Electrodeposited

By M. Pushpavanam, N. Arivalagan, N. Sr

The development of composite coating technology hg
progressed such that applications can now be found i
general consumer products and, more applications are o
the horizon. Using this technique, metallic coatings con
taining solid particles, such as carbides, oxides and boride
have been developed for improved wear resistance.
different approach to improve wear characteristics is
based on the reduction of the coefficient of friction be-
tween moving surfaces by the introduction of a dry lubri-
cant in the metal matrix. Polymers, especially PTFE, with
their non-stick properties, are also used for dry lubrica-
tion. This paper reports the properties of nickel-PTFE
composites, plus the description of a device fabricated t
measure the coefficient of friction of the deposits.

Solid lubricants can generally be defined as materials
provide lubrication to two relatively moving surfaces, un
dry conditions, to reduce friction and weédrhey find use
where grease and oil lubricants cannot be used. Althg
solid lubricants are used for applications involving h
temperature$extremely low temperatures, or high vacuu
they can as well be used advantageously under mod
conditions, such as rolling or sliding contacts and bear
where oil or grease is adequate.

There are several advantages in using solid lubricants
need for periodic lubrication during service life is entire
eliminated; also, the absence of waste or spent lubr
eliminates pollution problems connected with vaporizati
Their greater stability permits use in various environme|
including food processing where material cleanliness
major concern. Several kinds of solid lubricants, such
graphite? molybdenum disulfidé boron nitride’ mica, talé
and polytetrafluoroethylene have been used in indu
depending on the end use of the products.
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seach other. The low surface energy of these materials makes
nit difficult to apply them as adherent coatings on metal
n surfaces, however. This can be avoided by codepositing them
- with a metal.
5, Composite materials with good anti-friction properties are
Aproduced by codeposition of solid lubricants in a metal
matrix? Electrodeposition has an edge over other available
techniquesin producing uniform coatings onintricately shaped
objects without involving high-temperature treatments or
costly equipment. This paper describes the design and fabri-
cation of a devicefor measuring the coefficient of friction
and other properties of Ni-PTFE composites.
o]
Experimental ~ Procedure
Design and Fabrication
tAdte measuring device consists of the following parts (Figs.
0dr-3): 1. shaft, 2. rotating disc, 3. inner and outer cylinders, 4.
compression spring, 5. leaf spring, and 6. other lock-nut
wghangements. In this device, the shaft (1), supported by two
ghall bearings (20), was driven by a motor (27), that controlled
nits speed. A rotating disc (6) was mounted at the end of the
estaft and held in position by a suitable cap. The rotating disc,
ngde of tool steel, should have a perfectly plane and smooth
surface. Accordingly, it was ground and lapped to a surface
Toeghness of 0.9um. The disc adjusted itself within the
clglearance inside the cap such that the surface of the disc and
ctire test specimen (5) were parallel.
on. The test specimen was a steel disc of 3 cm dia. and 0.5 cm
nthjckness, which was surface-ground to obtain a leveled and
ssmooth surface. The disc with the Ni-PTFE composite on one
sisle, facing the rotating disc, was mounted on the front face
of the outer cylinder (4), by jaws (12), and wing nut (22). This
stoyter cylinder, guided by a parallel key (11), could move over
theinner cylinder (3) coaxially. The inner cylinder was attached

PTFE retains its mechanical properties over a wider tetn-a stationary shaft (2), through two ball bearings, in such a

perature range than other particles. It has an extremely
impact strength and coefficient of friction (PTFE sliding
itself has a coefficient of friction as low as 0.05, which is
lowest known value for any solid.)t is a result of low
adhesion between the molecules, which can roll or slide

n—-f- il ——.—n " Ln..-

Fig. 1—Device for measuring coefficient of friction; front view.
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highay that the assembly of the two cylinders was floating.
on

Fig. 2—Device for measuring coefficient of friction; side view.
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Fig. 3—Schematic diagram of design used for measuring device: 1 & 2, shafts; 3, inner cylinder; 4, outer cylinder; 5, test specimen; 6, rotating
disc; 7, compression spring; 8, sliding cap; 9, cap; 10, nut and lock nut; 11, key; 12, jaw; 13, standard specimen; 14, sleeve coupling; 15, lever;
16, dead weight; 17, leaf spring; 18, stop; 19, balancing weight; 20, bearing; 21, bearing sleeve; 22, wing nut; 23, check nut; 24, nut and bolt; 25,

screws; 26, collar; 27, motor.

The compression spring (7) was used to load the speci
While one end of the spring rested on the cap (9), mout
the other end rested on another cap (8) that moved ove
inner cylinder. By rotating the nut over the inner cylinder,
spring was compressed, pushing the outer cylinder forw
toward the rotating disc, which loaded the bearing.

