Electroless Co-P-PTFE Composite Coatings

ByJ. Tang, S. Zhou &Y. Xie

On the basis of its structures, surface properties an
adhesion with iron, cobalt was selected as the matrix in
composite coating to support a load. PTFE was inserte
into the matrix to assist lubrication. A composite coating
of Co-P-PTFE was prepared by electroless plating. Th — —— pin
composite consists of 9.0 percent PTFE, 5.1 percent P and A

85.9 percent Co by weight. The properties and structure
of Co-P-PTFE composite were studied by X-ray, SE
and ESCA, etc. The results show that the composite h
high hardness and good adhesion to the matrix afte
plating. X-ray analysis showed that the composite was
hexagonal system and its crystal showed no change excepCobalt has these properties (see Tabldthyas noted that a

that the lattice constant increased, evidently after it wag completely pure cobalt surface also exhibits low friction and
treated with heat. The cobalt (100) face of the hexagonalwear in vacuurhand was therefore used as a support layer in
system parallels the matrix surface and a solid solutior) composite coatings. PTFE has excellent chemical inertness
was formed in the composite treated with heat. The and an extremely low friction coefficient.

composite has a strong tendency toward a certain direc- If PTFE is added into the coating of Co-P, a self-lubricat-
tion. AES analysis indicated that the proportion of Co, P| ing coating with high strength and good slide properties may
and F content is 13.9:3.1:83 on the surface of the composbe obtained without heat treatment. PTFE is continuously
ite. ESCA analysis proved further that fluorine exists in | exposed at the surface of the composite coating to decrease
a form of PTFE on the surface of the composite, and friction and wear during sliding. Composite coatings of Ni-
phosphorus and cobalt exist in forms of simple phosphor P-PTFE have already been studied and commercial applica-
rus and Co'?, respectively. Tribology tests showed that tions were introduced some years ealfeas well as com-

the Co-P-PTFE composite has good tribological propert posite coatings of Cu-PTFE.It has not been reported,
ties. The composite wear is 45 percent lower by weighthowever, that a composite coating of Co-P-PTFE has been
loss than the coating of Co-P and 79 percent lower thah obtained using electroless cobalt and PTFE. The coating of
45# steel in dry conditions and 60 percent lower by weight Co-P was obtained only in a basic electroless plating solu-
loss than the composite of Ni-P-PTFE in oil. tion, but PTFE solutions dispersed by a cationic surfactant
are not stable in basic solutichBven though difficult, the
Many investigations have been made to decrease friction aa¢éhposite coating of Co-P-PTFE was obtained by electroless
wear between two bodies moving against each other. Gengating. The properties and structures of the composite coat-
ally, liquid lubricants are used for this purpose, but they|argy were then studied.

not satisfactory in many special situations, so other methods

must be applied; for example, solid lubricants. The majBxperimental  Procedure

solid lubricants are still graphite, molybdenum disulfide arfirst, the samples of 45# steel with1.5 cm were polished
PTFE. Unfortunately, they all have poor wear resistanagith emery paper and degreased in acetone, then etched in a
Accordingly, investigations in which solid lubricants ahehixed solution of 4 percent,BO, and 3 percent HCI by
high-strength metal were mixed to produce composite coat-
ings are very significant. Because most tribological pa &k
consist of iron, the support layer ought to possess hi
strength, good sliding properties and low adhesion with irc

disc

P

Fig. 1—Diagram of tribology tester.
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Fig. 3—X-ray diffraction spectra of Co-P-PTFE composite coating: (1) as
Fig. 2—Surface morphology of Co-P-PTFE composite coating. plated; (2) after heat treatment.
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weight and activated ih Table 1

3.6 percent HCI by Properies  of Metals &

weight. Finally, the Their Adhesion Force with Iron ®
samples were immersed

in the electroless solu

. B Cohesion energy  Atomic size, A Adhesion force
tion and plated for two = etal kcal/g-atom 101°m with iron* (dynes)
hr. The composition anfl  ge 99.4 2.86 >400
conditions of the elect  co 101.7 2.50 120
troless plating solutio Ni 102.3 2.49 160
containing PTFE ar Cu 80.8 2.551 130
listed in Table 2. Th Ag 68.3 2.883 60
PTFE contentofthe com- AU 87.6 2.877 50
posite was analyzed by P9 G 2T iy
weight method. Th Al 76.9 2.80 250

