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The pres ent work aims at study ing the antiwear, antiseize and antioxidising prop er ties of an ode-shielding
cor ro sion in hib i tors. The physicochemical prop er ties of the in hib i tors and those of the op er a tion-conservation 
mo tor oils mod i fied with them were de ter mined. It was found that these in hib i tors im prove the antiwear,
antiseize and antioxidising prop er ties of the mo tor oils ob tained. Real-life ex per i ments were car ried out with a 
four-stroke four-cylinder en gine (“Skoda” Czech Re pub lic) mounted on a 30-ton fish ing barge which uses
die sel fuel con tain ing up to 1,4% sul phur. The antiwear and antioxidising prop er ties of the oils ob tained were
de ter mined, and a prob a ble ac tion mech a nism of the com plex cor ro sion in hib i tors was sug gested.
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IN TRO DUC TION

Fric tion and wear ing of mov ing sur faces are ac com pa -
nied by re ac tions tak ing place be tween the sur faces, the lu bri -
cant and the sur round ings. The na ture of fric tion is a sub ject
of long, through stud ies.1 In the fric tion zone, lu bri cants un -
dergo changes in their physicochemical and op er a tion char -
ac ter is tics.2 The fac tors hav ing the great est in flu ence on this
pro cess are: the in creased tem per a ture in the fric tion zone
and the ox i diz ing ef fect of the sur round ings cat a lyzed by the
metal sur faces un der go ing fric tion.3 Grad ually, due the fric -
tion, ma chine parts get worn out, which up sets nor mal op er a -
tion of the units. In or der to im prove the antiwear prop er ties
of oils, var i ous ad di tives can be used.4

AIM

The aim of pres ent work is to study the antiwear,
antiseize and antioxidising prop er ties of an ode-shielding cor -
ro sion in hib i tors ob tained from ni trated oil frac tions.

EX PER I MEN TAL AND DIS CUS SION

The physicochemical pa ram e ters of the com plex cor ro -

sion in hib i tors (CCI) un der study are given in Ta ble 1. It can
be seen that the com pounds ob tained are com pletely sol u ble
in min eral oils and their physicochemical prop er ties are sim i -
lar to those of the oil prod ucts they are made for. The elec tro -
chem i cal pa ram e ters of the in hib i tors show that they have
very good sur face-active prop er ties and that they will form a
strong chemi sorp tions film when in con tact with metal sur -
faces. 

Fur ther stud ies were car ried out and op er a tion- con -
serva tion oils with dif fer ent vis cos ity were ob tained by us ing
6% of these in hib i tors. Their physicochemical and con ser va -
tion prop er ties are pre sented in Ta ble 2. The data show that
these oils agree with the stan dard re quire ments to mo tor op er -
a tion-conservation oils. 

Antioxidising prop er ties were stud ied by de ter min ing
the amount of ox y gen ab sorbed by the sam ple de pend ing on
time. The ex per i ment was car ried out in a glass am poule, at
200 oC with out a cat a lyst and at 180 oC in the pres ence of
elec tro lyte cop per (Figs. 1, 2).

It was found that the in duc tion pe riod of ox i da tion of
the oil hy dro car bons pres ent in the oils is re duced, from 8 to 6 
hours when in hib i tors are used. This shows that the ad di tives
in crease the sta bil ity of those prod ucts in min eral oils, which
are sus cep ti ble to ox i da tion.

This ef fect does not de pend on the con di tions un der
which ox i da tion takes place. Ir re spec tive of the lower tem -
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per a ture cop per, in its ca pac ity of a cat a lyst, ini ti ates ox i da -
tion re ac tions. The ef fec tive ness of the in hib i tors is pre served 
in both cases, and they could be or dered in in creas ing oxi dis -
ing abil ity as fol lows: CCI-Ba, CCI-Ca, and CCI-Mg.

The antiwear prop er ties of the sam ples were stud ied by
the method of the “full-ball fric tion ma chine”. The de pend -
ence of the antiwear and antiseize prop er ties on the con cen -
tra tion of the in hib i tors is shown in Figs. 3-6.

It was found that the in hib i tors un der study im prove
antiwear and antiseize prop er ties of the op er a tion-conserva -
tion oils ob tained. These pa ram e ters de pend on the con cen -
tra tion of the in hib i tors, their ef fect be ing the stron gest on the
crit i cal seize stress and crit i cal weld ing stress.