When the disc rotates at a particular speed, because
friction developed at the interface between the disc ang

coated specimen, the latter rotates, causing rotation of jh
assembly of cylinders through an angle proportional to| ths

frictional torque on the composite. This causes a deflectic
the leaf spring (17). The rotation of the cylinders was arre
by the step arrangement (18) in the leaf spring. The fricti

torque was measured by applying a counter torque or H&

cylinder by using the lever (15) and dead weights (16),
the reference marking on the stop. The frictional torque
was calculated using the formula

T=WxL

Fig. 4—Samples of mild steel panels and discs used for tests.

mehere T is frictional torque in kg-cm, W is dead weight in kg,
ntedd L is position of dead weight from the cylinder in cm. The
rabefficient of friction was calculated using the equation
the

ard, 3T

Uu=——

FD
of the
{kBere u is the coefficient of friction, T is the frictional torque
fi Rg-cm, F is the applied load in kg, and D is the diameter of
e test specimen in cm.
nin
St8@duction  of Composites
DN@konventional Watts nickel solution of the following com-
ition was used:

—t

with

(M NiSO,-6H,0 300 g/L
NiCl-6H,0 30 g/L
H.BO, 40 g/L

The solution was given high pH treatment and carbon treat-
ment, then pre-electrolyzed to remove organic and inorganic
impurities. The solution was prepared as a concentrate and
diluted suitably after addition of a commercially available
PTFE suspension (45 percent w/v and 0.2 topn5size).
Different levels of solution pH were made for the experi-
ments.

A plate pumping device was used to keep the particles in
suspension. Mild steel cathodes, 7.5 x 2.5 cm, and mild steel
discs, 3 cm dia x 0.2 cm width, were used for estimation/
property evaluation and determination of coefficient of fric-
tion, respectively (Fig. 4). The steel panels were mechani-
cally polished and the discs were surface-ground and lapped
to a bright finish before the experiments. These specimens
were degreased, electrocleaned and acid-dipped before start-
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Table 1

Effect of Plating Variables on Volume Percent

PTFEIncorporation
PTFE Current

Trial  Conc. Density Temp. Electrode Volume
No. gL pH A/dm? °C Position %

1. 25 4 3.5 55 CECD 8.6
2. 50 4 3.5 55 CECD 11.2
3. 50 4 3.5 55 SCD 20.0
4. 100 4 3.5 55 CECD 15.6
5. 100 4 35 55 SCD 25.0
6. 150 4 3.5 55 CECD 17.6
7. 150 4 3.5 55 SCD 30.0
8. 150 4 35 35 CECD 5.7
9. 150 4 3.5 45 CECD 10.6
10. 150 4 4.5 55 CECD 18.2
11. 150 4 25 55 CECD 145
12. 150 3 35 55 CECD 16.2
13. 150 5 3.5 55 CECD 18.2

Both the conventional electrodeposition technid
(CECDY*2 and the sedimentation codeposition techni
(SCD)**>were tried, using cold-rolled nickel anodes. De
sition was conducted by varying the operating conditid

Table 2
Effect of Plating Variables on Volume Percent
PTFEIncorporation

PTFE Current Deposition

Trial  Conc. Density Temp. Electrode Rate

No. gL pH A/dm? °C Position  pm/hr
1. 25 4 3.5 55 CECD 41.34
2. 50 4 3.5 55 CECD 41.00
3. 50 4 3.5 55 SCD 37.21
4. 100 4 35 55 CECD 40.52
5. 100 4 3.5 55 SCD 36.39
6. 150 4 3.5 55 CECD 39.69
7. 150 4 35 55 SCD 35.15
8. 150 4 3.5 35 CECD 36.6
9. 150 4 3.5 45 CECD 38.9
10. 150 4 4.5 55 CECD 41.3
11. 150 4 2.5 55 CECD 38.0
12. 150 3 3.5 55 CECD 35.6
13. 150 5 35 55 CECD 39.52

ua many organic syntheses. The coatings became increas-
nulegly hydrophobic, soft, smooth and satin-like to the touch,

bavith an increase in the codeposition percentage. The volume
neercentage of PTFE, in excess of 35 percent in the deposit,

such as pH, current density, temperature and PTFE concfected the adhesion of the coatings. At higher incorporation

tration. The stroke length and rate were maintained at 4.
and 100 to 200/min, respectively.
Deposits on steel panels were stripped and analyze

b densities, the deposits appeared dull compared to the semi-
bright appearance of the pure nickel deposits. Table 1 shows
dtfor effect of operating conditions on the volume percent of

nickel to calculate the percentage of PTFE incorporatid®TFE incorporation in the deposit. It is quite clear that

Hardness was determined by the Knoop indentation me
at a load of 20 g. The deposits were heat treated at 25
400°C in a reducing atmosphere for one hr to examine
heat compatibility of the deposits. Structural examinat
was made via scanning electron microscope.

