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SUMMARY

This report deals with a friction and wear study of ťhe Pro-
Long Anti-Fríct'ion Metal Treatment for 1ubrícating oi1s. A
Block on Ring Machine has been used for the test.

Typica1 tesť data have been selectéd to secure a boundary
lubrication.

Material combinations like steel,/steel anil bronze/steel have
been testeťl . oils useil for the tést have been mineral engine
oíL, 2 člifferent synthetic engine oi]-s and gear oiI.

Approximately I5t Pro-Long mixup in the oil is found to give
the best result in average about 50B \ťear reductioIl .'

Except for an increase in t.he steel to steel friction.in
gear oil and in the after alt low- friction in bronze/steel
contact, a considerable reduction of friction and tem-
perature vras found.

Because of the positive results f rom this test, f urther \ďork

is proposed to study especially the effect on viscosity and
the long term effect on real machines.

'

l"lore detai ls f rom the tests are presented as Appendix in a

separate volume.



INTRODUCT ION

SINTEF Division of t"tachine
Pro-Long Europe A/S for an
test of their product an
lubr icants .
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Design has been approached by
independent friction and \{ear
anti-friction product for

The supplier claims that
cified proportion to any
reduce \ťear and increase
lubr i cat ing f i Im .

their product, when mixed ín a Spe-
lubricating oil in the market, will
the load carrying capac,ity of the

The purpose of the test has been to verify if the product
wou ld rneet the supplier ' s statement and to estimate the
optimum quantity of product in the oi1.

For such a primary evaluation of the product \.ve have found a
standard type \{ear testing machine well suited. Depending on
the results from this test and our client's needs and inten-
sions, \ďe' can, however, foresee the need to perform more
detai led \ďear studies or even reaI \ďear tests on engines ,
gears and hydraulic equipment.

For the present test \,Ýe have applied a contact pressure
somewhat above the normally acceptable pressure for a jour-
nal bearing of the similar material in order to obtain boun-
dary lubrication and accellerate the \ďear. I^Iith the selec-
ted loading conditions, the pressure will be about 2 times
higher than recommended for bearings at the stage when the
widt.h of the vrear track is 0 .5 rrrm.

One problem experienced during such tests is the increase in
hydrodynamic effect caused by the increasing contact area as
the \^Iear is taking place. with this method \ďe start out f rom
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and one has to carefully take this into consideration whíle
comparing the results.

2. TEST PROCEDURE

2.I Riq descriptions

The test has been run on a Block on Ring Machine. The mecha-
nism of this machíne is briefIy shown in Figure 2.I, page 3.

The ring (1) is a standard roller bearing inner ring with
outer diameter 40 mm and width 20 rnm. The ring is f ixed on a
very well balanced shaft rotating in journal bearings at a
speed of up to 1700 rpm. For this test 800 rpm \,Ýas selected
for the final testing due to temperature buíld up at hig'her
rpms. There ís no cooling arrangement except for the lubri-
cant.

.

The test specimen (2), in this case a block, is mounted in a
specimen hold.er (3) which can rotate around its shaft (4).
By this' line contact between ring and block is maintained.
The specimen is pressed against the ring by a force p in-
duced by a pneumatic cylinder ( 5 ) actíng through an arm
system. The force P can be increased stepwise or continu-

'ously from 0 up to a maximum of 110 N over an adjustable
time period. Loading vras selected depending on specimen
materiai.

As the ring is rotating, the friction force F between the
ring and the specimen will pu1l on the specimen holder that
is held back by the arm (6) through a ball contact. The
friction force will thus act directly on the arm and bend
it. The moment in the arm is measured by help of strain
gauges (7) and a strain gauge bridge, converted back to
friction force and printed out on a strip chart recorder.
Unwanted noise in the signal is f iltered a\.Ýay.
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The specimen temperature v/as measured wi th
fixed between the specimen and íts holder.

a tf,ermo coup le

The different mixtures of lubricating oi1 \.{ere fed by
natural fall through a pipe from a tank to the contact area
between the specimen and the ring. The f low v/as kept con-
stant at about 50 ml/min.