It was found that these ad di tives pos sess sur face-active
prop er ties and that, when added to fu els and oils, they im -
prove a num ber of their pa ram e ters. This is par tic u larly im -
por tant for higher-sulphur fu els, which re cently have been in -
creas ingly used in ship en gines. A big prob lem in this case is
that the sul phur com pounds pres ent in them and the com bus -
tion prod ucts ob tained have a neg a tive ef fect on en vi ron ment
and ac cel er ate cor ro sive-mechanical wear ing of the units.
With re gard to this, the antiwear prop er ties of mo tor oils
M10D2 /E1  and M16D2  /E1 mod i fied with 6% of the ad di tives, 
were stud ied. Ex per i ments were car ried out with a four-
 stroke, four-cylinder en gine (“Skoda”, Czech Re pub lic)
widely used in small fish ing ves sels. This type of en gine
works with ship die sel fuel (LSHF - light ship fuel) pro duced
af ter the re quire ments of Bul gar ian stan dard (BS) 12833-82

and con tain ing up to 1,4% sul phur. The wear ing of the pieces
of the pis ton-cylinder sys tem was checked by de ter min ing
the con cen tra tion of iron, alu minium po tas sium and lead
found to be in the oil in com pli ance with BS 9778-77 and BS
15430-82. These are the met als en gine pieces are ba si cally
made of. The above method has been es tab lished as a widely
used prac tice for de ter min ing the max i mum term for chang -
ing the oils and also for de tect ing emer gency and ac cel er ated
wear ing of en gine parts. Ex per i men tal re sults the op er a tion-
 conservation oils are shown in Figs. 7-10.

The stron gest ef fect of the ad di tives is ob served when
their con cen tra tion in oils is up to 6%. The oil with higher vis -
cos ity en sures better cov er age of the sur faces sub jected to
fric tion, thus lead ing to a smaller de gree of wear ing. CCI-Ca
is the more ef fec tive ad di tive of the two used in the ex per i -
ment.

Figs. 11 and 12 show the re sults from test ing the rel a -
tive wear ing of the first seg ment of the pis tons in each cyl in -
der in a “Skoda” en gine. It was de ter mined by weight mea -
sure ments af ter 1000 hours’ op er a tion of the en gine with dif -
fer ent oils.

It was con firmed that the ad di tive CCI-Ca has higher
ef fi ciency as far as antiwear prop er ties go. Prob a bly, the liq -
uid film, formed in the com bus tion cham ber as a re sult of
refractioning of the fuel dur ing fuel-air mix ing in each cyl in -
der, has an in flu ence in this case, too.2 In the mid dle cyl in ders 
(II and III) wear ing is slightly more in ten sive. In the pres ence
of a liq uid film, cor ro sive-mechanical wear ing takes place.
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Table 1. Physicochemical Parameters of Complex Corrosion Inhibitors (CCI)

PARAMETERS Values for

CCI - Ba CCI - Ca CCI - Mg

1. Colour brown viscous liquid
2. Density at 20 C (g/cm3) 0.945 0.910 0.901
3. Cinematic viscosity at 100 C (mm2/s) 32 27 21
4. Flash point in an open crucible ( C) 199 195 183
5. Pour point ( C) (-4) (-2) (-4)
6. Water soluble acids and bases (%) none none none
7. Mechanical impurities none none none
8. Solubility in oil (%) complete complete complete
9. Water (%) 0.005 0.004 0.003

10. Metal (%) 5.1 2.1 1.2
11. Dielectric permeability (0,1 M sol. in benzene) 2.17 2.45 2.71
12. Electro donor-receptor properties (mV) +94 +88 +102
13. Relative polarization resistance (%) 83 96 74
14. Relative ohm resistance (%) 99 97 82
15. Water replacement (mm)

d1 101 66 52
d2 101 66 52
d3 101 66 52



The main rea son of this ef fect is the high con cen tra tion of sul -
phur com pounds in the fuel, which are usu ally con cen trated
in the liq uid film. On one hand, these com pounds de crease
the fric tion co ef fi cient but, on the other hand, they at tack the
sur faces un der go ing fric tion.5

The lu bri cat ing sys tem of en gines and cool ing ne ces si -
tate con tin u ous and com pul sory in tro duc tion of oil into the
cyl in ders. The high op er a tion tem per a tures de com pose the

un sta ble hy dro car bons in oil lu bri cants. The fi nal prod ucts of
this pro cess ac cu mu late as car bon de posit on the in side sur -
face of the pis tons. The role of the ad di tives pres ent in the oils 
is, there fore, to wash away these prod ucts, to keep them dis -
persed in the oil and not to al low the for ma tion of car bon de -
posit. This will re sult in nor mal heat ex change in the pis -
ton-cylinder sys tem and a lon ger life of the en gine. Fig. 13
shows the amount of car bon de posit formed in side the pis tons 
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Table 2. Physicochemical Parameters of Operation-Conservation Motor Oils Containing 6% of the Additives under Study

