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Abstract: Selective laser melting (SLM) , as an additive manufacturing technology, can freely form high
complexity metal parts. With different graphene nanoplatelets (GNPs) contents, GNPs/TC11 composites
are prepared by SLLM, and the effect of graphene content on the microstructure and physical properties of
TCI11 alloy formed by SLM is investigated. The microstructure indicates that graphene, as a carbon
element, can dissolve into the TC11 matrix, resulting in a solution strengthening effect, and improve the



128 FHRLT A2

2026 41 H

heterogeneous nucleation rate of TC11 alloy that can promote phase a refinement. In addition, different

degrees of element segregation are caused by graphene, triggering dislocation pinning effects and hindering

deformation dislocation slip. The physical performance results show that the microhardness and strength of

GNPs/TC11 composites are improved significantly , while the shape of TC11 wear marks transitions from

U-shaped to W-shaped, and the size of wear marks and friction coefficient are reduced. When the load is 50

N, the surface roughness decreases by 43% , while when the load increases to 100 N, the surface roughness

decreases by 14%. Additionally, its wear mechanism changes from adhesive wear to abrasive wear under 50

N load , during which the phenomenon of scale peeling is reduced. This indicates that adding GNPs to TC11

can improve its mechanical properties and wear resistance to a certain extent.
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Fig.1 XRD pattern of graphene
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Fig.2 Schematic diagram of processing
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Table 1 Test parameters of friction-wear

Friction Normal  Sliding speed/ experimental  Surface
form load/N  (remin ") time/mm roughness/pm
Dry friction 50,100 200 20 0.06-0.08
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Fig.3 XRD images of GNPs/TC11 composites (a)XRD patterns; (b)partial enlarged image of XRD
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Atomic fraction of carbon/ % Phase
1 6.7
7.8
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23.1
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6.4
28.2
11.4
7.5
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Fig.6  HAADF-STEM and EDS images of the GNPs/TC11 composites and EDS mapping
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Table 3 Proportion of element content

Ti C Al Zr Mo

80.33 2.66 8.63 1.98 1.51
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Fig.9 SEM morphology of wear scars under 50 N(1) and 100 N(2)

(a)TC115(bh)0.1%GNPs;

BRI B i RVE 2 BN EE BRI, E
9(d-2) 4 GNPs &1 0.3% I TC11 5k & 4, B4 1
S0 AV R S ) R R LA SRR A R 2
itk — WL GNPs/TC11 52 A AR R B
B H AR TTALAS S SRR 71 860058 (AFM) XS Bt e

(¢)0.2%GNPs;(d)0.3% GNPs

FE S R T R0, G R E 10 R . K11
TR T 6 JB i AR A 5 = A ST R R Ak 1 45 R —— X
o WREEE 10 TE ST 0, = 2T 5 1 AT L35 b R 8¢ 5
A RR A KR GNPs/ TC11 & 4 MBH 45 5 1)
JE IR R S5 RS IR RS i A8 Ak . 10 AR 1143508

(a) (b)
0.19 mm
0.00 mm
(d)
0.17 mm
i 0.15 mm
; A<°® @@
N Q)
{'\' o

10 IR 805 & B GNPs/TC11Z A MEHE 50 N3 faf BB 5
(a)TC11;(h)0.1%GNPs; (¢)0.2% GNPs; (d)0.3 % GNPs
Fig.10 Wear morphology of GNPs/TC11 composites with different graphene contents under 50 N
(a)TC115(h)0.1%GNPs; (¢)0.2%GNPs; (d)0.3% GNPs
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Fig.11 Contour curves of GNPs/TC11 composites with different graphene contents under 50 N
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Fig.12  Wear morphology of GNPs/TC11 composites with different graphene contents under 100 N
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Fig.13 Contour curves of GNPs/TC11 composites with different graphene contents under 100 N
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