wlE, wird, ) YETATEENERO bS5 A R Y — 2
VR RRE B S WP SO, BRI A, TR e

Tribological Characteristics of a Friction Modifier that does not Contain Metal,
Sulfur, and Phosphorus Atoms

Kunihiko KODAMA?#*, Natsumi YOKOKAWA#*, Yuta SHIGENOI*,
Toshiki FUIIWARA**, and Mitsuhiro FUJITA***

Abstract

We developed a friction modifier called FFJ-1 that does not contain environmentally hazardous atoms such as those of metals,

sulfur, or phosphorus. Adding a small amount of FFJ-1 improved the tribology features of lubricants. Their anti-wear properties
were improved even under high-temperature or high-load conditions, wherein the oil film becomes thin. In particular, when using
FFJ-1 with MoDTC, the low-friction properties of MoDTC were significantly improved.
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Fig. 1 Design of FFJ-1
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Table 1 Properties of the friction modifier FFJ-1
FFJ-1
Pale-yellow
Appearance T
liquid
5 X Qil
Kinematic 40°C 720 . .
viscosity Reciprocating
100°C 64 HP
(mm?s) friction test
|
Metal content | wt% | <0.005
S content wt% | <0.005
P content wt% | <0.005
Fig. 2 Friction-test method
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Fig. 3 Friction coefficient of Gr-1 oil with and without FFJ-1
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Fig. 4 Optical images of wear scars on a ball after a 30-min test at
120°C : (a) without FFJ-1 and (b) with FFJ-1 (1 wt%)
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Fig. 6 Friction coefficient of a low-viscosity gasoline engine oil (containing MoDTC) with and without FFJ-1
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Fig. 7 Durability of MoDTC with and without FFJ-1

MoDTCEAEHRAV Y YTy I VA Az, WY
VTIVEEmDEE L, MoDTC DA% HIRE U 7z 5k TR
BB 1T S T & TFRJ-1 RIS & % MoDTC DI EE 50 S
OFEHFEER A RGE L7z Fig 713z b8 TH % 0.1
XA 70 LW TEEGAR 21T - 72RO SRR I 09 5 B
BIRBOZELTH B, FEJ-1HEAINTE &, LRy RO GBIy
Mh S BEEGHO ERPR SN0 L, FRJ-1ZRms
% L BRI O LRSI S N, BEEREEA0.05 7B X %
X TORBMNRI 1565 L R0, (KEESRORHEN T EL
Too TOFERIZ, ISR Tz & 5 I FFJ-1 A MoS2 &8 O filg 13
ZHIH L, MoDTC DOEERE R TS EE T EMTET
&, MoS:JE DA BNk U, (REEEARE DR
mELZEDEHERL T2,

T DX S, FFJ-113MoDTC DHEREZPHERT, LA
FHIRANICHEBE L C, MoDTC OAREERES) x X 0 JLWIRE
TR CHRE S, etz LEe5,

42

B, i, U SISO R Z R0 S — )



(a) 200N_50Hz_80°C
0.2
c
Q
i'c:> 0.15
@
S o | WinoutFR-T
O 01
C
i)
2 005
L
With FFJ-1wts)
0 1 1 1
0 500 1000 1500 2000
Test time, sec
(b) 7 ——— With FFJ-1(2wt%)

6

5

Mo/Fe [atom%/atom%]
w &~

0 500 1000 1500 2000
Test time, sec

Fig. 8 (a) Friction coefficient and
(b) Mo/Fe ratio of the tribo-film surface
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Fig. 9 Cross-sectional TEM Images of the tribo-film (test time:
1800 s)

4-Ball Wear Test (ASTM D4172)
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Fig. 10 Four-ball wear test
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FALEX Extreme Pressure Test (ASTM D3233-A)
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Fig. 11 FALEX extreme-pressure test
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