PARAMETERS Type of oil and inhibitor

M6W8C2/D1 M10D2/E1 M16D2/E1

CCI – Ba

1. Cinematic viscosity at 100 C (mm2/s) 8.25 11.72 16.27
2. Flash point in an open crucible ( C) 234 250 254
3. Freezing point ( C) (-24) (-20) (-17)
4. Total alkalinity (mg KOH/g) 2.52 4.51 4.72
5. Sulphate ashes (%) 0.94 1.27 1.31
6. Protective efficiency:

- in a chamber “Salty fog” (g/m3) 48.8 47.9 45.1
- in a chamber “Aggressive surroundings” (mg AS) 2027 2013 2007
- in a chamber “Humidity” (g/m3) 0.1929 0.1921 0.1903
- in a chamber “Tropical climate”

= (Steel 08, number of days and nights) over 12 over 12 over 12
= (Copper, scale of colouring) 1 1 1

CCI – Ca

1. Cinematic viscosity at 100 C (mm2/s) 8.11 11.61 15.92
2. Flash point in an open crucible ( C) 232 248 254
3. Freezing point ( C) (-26) (-22) (-20)
4. Total alkalinity (mg KOH/g) 2.31 4.38 4.44
5. Sulphate ashes (%) 0.88 1.15 1.19
6. Protective efficiency:

- in a chamber “Salty fog” (g/m3) 50.4 49.1 47.2
- in a chamber “Aggressive surroundings” (mg AS) 2038 2031 2027
- in a chamber “Humidity” (g/m3) 0.1934 0.1927 0.1914
- in a chamber “Tropical climate”

= (Steel 08, number of days and nights) over 12 over 12 over 12
= (Copper, scale of colouring) 1 1 1

CCI – Mg

1. Cinematic viscosity at 100 C (mm2/s) 7.98 11.55 16.00
2. Flash point in an open crucible ( C) 229 240 246
3. Freezing point ( C) (-25) (-20) (-17)
4. Total alkalinity (mg KOH/g) 2.66 4.56 4.75
5. Sulphate ashes (%) 0.87 1.13 1.20
6. Protective efficiency:

- in a chamber “Salty fog” (g/m3) 42.3 40.5 39.7
- in a chamber “Aggressive surroundings” (mg AS) 2004 1991 1985
- in a chamber “Humidity” (g/m3) 0.1830 0.1794 0.1785
- in a chamber “Tropical climate”

= (Steel 08, number of days and nights) over 12 over 12 over 12
= (Copper, scale of colouring) 1 1 1



when us ing the mod i fied oils un der study.
The ad di tives de crease the amount of car bon de posit on

the pis tons and this has a fa vour able ef fect on the sta bil ity of
the en gine con struc tion. By wash ing the car bon de posit off
the heated metal sur faces and keep ing it dis persed in the oil,

the ad di tives make heat ex change eas ier. At the same time,
dis solved car bon de posit is re moved by fil ter ing the oil in the
lu bri cat ing sys tem of the en gine. This will pro long the ef fect
of the lu bri cat ing oil.

The ex per i men tal re sults ob tained and pub lished lit er a -
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Fig. 1. De pend ence of the amount of ab sorbed ox y gen on time, with out a cat a lyst, at 200 ºC for oils  M6W8C2/D1  (A),
M10D2/E1 (B) and M16D2/E1 (C) mod i fied with the ad di tives used (CCI).



ture data6 make it pos si ble to sug gest a prob a ble scheme of
the ac tion mech a nism of the com plex cor ro sion in hib i tor. As
a re sult of tribochemical, elec tro chem i cal and chem i cal ac ti -
va tion of the in hib i tors in the con tact zone of the sur faces un -

der go ing fric tion, a re dis tri bu tion of the ac tive com po nents
pres ent in the oil takes place.6  The shield ing in hib i tors de hy -
drate the metal sur faces quickly. The an ode and cath ode in -
hib i tors get ad sorbed on the cor re spond ing zones of the metal 
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Fig. 2. De pend ence of the amount of ab sorbed ox y gen on time with elec tro lyte cop per as a cat a lyst, at 180 C, for oils
M6W8C2/D1  (A), M10D2/E1 (B) and M16D2/E1 (C) mod i fied with the ad di tives used (CCI).



