View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by NASA Technical Reports Server

TP
S 1265
ooc.t

NASA Technical Paper 1265

KIRTLAND apg! |

Effect of Oxygen and Nitrogen z\
Interactions on Friction of
Single-Crystal Silicon Carbide

FhEhETO “\
AAEA RN
WN ‘G4V) AHVHEIT HO3L

Kazuhisa Miyoshi and Donald H. Buckley

AUGUST 1978

on
;.
N i
) e - s
A . .
. .- r
s
R


https://core.ac.uk/display/42873421?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

TECH LIBRARY ka

i

NASA Technical Paper 1265 y

Effect of Oxygen and Nitrogen
Interactions on Friction of
Single-Crystal Silicon Carbide

Kazuhisa Miyoshi
Kanazawa University
Kanazawa, Japan

Donald H. Buckley
Lew:s Research Center
Cleveland, Obio

NNASN

National Aeronautics
and Space Administration

Scientific and Technical
Information Office

1978




EFFECT OF OXYGEN AND NITROGEN INTERACTIONS ON
FRICTION OF SINGLE-CRYSTAL SILICON CARBIDE
by Kazuhisa Miyoshi*and Donald H. Buckley

Lewis Research Center

SUMMARY

An investigation was conducted to examine the nature of the interactions of oxygen
and nitrogen with silicon carbide and of the friction behavior of silicon carbide sliding
against itself and against titanium. Surface treatments examined included (1) exposure
to gaseous oxygen and nitrogen (adsorption), (2) exposure to oxygen at high temperature
(oxide film formation) and (3) bombardment with oxygen and nitrogen ions. Friction ex-
periments were conducted in ultra high vacuum, and Auger emission spectroscopy was
used to assess the presence of oxygen and nitrogen.

The results of the investigation indicate that the surfaces of silicon carbide with
reacted-oxygen and ion-bombarded oxygen ions gives higher coefficients of friction than
do argon-sputter-cleaned surfaces. The effects of oxygen in increasing the friction may
be related to the relative chemical thermodynamic properties of silicon, carbon, and
titanium to oxygen. The adsorbed films of oxygen, nitrogen, and mixed gases of oxygen
and nitrogen on sputter-cleaned, oxygen-ion bombarded, and reacted-oxide surfaces
generally results in the reduction of the friction of silicon carbide. The adsorption to
silicon carbide is relatively weak. Nitrogen-ion bombardment results in the same coef-
ficient of friction as that for the argon sputter cleaned surface.

INTRODUCTION

The friction properties for a clean silicon carbide-metal contact system are related
to the relative chemical activity of the metal for silicon or carbon. The more active the

- *Assistant Professor of Precision Engineering, Kanazawa University, Kanazawa,
Japan; National Research Council - National Aeronautics and Space Administration
Research Associate.



metal, the higher the coefficient of friction (ref. 1). The surface activity will be strong~
ly affected by gas-interactions with the surface, for example, the adsorption of a gas, the
chemical reaction of the surface with gas, and so on. These effects will be observed

not only on metal surfaces, but also on nonmetal surfaces, such as silicon carbide sur-
face.

At low pressures and room temperature, oxygen adsorbs on a clean silicon carbide
surface to an equilibrium layer thickness of no more than two monolayers (ref. 2). The
electrical and chemical properties of metal and semiconductor surfaces can be drasti-
cally affected by even small fractions of an adsorbed monolayer (ref. 2). Thus, it would
be of interest to develop an understanding of tribophysical and chemical properties of
silicon carbide surfaces treated with adsorbates such as oxygen and nitrogen. Further,
in reference 3 it was shown that bombarding metal surfaces with oxygen ions produced
beneficial tribological effects. Similar benefits might be achieved by bombarding non-
metals with oxygen and other ions.

The objective of the present investigation was to examine the effects of the inter-
actions of oxygen and nitrogen on the friction behavior of silicon carbide sliding against
itself and against titanium. Clean surfaces were treated by (1) exposing them to oxygen
and nitrogen (adsorption), (2) chemically reacting them with oxygen, and (3) bombarding
them with oxygen and nitrogen ions. Friction experiments on the treated surfaces were
conducted with the single-crystal silicon carbide (0001) surface in contact with single-
crystal silicon carbide (0001) or with polycrystalline titanium surfaces. All experiments
were conducted with loads up to 0. 30 newton (30 g), at a sliding velocity of 3 millimeters
per minute, and in a vacuum of 10'8 pascal and 25° C. Auger emission spectroscopy
analysis was used to monitor surface chemistry.

