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OUTLINE PRESENTATION

AAn innovative process for depositing Ni
directly on Ti surfaces without the need to
pre-treat the substrates with acid/s and pre-
plate with an intermediate metallic layer

A As deposited Ni is nanocrystalline

A Nanomechanical test results to evaluate the

mechanical properties of the as plated
TI/TIO /NI



Direct plating on Ti

High speed electroplating process

Different type of Plating at different Plating at ditferent

: : temperatures current densities
N1 solution

Adhesion test

Microstructure characterization

Design of new equipment
|
Analysis




ligh speed electroplating, which | have
used for the first time to plate nickel on
aluminium, titanium and stainless steel
without any pretreatment process



In order to plate nickel on titanium, oxide layers must be
removed first by acid etching and plated with
displacement reaction.

The function of these immersion coatings is the
replacement of the natural oxide always present on Ti
Irrespective of the cleaning process, with an oxide free

metal on which adherent metallic coatings can be
deposited.
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A Schematic diagram of the plating equipment designed for depositing
Ni directly on titanium.



Low Speed solution Movement
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High Speed solution Movement
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High speed solution movem ent

Ni Deposit

Oxide layer

Ti base metal
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Original metal surface

Porous oxide

T Fine compact oxide

Original metal

Coating metallurgically attached to metal
Cross section of coating

Plan view of porous
oxide crystal

SchematidDiagram
Aluminium hasa porousand a fine compactoxide layer before pure Al canbe exposed(the
thicknessof theseoxide layersis lessthan 10 nanometel).
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fine compact oxide layer before pure Al can be

exposed (TEMimagesshowingoxide structuresenlargedafter anodizing)

Aluminium has a porous and a
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LOS i

TEM images showing oxide structure



HIGH SPEED ELECTROPLATIN
PARAMETERS

SOLUTION PREPARATION

Type Constituents TypicalConcentration
o/l pH

21 G0 Qa {NeSogza,d 2y 300
NiCl,.6H,0 45 3.9€ 9.9
H,BO, =

NickelSulphate NiCl,.6H,0 300

Solution H,BO, 38 2.5
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MORPHOLOGY ANALYSIS

A Specimen were cut by cross
section

A Specimen were mounted
using cold mounting

A Sample were grinding and
polished with different
abrasive paper.

A The thickness of nickel layer
were measured using SEM to
determined the effect of
different solution, current
density and temperature




2nd stage, nodules
merge to form a
/ porous coating

Initial stage, nodules of coating
matenal form

-
"~ Surface of
substrate

Final stage, completa
coating forms but with
cracks and pores

Mechanism of electroplating and structure of electroplated coatings.
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SEM image surface view of the Ni deposits showing the mechanism nucleation and
growth of nanocrystalline Ni layer
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ADHESION TESTING

A Adhesion testing is required to quantify the
strength of the bond between the nickel layer
and aluminium substrate.

A Adhesion testing according to ASTM D6677
and ASTM D3359

A ASTM D6677 - Adhesion testing by knife

A ASTM D3359 - Adhesion testing by tape test
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ADHESION ANALYSIS

A The sample of nickel layer which electroplated
on high current density were easily to peeled off
compared to sample which electroplated on low
current density.

>
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Background: hardness testing

Load (P)

o 3 30 >

Hardness T resistance to penetration of a hard indenter
Load is applied

Plastic zone forms

Hardness determined from optical measurements
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The loading and unloading curve (or force-displacement curve) is the
graphical outcome of a nanoindentation test that Iinvolves a probe
approaching the sample surface, making contact, staying in contact and
retracting back to its original position. The slope at the initial part of the
unloading curve gives the contact stiffness value, S. The Stiffness, along
with the calculated contact area of the probe is used to determine the
modulus, Er of a material. Hardness, H is determined by dividing the
maximum applied load by the contact area.



Micro- vs nanoindentation

Hardness and micrbardness testing

Force is applied and optical inspection of hardness impression necessary
No information on elastic modulus

Results less useful for wear prediction
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