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ABSTRACT

Two techniques were used by the Research Directorate,
Weapons Laboratory at Rock Island, for occluding particles
of boron carbide, silicon carbide, glass frit, zirconium
oxide, aluminum oxide, and diamond dust in standard chro-
mium electrodeposits. The first technique involved the
reliance upon the random occlusion of mechanically dispersed
particles in the plating solution during electrodeposition
of chromium. The second technique involved the use of
particles plated with a ferromagnetic coating and a magnetic
cathode for magnetic attraction of the particles from the
chromium-plating solution to the cathode. Coatings were
plated on steel Falex pins and subjected to a modified test
procedure with unplated steel V-blocks.:and VV-L-800 oil.
From these data, coefficients of friction and wear properties
were determined for each coating. The first technique pro-
duced randomly occluded particles which increased the coating
coefficient of friction and wear of the Falex blocks. The
second technique with magnetically attracted particles pro-
duced an unsatisfactory distribution of particles along the
surface of the pins during electroplating. Little variation
was noted between the coefficient of friction of the chromium
plate with and without particles occluded by this technique.
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OBJECTIVE

The objective of this investigation was to establish
a method for occluding micron-sized particles in a chromium
electrodeposit for use in small arms weapon systems.

INTRODUCTION

Chromium is electrodeposited in the bores of gun tubes
for resistance to high temperature and gas erosion to pro-
long the service life of the tube. To further improve the
performance of chromium plate, a program was initiated at
Springfield Armory to investigate the application of high-
temperature corrosion and erosion-resistant chromium electro-
deposits for small caliber weapons and weapon systems. Effort
was directed to electrodeposits of chromium in which micron-
sized particlos of various materials were occluded. These
particles were mechanically suspended in the plating bath
during electrodeposition of the chromium. Some particles
were reported to have become occluded in the chromium matrix.
Diamond dispersion coatings were of the greatest interest
because of their unusual wear resistance and low coefficient
of friction. ' , 2 3  Springfield Armory reported these coat-
ingis to be superior in wear resistance to the standard
chromium electrodeposit. The purpose of this work was to
establish methods for occluding particles in a chromium
electrodeposit, and to evaluate friction and wear properties.

The work conducted at Springfield Armory was reviewed.
The randomly dispersed particles in a chromium solution were
shown not to have been attracted to the cathode in a satis-
factory manner. Few particles had actually become occluded
in the matrix. To increase the number of occluded particles,
the particles were placed in a nylon bag fitted around the
cathode. This action increased the number of particles in
the matrix. However, adhesion of the chromium plate to the
basic metal was unsatisfactory.

APPROACH

In establishment of a method for occlusion of particles
in a chromium electrodeposit, two factors were considered
to be of importance. The particles should be attracted toward
the cathode (such as cations are) and the incldded particles
should be large enough in number to influence the properties
of the deposit. To direct the particles to the workpiece,
coating of the particles with a ferromagnetic film was planned
so that these particles would be attracted to a magnetic
cathode in the plating bath. Electroless deposition could
be used to apply a coating with magnetic properties to the
particles. Many chemical reduction solutions for the



electroless deposition of cobalt and nickel are given in
current literature. 4 , 5  These solutions can be used to plate
on both metallic ana sensitized nonmetallic surfaces. 6  The
following nicV,,i and cobalt electroless plating solution
formulations - selected.

Nickel Bath7

Grams per Liter of
Chemical Distilled Water :

..icke', Sl.Ifate (tdSO 4 5H20) 20 - 25

:,.Aiur- Cit. at (NaSC6 4507 2H20) 10 - 15

""vdium '(NaCaHsOa' 10 - 15

Ammonium iicld Fluoride (NH4F2 ) 0.35 - 0.50

Sodium Hypophosphite (NaH 2 POa.H2O) 15 - 20

Temperature 190 ± 50F

pH 4-6 adjusted with NaOH

Cobalt Bath4

Grams per Liter of
Chemical Distilled Water

Cobalt Chloride (CoCla) 25 - 40

Ammonium Chloride (NH4 CI) - 40

Sodium Citrate 70 - 80

Sodium HypophosDhlte 15 - 20

Temperature 160 - 180OF

pH 8-10 (adjusted with NH4OH)

2

F ... .~.



PROCEDURE

Approximnately 15 grams of micron-sized particles were
wetted in anhydrous methyl alcohol. Distilled water was
added to the slurry, and the particles were allowed to
settle so that the alcohol water mixture could be decanted.
Particles that required sensitizing9 ,1° before plating were
treated for one minute in a solution of 20 grams per liter
of stannous chloride and 0,.5N hydrochloric acid heated, to
160 to 180 0 F. Particlez were filtered, and washed with
dilute hydrochloric acid arid distilled water. These par-
ticles were then .e•ded to a solution of 0.1 to 0.2 gram
per liter of pl~a~ium chloride and 0.2N hydrochloric acid
heted to 160 'o 3WOF. The particles were filtered after
one minute, rinsed w.-;:: distilled water, and wetted with
sodium hypophosphite solution before addition to the elec-
troless nickel bath. After the particles were plated for
one hour, they were allowed to settle out, and then filtered
from the solution. They were then cold-water rinsed, wetted
with a sodium hypophosphite solution, and added to an elec-
troless cobalt bath for one hour. The bath w.-S cooled and
the particles filtered, after which they were rinsed in
methanol and dried at 220*F. To change tfe phosphate to a
phosphide the particles were heated to 750OF for four
hours.- , This heating was done to increase the magnetic
susceptibility and to decrease the solubility of the coating
in the chromic acid solution.