MATERIALS

The single-crystal silicon carbide used in the experiments was a 99. 9 percent pure
compound of silicon and carbon and had a hexagonal close-~packed crystal structure. The
polycrystalline titanium was 99.97 percent pure and also had a hexagonal close-packed
crystal structure. The contacting surfaces of the single-crystal silicon carbide and the
polycrystalline titanium riders specimens were hemispherical with a radius of 0.79
millimeter (1/32 in.) and were mechanically polished with approximately 3~micrometer-
diameter diamond powder and then l1-micrometer-diameter aluminum oxide (A1203)
powder. The titanium was then chemically polished; however, the friction properties of
the chemically polished and mechanically polished titanium surfaces were not significant-
ly different. The surfaces of the single-crystal silicon carbide disk specimens were
mechanically polished with a 3-micrometer diamond powder and then with a 1-micro-



meter A1203 powder. The surfaces of all specimens were rinsed with water and 200-
proof ethyl alcohol.

APPARATUS

The apparatus used in the investigation is capable of measuring adhesion, load, and
friction. The apparatus was mounted in an ultra-high vacuum system, which also con-
tains an Auger emission spectrometer (AES). The mechanism used for measuring ad-
hesion, load, and friction is shown schematically in figure 1. A gimbal-mounted beam
is projected into the vacuum chamber. On the beam are two flats, machined normal to
each other with strain gages mounted on each one. The silicon carbide or titanium rider
is mounted on the end of the beam. The load is applied to the beam normal to the disk,
and that load is measured by the strain gage. Vertical sliding motion of the rider along
the disk surface is accomplished by a motorized gimbal assembly. Under an applied
load, the friction force is measured during vertical translation by the strain gage.
Multiple wear tracks were generated on the disk surface by translating the beam con-
taining the rider.

PROCEDURE

The specimens were placed in the vacuum chamber, and the chamber was evacuated
and baked out to a pressure of 1. 33x1078 pascal (10'10 torr). Then, argon gas was bled
back into the vacuum chamber to 1.3 pascals. A 1000-volt, direct-current, negative
potential was applied, with a positive electrode and specimens (both disk and rider) were
argon-ion-sputter bombarded for 30 minutes. After the sputtering the vacuum chamber
was reevacuated and Auger electron spectra (AES) of the disk surface was obtained to
determine the degree of surface cleanliness. When the desired degree of cleanliness of
the disk was achieved, friction experiments were conducted.

Loads of 0.1 to 0.3 newtons (10 to 30 g) were applied to the pin-disk contact by de-
flecting the beam (fig. 1). Both load and friction force were continuously monitored
during a friction experiment. The sliding velocity was 3 millimeters per minute, and
the total sliding distance was 2.5 millimeters. All friction experiments were conducted
with the system evacuated to a pressure of 10'8 pascal.



RESULTS
Silicon Carbide in Sliding Contact with Itself

Oxygen adsorption. - The crystal was in the as-received state after bake-out of the
vacuum chamber. An Auger spectrum of the single-crystal silicon carbide surface,
taken immediately after bake-out, shows the silicon peak height to be smaller than the
carbon peak (fig. 2(a)). This condition may arise from the carbon contamination of
silicon carbide (ref. 4). The Auger spectrum taken after the silicon carbide surface
had been sputter cleaned clearly reveals the silicon and carbon peaks as well as a small
oxygen peak. The residual oxygen may arise from the contamination of the bulk silicon

carbide.

The silicon carbide was exposed to gaseous oxygen at a pressure of 1.3 pascals
(10 pm) and 25° C for 1 hour to insure surface saturation. If the oxygen peak height is
compared with the silicon and carbon peaks in the resultant spectrum (fig. 2(c)) and with
the corresponding peaks in figure 2(b), it is clear that more oxygen is present on the
surface. The presence of the silicon peak (at 78 eV) indicates that the surface is cov-
ered with silicon oxide as well as with a simple adsorbed film of oxygen (ref. 5).

