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Additive Effect of Carbon Nanohorn on Grease Lubrication Properties
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Recently, applications of the carbon nanohorn (CNH) have become of great interest in various industrial fields.
The load carrying capacity and wear resistance of lithium soap grease containing CNH and heat-treated CNH
(HT-CNH) were studied using a Falex friction tester, and compared with those of grease containing reference car-
bon materials such as graphite, cluster diamond (CD), and graphite cluster diamond (GCD). The load carrying
capacity of the greases with carbon materials was always higher than that of the base grease. The greases with
CNH and HT-CNH had the same or higher seizure load than those with CD and GCD. In particular, the grease
with HT-CNH exhibited good load carrying capacity even at a low concentration of 1 mass%. The grease with 3
or more mass% graphite had the highest seizure load of all greases in this study. The grease with HT-CNH
showed the best wear resistance of all greases in this study. The wear resistance of the grease with other solid
lubricants was the same or inferior to that of the base grease.
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1. Introduction

Applications of new carbon materials such as
fullerene (Ceo), carbon nanotube (CNT), carbon nanohorn
(CNH), and cluster diamond (CD) have been studied in
electronics, information processing, nanotechnology,
energy, and biotechnology. In tribology, these materi-
als are interesting because of the small particle size,
low density, chemical stability, and environmental
friendliness. The tribological properties of Ceo" ™,
CNT, and CNH®-” thin films have been studied exten-
sively, but few studies have investigated applications as
solid lubricants for lubricating oil and grease®.

The present study assessed the load carrying capacity
and wear resistance of lithium soap grease containing
carbon nanohorn and heat-treated carbon nanohorn.
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2. Experimental

2.1. Samples

Carbon nanohorn (CNH)!9-!D and heat-treated carbon
nanohorn (HT-CNH)'» were prepared. Figure 1(a)
shows transmission electron microscope (TEM) images
of CNH produced by CO: laser ablation at room tem-
perature without a metal catalyst. CNH is an aggre-
gate of horn-shaped sheaths consisting of single-walled
graphene (six-fold-ring) sheets. The diameter of CNH
is about 80-100 nm. The density of CNH measured
using the high pressure He buoyancy method was about
1.25 g/em3 . Unfortunately, other properties such as
hardness, Young’s modulus, and thermal conductivity
have not been clarified. Figure 1(b) shows CNH
treated for 5h at 1960°C. The heat treatment has
blunted the horn-shaped tips, and the diameter of indi-
vidual horn-shaped sheaths has tended to increase!?.
The bluntness of the horn-shaped tips appeared to
slightly reduce the diameter of aggregates of horn-
shaped sheaths. The bluntness of the horn tips was
probably caused by reduction of defects in the graphene
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sheets. The density of HT-CNH may be a little higher
than that of CNH, because of the reduced aggregate
diameter. Graphite (natural flake), cluster diamond
(CD), and graphite cluster diamond (GCD) were used
as reference materials. The size and density of the
carbon particles are summarized in Table 1.

Lithium soap grease (Table 2) was used as the base
grease. Sample particles were added to the base
grease at 1, 3, and 5 mass%, and mechanically blended
using an agate mortar. Figure 2 shows photomicro-
graphs of the grease with 2 types of carbon particles.

Fig. 1

TEM Images of (a) CNH and (b) HT-CNH

The carbon particles were dispersed fairly well in the
grease, although some cohesion was seen.

The worked penetration of base grease and grease
with solid lubricants is shown in Fig. 3. The worked
penetration of grease with solid lubricants, excluding
GCD, decreased with higher concentration of solid
lubricant. Generally, solid lubricants such as graphite,
CNH, HT-CNH, and CD hardly affected the worked
penetration, although a slight difference in worked pen-

(a) Grease + 3 mass% CNH

(b) Grease + 3 mass% Graphite
10 um

Fig. 2 Photomicrographs of Grease with 2 Types of Carbon
Particles

Table 1 Size and Density of Carbon Particles

CNH HT-CNH CD GCD Graphite
Size [nm]  80-100 <80-100 5 (average) 20 (average) 600 (average)
Density [g/cm?] 1.25 >1.25 3.41 3.12 223

Table 2 Proportion of Base Grease

Base oil of grease (82 mass%)

Thickener (18 mass%)

High purified paraffinic mineral oil
Kinematic viscosity: 102 mm?/s at 40°C

11.2 mm?s at 100°C

Viscosity index: 95
Lithium stearate, C17H3sCOOLi

Base grease

Worked penetration (60 W): 280 (No.2)
Dropping point: 205°C
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Fig. 3 Effect of Addition of Solid Lubricant on Load Carrying
Capacity

Table 3 Specifications of Pin and Vee Block Specimens

Pin (SNC-236) diameter: 6.37 X 31.75 mm
Ra: 0.1-0.3 pm

HRB: 87-91

Vee block (SUM-41) diameter: 12.81 X 10.16-10.41 mm
V-angle: 96 £ 1°
Ra: 0.1-0.3 pm

