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Modification of rapeseed oil with free fatty acids
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1. Introduction

At present ecological requirements are in the great
importance. A lot of studies had been made in the field of
bio fuels, trying to reduce pollution by exhausted gases and
use renewable resources [1, 2]. At the same time tribologi-
cal properties ate important too. Friction and wear in the
machine elements consumes a great part of the energy re-
quired. Various surface treatment technologies and specific
lubricants are suggested [3, 4]. Nevertheless from the eco-
logical point of view rapeseed oil is remaining as most
attractive basis for the production of environmentally
friendly lubricants. This attractiveness is caused by biode-
gradable properties together with comparably good lubri-
cating characteristics [5].

Vegetable oils have naturally good lubricating
properties, but the reliable wear protection forces the use
of appropriate additives. Vegetable oils modified with ad-
ditives have lubricating properties equal to those of equiva-
lent mineral oils [6].

Modification of environmentally friendly lubri-
cants is strongly regulated by different ecological marks:
The European Eco-label, The German ,,Blue Angel“, Nor-
dic countries ,,White Swan®, Canadian ,,EkoLogo* a.o. [7,
8]. These standards regulate the amount of additives, re-
stricted materials and elements etc. In order to fulfil these
requirements, it is necessary to look for the possibility of
using those additives which would be natural, non-toxic
and easily degradable in the environment. One of such
additive types is free fatty acids (FFA).

The effectiveness of free fatty acids in mineral oils
has been known for a long time. Its use for the modifica-
tion of plant oils has been investigated too [4, 6, 9, 10].

It is predicated that saturated and unsaturated fatty
acids (FA) effectively improve the lubricating properties of
base oils. However its effectiveness depends a lot on the
compatibility of the modified base oil and free fatty acids.
The temperature at the contact zone of the lubricated sur-
face is very important too [4].

Saturated and unsaturated fatty acids have diffe-
rent operating mechanisms. The action of saturated fatty
acids is based on the formation of an absorbed layer. Di-
rectly and vertically to surface oriented molecules of satu-
rated fatty acids form the dense layer which separates the
surfaces. This is the reason why such layers have good
friction reducing properties [11]. It is believed that unsatu-
rated fatty acids can not locate so densely at the surface
because of their double bonds. Therefore the efficiency is

lower. It is supposed that unsaturated fatty acids could oxi-
dize between interacting surfaces and loose their lubricat-
ing properties [4]. However there are opinions that, at
higher temperatures, the unsaturated fatty acids can come
between lubricated surfaces forming the tribo-polymeric
layer which reduces the friction and wear [9].

This investigation shows that free fatty acids en-
sure good lubrication at boundary lubrication conditions.
However their extreme pressure (EP) properties are not
good enough comparing them to reference oils. Therefore
it is proposed to use it together with poly-atoms of S and
N, which could ensure the EP properties. The combination
of sulphur atoms with fatty acids increases the synergetic
effect — fatty acids reduce the friction and sulphur ensures
the EP properties and reliable wear protection. Additio-
nally, those elements have a low toxicity which is very
important for environmentally friendly lubricants [6].

The aim of this research is the investigation of the
influence of free fatty acids, provided by LUBRIZOL
Company, on the lubrication properties of rapeseed oil.
The results should be compared to commercial environ-
mentally friendly lubricants.

2. Tested materials

Pure rapeseed oil and rapeseed oil modified with
free fatty acids (FA) were investigated. The refined rape-
seed oil from the market was investigated without any pro-
cessing or modification with inhibitors. Free fatty acids
were received from LUBRIZOL Company as the oil addi-
tive (ADX 18) for improving the lubricating properties of
environmentally friendly oils. Free fatty acid concentra-
tions of 0.5; 1 and 2% were used for the modification of
rapeseed oil. The test results were compared to the com-
mercially available environmentally friendly lubricant pro-
duced on the basis of rapeseed oil. The physical and chem-
ical properties of the investigated materials are presented
in Table.

3. Testing procedures

Tribological tests were performed using a four-
ball type tribotester. The balls of 12.7 mm diameter were
made of 100Cr6 bearing steel (E=21.98-10" MPa;
v =0.3). The testing procedure was adapted from the stan-
dard method DIN 51 350, Part 3 [12].

Loads of 150 N and 300 N were used. The test
runs 1 hour. Prior to each experiment, all the appropriate
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parts of the machine, i.e. bottom and upper ball holders, oil
vessel and the test balls were washed in an ultrasonic bath
and then dried.

The diameters of the wear scars on three station-
nary balls and the friction surfaces were measured and ana-
lyzed with an optical microscope. For each run the scar
measurements were reported as an average of the Wear
Scar Diameter (WSD) of the three balls in millimetres. The
copper corrosion test was performed using standard meth-
od ISO 2160.