Sliding friction experiments were conducted with a single-crystal silicon carbide
rider in contact with a single-crystal silicon carbide disk. The basal planes of both the
rider and disk specimens were parallel to the sliding interface. The friction data, pre-
sented in figure 3, were obtained as a function of the number of passes over the same
track for argon-sputter-cleaned surfaces and for surfaces containing adsorbed oxygen.
The adsorbed film gave the lowest coefficient of friction after one to three passes of the
rider. A marked increase in friction occurs when the number of passes is increased
from 3 to 4, but beyond four passes the coefficients of friction are almost the same as
those for sputter-cleaned silicon carbide. The marked difference in friction behavior is
believed to be due to the breakdown of the adsorbed oxygen film. At a load of 0. 10 new-
ton (10 g), however, the breakdown of the adsorbed film did not occur for at least 20
passes. Thus, adsorbed oxygen films and oxides do reduce the friction of silicon car-
bide.

Oxygen~ion bombardment. - An argon-sputter-cleaned silicon carbide surface was
next bombarded with oxygen ions at a 1000-volt potential, under a pressure of 1.3 pas-
cals (10 um) at 25° C for 30 minutes. The spectrum of this surface (fig. 4(a)) has three
characteristic peaks: silicon peaks at 68 and 82 electron volts (eV), a carbon peak at
272 eV, and an oxygen peak at 516 eV. The silicon peaks have two regions (I and II in
the figure), which reflect the contribution to the valence band of silicon and oxygen bond-
ing nonbonding molecular orbitals (ref. 5). The contribution from silicon-silicon bonds,
which appeared in figure 2(a) at 92 eV, does not appear in this spectrum. Thus the
oxygen-ion-bombarded silicon carbide surface seems to be covered by an SiO layer and,
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above that, an SiO2 outer, or surface layer. The carbon peak, which was of the carbide
type in figure 2(b), is nearly undetectable in figure 4(a). Friction data obtained for the
oxygen-ion-bombarded silicon carbide surfaces (fig. 4(b)) indicate that the coefficients
of friction for this surface are almost the same as or slightly higher than the coefficients
of friction obtained for sputter-cleaned surfaces of silicon carbide (fig. 3).

A sputter-cleaned and then oxygen-ion-bombarded, silicon carbide surface was ex-~
posed to oxygen at a pressure of 1.3 pascals (10 pum) for 10 minutes. The Auger spec-
trum of this surface (fig. 5(a)) shows the silicon peak to be at 78 eV. The position of the
peak reflects the contribution to the valence band of silicon and oxygen nonbonding
molecular orbitals (ref. 5). The carbon peak is small, as it was in figure 4(a). The
friction data for the silicon carbide surfaces in figure 5(b) show that at a load of 0. 30
newton (30 g) the adsorbed film gives a fairly constant low coefficient of friction through-
out the test without the breaking down.

Reacted oxide film. - Figure 6(a) is Auger spectra for silicon carbide which had
been exposed to air at atmospheric pressure and 700° C for 10 minutes before sputter
cleaning. After sputter cleaning (fig. 6(b)), the carbon peak is barely discernible in the
spectrum, leaving an oxygen peak and a chemically shifted silicon-peak (at 82 eV), which
indicates a layer of SiO2 on the silicon carbide surface. Figure 6(c) is the Auger spec-
trum of the silicon carbide surface after oxygen adsorption on reacted oxide film. ¥ the
oxygen peak height is compared with the silicon peak height and if these are compared
with the corresponding peaks in figure 6(b), it is seen that a slightly higher oxygen peak
is present on the surface.

The friction data, obtained for the surfaces with the reacted oxide of figure 6(b) and
with an adsorbed film on the reacted oxide of figure 6(c), are presented in figure 6(d).
The reacted oxide film gives a slightly higher coefficient of friction than the sputter-
cleaned surface (fig. 3) or the oxygen-ion-bombarded surface (fig. 4(b)). The adsorbed
oxygen film gives a lower coefficient of friction during the first three passes, but the
same or slightly higher values beyond three. (Similar oxide-film behavior is shown in
fig. 3.) The effects of oxygen on friction will be discussed in a later section (See section

supplemental discussion. )

Nitrogen adsorption and ion bombardment. ~ Figure 7(a) is the Auger spectrum for a
sputter-cleaned silicon carbide surface after exposure to gaseous nitrogen at 1.3 pascals
(10 pm) and 25° C for 1 hour to insure saturation. The figure shows no nitrogen peak;
however, if the silicon to carbon peak height ratio obtained from figure 7(a) is compared
with that from figure 2(b), it can be seen that less silicon is present.