Pb 47.0 3.494 140

composite was treated at
300°C for one hr. Th
microhardness of th
o el

| Components & Conditions  of Composite Solution
using a load of 100
with contact time of 1

* load, 20 dynes; temp 2; ambient atmosphere

Component Content, g/L  Conditions
sec. The structure of the CoCl, 20-27 pH 8-9
coating was analyzed and (NH,), - GH.O, - 2HO 40 temp 96C
determined by X-ray NaH,PO, - HO 30
SEM and XPS. Tribo Glycine 10
logical performance o Dispersing agent 0.04-0.20
the composite was mea- PTFE 6

sured using a self-con-

structed tribology tester Results  and Discussion

(Fig. 1) and the instru- The Co-P-PTFE composite has high hardness and good
ment of iron spectra. The adhesion with the matrix. Its microhardness is 669 as plated.
contact configuration i$ Although it is lower than that of a Co-P coating, it is higher
point on a flat specimen than that of Ni-P-PTFE composit&' The microhardness of

in dry condition and flaf the composite is 782 after heat treatment. The thickness of the
on flatin an oiled condi composite is 5-1@um and consists of 9 percent PTFE, 5.1
tion. Loads are 10 N in percent P and 85.9 percent Co by weight. Figure 2 illustrates
dryand 312 Ninoil. The the surface morphology of the Co-P-PTFE composite.
samples were 1Qum The surface of the Co-P-PTFE composite is an even spread
thick composite on 45¢ of small spherical particles. The spectra of X-ray diffraction
steel. The counterpaftof the Co-P-PTFE composite are shown in Fig. 3, with the
was a Gr15 steel ballwith corresponding data listed in Table 3. The results indicate that
®5 mmindry condition the Co-P-PTFE composite has a hexagonal system as plated.
and a mild steel ring in Its crystal structure did not change except that the lattice
oil condition. Relativgl constantincreased, evidently after heat treatment. This shows
velocity of the surface$ that a solid solution was formed in the composite during heat
were 0.1 m/sec. The treatment. The process by which the composite was formed,
samples were weighed {ohas a strong tendency to a certain direction and the cobalt
the nearest 0.1 mg, be-(100) face of the hexagonal system parallels the matrix
fore and after each incre-surface. AES analysis shows that the proportion of Co, P and
ment to calculate weight F content is 13.9:3.1:83 on the surface of the composite.
loss.

Fig. 4—Detailed ESCA spectra of Co-P-
PTFE composite coating: (a) spectrum of

fluorine; (b) Auger spectrum of fluorine;
(c) spectrum of carbon; (d) spectrum of

phosphorus; (e) spectrum of cobalt.

Fig. 5 (right)—Effect of load on coefficient of

friction: (a) dry; (b) in oil.
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Table 3

X-ray Diffraction Data for Co-P-PTFE Composite

Composite Composite after

Standard as plated heat treatment

d I, d I, d I,
1.908 100 1.912 33 1.918 6
1.252 80 1.251 19 1.257 15
1.066 80 1.065 6
2.024 60 2.027 8 2.034 4
1.047 60 1.048 8 1.053 5)
2.165 20 2.166 100 2.176 100
1.083 20 1.084 6 1.090 4

ESCA spectra are show
in Fig. 4. The results re
veal further that phospha

Table 4
Tribological Performance of Various Coatings

Dry Condition Load: 10 N Oil Condition Load: 312 N

45# Co-P 45#  Ni-P- Co-P-
steel Co-P PTFE steel PTFE PTFE
Coeff. of
Friction p 0.19 0.18 0.07 0.027 0.039 0.019
Wear Coeff.
K(mg/Nx109 57 22 1.2 0.071 0.221 0.089
Counterface area
(mm2 x 107) 50 824 216
ncomposite coating, but [ ”‘
- slightly higher than for & 3

- 45# steel.

rus and cobalt exist i
forms of simple phospho|
rus and C& on the sur-
face of the composit
whereas fluorine and cal
bon exist in the form o
PTFE. PTFE particles ar|
rich on the surface of th
composite.

