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Abstract: We functionalized a wear-resistant carbon-based MoS, filler to solve its limited wear condition problem. The
filler exhibits excellent lubricative properties. The surface modification of MoS, was carried out using a (3-glycidyloxy-
propyl)trimethoxysilane (GPTMS) silane coupling agent to improve the low compatibility and dispersibility of the filler that
generally degrade the performance of composites. A silane coupling agent was employed for the functionalization of MoS,,
and its effect on the wear resistance of MoS,/Polyamide-6,6 was investigated. The silanization of MoS, was identified by
contact angle analysis and Fourier-transform infrared, energy dispersive X-ray, and X-ray photoelectron spectroscopies. The
wear resistance of the composite was found to be improved significantly by the surface functionalization of MoS,.
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Experimental

1. Material
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B2 EYALE 1A E 9] Polyamide 6,6 (Vydyne® 67R,
Ascend Performance Materials)S AL TE. Molybdenum
disulfide (M0S,-40, Diameter-4 um)o] AFR-E 12 ™, 98% (3-
Glycidyloxypropyltrimethoxy-Silane (GPTMS)= Shin-Etsu
Chemical Co., Ltd (KBM-403)o]| 4] £{J5te] ARE-3}4Tt.

2. Silane treatment of MoS,

—

=520 500 mlo]l MoS, 30 g& 60°ColA] &3] myHAIZ]
= dAeFe] GPTMS (1.5 g/mo)E A7}sta Aa 27 3}
Al IAIZE B9 B ZPAIF T BES SR F o ECR
4-53] A|H3taL 60°CoA X-F7dxst] 7§12 H MoS,Z
(G-MoS,)E ¥t

3. Preparation of composites

AEA}E] 712 co-rotating twin screw extruder (BAUTEK,
BA-19, Diameter-19 @, L/D-40) & o|-&35}lo A|H S ¢=35}
Aot 7HE &% profile2 260~300°Co| ¥ MoS, 2 0, 5,
10, 15 wi%2 AAstATH 013 AL A (LGAA, LGH200N)
= &3l ASTMF4 2] PA66/MoS2 £33 Al HE& A| 2331t

4. Characterizations

HFYH A7 oRE 3¢15}7] 93t FTIR-ATR (Perkin Elmer,
Spectrum one system)& ARE3}Il, FE-SEM/EDS (Carl
Zeiss, MERLIN), XPS (Thermo Electron, K-Alpha) & ©]-&35}
of RE22 9 A& 20| APt HEZZ MoS,
powders A 7|7|2 AEFS}] static contact angle
(PCHM 575-4) & o]&3}|A4] deionized water-sessile dropt2.
2 2439t 2gAo) 9 Bl A5L Ah 24 SN

T (%)

0-5i-0 Si-0

MosS,
—— G-MoS,

T T T T T T
4000 3500 3000 2500 2000 1500 1000
wavenumber (cm™)

Figure 1. FTIR spectra of MoS, and G-MoS,.

TGA (Perkin Elmer, TGA7) 2 0]-23}o] 30~800°C7}H4] 20°C/
min®] &£z 22351 =Xk UTM (SHIMADZU,
AG-X, crosshead speed -5 mm/min)2 ©]-&3}o] AlEH A|H
9] QAL Z(ASTM D638) S F3J3lth. Wear test
(Genuine, 5135 ABRASER)y= &0 Z}2} 1 kgl 2 nfr &
CS-17& ARE3}14] 3000 cycle Z13)sle] &A1t nf2®
H o] 2E2}= AFM (Park System, XE 7) £47]7|& o]-&3}
o =439t

Results and Discussion

1. Structure of silane treated MoS,
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Figure 2. EDS elemental analysis of MoS, and G-MoS,.
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Figure 3. XPS spectra of MoS, and G-MoS,.
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Table 1. XPS Analysis : Constituent Element
At. % Mo S Si C (0]
MoS, 16.12 39.12 - 23.75 21.01
G-MoS, 13.52 24.71 3.67 41.39 16.71

2. Wettability of silane treated MoS,

ZH & 717]15 o]&sto] MoS, & T& FH= Az
o] GPTMS BHg2 2 1%t J&529 #igks SHsta, #H
NS S8l sk A3} AT 54 HsE Zelska
(Fig. 4). 7§ & A MoS,2] HZ7+2 90.87° (+6)& hydrophobi-
cityet A= B - F HEZ42 30.64° (5)2 A
3 29 Jid AaTE EQlskith(Fig. 4(a-b)). o] A=
GPTMS®}o] Wh-g-3te] F713t X144 C-0-C % Si07]9] F
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3. Tensile properties of composite
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Figure 4. Contact angle of MoS, and G-MoS,.
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Figure 5. Tensile strength and Elongation of PA66/MoS,
composite.
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4. Wear characteristic
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Figure 6. Taber wear test : wear loss of PA66/MoS; and PA66/
G-MOSQ.
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Figure 7. Wear surface SEM image and AFM 3D image of PA66/MoS, composite : (a) PA66, (b) PA66/MoS; (5 wt%), (c) PA66/MoS,
(10 wt%), (d) PA66/MoS; (15 wt%), (e) PA66/G-MoS; (5 wt%), (f) PAG6/G-MoS; (10 wt%), (g) PA66/G-MoS, (15 wt%). (Table: Surface

roughness difference).
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Figure 8. EDS mapping of PA66/MoS, composite to Mo elements :
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5. Dispersibility of filler

27 BYPW P T B 2AT EFo o|FojHE
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A et

AIE B, 15 wi% H7HA] B9 /HE= Q)

(a) PABB/MOS, (5 wt%), (b) PABB/MoS, (10 wt%), (c) PABB/MoS,

(15 Wt%), (d) PABB/G-MoS; (5 wt%), (€) PAG6/G-MoS, (10 wt%), (f) PABB/G-MoS; (15 wid).
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Figure 9. SEM image of PA66/MoS, composite : (a) PAGB, (b) PAB6/MoS; (5 wt%), (c) PABB/MoS; (10 wt%), (d) PABB/MoS, (15 wi%),
(€) PABBIG-MoS, (5 Wt%), (f) PAB6/G-MoS, (10 wt%), (g) PAG6/G-MoS, (15 wt%).
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6. Fracture surface analysis
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Figure 10. TGA analysis : Thermal properties of PA66, PA66/
MoS, and PA66/G-MoS,.
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7. Thermal Properties

MoS,] H7}o] mE PAGE BEAA o] & P S 915
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Moreover, MoS, (15 wt%)7} A7} PA66/MoS,(15) &2
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Conclusion
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