Next, sputter-cleaned silicon carbide surface was bombarded with nitrogen ions at
a 1000-volt potential, at 1.3 pascals (10 um) and 25° C for 30 minutes. Figure 7(b) is
the Auger spectrum of this surface is the same as that of the sputter-cleaned silicon
carbide surface (fig. 2(b)). Friction data obtained for the surfaces subjected to gaseous
nitrogen and to nitrogen-ion bombardment are presented in figure 7(c). A reduction in




friction is noted for the adsorbed-nitrogen silicon carbide surface, but none for the
nitrogen-ion bombarded surface. (Ion bombardment of the silicon carbide surface with
a gas mixture of argon and nitrogen (in the ratio of 1 to 4) produced a nitrogen peak in
the spectrum. The argon probably acted as a carrier gas which implanted the nitrogen
ions in the silicon carbide. The friction behavior, however, was the same as that of ion
bombarded surface. However, the absence of nitrogen peaks in figure 7 seem to arise
from the electron induced desorption of nitrogen from the silicon carbide surface.)

Silicon Carbide in Sliding Contact with Titanium

Oxygen adsorption and ion bombardment. - Both silicon carbide disk and titanium
rider specimens were sputter cleaned at the conditions stated previously. The spectrum

of silicon carbide is shown in figure 2(b). The Auger spectrum for the clean titanium
surface shows titanium and a small oxygen peak, which arose from bulk titanium (ref. 3).
One clean disk and rider set specimen was exposed to gaseous oxygen at 1. 3 pascals

(10 ym) and 25° C for 1 hour; another set was bombarded with oxygen ions at 1000 volts,
1. 3 pascals (10 um), and 25° C for 30 minutes. (See figs. 2(c) and 4(a) for spectra of
the oxygen adsorbed and ion-bombarded surfaces of silicon carbide.) The oxygen to
titanium peak height ratios indicated that the titanium surface contained slightly more
oxygen after oxygen-ion bombardment than after oxygen exposure (ref. 3). With normal
oxidation there is a layer of TiO between the metallic surface and the TiO2 layer.

The friction data obtained from these disk and rider sets are presented in figure 8
(the orientations of the single-crystal silicon carbide and the basal plane of the disk
specimens are also shown). At one to three passes the adsorbed film gave the lowest
coefficient of friction, but it apparently broke down after the third pass, as evidenced by
the marked increase in friction. The oxygen-ion-bombarded disk and rider set had a
slightly higher coefficient of friction, comparable with that of sputter-cleaned silicon
carbide, but after repeated passes, its coefficient of friction generally decreased to an
equilibrium value (0.56).

Reacted oxide film. - Figure 9 presents the friction data for a silicon carbide sur-
face with a reacted-oxide film in sliding contact with a sputter-cleaned titanium surface.
Figure 9 also presents the friction data for a silicon carbide surface with adsorbed oxy-
gen on the reacted-oxide film in sliding contact with a titanium surface with an adsorbed
oxygen film. The reacted oxide film gives a higher coefficient of friction than the argon-
sputter-cleaned surface or the oxygen-ion-bombarded surface of silicon carbide. The
coefficient of friction for the reacted-oxide film surface generally decreases with the
number of passes to an equilibrium value (0.43), which depends on the nature of titanium

transfer (ref. 1).



The adsorbed films on the reacted oxide of silicon carbide and titanium produces a
low coefficient of friction under five passes. After eight passes a marked increase in
friction occurred, arising from the breakdown of the adsorbed film.

Nitrogen adsorption and ion bombardment. - Figure 10 presents the friction data ob-
tained for silicon carbide and titanium surfaces with adsorbed nitrogen or ion-bombarded
nitrogen films. The adsorbed film reduced friction throughout the sliding without a
breakdown. The nitrogen-ion-bombarded surface produced almost the same coefficient
of friction as the argon-sputter-cleaned surface.

DISC USSION
Oxygen and Nitrogen Interactions

Figures 11 and 12 summarize the coefficient of friction measured at a load of 0. 30
newton (30 g), with a single pass of sliding for silicon carbide-to-silicon carbide inter-
faces and silicon carbide-to-titanium interfaces with reacted, ion-bombarded, and ad-
sorbed oxygen or nitrogen films.

The reacted oxide and oxygen-ion-bombarded surfaces interact with the silicon car-
bide surfaces to produce two effects: (1) silicon carbide oxidizes and forms a protective
oxide surface layer; and (2) the layer increases the coefficients of friction for both sili-
con carbide-to-silicon carbide and silicon carbide-to-titanium.

