A Chromium/Graphite  Electrodeposited Composite
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A chromium/graphite electrodeposited composite coat} paper, the technique of the ?r )
ing (Cr-C ECC) is obtained by suspending particles of Cr-C ECC is introduced 1
graphite in a conventional hexavalent chromium plating| and the tribological prop-
bath, followed by deposition in the normal manner. Un-| erties ofthe Cr-C ECCring
der unlubricated sliding wear conditions, the tribological | and that of the chromium-
properties of the Cr-C ECC were studied. The test results plated ring were studied
show that compared with the chromium plating, the Cr- | and compared. a
C ECC has good wear resistance and a lower coefficient
of friction. It is also more favorable to the running-in of | Plating Baths and

the friction coupling, and can obviously decrease the wear Operating  Conditions

of mating parts. A proper quantity of graph-
ite particles and suitable
Electrodeposited composite coatings are new surface madiditives were added to a
fication technologies that are being used increasingly witbnventional hexavalent
metals for industrial applications. They have been widetyiromium plating bath.
used to protect plastics, compression molds and castirite bath composition and
molds, as well as pumps, spindles and other parts subjeaigerating conditions are
friction.! These electrodeposited composite coatings |agiven in Table 1. In the g
however, mostly nickel- or cobalt-basd@eports on chrot bath, the CrQSO, ratio
mium-based composite coatings obtained from hexavalemist be about 100:1. Par-
plating baths have been uncommon. It is well known thitles of graphite with di-
chromium coatings have good wear resistance. Chromiameter of 1 to um were o
plating has been widely applied to mechanical parts to ersed. The additive isamix- Fi9: 1—Schematic diagram of wear
hance their wear resistanteConventional chromium plat- ture containing rare earths. "

ing, however, is not always satisfactory under unlubricat@tie Cr-C ECC containing 0.8 to 1.5 percent of graphite by
sliding wear conditions; it can accelerate the wear of matingight can be obtained by using the data of Table 1.

parts and extend the time of running-in of friction couplings.

For instance, to increase the service life of aring (a part uSeaface Parameters

in a spinning machine) a chromium-plated ring had be@&he surface parameters of the coatings were measured by
used® Although the service life of the ring was effectivglysurface profilometer. The results are given in Table 2, where
increased, chromium-plated rings have not been widely &ds shown that the surface roughness, Ra, of the Cr-C ECC
cepted, because the wear rate of the traveler (a part matoagting is slightly lower than that of a Cr coating.

with the ring) and the break ratio of the yarn are also

increased. In view of the special friction coupling of the rjnigardness

and the traveler, a new type of chromium/graphite electrodéie hardness of a dispersion coating depends on the proper-
posited composite coating (Cr-C ECC) was developed| Bgs and numbers of particles embedded in the matrix.
use of the Cr-C ECC, the surface of the ring was made to t&ezause particles of graphite are soft, hardness of the Cr-C
a chromium coating containing particles of graphite. In thESCC is lower than that of a Cr coating. The average Vickers

o

Table 1 Table 2
Plating Bath &Operating Conditions Surface Parameters of Coatings
1 m

Components Cr Cr-C Coating Ra
CrO,, g/L 250 180-250 Cr 0.56
SO g/l 25 1.8-2.5 Cr-C 0.48
Graphite, g/L 20-50
Additive, g/L 2-5
Temp,°C 50- 35-50 Vikers H gab'e S
Current density, A/dfn 40-50 25-35 ICKErS  nardness o ngs
Time, hr 1 1 . 100 g, 15 sec

y ; . . Coating Average
Anode-cathode ratio 2:1 2:1 c 1000
Anode material Pb-Sb alloy Pb-Sb alloy CrtC 850
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Table 4

- Wear Test Conditions
2 3 Components Requirement
Specimen Ring
Traveler (Ni-Co alloy deposit)

Fig. 2—Cross section of ring mating with traveler. Motion Traveler around ring

Rotation 15,000 rpm
hardness of the two kinds of coatings are listed in Table Sliding speed 33 m/sec
3, where it can be seen that the average of the Vickers Average load 21N
hardness of Cr-C ECC is about 150 VHN lower than Lubrication None
that of the Cr coating. Wear evaluation Ring: weight loss

Wear Testing

The wear tester is the Ring-Traveler wear tester intro-
duced elsewhereFigure 1 is the schematic diagram of
the tester. Figure 2 shows the sectional drawing of the
ring mating with the traveler. It can be seen that the
traveler is driven by yarn wound on the ring. Friction
force is measured by a dynamic force sensor that
transmits an electrical signal proportional to the force.
This signal is magnified and transmitted to a recording
oscilloscope. Conditions for wear testing are listed in
Table 4.