To determine the effectiveness of this new method re-
quired plating with particles by the random occlusion tech-
nique and then plating with particles by the magnetic attrac-tion technique.

Falex pins of SAE 3135 steel were used as specimens tc
facilitate testiný of the coatings. The pins were vapor-
degreased in trichloroethylene, and etched for one minute
in 10 per cent sulfuric acid at room temperature. After a
water rinse and a 30-second etch in 50 per cent hydrochloric
acid at room temperature, thay were water-rinsed and reverse-
etched for 15 seconds in the chromium plating solution at
3.5 volts.

Pins plated with the nonmagnetic fixture were plated
two at a time in a vertical position, as shown in Figure 1.
The plating solution was a 1200-ml chromic acid bath contain-ing 250g/l chromic acid, 2.5g/l sulfate-ion, and 3-5 per cent
trivalent chromium. Two pins, to be used as standards, were
plated without any particles present in the bath. Similar

3



FIGURE 1 Fixture for Nonmagnetic
Plating of Falex Pins

4



pins were plated with lOg/1 of 1-5 micron-sized unplated
particles present in the bath. The pins were plated for two
hours with a current density of 2.5 to 3.0 amps/in 2 at
131 ± I1F. Constant mechanical stirring was used to keep
the particles in suspension.

Pins plated with the magnetic fixture were plated one
at a time in a horizontal position. As shown in Figure 2,
the pin could be rotated 900 to shift the polar magnetic
attraction around the circumference of the pin. The plat-
ing bath formulation was the same as given above. Two pins
to be used as controls were plated with no particles present
in the bath. The other Falex pins were plated with lOg/I
of the plated particles present in the bath. All pins were
plated for two hours with a current density of 2.5 to 3.0
amps/in 2 at 1310F. Constant mechanical stirring was used to
keep the particles In suspension. The electromagnet was
turned on during the entire plating time, and the pin was
rotated on its axis every ten minutes.

After the pin was plated, it was measured with a mi-
crometer to determine coating thickness; weighed and visually
inspected for brightness, uniformity, and particle inclusion.

Falex tests were conducted on the standard chromium-
plated pins with uncoated V blocks of SAE 1137 steel and
VV-L-800 preservative oil. Because of the superior wear
properties of the chromium deposits in this system, the
load schedule was made more stringent to include a break-in
period of three minutes at a 250-pound load and a load in-
crease of 250 pounds every five minutes thereafter until
failure or a maximum of 3500 pounds was applied. The torque
increase was noted for each increase in the applied load.
From this, the coefficient of friction was calculated accord-
ing to the following equation." 3

Torque (in-lb)
Coefficient of friction =

sin ex Load (lb) X Radius of pin (in)

where 0 t 450 (sinen 0.707) and is half the angle subtended

by the chuck jaws. This geometric factor accounts for the
fact that the applied load must be modified to get the normal,
effective load. The coefficient of friction is "effective"
only because one-dimensional contact along the length of the
pin is made instead of two-dimensional contacts over the
entire cylindrical surface area. V blocks and pins were
weighed before and after each test to determine the relative I
wear. The pins were cross-sectioned and mounted for polish-
ing and metallographic examination.
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RESULTS

The results of this investigation to improve chromium
electrodeposits by means of particle occlusion have been
divided into the random occlusion and the magnetic attrac-
tion techniques. Load-torque relationships from Falex tests
are tabulated in Tables I and IV. Selected results havebeen represented in Figures 3 and 5. The calculated co-

efficients of friction are listed in Tables II and V. Selec-
ted results are plotted in Figures 4 and 6. A summary of
weight losses is given in Table III for the random occlusion
technique and in Table VI for the magnetic attraction tech-
nique.

The torque-load relationships, shown in Table I, rep-
resent the average torque maintained during the period for
each load. Possible significant deviations in the wear
characteristics of chromium electrodeposits with randomly
occluded particles from those of the standard ctromium might
be indicated by the lower torque readings in the load range
of 750 to 1750 pounds. However, final torque readings ten-
ded to merge toward the maximum load ef 3500 pounds as shown
in Figure 3; this indicates either unsatisfactory perfor-
mance of the occluded particles or too few occlusions to
affect the wear characteristics at the higher loads. Exam-
inations of cross-sectioned areas tended to support the
latter (Figure 7), but whether a totally representative
picture of the occlusions can be obtained in this manner is
not certain. Calculated coefficients of friction as shown
in Table II, are in relatively close agreement where loads
over 1000 pounds have been applied. From this point, a
gradual decrease is noted, as shown in Figure 4, to a value
of approximately 0.25 at a 3500-pound load. For loads
under 750 pounds, standard chromium plate offers the lowest
coefficient of friction for any of the coatings.