The effects of oxygen in increasing the friction is related to the relative chemical
thermodynamic properties of silicon, carbon, and titanium to oxygen. Table I presents
free energy of formation of silicides, oxides, carbides, and nitrides. The greater the
degree of oxidation or oxygen implantation by ion bombardment, the more chemically
active the surface (table I) and the higher the coefficient of friction (fig. 11). In such a
situation oxygen will tend to chemically bond to the surface.

By contrast, adsorption of oxygen on argon-sputter-cleaned, oxygen-ion-bombarded,
and reacted-oxygen surfaces generally decreases the coefficent of friction (figs. 12).
When oxygen and nitrogen adsorb on the surface, the forces of attraction between the
adsorbing gas and the surface of silicon carbide seem to be relatively weak.

The nitrogen bombardment gives essentially the same coefficients of friction as the
sputter-cleaned surface. The adsorption of nitrogen or oxygen, however, reduces ad-
hesion and friction.



Mixed Gas Interactions

Figures 13 are the Auger spectra and friction data for silicon carbide surface after
adsorption of a gas mixture of oxygen and nitrogen and in another set of experiments
with ion bombardment of the surface with the gas mixture. The oxygen to nitrogen vol-
ume is in the ratio of 1 to 4. X the oxygen peak to carbon or silicon height ratios in
figures 13(a) and (b) are compared with those in figures 2(c) and (d), it can be seen test
less oxygen is present on the surface with adsorbed and ion-bombarded mixed gases
than was observed on surfaces with pure oxygen. In figure 13(c) the friction behavior is
similar to that for the surfaces with ion bombarded oxygen ions.

CONCLUSIONS

As a result of the sliding friction experiments conducted in this investigation with
single-crystal silicon carbide exposed to oxygen and nitrogen in various forms, the
following conclusions are drawn:

1. Surfaces of silicon carbide which were reacted with oxygen and those ion-
bombarded with oxygen give higher coefficients of friction than do argon-sputter-cleaned
silicon carbide surfaces. The effect of oxygen in increasing the friction may be related
to the relative chemical thermodynamic affinities of silicon, carbon, and titanium for
oxygen.

2. The adsorbed films of oxygen, nitrogen, and mixed gases of oxygen and nitrogen
on sputter-cleaned, oxygen-ion-bombarded, and oxygen-reacted surfaces generally re-
duce the friction of silicon carbide. The adsorption is, however, relatively weak.

3. Nitrogen ion bombardment results in the same coefficient of friction as that for

the argon-sputter-cleaned surface.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, April 12, 1978,
506-16.
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TABLE 1. - VALUES OF FREE ENERGY OF

FORMATION (REFS. 6 AND 7)

Formula Free energy of formation,
AF
kcal/mole J/mole

SiC -26. 1 -109x103
Si0 -32.717 =137
SiOz -192.4 ~805
cO -32.81 -137
COZ -94, 26 -394
Si N, -154.7 647
TiSi -31.0 -130
TiC -53 222
TiO -116.0 -485
T102 ~203. 8 -853
TiN -66.1 =277

Direction
of sliding

l ~Disk specimen
nﬂ,n

¢

Hemispherical rider —

CD-11718-15

Figure 1. - High-vacuum friction and wear apparatus.
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Figure 2. - Auger spectra of single-crystal silicon carbide (0001) surface,
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Figure 3. - Average coefficient of friction, obtained
from maximum peak heights in friction trace, as
function of number of passes of silicon carbide
rider across silicon carbide (0001) disk. Oxygen
adsorption conditions (disk and rider), 1.3 Pa
{10 um) and 2° C for 1 hour.
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(a) Auger spectrum. {b) Coefficients of friction.

Figure 4. - Single-crystal silicon carbide (0001) surface with jon-bombarded oxygen film.
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Figure 5. - Single-crystal silicon carbide (0001} surface with adsorbed oxygen film on an ion-bombarded

oxygen fifm.
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Figure 6. - Single-crystal silicon carbide (0001) surface with reacted-oxide film,
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Figure 8. ~ Average coefficients of friction for
titanium rider and silicon carbide disk sets
(1) with adsorbed-oxygen film and (2) with
jon-bombarded oxygen film.
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Figure 9. - Average coefficients of friction
for silicon carbide with reacted-oxide
2 | | [ film in sliding contact with sputter-
0 2 4 6 8 10 cleaned titanium and for silicon carbide

with adsorbed oxygen film on reacted-~
oxide film in sliding contact with titan-
ium with adsorbed-oxygen.