4. Results and discussion

Tribological investigations of rapeseed oil modi-
fied by free fatty acid show the efficiency of this additive
for wear and friction reducing. However the results for
operation at the higher load (300 N) are different to those
at the lower loading (150 N) regimen.

Wear of the balls in the higher load regimen de-
creased 1.4 times (Fig. 1) when lubricated with rapeseed
oil modified with 0.5% concentration FA. A further in-
crease in additive concentration does not influence signifi-

Table  cantly the wear decrease — the use of 1 and 2% concentra-
Physicochemical properties of tested oils tion FA reduces the wear by 1.45 and 1.48 times.
Material There are several theories explaining the influence
R a erlad of FFA on the lubricating properties of oil [4, 9]. In this
Property Rapeseed O".‘f’ff?‘j/ Ref. case, the adsorption of FA on the lubricating surfaces is the
Oil ! 0 clerence most likely. Higher protection of lubricating surface is
FA .
- - : most probably ensured by the formation of a dense ad-
Viscosity, cSt. sorbed layer of FA [4, 13].
at40 S 34.7 35.1 63.2 Usually such adsorbed layers have good friction
.at 190 C 8.0 8.1 13.9 reducing properties and are known as ,.friction modifiers*
YlSCOSItY 213 217 231 [7]. However, in our case the friction increased — the using
lnd_@f of 0.5% concentration FA additive slightly increased the
Acidity, mg average torque, compared to pure rapeseed oil. Increasing
0.07 0.75 n.d. : o
KOH/g the amount of FA slightly reduces the friction and, at 2%
Copper cor- Al Al nd concentration, it becomes lower than when lubricating with
rosion " pure rapeseed oil. The test revealed that average torque is
significantly lower when using the modified and non-
modified rapeseed oil compared to the reference oil.
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Fig. 1 Wear and torque results in the high load (300 N) four ball test

FFA additives not only change the average value
of friction but also its variation during the operation
(Fig. 2). There is no torque variation tendency when lubri-
cating with pure rapeseed oil — torque increases at the be-
ginning, after that decreases and, at the end of tests, starts
again to increase. Such changes in torque are characteristic
for non-stable lubrication of friction pairs and are followed
by high wear. After modification of rapeseed oil with FA,
the friction had a tendency to increase. That is also the sign
of bad lubrication conditions, but it is better than non-
stable conditions [4].

The evaluation of torque stability shows that the
most stabile torque occurs when rapeseed oil is modified
by FA at 0.5% concentration. The friction change has a
different character when lubricating with reference oil. In
this case, friction torque increases significantly at the be-

ginning, after that it stabilises and, for the most part of the
investigation, stays constant.

The friction decrease occurs at the beginning of
tests at the high load (300 N) when lubricating with FA
modified rapeseed oil (Fig. 2). This is not usual for rape-
seed oil lubrication. This decrease occurs for longer when
the FA concentration is increasing. This phenomenon
could be related to temperature of the contacting surfaces.
The oil temperature at the beginning is usually 30°C and
increases during the test until 70°C at the test end. Ho-
wever the oil temperature does not reflect the temperature
in the contact zone. Therefore it is possible that the FA
loses their efficiency and the friction torque starts to in-
crease when the temperature in the contact zone is much
higher that oil temperature. Other researchers predicate
that there are transfer temperatures which indicate the op-



eration limits of the adsorption layer which is created by
FA. This layer decays when the transfer temperature is
exceeded — the wear intensity and friction increases [4, 9].
Higher viscosity of FA modified oil could also influence
the reduction in torque (Table).

The temperature of 67°C, which is recommended
by LUBRIZOL for dissolving the FA mixture, supposes
the biggest part of the mixture consists of saturated long
chain fatty acids. After creating mixtures of rapeseed oil
and varying concentrations FA additives, it was detected
that, at 1% concentration, the FA mixture separates at
room temperature. The mixture jells, hardly remaining
fluid at the concentration of 2%. Only a 0.5% concentra-
tion of FA does not cause these changes to rapeseed oil.
Therefore, 2% concentration of FA is not appropriate for
the modification for rapeseed oil.
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Fig. 2 Torque variations during the high load four ball test
(300 N) lubricating with pure and free fatty acid
modified rapeseed oil

The evaluation of friction of 0.5 and 1% concen-
tration mixtures at higher load shows lower friction of the
1% concentration mixture. Therefore, taking into consid-
eration the reasons mentioned above, it was decided to
investigate only the 1% concentration mixture at lower
loads.