HRC: 20-24

etration was seen for grease with 3% solid lubricants.
The dependency of worked penetration on the concen-
tration of GCD was unclear, although the worked pene-
tration at 1 and 3 mass% seemed to be a little smaller
than that for other carbon particles.
2.2. Measurement of Seizure Load

A Falex pin-vee block tester was used for the seizure
tests based on the ASTM D 3233 standard (Table 3).
Test pieces were cleaned ultrasonically for 10 min in
toluene and acetone, and then dried prior to testing.
Rotation was set at a constant 290 rpm (sliding speed
0.097 m/s). The friction test was carried for 1 min
with an initial load of 980 N and the load was increased
at 196 N/min until seizure occurred at room tempera-
ture (25 +2°C). The tester was designed to stop auto-
matically when the frictional torque exceeded 588 N+
cm. The load at which the tester stopped was defined
as the seizure load. Two measurements were made
for the base grease and the greases with solid lubricants
and the mean was taken as the seizure load.
2.3. Wear Test

Wear tests were carried out for 6 min at room tem-
perature (25 = 2°C) under constant 980 N and 290 rpm.
The weight loss of the pin and vee block was measured
after the test, and the mean of 3 measurements was
used as the wear amount. The friction surfaces of the
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Fig. 4 Worked Penetration of Base Grease and Grease with
Carbon Particles

pins and vee blocks were observed under the scanning
electron microscope (SEM) after the test.

3. Results and Discussion

Figure 4 shows the seizure load as a function of the
concentration of solid lubricant. The vertical bars in
this figure show the scatter range of data. ~Addition of
solid lubricants improved the load carrying capacity of
the base grease even at a concentration of 1 mass%.
The load carrying capacity of HT-CNH was better than
that of graphite at a low concentration of 1 mass%, but
was inferior at concentrations exceeding 3 mass%.
CNH was not as effective as HT-CNH at low concen-
trations, but the grease with 5 mass% CNH was similar
to that with 5 mass% HT-CNH. The good load carry-
ing capacity of the grease with 1 mass% HT-CNH may
be related to the small size and more spherical shape of
HT-CNH particles, compared with those of CNH and
graphite. CD and GCD did not show any concentra-
tion dependency of seizure load. The graphite-con-
taining grease showed superior seizure load at concen-
trations exceeding 3 mass%, compared with grease
containing other solid lubricants.

Wear as a function of the concentration of solid
lubricant is shown in Fig. 5. The vertical bars in this
figure show the scatter range of data. The wear resist-
ance of the grease with HT-CNH seemed to improve
with increasing concentration, although the scatter of
data was large. In contrast, the wear resistance of the
grease with other solid lubricants was similar or inferi-
or to that of base grease. In particular, addition of 5
mass% CNH considerably deteriorated the wear resist-
ance of the grease.

As mentioned in section 2. 1., the particle size of
HT-CNH was smaller than that of CNH and graphite.
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Moreover, the horn-shaped tip of HT-CNH was more
rounded than that of CNH, and the shape of HT-CNH
was more spherical than that of CNH as well as
graphite. These characteristics may be related to the
easy penetration into the sliding interface and low abra-
sion of HT-CNH particles, compared with CNH and
graphite, and the clearly superior wear resistance of the
grease with HT-CNH compared to grease containing
CNH or graphite. Moreover, the high concentration
of HT-CNH powders on the sliding surface may
improve the wear resistance of the grease with HT-
CNH. CD and GCD particles are very hard and have
high abrasion, although the size is very small. A simi-
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Fig. 5 Effect of Addition of Solid Lubricant on Pin Wear
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lar explanation may account for the improvement of
seizure load.

Both wear of pin specimens and worked penetration
of grease decreased with higher HT-CNH concentration.
However, the wear of pins tended to increase with
higher CNH concentration, and the worked penetration
decreased. These results suggest that the worked pen-
etration of grease has no correlation with the wear
behavior of pin specimens.

Figure 6 shows SEM images of the pin surfaces
after wear tests using the base grease and grease with
5% solid lubricants. The worn surfaces for the grease
with solid lubricant, except for grease containing CNH,
were smoother than that for the base grease. CD and
GCD with higher hardness and finer particle size
appeared to cause smooth worn surfaces by microabra-
sion, but promoted wear (Fig. 5). The worn surface
for HT-CNH seemed to be similar to those for CD and
GCD. In contrast, the surface for CNH was not so
smooth and had some scraped parts in the direction of
friction. The grease containing 5% CNH which caused
the rough worn surface also caused high wear of pins
compared with the grease containing other lubricants
(Fig. 5). Figure 7 shows the SEM micrographs of
the worn surfaces on vee blocks. No clear difference
between the solid lubricants was observed. Similar
features were seen on the worn surfaces for grease con-
taining 1 or 3% solid lubricant.