The results of tribo
logical tests are shown i
Table 4 and Figs. 5,6 a
7.Figure 5 shows that th
load had little effect o
the coefficient of friction
of the composite in dr
condition and oil. The co
efficient did not chang
with increasing load un
der both conditions
Table 4 reveals that th
Co-P-PTFE composit
has better tribologica
performance than a Co-
coating or 45# steel i
dry condition. Both th
coefficient of friction and
wear of the former ar
lower than that of the lat
ter. The composite we
is 45 percent lower tha
that of the Co-P coatin
and 79 percentlowerth
for 45# steel. Figure
supports these results
well. In addition, the com
posite has better trib
logical performance tha
a Ni-P-PTFE composit
coating or 45# steel in oi

Fig 6—St:Jr.f:31ce morphology of wearconditions' The coeffiy
coatings, 300X: (a) 45# steel; (b) cient Of_ fr'_Ct|0n of the
counterface of 45# steel; (c) Co-PCOMposite is low and th
coating; (d) counterface of Co-P coating; composite wear is lowe
(e) Co-P-PTFE coating; (f) counterface by 60 percent than th

of Co-P-PTFE coating. wear for the Ni-P-PTFE

Figure 7 shows that
debris produced by the
Co-P-PTFE composite
, coating in lubricant oil is
-smaller and less than that
from 45# steel after the
composite and 45# steel
rub against mild steel.
This indicates that the
counterpart wear of the
Co-P-PTFE composite is
dlower than that of the 45#
steel. The Co-P-PTFE

-0
composite,therefore hasFig. 7—Debris produced by samples

rubbing against mild steel in lubricating
oil: (a) 45# steel; (b) Co-P-PTFE
composite coating.

better tribological prop-
erties than 45# steel in
oil condition. Because
PTFE plays the role of solid lubricant during dry or olil
friction and because cobalt has a hexagonal crystal system,
the Co-P-PTFE composite coating has excellent tribological
properties.

Findings
A composite coating of Co-P-PTFE was prepared by electro-
less plating that had high hardness and a hexagonal crystal
system. Its crystal showed no change except that the lattice
constant increased, evidently because of heat treatment. The
cobalt (100) face of the hexagonal system parallels the matrix
surface and a solid solution was formed in the heat-treated
rcomposite. The composite has a strong tendency to a certain
direction. PTFE is rich on the surface of the composite and
phosphorus and cobalt exist in the forms of simple phospho-
nrus and Cton the surface of the composite. Tribology tests
showed that the Co-P-PTFE composite has good tribological
performance. The composite wear is 45 percent lower (by
weight loss) than the coating of Co-P, and 79 percent lower
- than 45# steel in dry conditions and 60 percent lower than the
composite in oil.

| Editor’s note: Manuscript received, April 1996; approved,
August 1998.
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“Test Your Plating I.Q.,” a popular series of short quizzes {irst
published in 1968 in the Society’s official journBIgting, now
known asPlating and Surface Finishingvas the brainchild o
Fred Pearlstein, CEF, Philadelphia Branch. Fred was ver
volved in the Society’s educational programs and served
Society training course instructor and as an instructor at Te
University for many years. It was his idea that almost every
enjoys quizzes, especially when the answers are handy. OV
years, the quizzes have provided some easily digestible bj
information on electroplating and surface finishing topics.

Quizzes 1 through 170 were published by the then-AE
booklet formatin 1983. Those taking training courses found
the quiz booklet was helpful in testing their knowledge] in
preparation for taking the Society’s voluntary certification edam
(which is usually offered at the conclusion of the four-glay
course).

Fred contributed quizzes R&SF for more than 20 years.
few years ago, the job was taken over by John Lauriliard, ¢

The complete collection of quizzes covers 1968 through 1
It will also be available soon in Spanish.
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