Evaluation of wear reducing properties of investi-
gated lubricants at lower loads (150 N) reveals that a 1%
concentration FA mixture decreases the wear of test balls
by 1.75 times (Fig. 3). This is also 1.12 times more effi-
cient than the reference oil. These wear reduction values
show that the modification of rapeseed oil with 1% con-
centration FA mixture is sufficient for the wear protection
of machine elements operating at this regime.

Taking into consideration the 1.33 times lower
friction coefficient of FA mixture comparing to reference
oil at lower loading, the formation of absorbic layer is the
most probable [7]. Rapeseed oil modified with 1% FA
mixture reduces the average torque up to 1.2 times and
essentially changes the process of friction variation
(Fig. 4). The friction value varies considerably during the
tests when lubricating with pure rapeseed oil, the same was
as at the higher load. The FA modified oil preserves regu-
lar friction between the lubricated surfaces throughout the
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test. Such a torque characteristic is desirable in friction
pairs. Friction torque is also stable when lubricating with
the reference oil, but at the beginning we have a significant
rise (Fig. 4).
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Fig. 3 Wear and torque results in the low load (150 N) four
ball test

The results of wear tests at a higher load regime
show that the wear protection provided by FA modified
rapeseed oil is lower than for reference oil (Fig. 1), but, at
the lower load, the FA modified oil is more efficient
(Fig. 3). Despite the lower friction of the modified oil, the
unstable torque at higher load shows that such FA modi-
fied oils could be used only for friction surfaces which
operate at lower loads.
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Fig. 4 Torque variations during the low load four ball test
(150 N) lubricating with pure and free fatty acid
modified rapeseed oil

Fig. 5 presents the wear surfaces after tests with
pure rapeseed oil lubrication and lubrication with FA mod-
ified rapeseed oil. Apparent difference in wear scars is
clearly seen for those two types of lubrication which ap-
plies both for lower and higher loading. Wear scar is very
small when lubricating with FA modified oil and applying
the lower loads (Fig. 5).

A part of wear scar is covered by remained wear
protection layer. Such picture correlates to the torque re-
sults — lower friction correspond to small and even wear
surface.



Fig. 5 Optical microscopic views of the wear scars when
lubricating with a, b—pure rapeseed oil, and
¢, d — free fatty acid modified rapeseed oil at 150
and 300 N load respectively
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Surfaces have much more scratches if they operate
at higher loading. Operation with FA modified rapeseed oil
caused much more scratches (Fig. 5, d). Higher friction
reflects in this picture even if the wear value was lower.

It confirms that the modification of rapeseed oil
with FA additives is not efficient at the lubrication of fric-
tion pairs which operate on higher contact loads.

5. Conclusions

The modification of rapeseed oil with free fatty
acid is effective regarding the reduction of friction and
wear. The investigated mixtures are more efficient at the
lower load compared to the reference oil. However the
wear decreasing at higher loads is not sufficient. The use of
rapeseed oil, modified with free fatty acid, can ensure wear
protection of machine elements and reduces the friction
losses at low load conditions.
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RAPSU ALIEJAUS MODIFIKAVIMAS LAISVOMIS
RIEBALU RUGSTIMIS

Reziumé

Grieztéjant pasaulio ir Europos Sajungos aplinko-
saugos reikalavimams vis daugiau démesio skiriama aplin-
kai draugisky alyvy tyrimui, gamybai ir naudojimui. Ies-
koma biidy, kaip sumazinti alyvy daroma Zzala aplinkai,
taip pat ir paciy alyvy gamybos savikaing. Abu $iuos tiks-
lus galima jgyvendinti alyvy gamyboje naudojant efekty-
vias natiiralias medziagas. Siame darbe buvo tirta natiira-
laus trintj ir dilimg mazinanéio priedo ADX 18, gauto lais-
vyju riebiyjy riig8éiy pagrindu, itaka rapsy aliejaus tepa-
mosioms savybéms. Tyrimai atlikti standartiniu keturiy
rutuliy metodu, naudotos 150 ir 300 N apkrovos. Gauti
rezultatai rodo, kad tirtas priedas pagerina rapsu alicjaus
tepamasias savybes, taCiau esant skirtingiems apkrovy re-
zimams jo efektyvumas skiriasi. Mazos apkrovos salygo-
mis tirti miSiniai dilimg mazina efektyviau uz etaloning
alyva, o didelés apkrovos salygomis ju dilimo slopinamo-
sios savybés néra pakankamos. Tepant tirtu priedu modifi-
kuotu rapsy aliejumi trintis tiek didelés, tiek mazos apkro-
vos salygomis yra mazesné nei tepant etalonine alyva. Tir-
ta tepamaja medziaga naudojant mazy apkrovy salygomis,
mechanizmai biity patikimai apsaugoti nuo dilimo ir suma-
7&ty trinties nuostoliai.