Ring Weight Loss

The weight loss from wear of the ring was determined
on a balance with a sensitivity of 0.1 mg and was
measured once/hr. The general test time for each kinc
of specimenis 6 hr. The resulting data is the average of
four identical specimens. To obtain high accuracy of
weight determination, each specimen tested was cleaned
in petroleum ether and forced-air-dried immediately
and weighed. The results of these measurements are
listed in Table 5.

From Table 5, itis seen that the average weightlosses
from wear of the two kinds of coatings are approxi-
mately equal. It shows that the Cr-C ECC has good
wear resistance, as does chromium plating. Moreover,
in the first hour, the wear rate of the Cr-C ECC is higher
than that of the chromium plating, which is favorable
for running-in of a friction coupling.

Ficion  Force

Under the test conditions above, the friction force of the
two kinds of coatings was measured after running of the
new traveler became stable (after about one min). *
measurement was made once each hr. The results
givenin Table 6. Datain the table are the averages of
amplitude of dynamic friction force. It shows that th
average friction force of the chromium plating is 1.2
times as great as that of the Cr-C ECC.

Traveler  Senice Life

The time to wear-out of the traveler is its service life
The service life is used to evaluate coatings influenci
the wear resistance of the mating parts. The longer-
service life, the lower the wear of the mating parts. Tl
results are shown in Table 7, where it can be seen t
the average service life of the traveler mating with tt
Cr-C ECC is 1.45 times as long as that with tr
chromium plating. It shows that Cr-C ECC cal
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Traveler: time to wear-out

Table 5
Ring Wear Weight Loss

mg

Cr Cr-C
0.9 1.3
11 0.9
0.7 0.8
0.7 0.8
0.9 0.8
0.8 0.8
0.85 0.91

Table 6
Fricion  Force (N)
Cr Cr-C
0.59 0.59
0.72 0.69
0.72 0.64
0.79 0.55
0.74 0.59
0.73 0.64
0.72 0.62
Table 7

Senice Life of Traveler

m

in

Mating with Cr

14.0
19.8
18.8
17.0
151
154

16.7

Mating with Cr-C
28.0
275
235
225
234
20.2

24.2
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decrease the wear of the mating parts. Moreover, the se
life of the first traveler mating with the Cr-C coating is twi
as long as that with the Cr coating, which shows further
the Cr-C ECC is favorable to running-in of the fricti
coupling.

Conclusions
This study has shown that the tribological properties of
Cr-C ECC have obviously been improved compared

those of chromium plating, although the content of
particles of graphite of the Cr-C ECC is less than 2 perce
weight. The wear test results show that the Cr-C ECC ca
only decrease wear of the mating parts, but has good

resistance like chromium plating. Moreover, compared Wi
chromium plating, the Cr-C ECC has good friction behayi

and is more favorable to running-in of the friction coupl
under unlubricated sliding wear conditions.

Editor's note: Manuscript received, April 1996.
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PresentaPoper
At AESF's First
AlloyPlatingSymposium

If you currently sell alloy plating technology or perforn
plating of one of the newer alloy systems (zinc-nickel, zin

cobalt, tin-zinc, tin-cobalt, etc.), you are invited to subm

a paper for presentation at AESF’s first Alloy Platin
Symposium, being planned for May 1998. Papers sho
include basic ingredients; operating variables; clean
requirements; performance of the deposit in corrosi
abrasion, galling resistance, etc., and an economic analy
comparison to other deposits.

This two-day symposium will also feature an exhibit
tabletop displays, and will be a prime opportunity to i
crease awareness of this “hot topic.”
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As the primary author, | certify the following information:

This abstract is being offered in good faith. If it is accepted, | will do my best to
ensure that a camera-ready paper is submitted by the deadline so that the paper can be
included in the proceedings.

This is an abstract of an original and unpublished work that is not pending
publication elsewhere. | understand that the acceptance of the abstract will be based
on its technical content.

| understand that it is my responsibility to ensure that my subject is suitable for
presentation at an open meeting. | intend to personally present this paper at the
conference, and | am under no restriction (by law, contract or otherwise) from making
the presentation at an open meeting.

n | will abide by AESF’s policy of omitting proprietary or trade names in my paper
Cand audio-visual materials. When it is absolutely necessary to use proprietary or trade
jpames, | will identify them generically in the body of the paper, but will limit each to

a single footnote in which | am allowed to provide the product name, company, and
gcity/state of that company.

uldi give permission for my abstract to be edited for publication in AESF’s promotional

n aterials, grant the copyright to the American Electroplaters and Surface Finishers
N ociety (AESF), and give my permission to AESF to publish the abstract.

1
drgimary Author’s Signature

My 75-100-word abstract and biography are attached.
(Author: Please list any other co-authors on the abstract).

)f(PIease print name)
Title
Company
Address
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Telephone
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E-mail
Please send abstract, biography & certification statement to:
AESF + 12644 Research Parkway ¢ Orlando, FL 32826-3298
FAX: 407/281-6446
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