Results and Discussion
PTFE differs from many second-phase particles that |
been included in the nickel deposit because of its hydro
bic property. This necessitated the use of commerc
available PTFE suspensions unlike the other cases, whe
inert phase is added in powder form. This hydrophobicity
distinctly seen from the non-wetting nature of the depa

produced. Because of this property, these electrodes fin
Table 3
Effect of Plaing Variables on Coefficient of
"
Trial PTFE in Deposit Electrode Coeff. of
No. Volume % Position Friction u
1. 0.0 CECD 0.86
2. 8.6 CECD 0.58
3. 11.2 CECD 0.53
4, 15.6 CECD 0.50
5. 17.6 CECD 0.48
6. 20.0 ScD 0.39
7. 25.0 SCD 0.20
8. 30.0 SCD 0.17
9. 5.7 CECD 0.56
10. 10.6 CECD 0.50
11. 16.2 CECD 0.60
12. 18.2 CECD 0.40
13. 18.2 CECD 0.40
14. 14.5 CECD 0.5

thodorporation is greater with the SCD technique than with the

D @RCD technique.

theFigure 5 and Table 2 show the cathode current efficiency

iand the corresponding rate of deposition. It was observed that
the latter was less in the SCD technique than in the CECD and
that it decreased with increasing concentration of the disper-
soid in the solution. This can be understood as caused by
dmereased blocking of the deposition sites by the PTFE

Diparticles. The rate of deposition increased with increase in

algmperature and current density, but showed a slight decrease

re the
N$S Table 4
]‘T" S Effiect of Load on Coefficient of Friction
use Speed350rpm
Load Coefficient of Friction
kg u
0.75 0.60
1.125 0.582
1.50 0.55
2.25 0.53
2.62 0.50
3.0 0.45
Table 5
Effect of Rotational  Speed on Coefficient of
Fricion  Load 2.25 kg
Speed Coefficient of Friction
rpm u
350 0.53
400 0.54
500 0.55
625 0.54
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10 almost constant with in-

crease in speed.

SEM micrographs of the
Ni-PTFE composites given
in Figs. 7-9 indicate a
gradual increase in the per-
centage incorporation of
PTFE particles with increase
in concentration in the elec-
trolyte. The particles are
uniformly distributed be-
cause of the plate-pumping
system adopted. The SCD
technique enabled more
PTFE incorporation than the
CECD technique. The struc-
ture of the Ni-PTFE com-
posites showed refinement
Fig. 8—Ni-PTFE 30% (SCD). on heat treatment at 23C

' , for one hr (Fig. 10), as evi-
dent from the smooth, com-
pact and satin nature of the
coating, caused by easy flow
of the PTFE patrticles, which
solidified on cooling (u =

=- Temp.,'C o - Cusment density, Afdm’
& pH & - Goncentration, gl (V)
® - Concenbration, gl (H]

g

Cathode current elficiency. %

8

a8 as a5 55 AL
—l - -1 ——

15 Z5 a5 45 5.5 aAdam®
F] i ] g B pH
0 50 00 150 Z00 gL (Vi)
Fig. 5—Effect of plating variables on cathode efficiency: PTFE, 150 g
pH 4.0; CECD technique unless otherwise stated; V = CECD techniqu
= SCD technique. I
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0 - Termig, G @ = Curran density, Aidm®
- pH & - Cone., gL (V] |
5 Cone., gL [H)

£ ‘ 0.20). Above 400°C, the
E . o )
d particles disintegrated eas
£ ily, as indicated in Fig. 11
B and from the black appear-
i i — ance of the coating.
: i ___I Summary
W35 s 55 85| C The coefficient of friction,
z —3 1 5 8| Adm’ as determined with the new
Eﬁ" — &8 38 48 “E5[pH device, offers a relative idea
R W0 150 200 glLivM) of the frictional characteris-
Fig. 6—Effect of plating variables on hardness of deposits. Conditions| tics of N"PTFE com_posnes
Fig. 5. SEM micrographs of Ni-PTFE composites. Fig. 10—Ni-PTFE 15.6%, heat under differentconditions of

treated at 250°C. processing. Ni-PTFE elec-

= trocomposites produced by
the SCD technique have a
very low coefficient of fric-
tion. The deposit quality can
be improved by heat treat-
ment at 250C.

with increase in pH, probably a result of high viscosity of

solution and consequent impeded flow of the particles. It

been reported that the hardness of Ni-graphite (28.5 per

is 150 to 180 DPN; Ni-Mog19 percent) is 170 to 180 DPN;

and Ni-WS§ (15 percent)is 150 to 160 DP¥igure 6 shows

that the hardness of the Ni-PTFE composites is also o

same order. The PTFE particles distributed uniformly throuc

out the matrix at high incorporation densities made Editor's Note: Manuscript

measurements difficult. N | Fig. 11—Ni-PTFE 15.6%, heat '€C€ived, February 1995;
Table 3 shows the values of the coefficient of frictiofeated at 400°C. revision received, October

obtained at different operating conditions. With increasing 1995.

percentage incorporation, the coefficient of friction decregsed
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