J. Padgurskas, R. Kreivaitis, A. Kupcinskas, A. Zunda

MODIFICATION OF RAPESEED OIL WITH FREE
FATTY ACIDS

Summary

Presently strickt World and European environ-
mental requirements made force on research, manufacture
and use of environmentally friendly lubricants. Scientists
lucking for the ways to reduce harm of lubricants to envi-
ronment and the cost of lubricants too. Both these prob-
lems can be solved using efficient natural lubricating mate-
rials. In current study the natural free fatty acid additive
ADX 18 was used to reduce friction and wear lubricating

with rapeseed oil. Tests were performed with standard four
ball tribometer. The load was 150 N and 300 N. The results
show positive influence of free fatty acid additive. How-
ever the effect in different loads is not equal. In the low
loads (150 N) the wear reduction effect of additive is supe-
rior in comparison with reference oil. In the high loads
(300 N) the wear reduction ability is not sufficient. Never-
theless the friction in both loads is less in comparison with
the reference. The use of free fatty acid loaded rapeseed oil
can reduce friction and wear in mechanisms with low load
condition.

1O. IManrypckac, P. Kpeiiaiituc, A. Kymanackac,
A. Xynna

MOJUNOUKAIIA PAIICOBOI'O MACIIA
KNCJIOTAMU CBOBOAHBIX *)KPOB

Pe3wowMme

[Tpu Gosee cTpOrux 3KOJIOTHYECKUX TPEOOBAHUSIX
B mupe 1 B EBponeiickom Coro3e Bce Oosbliiee BHUMaHUE
yzenseTcss Hay4YHbIM HCCIIEIOBaHHSM, HPOU3BOJCTBY U
UCIIONIb30BAHHUIO OMOJIOTMYECKUX CMA30YHBIX MaTEpPHAJIOB.
HccnenyioTcs BO3MOXKHOCTH Kak CHIDKEHHS yiiepbda oT
3arpsI3BHEHHOCTH OKpPY’)KaloIlel cpeipl, TaK W CHIKEHHS
ce0ecTOMMOCTH TIPOM3BOJCTBA OHMOJNOTMYECKHX Macel.
O06e 3TH 1en MOXHO JOCTHYb IPH HCIIOIB30BAHUM I
MIPOM3BOJICTBA Macel MaTepualibl HaTypalbHOTO IIPOHC-
XoxzeHus. B pabote mpencTaBieHsl pe3ysibTaThl UCCIENO-
BaHWHN BIIMSIHUS MIPUCAIKH HATYypPaJIbHOTO MPOUCXOKACHHSA
Ha OCHOBE CBOOOIHBIX >KHMPHBIX KucinoT ADX 18 Ha cma-
304HbIE CBOMCTBA parcoBoro macia. MccinegoBaHusi mpo-
BEJICHBI 110 CTAaHIaPTHOM METOJUKE YETBIPEX LIAPUKOB IIPU
Harpy3ke 150 H u 300 H. Ilony4eHHble pe3yabTaThl IOKa-
3bIBAIOT, YTO HWCCIIEIOBaHHAsl IpHUCAlKa 3HAYUTEIHHO
yJIy4IllaeT CMa304Hble CBOIMCTBa ParicoOBOr0 Maciia, HO TpH
pa3IUUHBIX Harpys3kax 3QQeKTUBHOCTh MPUCAIKH pa3Hasl.
CMecH parcoBOro Macia ¢ NPHCAAKOW NpH HEeOONBIINX
Harpy3kax (150 H) camxaroT u3HOC 3 PeKTHBHEE dTAIOH-
HOTO Maclla, B TO BpeMs Kak Ipu OOJBIIMX Harpyskax
(300 H) 5Tt cmMecn CHIKAIOT U3HOC HEAOCTaTOUHO 3 dek-
TUBHO. [loTepn Ha TpeHME MpPU CMa3Ke CMEChIO, KaK IpH
HEOOJIBIIINX, TaK U MPH OOJIBIINX HArpy3Kax MEHbIIE IO-
Teph MPU CMa3Ke 3TaJOHHbIM MaciioM. CMma3bIBaHUE CMe-
CBIO parcoBoro macia ¢ mpucaakoir ADX 18 (~1.0%) mo-
KeT 00eCHeYnTh HaJEKHYI0 3alUTYy MEXaHH3MOB OT W3-
HaIIMBaHUH U CHU3WT IIOTEPU HA TPEHHE.
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