(f) GCD

Fig. 6 SEM Images of Worn Surfaces of Pins Lubricated by Base Grease and Grease with 5 mass% Carbon Particles
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Fig. 7 SEM Images of Worn Surfaces of Vee Blocks Lubricated by Base Grease and Grease with 5 mass%

Carbon Particles

4. Conclusion

The load carrying capacity and wear resistance of
lithium soap grease containing CNH and HT-CNH
were studied using a Falex friction tester, and com-
pared with those of grease containing reference carbon
materials such as graphite, CD, and GCD. The fol-
lowing results were obtained:

(1) The load carrying capacity of the greases with car-
bon materials was always higher than that of base
grease. The greases with CNH and HT-CNH showed
the same or higher seizure load than those with CD and
GCD. In particular, the grease with HT-CNH exhibit-
ed good load carrying capacity even at a low concentra-
tion of 1 mass%. The grease with 3 or greater mass%
graphite had the highest seizure load in this study.

(2) The grease with HT-CNH showed the best wear
resistance in all greases determined in this study. The
wear resistance of grease with other solid lubricants
was similar or inferior to that of the base grease.

J. Jpn. Petrol. Inst.,

References

1) Bhushan, B., Gupta, B. K., Van Cleef, G. W., Capp, C., Coe, J.
V., Tribology, 36, 573 (1993).

2) Mate, C. M., Wear, 17, 168 (1993).

3) Asakawa, T., Arakawa, T., Yoshimoto, M., Hironaka, S.,
Koinuma, H., Trans. Mat. Res. Soc. Jpn., 14B, 1153 (1994).

4) Hironaka, S., Asakawa, T., Yoshimoto, M., Koinuma, H., Proc.
Intern. Tribology Conf. Yokohama, 1141 (1995).

5) Hironaka, S., Asakawa, T., Yoshimoto, M., Koinuma, H., J.
Ceram. Soc. Jpn., 105, 756 (1997), Int. Ed. J. Ceram. Soc. Jpn.,
105, 811 (1997).

6) Umeda, K., Tanaka, A., Yudasaka, M., lijima, S., Proc. Annual
Conf. of JAST, 207 (2002-5).

7) Umeda, K., Tanaka, A., Yudasaka, M., lijima, S., Proc. Annual
Conf. of JAST, 431 (2002-10).

8) Gupta, B. K., Bhushan, B., Lub. Eng., 50, 524 (1994)

9) Hosoe, H., Matsuda, K., Hironaka, S., Material Technology, 14,
25 (1998).

10) Iijima, S., Ichihashi, T., Ando, Y., Nature, 356, 776 (1992).

11) Iijima, S., Yudasaka, M., Yamada, R., Bandow, S., Suenaga, K.,
Kokai, F., Takahashi, K., Chem. Phys. Lett., 309, 165 (1999).

12) Yudasaka, M., Ichihashi, T., Kasuya, D., Kataura, H., lijima, S.,
Carbon, 41, 1273 (2003).

13) Murata, K., Kaneko, K., Kokai, F., Takahashi, K., Yudasaka, M.,
Iijima, S., Chem. Phys. Lett., 331, 14 (2000).

Vol. 48, No.3, 2005



126

TV —ZOEEMHREICHT 2 H—FR 2 F/ F— 2 DRMHE

AHRSERITY, TR —E T, ISR, MR, SIS T 0,
YT 19,79, MRS 0, AR

O PSS R FAT R R B Y A T A A T, 191-0065 U EH H B HE & B 6-6

T RN AT S Rk Y —,

305-8565 FIIED AXTHH 1-1-1 2 TR RES

T AR AR R LR, 468-8502 44T TR HIX R4 1 1-501
o BRI R B F N EELFEMESEES ) Fa - TR E 7Y 2o b,

468-8502 %R RHXIEZ1-501 AHKFH

T HARBER (FR), 305-8501 KD AXHHSEDS 34
o (BAE) HABS (BE), 305-8501 FIRILD XA T 34

FLwF I =R MBRTHEA—KRyF k-2 (CNH)
WG4 REEFHIZBVWTER SN TW5, RIFFETI,
ZOCNHZ% 7)) — AR L 723402, BE & & R BEFEIZE
LCED L) LHRMESRONE P TITze 7)) —RIZIE) F
TAAFATY) = A&, RINPICIECNH B X OELE L
72/ k= (NT-CNH) DN T T 774N, 2 IR T
A1YEYF(CD), V79774 b2 FAS 5 AXYELF (GCD)
% M7z, RIS Falex BUBEHGRERIRIC X D AT 072, wiho
WM OB G RIS X ) P& fF S EIIHINL 72, CNH

J. Jpn. Petrol. Inst.,

Vol. 48,

WINT ) — ADW4E, CDBLOGCDERMLZZ Y — ADH;
G LA X0 BICIREE & A S 2R L 72A5, BRI
B L Cldmmosh iz oz oszs —J5, HT-CNHIZEIL
T, 1mass% 721727 — Z2EINT 57215 TH, CDXGCD
ERML727) — A0 A L) QENBE ST AR L
720 512, HT-CNHZ R L 722770 — A TR EERENE BT 5
MICHE L7z WMEDNL L b, 77774 MNEINT) —
AHH D BT E AR L7,

No. 3, 2005



