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Abstract Results: Characterization Results: Wear performance

The hard nanocrystalline coatings are often » Continuous gradient Ni-W > Continuous gradient Ni-W
deposited to improve the wear resistance. However, due to

their poor toughness and strain hardening ability,
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Counter body: WC, P=10 N, V=0.15 m/sec

nanocrystalline coatings suffer from the formation of - 3 2 o

delaminating tribo-layers and therefore high friction : §/§/H/§ f % 5

coefficients®. In recent studies, compositional and/or £ =4 f _—700"‘;53 ‘“

microstructural gradient nanocrystalline metals have B H/§ = oo § 8

demonstrated improved toughness while retaining their S é/ ;%_’ [ & iE -
inherent high strength/hardness2. Therefore, the present 2] /§/ g i = —&-Homogencous i
study is aimed at extending the concept of compositional D e o geneo:z:lge“eosm-wefad-\emm-w 01— 402”6;(1"1800 1000 1200

gradients to produce wear-resistant hard coatings. 20 mn Normalized distance

4 Elemental mapping and EDS point analysis showing the >
Introd U Cti on gradient in W-content along the growth direction. z | =
S Z
—=—surface (111) GIXRD e - - - - - - - - | D cr
. . . :-; ﬁz f"/\‘\ ato=1° . N Homogeneous Ni o EJ_’ 2
d The presence of residual stresses in electrodeposited - 2im . B . S §
nanocrystalline coatings has been a longstanding L ; . /o,f’ S|
problem especially in alloys like Ni-W. = B o t g/ax;
Q Effects of residual stressess3: 2 s v
: : : : " I > 10+ Dt . .
v’ leads to delamination of coatings during deposition. - e Homogeneous Ni-W » NI-W multilayers
v’ Cracking under the service conditions. cle. a0
v Formation of de!amlnatlng tribo-layers during wear. ) , , _—" e 2 : e 0
v Reduction in fatigue strength of substrate. 5 (eures) Dot hoh ot i £ i ° G e o
v Warping of underlying fine features in MEMS. e S ] 8 = £ -l
. . . . 10004 = - o v T T T T T T | s & . _ 600 !_ 2 0.
A Literature: microstructural gradients can improve the o Jgr- ™ Homogeneous Ni-W 1400 Sy ethod 3 i o i
.y . 900 - ] e , B 2 c 0.4
strength-ductility synergy? and also wear properties?. £ ? 3 £ 1200- g i . I
. . . !U! 800 - o 9 = 1 o 0.5 | -400 T L 03
O Therefore, in the present work, two types of gradient Ni- = 9 @ 1000 % oo = N
. . . . . 3 | o I o : —& Ni-W15
W coatings are investigated: 1. Continuous gradient and s ® . § o0 ? Gl S uiayerastoom
; : . 8 6500 T 6004 0 200 400 600 800 1000 1200
2. Multilayers as shown in schematics below. E 3 s Sliding time, sec
8 500- / Homogeneous Ni O 400-
c 9 14 ]
=i e s s Y |
15 at% W 0 5 10 15 20 25 30 35 40 0 -
Depth from surface, pm Homogeneous Ni-W Gradient Ni-W

Coating

O The microstructural (crystallite size) and mechanical
(hardness) properties are evaluated as a function of depth.

d Gradient in W-content has resulted in microstructural and
mechanical property gradients.

‘l’

Homogeneous Ni-W
Multilayer (A~ 100 nm)

N

oy

o] R e e e
IS IYra

at% W o

%@??‘; 2 %74/»,*,?&#4% o ] ] - ] ] . : :
. ;0 0 Compositional gradient Ni-W: substantial reduction (~ 40%) 0 Comparing with their homogeneous counterparts, both
In the residual stress compared to homogeneous Ni-W. continuous gradient and multi-layered Ni-W coatings have
: demonstrated superior wear resistance and lower friction
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dThe standard ammonia-citrate bath* is chosen for the W
current study. A ‘- AR P e

d Substrate: Mild steel, Anode: Platinum mesh

 Deposition by pulse electrodeposition technique.

d Coatings with minimum 30 um thickness are deposited.

d ASTM G99 standard is followed for wear testing.

Discussion

1 Wear induced delamination and cracking is suppressed in
case of continuous gradient and multilayer Ni-W coatings
as confirmed by the post analysis of wear track and wear
debris.

O The substantial reduction in the residual stresses may
have reduced the severity of stresses generated during
sliding contact.

d The performance of Ni-W multilayers is compared with
literature and shows their superior wear resistance.

» Continuous gradient Ni-W

4 Grain size: Ni-W1: ~1 £ 0.4 pum, Ni-W15: 8 £ 2 nm.
O Pulse reverse current electrodeposition: Enables to access
wide range of grain sizes in Ni-W alloys.

d The Ni-W bath is divided into two baths: 1. Source of Ni-
lons, 2. Source of W-ions.

 Addition of W-source at regular intervals during deposition
resulted In compositional gradient along the growth
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> Ni-W multilayers Conclusions
O Deposition of multilayers consisting of alternative low-W et et O For continuous gradient, the bath chemistry is judiciously
and high-W layers by tuning the reverse current (anodic Wﬂ;ﬁ% tuned to tailor the W-content along the growth direction.
pulses). e e e O While, for multilayers, the effect of reverse/anodic
[ The layer thickness (A) Is tailored by adjusting the cycle o~ g\ current Is exploited to deposit layers with extreme W-
duration. Range of A investigated: 2500 nm to 50 nm. Layer thicknsss. im 1600 , contents.
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< -  Gradient nanocrystalline coatings: open new avenues for
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| 4L - c developing strong and tough coatings.

Contact

Mr. Lavakumar Bathini, Senior Research Fellow
Email: lavakumarbathini@gmail.com

INTERNATIONAL CONFERENCE ON STRENGTH OF MATERIALS

References

1. X. Chen et al./ ACS Appl. Mater. Interfaces, 10 (16), 2018, 13829-13838
e T _ 2. Evan Ma and Ting Zhu / Materials Today, 20 (6), 2017, 323-331
SRS 3. T.D. Ziebell and C.A. Schuh/ J. Mater. Res., Vol. 27, No. 9, May 14, 2012
w—— = 4. N.P.Wasekar, G.Sundararajan/ Wear 342-343 (2015) 340-348

© POSTER TEMPLATE BY GENIGRAPHICS® 1.800.790.4001 WWW.GENIGRAPHICS.COM




