

Notes: AH_ is cold crystallization enthalpy; 7, is cold crystallization

temperature;; X is crystallinity.

—0%
—0.3%
—0.5%

50 160 1‘50 200
Temperature/°C
K2 [R5 & i PP/LGF & A MOBH 45 5 DSC 2k
Fig. 2 DSC crystallization curves of PP/LGF composites with different
nucleating agent contents
F®9  HUZHI S E3 PPILGF £ 5 # RHEE RN

Tab. 9 Influence of nucleating agent content on properties of

PP/LGF composites
NIS/
Samples TS/MPa FS/MPa FM/MPa (Jm) HDT/°C LTC/%
11" 109+3.4 168+4.6 7 490+66.6 24.6£0.6 157.0+1.0 17.6+1.0
12 11142.8 17245.1 7 610+59.4 24.2+0.5 157.6+0.9 17.1£1.2

13* 110+£3.7 170+£5.8 7 500+48.2 24.5+0.8 156.8+0.6 22.2+0.8
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