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Fundamental Studies on Lubricating Oil Additives
—Adsorption and Reaction Mechanism of Phosphorus Type Additives

on Iron Surface-

Toshihide Ohmori, Masuhiko Kawamura
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Abstract

As fundamental studies on lubricating oil additives,
adsorption and reaction behaviors of phosphorus type extreme
pressure additives on iron surface have been investigated by
a flow type adsorption test. Initial adsorption rates of
phosphorus-containing esters depended largely on existence
of -OH and P=O bonds in the molecules. Amount of
adsorption was influenced by the hydrolyzing property of
the esters. Ester bonds of the additives were found to hydrolyze
through the reaction with the water adsorbed on the iron

surface. Phosphite esters hydrolyzed to inorganic acid

regardless of the esterification degree followed by adsorption
as its iron salt. Adsorption behaviors of the phosphate esters
varied depending on the esterification degree; triester
adsorbed on the iron surface after being decomposed
hydrolytically to monoester, while diester was adsorbed
without hydrolysis. It was suggested that the adsorbing and
hydrolyzing properties of these ester compounds depended
on the configurations of the molecules physisorbed on the

iron surface.
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Table 1 Structural formulae of additives.
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Fig.2  Schematic model of flow-out curves.
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Table2 Partial charge on oxygen atom.

Functional
group —OH | P=0O |P-O-C
Ester
TPP - -0.54 | -0.37
DPP -042 | -0.52 | -0.38
TPPi - - -0.38
DPPi - -0.51 | -0.37
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Table3 Correlation between initial adsorbing rate and additive properties.

Rv value (adsorbing rate) TP < TPP < DPPi < DPP

-OH None None None Exists

P=O None Exists Exists Exists
Hydrolyzing property Easy Difficult Easy Difficult

Table 4 Correlation between amount of adsorption and additive properties (low temperature range).

Amount of adsorption TPPi < TPP << DPPi < DPP

-OH None None None Exists

P=0 None Exists Exists Exists
Hydrolyzing property Easy Difficult Easy Difficult

Table 5 Correlation between amount of adsorption and additive properties (high temperature range).

Amount of adsorption TPP < TPPi << DPP < DPPi
—-OH None None Exists None
P=0 Exists None Exists Exists

Hydrolyzing property Difficult  Easy Difficult Easy

0000000 R&DOOOOO Vol. 28 No. 1 (1993.3)



32

DPP

TPPi

DPPi

%,

3’;598

Hydrolyzing

©
-0

g
s 1
g
S
< }
g
E
5
"y
O\\‘C(O
'|'|_/
¢o

pute]

%
7=02

Fig.13 Schematic illustration of adsorption style of additives.

pepPOO0OOOOOOOOOOOOOOOOOOO
oobOp=000000000O0CODOOOO-oHOO
obOooooooobooooOoooOooobooboooon
ooboooooooboooooobOOoobDOobooon
gopo-cCOO00DOOO0ODOOODOOOODOODO
oooocooogp-o-coObObOOoOOOoOOOonOn
ooooooooooooo-osOOooOooOoboOoOon
ooooooooocoooooooo
gbooooodabooTppill DPPiIO O OP=000
gp-o-cOObo0o0obOOooOoOobooobooooonoon
O0Feg1200000000000O00O0O0O0OO0ODO
oooooooooooooooooobocooooo
ooooobooocoooooooooooboooooo
oooooboooooooooooooooboooooo
oooooooo

0000000 R&kDOODOOOVol. 28 No. 1 (1993.3)

gooooo

gboooooobooooboobooooboobooo
gbooooobooobooooboooobooboobooo
gbooooooooboooobooooboboobooon
oooooooooooooooooooooo

goooooooooooooooooboooooo
oooooooooooooooooooboooooo
gboooobooboobooboooobooobooon
gbooooobooobooooboooobooobooo
gbooooobooboobooobooboooooboboooon
goooooooooooooooooboooooon
goooooooooooooooboooboobooboooo
ooooooooooooooooooooo



32

DPP

TPPi

DPPi

%,

3’;598

Hydrolyzing

©
-0

g
s 1
g
S
< }
g
E
5
"y
O\\‘C(O
'|'|_/
¢o

pute]

%
7=02

Fig.13 Schematic illustration of adsorption style of additives.
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