de pend ing on their elec tro static charge. In this way, a film is
formed on the sur faces sub jected to fric tion chang ing the

struc ture and mi cro re lief of the metal.
The metal, in cluded in the in hib i tor, has a spe cific ef -
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Fig. 3. De pend ence of crit i cal seizes stress on the con cen tra tion of the in hib i tors (CCI) for op er a tion- conservation mo tor oils 
M6W8C2/D1  (A), M10D2/E1 (B) and M16D2/E1 (C).



fect cre at ing high elec tro con duc tiv ity within the oil, and
form ing a film on the sur face with semi con duc tive and high

elec tro con duc tive prop er ties. This re sults in a sub stan tial de -
crease in elec tro ero sive and elec tro dy nam ics wear ing of the
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Fig. 4. De pend ence of seize in dex on the con cen tra tion of the in hib i tors (CCI) for op er a tion-conserva tion mo tor oils
M6W8C2/D1  (A), M10D2/E1 (B) and M16D2/E1 (C).



sur faces un der go ing fric tion. At the same time, or ganic rad i -
cals, which en sure oil sol u bil ity of the in hib i tor, in crease the

to tal re sis tance of the film, and pre vent the ac cess of cor ro -
sive-aggressive sub stances to the metal sur faces. This is the
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Fig. 5. De pend ence of the crit i cal weld ing stress on the con cen tra tion of the in hib i tors (CCI) for op er a tion-conservation mo -
tor oils M6W8C2/D1 (A), M10D2/E1 (B) and M16D2/E1 (C).



way to ob tain the beet re sults with re gard to de creas ing the to -
tal wear of sur faces. The mo lec u lar and mi celle for ma tions

from the com po nents of the in hib i tor form a chemi sorp tions
phase as well as polymolocular ad sorp tion lay ers. These lay -
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Fig. 6. De pend ence of the di am e ter of the wear spot at 400 N stress, on the con cen tra tion of the in hib i tors (CCI) for op er a -
tion-conservation oils M6W8C2/D1 (A), M10D2/E1  (B) and M16D2/E1 (C).
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Fig. 7. In flu ence of the con cen tra tion of the ad di tive
on the con cen tra tion of iron in the mo tor oil due
to wear ing of the parts of the pis ton-cylinder
sys tem af ter op er a tion of a “Skoda” en gine for
750 hours.
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Fig. 8. In flu ence of the con cen tra tion of the ad di tive
on the con cen tra tion of alu minium in mo tor oils 
due to wear ing of the parts of the pis ton- cylinder
sys tem af ter op er a tion of a “Skoda” en gine for
750 hours.
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Fig. 9. In flu ence of the con cen tra tion of the ad di tive
on the con cen tra tion of po tas sium in mo tor oils
due to wear ing of the parts of the pis ton- cylinder
sys tem af ter op er a tion of a “Skoda” en gine for
750 hours.
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Fig. 10. In flu ence of the con cen tra tion of the ad di tive
on the con cen tra tion of lead in mo tor oils due
to wear ing of the parts of the pis ton-cylinder
sys tem af ter op er a tion of a “Skoda” en gine for
750 hours.
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Fig. 11. Rel a tive wear of the first seg ment of the cyl in -
ders of a “Skoda” en gine af ter 1000 hours’ op -
er a tion with mo tor oil M10D2/E1: 1 - with out
ad di tive; 2 - con tain ing 6% CCI-Mg; 3 - con -
tain ing 6% CCI-Ca; I, II, III and IV - num ber
of the cor re spond ing cyl in der.
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Fig. 12. Rel a tive wear of the first seg ment of the cyl in -
ders of a “Skoda” en gine af ter 1000 hours’ op -
er a tion with mo tor oil M16D2/E1: 1 - with out
ad di tive; 2 - con tain ing 6% CCI-Mg; 3 - con -
tain ing 6% CCI-Ca; I, II, III and IV - num ber
of the cor re spond ing cyl in der.



ers are char ac ter ised by rel a tively strong ad he sive and slight
co he sive in ter ac tions with the pro tected sur faces. The film
ob tained by this mech a nism has the so-called “sand wich -
type” struc ture, which en sures very good lu bri cat ing and pro -

tec tive prop er ties and de creases to tal wear ing of the sur faces
sub jected to fric tion.
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Fig. 13. Amount of car bon de posit on the in ner sur face
of the pis tons of a “Skoda” en gine af ter 1000
hours’ op er a tion with mo tor oils: 1 - M10D2/E1;
2 - M10D2/E1  + 6% CCI-Ca; 3 - M10D2/E1  +
6% CCI-Mg; 4 - M16D2/E1; 5 - M16D2/E1  +
6% CCI-Ca; 6 - M16D2/E1 + 6% CCI-Mg.


