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Effect of ZrN Modified Layer on Friction and Wear
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ABSTRACT: In order to improve the wear resistance of titanium alloy and broaden its application range, the ZrN modified
layer was prepared on the surface of TA18 (Ti-3Al-2.5V) titanium alloy by double-glow plasma alloying technology (DGPA).
The phase structure, micro-morphology and composition distribution of modified layers were analyzed by using GIXRD, SEM,

EDS. The surface roughness, nano-hardness and elastic modulus of the modified layer were measured by using a roughness
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tester and a nano indenter. The tribological properties of TA18 substrate and ZrN modified layer under different loads were

explored by using a ball-disk wear testing machine. The results indicate that the modified layers with dense and uniform surface

structure and "island-like" characteristics, have no obvious defects such as holes and cracks. The surface roughness of ZrN

modified layers is slightly increased and the phase composition is a coexistence of ZrN, ZrO,, TiN,3, with obvious ZrN (111)

preferred orientation. The total thickness of the modified layer is about 10 pm, with a ZrN layer of 3 um, a Zr deposition layer of

4 ym and a Zr diffusion layer of 3 pm. The nano-hardness and elastic modulus of ZrN modified layers are 21.03 GPa and 258

GPa, respectively, which are 4.34 and 0.87 times higher than the matrix. The wear tests show that a large number of furrows

exist on the surface of the wear scar and accompanied with obvious adhesion characteristics, and its wear mechanism is typical

abrasive wear and adhesion wear. The ZrN modified layer has slight abrasive wear under the low load (330 g). An obvious O

element aggregation and a small amount of adhesion characteristics appear in the wear scar area under the medium load (530 g)

and high load (730 g), which reveals its wear mechanism is oxidative wear and adhesive wear. Meanwhile, there is no obvious

peeling in the wear zone of the ZrN modified layer under different loads.

KEY WORDS: TA18; ZrN modified layer; morphology; mechanical property; friction behavior; wear mechanism
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Tab.1 Deposition conditions of the ZrN modified layers

Workpiece Source

Working air

. PR i1
Samples voltage/V voltage/V pressure /Pa Time/h Ary/(L-min) N/(L-min ")
Pre-diffusion of Zr 400 900 35 1 30
Co-diffusion of Zr-N 500 900 35 3 50 50

1.2 RIEFE

KRS (SEM, LYRA3, TESCAN ) M%<
ZeN SR Z B S, 38 A G R B P L Y e
43#1 (EDS) 5 T ek tE 2 Mon R A a1 o R s
[ Bruker D8 ADVANCE El5i5f X 54k fi7 B4
(GIXRD, Cu-Ko #, Jin# . 40 kV, HJE 150 mA)
X ZeN St JE A SR AT A, TS 5o~
90°, FIHEWAEE N 5 (°)/min, FEEHAN A K 50,
7f SURFTEST SJ-210 2% FPRLRS B2 24, 2 TA18
FEPRAT ZeN S0 J2 1% 2 mDHLRE

] Nano Indenter G200 &I 4Kk JEIR AL € B 2
G ARE B | AR R AR - gk i 2. X5 R A
Berkovich 4 NG E3k, FAREARE N 296 nm, 7E
FEAARFNICE R EAY IR ER 5 ORI 1 X 8, BUHE 1
SRR AR B S A

JEE S R AR PE BE DN IR AE HT-500 AU ( 22 k24 B
T ) BRELEEBUR AL AT o 78 3 FhOASIR] A9 28 1o
AT, XFEAELR 45 mm 1Y SisNg, BEEEN
T8HRC , FI| FH 25 1A 4 5 4SS5 A R e e J2 1) 8 SR TR
FEFSR, HAL PRI A anEE 2 iR .
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Tab.2 Conditions for the friction test

Temperature Humidity Radius  Velocity —Time

Load/g =0 %  /mm /(mmin') /min
330 20 50 2 7 s
530 20 50 2 7 s
730 20 50 2 7 15
2 HERRSH
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N0 TiV, Hof Ze NICZE 451 5 3 48.35% .
35.69% (SR FEor 4 ) , MX —45 R R TIR)ZFRm
FEE Zr FIN,

ZeN PR 2 B AR SR B e I n & 1

Element Wt.% At%
N 14.40 48.35
Zr  69.24 35.69
Ti 1437 1412
\ 1.99 1.84
Zr

Energy/keV

600 b RETTRM

—Ti
—Z7Zr

s0f 4oL . B
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d BETTRE
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Fig.1 Morphologies and EDS results of ZrN modified layer: surface morphology(a), EDS results of surface(b), cross-section
morphology(c), and EDS results of cross-section(d)
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Fig.2 Surface roughness curves
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Fig.3 GIXRD spectrogram of ZrN modified layers
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Tab.3 The hardness and elastic modulus of TA18 substrate
and ZrN modified layers

Samples  H/GPa E/GPa E*/GPa H/E H/E*®
ZrN modified ) o3 5sg 267  0.0794 0.1305

layer

TAIS 3.94 138 150  0.0260 0.0027
substrate
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Fig.6 Abrasion morphology of TA18 substrates under different loads
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Fig.7 Abrasion morphology and EDS composition of ZrN modified layers under different loads
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