Wear properties based on weight loss of pins and blocks
after testing are given in Table III with the maximum torque
and total time in test. When a pin failure occurred, the
resulting reduction in test time and corresponding weight
loss was noted. Because of the insignificant weight loss
of the pins, this method was unsatisfactory for comparison
of the actual wear properties of the coatings. However,
block wear was uniform, by which an appreciable weight loss
was shown that might be considered an indication of the
abrasive qualities of the coatings.

7
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The performance of the standard chromium electrodeposits
versus the deposits with the magnetically attracted particles
(Table IV and Figure 5) is almost identical. Only slight
variations were noted during the initial break-in period of
a 250-pound load, followed by an almost linear increase in-
torque relative to the increasing load up to 2250 pounds.
From the results of a comparison of the calculated co-
effici- ts of friction, a close agreement is shown between
the spt-imens. The loss in weight of the Falex pins (Table
VI) waE slight; not any of the pins failed during the test
period. Wear was considerable with respect to the coating
containing glass frit. Although coating containing diamond
dust also appeared to have a low level of abrasion, weight
loss was less than that of the coating containing glass
frit.

DISCUSSION

The use of large concentrations of pa'ticles in the
chromium plating bath seemed to result in nly randomly
dispersed particles throughout the chromiu ,.. electrodeposit.
After the 3-minute break-in period at a 250-pound load, the
torque measurements recorded for the different coatings
varied up to 2000 pounds, with the standard chromium slightly
higher than that of the coatings. Calculated coefficients
of friction for the coatings were approximate at a load of
2000 pounds, and the standard chromium deposit was again
slightly above the average up to this point. Of the twelve
pins tested in this series, three failures were noted beforethe completion of the test schedule.

The second technique, involving the use of magnetically
attracted particles, was unsatisfactory because the particles
would line up along the longitudinal magnetic pole of the
pin top and bottom. Even with the rotation of the pin effect-
ing a shifc of the magnetic poles, a uniform attraction to
the surface of the pin was impossible. Another problem en-
countered with this technique was the dissolving of the
metallic coatings on the particles in the chromic acid solu-
tion. After approximately four hours of exposure, the
particles seemed to lose most of the magnetic characteris-
tics. This analysis is supported by Table IV since less
variaticn in the Falex test is shown between the standard
chromium and the chromium with magnetically attracted
particles than in the random occlusion used in the first
technique. No test failures were noted in this second series,
probably because of the more uniform chromium electrodeposits
produced by the more favorable geometry of the second cath-
ode, anode relationships. This would account for the supe-rior test results of the second standard chromium deposit

19
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compared with the first as seen in Figures 5 and 3, respec- ,

tively.

The weight loss of the V blocks during testing (Tables
III and VI) seems significant enough to represent the'abrasive
properties of the chromium electrodeposit. However, because
the chromium deposit was substantially harder than the sur-
face of the blocks, no significant weight loss was recorded.
The greater weight losses (Table III) are representative of
the greater number of particles occluded in the deposit.

The electroless reduction plating of nickel and cobalt
is ideally suitable for plating these micron-sized particles.
Particles that cannot be plated directly can be activated
by a dip in stannous chloride and then a dip in palladium
chloride. Each batch of plated particles was tested with
a magnet to ensure attraction of them to the cathode during
electrodeposition. An additional check of the particles
two hours after immersion of them into the bath was also
used to determine whether a sufficient number of particles
had retained ferromagnetic properties during the platingperiod.

CONCLUSIONS

1. The random presence of minute particles in a chromium
plating bath does not necessarily produce a satisfactory
electroplate with a significant number of occluded particles
in the matrix for two reasons: First, the agitation necessary
to keep the particles suspended in the bath tends to sweep
the particles from the cathode surface. Secondly, the for-
mation of hydrogen gas at the cathode during electrodeposition
lifts the particles away from the surface.

2. Magnetic particles dispersed in a chromium plating
bath are attracted to the magnetic cathode in the system
used in this work.

3. The magnetic attraction between the particles, and
the cathode does aid in the occlusion of these particles in
the electrodeposited chromium in this system. However, the
distribution is nonuniform because of the orientation of the
magnetic field.

4. Changing the phosphate to a phosphide by heating
the nickel-cobalt coatings decreases the solubility of these
coatings in chromic-acid plating solutions.

5. Particles of diamond dust, boron carbide, silicon
carbide, aluminum oxide, and zirconium oxide codeposited in
a chromium electroplate increased the abrasive properties
of the derosit.

20



RECOMMENDATIONS

1. Further work should be performed to determine
whether an increase in particle size will improve the fric-
tion and wear properties.

2. The use of borane reducing agents for the electro-
less plating of nickel and cobalt magnetic films should be
investigated.

3. Other methods for attracting particles to the cathode
should be investigated. -

21
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