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A Study on the Wear Properties by EP(Extreme Pressure)
Additive Composition in a Lubricated Concentrated Contact

Yong-Seok Kim' and Jae-Hwan Ryu
Research and Development Center;, SAMHWA LUBE OIL CO., LTD.

Abstract — This research for replacement of chlorine or sulfur based EP(extreme pressure) -additives which is
restricted materials by environmental regulation. The subject of this study is as follows, 4-ball test and friction
coefficient test were experimented in accordance with temperature and velocity, compounding with several
organic or inorganic metallic elements. After 4-ball test, wear area of steel ball was analysed by SEM-EDX. As
the analysis, organic and inorganic elements make a effect for extreme pressure lubricity. It is shown that the fric-
tion coefficient of lubricant which includes chlorine or sulfur additives, the scoring phenomenon is found accord-
ing to temperature and the scuffing phenomenon at 200°C. Applying to Na, P, S, Zn, Ca based on inorganic and
organic elements, the result showed that friction coefficient is decreased more and more, as increasing tem-
perature of lubricant. The additive based on S, Cl, P elements is effect for extreme pressure in the sample#1 and
Na, P, S, Zn, Ca in sample #2. These elements are environmental contaminants and S, Cl based on EP additives
which are very popular in domestic industry, when they are properly composed with non-chlorine based on addi-
tives and Na, P, S, Zn, Ca organic or inorgarnic elements. It is showed that lubricity and excellent anti-wear prop-

erties.

Key words — environmental regulation, organic or inorganic metallic elements, EP (extreme pressure) additives.
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Fig. 1. Schematic diagram of friction coefficient test machme-
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Table 1. Physical and Chemical properties of steel ball and steel pin

Properties
Steel Ball Steel Pin
Dia (mm) 4.76 (3/16™) ¢ 2£0.012 x 30 mm
Hardness (HRc) 62~67 Hardness (HRc) 60~66
Surface Roughness (Ra, ym) 0.08 Surface Roughness (Ra, ym) 0.08
Material JIS-B1501 Material SUJ 2 (JIS G 4805)
Chemical composition (wt%) C:0.95~1.10 Si : 0.15~0.35
Mn : Under 0.05 P : Under 0.25
S : Under 0.025 Cr : 1.03~1.60
CHUCK, TOP BALL ROTATES
, 100K NGT
FOTANING l ’ ;/:
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Fig. 2. Schematic diagram of 4-ball test machine.

Table 2. Physical and Chemical properties of steel
ball

Properties Steel Ball
Dia (mm) 19.05 (3/4")
Hardness (HRc) 62~67
Surface Roughness (Ra, um) 0.08
Material JIS-B1501

e

Table 3. Properties of EP additive

SCAR OIAMITIRS ARE MIASURED
HORIZONTALLY AND VERTICAMY

LOAD FORCE

galer 4-Ball AP A AFste FEu)
B 243 mlzide] 4% 998 EDX(Energy
Disperse X-ray SpectrometenNZ 41 3}t 4-Ball
ANRFe AlRe] 4 WEkE £457] A8l FRIR
(Fourier Transform Infrared Nicolet 520P USA, KBr
Disc Sealed cell 0.1 mmy& AHg-ste] S 1A 2l
e EYsinh '

22. S/ INel 24
B delM AR ArHE F 3 e 3
o P&z Bol AgHE FFL A IUAE

AMgEll o Table 39 YERARATE

Di-tertiary alkyl Chlorinated P-EP Zinc-alkyl

polysulfides parraffine Additive dithio phosphate
Chemical struture }5 _SSXI__II;{ SIE]E(CZII,;I-,)S (O)P(OCsHCH;); [g__g;PfSLZ;
Sulfur content (% weight) 29.65 - - 14.8
Chlorine content (% weight) - 51 - -
Phosphorus content (% weight) - - 8.4 7.45
Zinc content (% weight) - - - 9.0
Molecular weight (g/mol) 434 420 368 -
Viscosity at 40°C 53 300 - -
Pour point - —-15 - -
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Table 4. Properties of base oil

484 - A

Base Oil Test Method I I
Kinematic Viscosity mmYsec (cSt) ASTM D-445 6.8 29.50
Specific Gravity 15/4 °C ASTM D-1298 0.860 0.864
Flash point °C ASTM D-93 142 218
Viscosity Index ASTM D-2270 92 103
Pour Point °C ASTM D-97 -35 -15
Ca 8.7 2.5
Hydrocarbon Type % ASTM D-2140 Cn 40.7 325
Cp 50.6 65
Copper Corrosive Test 100°C/1 hrs ASTM D-130 la la

Table 5. Result of analysis of organic and inorganic
elements in sample #1,#2

Ingredient (wt%) Sample #1 Sample #2
Base oil (I +17) 71.5 77.5
Fatty oil Content 10 10
Sulfur Content 2.5 0.74
Chlorine Content 3 -
Phosphorus Content 0.15 0.37
Additive 1 Content - 0.17
Additive 2 Content - 0.5
Zn Content - 0.45

Table 6. Properties of solid lubrication film to additive
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Fig. 3. Transition of EP lubricated characteristics by
rotation speed.

Table 7. Measure result of scar wear area (unit:mm?)

rpm Sample #1 Sample #2
500 3.80 1.54
750 4.80 1.70
1000 7.30 2.19
8
7 7
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w5 e
$3
g2 . ’
8 .
1
500 750 1000

pm
"+ SAMPLE NO.1= SAMPLE NO.2

Fig. 4. Transition of scar wear area by rotation speed.
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Table 8. Result of Total Load and Normal Load per
unit Ball and Maximum pressure of oil film

Total Normal Load Maxium pres-

No. rpm  Load per Unit Ball sure of oil film
P(kg) Wikg)  amax (kg/mm’)
500 3434 99.5 485
Sample#t 750 1924 78.2 448
1000 3434 99.5 485
500 443.6 181.5 594
Sample#2 750 3434 140 545
1000 443.6 181.5 594
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Hertz hardness theory
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Total Load : P=i /4sz-8.6 (1) Normal Load per Unit Ball : w (kg) (2) Maximum Pressure:a max(kg/mmz) 3)

D : Diameter of piston = 8cm
8.6 : Weight of piston w=

=
p : hydraulic pressure /6

a max= 105 'w

Fig. 6. Total Load and Normal Load per Unit Ball and Maximum Pressure by 4-ball.
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Table 9. Physical and Chemical Properties of after 4-
ball test

ITEM Sample #1  Sample #2
Before test 0.49 2.14
TAN 500 0.62 223
(mgKOH/g) 750 0.74 233
1000 0.84 2.54
' . Before test 30.69 30.10
Kinematic 500 3039 30.07
Viscosity 750 30.38 30.05
(40°C, cSt)
1000 30.30 29.98
Before test 108 131
Viscosity 500 106 129
Index 750 106 129
1000 106 129
Before test 1.4834 1.4724
Refractive 500 14833 14724
Index
(RY, 20°C) 750 1.4832 1.4723
1000 1.4831 1.4723
Before test 4c 3a
Copper 500 4c 3a
Corrosion
(100°C/1 hr) 750 4c 3a
1000 4c 3a
A At
AR, A=EAFE F AR BF oY Hiske
RS Bon o) AFPA] zidel 2%k 1AM
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Fig. 9. SEM-EDX photographs of worn surface.
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