Coefficient of friction

O Sputter cleaned
QO Adsorbed-nitrogen film
O lon-bombarded nitrogen film
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Figure 10. - Average coefficients of friction
for titanium rider and silicon carbide
disk (1) with adsorbed nitrogen film and
(2) with ion-bombarded nitrogen film.
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Figure 11. - Average coefficients of friction for silicon carbide-to-silicon carbide and silicon carbide-to-
titanium contacts exposed to oxygen and nitrogen in various forms. Single pass sliding.
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Figure 12. - Average coefficients of friction for silicon carbide-to-silicon carbide and silicon
carbide-to-titanium specimens with adsorbed oxygen or nitrogen films after various pre-
treatments. Single pass sliding.

Uy



dN(EIdE

X1
X2
0
N
C
0
C
Si
78 eV Si
78 eV
Electron energy
(a) Auger spectrum after formation of adsorbed (b} Auger spectrum after mixed-gas ion
gas mixture. bombardment.
[ lon-bombarded with gas-mixture
8 0O Adsorbed gas-mixture
s O
s o~ 2 o
E .6
s © 0 )
- Q
c
2
S A
3
(&)
P
0 2 4 6 8 10

Number of passes over the same track

{c) Coefficients of friction for surfaces with
adsorbed and ion-bombarded mixed gas
ions.

Figure 13. - Single-crystal silicon carbide (0001) surface with mixed-gas adsorption and jon
bombardment,

x2.5

19



3. Recipient’s Catalog No.

1. Report No. h 2. CO\;ernme-n: Accession No.
NASA TP-1265 S S
4. Titie and Subtitle 5. Report Date
EFFECT OF OXYGEN AND NITROGEN INTERACTIONS ON August 1978 _.

FRICTION OF SINGLE-CRYSTAL SILICON CARBIDE 6. Performing Organization, Code

7. Author(s) 8. Performing Organization Report No.

Kazuhisa Miyoshi and Donald H. Buckley E-9424
_1 10. Work Unit No.

9. Performing Organization Name and Address
National Aeronautics and Space Administration —_—

11. Contract or Gran} VNo.
Lewis Research Center
Cleveland, Ohio 44135

13. Type of Report anrd. Pe_riod Covered

12. Sponsoring Agency Name and Address
National Aeronautics and Space Administration

Washington, D.C. 20546

Technical Paper
14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract
Friction studies were conducted with single-crystal silicon carbide contacting silicon carbide

and titanium after having been exposen to oxygen and nitrogen in various forms. After they

had been sputter cleaned, the surfaces were (1) exposed to gaseous oxygen and nitrogen {ad-
sorption), (2) ion bombarded with oxygen and nitrogen, or (3) reacted with oxygen (SiC only).
Auger emission spectroscopy was used to determine the presence of oxygen and nitrogen.

The results indicate that the surfaces of silicon carbide with reacted and ion-bombarded oxy-
gen ions give higher coefficients of friction than do argon sputter-cleaned surfaces. The

effects of oxygen on friction may be related to the relative chemical, thermodynamic properties
of silicon, carbon, and titanium for oxygen. The adsorbed films of oxygen, nitrogen, and mixed
gases of oxygen and nitrogen on sputter-cleaned, oxygen-ion bombarded, and oxygen-reacted
surfaces generally reduce friction. Adsorption to silicon carbide is relatively weak.

17. Key Words lSugge?ted Ey—/Kugho}(-s))h L 18. Distrii)ution Statement
Friction Unclassified - unlimited
Wear STAR Category 27

Surface properties

22. Price”

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages
A02

21

Um_:lasﬁsiﬁedr o ~ Unclassified

" For sale by the National Technical Information Service, Springfield, Virginia 22161
NASA-Langley, 1978




Nationa! Aeronautics and SPECIAL FOURTH CLASS MAIL
Space Administration BOOK

Washington, D.C.
20546 -

Official Business .
Penalty for Private Use, $300

9 1 19,C, 060978 sS00903ps
DEPT OF THE AIR FORCE

AF WEAPONS LAECRATORY

ATTN: TECHNICAL LIBRARY (SUL)
KIRTLAND AFB NM 87117

NNASA

Postage and Fees Paid
National Aeronautics and
Space Administration

NASA-451

POSTMASTER:

If Undeliverable (Section 158
Postal Manual) Do Not Return

e |