The material of the rotating ring is standard roIler bearing
steel AIST 52t00 while the material of the mating test spe-
cimens have been white metal, bronze and steel C 0.9, Mn

L.2, Cr 0.5, I^i 0.5, V 0.1 (2510 AFNOR 90 MCW5 case hard.ened
to 58ITRC).

Load P applied to the b1ock/ríng has been for the different
materials:

SteeL/steel
Bron ze/ steel
White metal,/stee1

1075 N

35 8 N

L79 N

2.2 Test routine

The shaf t \ďaS f irst speeded up and' rpm ad justed . Next the
f low of lubr icant vras connected and the block lowered . The
Ioad v/as then steadi 1y increased to the maximum permitted
value within 5 minutes. Each test was then run for half an

hour .

From the printouts \{ere fotta,

maximum friction force
mimimum friction force whenever a minimum occurred
friction force after run-in period, stable curve at
the end of the test
maximum temperature
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I^Iidth of the v'ear track \'ÝaS measured by he1p of a microscope
and the volume of the vlorn material \ťas caIculated.

For some tests the roughness of the v/ear track vtas measured,
and for some others Scanning Electron Microscopy \ďaS carried
out .

THEORY

The ring and the block form an elemenLary plain bearing with
hydrodynamic lubrication. The oi1 wedge formed in such a

bearing is a function of speed N (rpm), load P and oil
viscosity Z. Under fluid film conditions, an increase in oil
viscosiLy or speed wilI increase the oi1 film thickness and
the coefficient of friction r whereas an increase in load
wilI decrease them.

The separate consideration of all these effects forms a

rather complex picture. To simplify this picture, the visco-
sity Z, the speed N and the unit load P are normally com-
bined into a single dimensionless factor called the ?,N/P

factor.

Although no. simple equation exists that expresses the coef-
ficient of friction or the friction force for any bearing ín
terms of Zri/P, the relationship can be shown by a curve as
indicated by figure 3.1.
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In this figure, boundary lubrication exists in the zone to
the left of a, whíIe fu1I fluid film lubrication exists ín
the zone to the ríght of c. Boundary lubrication means that
the conditions do not allow a fuIl fluid film to be estab-
lished. Some metallic contact will take place, causing fric-
tion and \^rear. Very high coef f icients of friction may occur.
In the following \^Jear test víe are operating in this boundary
lubricat ion zone .

The zone between a and c is called the mixed lubrication
zone. I'íinimum f riction may be found in this area as índi-
cated by b. For reduction of friction loss sr it. would be
desirable to operate witÉ a zY/p vaIue in the area a to c.
However, in this area a minor disturbance of the conditions
such as a speed reduction or a shock load may lead to film
rupture. Bearings are therefore designed for an operating
zN/p value in the zone to the right of c. Normally the
bearing is designed for a Zll/p va1ue 5 times the minímum one
at b. This factor is called the bearing safety factor.
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A curve similar to the one in figure 3.1 may be developeil
experimenta1ly for any f 1uičl film bearing, so also for this
"test bearj.ng" formed by the ring and the bl-ock. The
geometry of the b1ock wi11 , hov'ever ' change rathe! fasť
during the running in perioťl though N and P are kept con-
stant and Z is changeil only due to increased temperature.
Because of increasing contact area, the surface pressure
wí11 decrease. Possible wear-resistance in Pro-Íong Meta1l
Pluss will try to slow down this process. The surface
pressure may by this be ťiifficult to control. consequently a
typical zN,/P curve should be drawn only after the geometry

\Ý has been stabi1ized.

In this test we will concentrate on friction force and tem-
perature measurements as well as v'ear track stuťlies.

4. TEST RESULTS

4.1 Optimal Pro-Lonq mixup

Different mixup of Pro-long in mu ltigrade, commer cial mineral
engine oiI was testeal on material stee1/stee1. For each míx-
ture the test \^'as repeatečl once. Rotating speed }ías képt at
700 Pm. 'Resu1ts are plotted in figure 4.1.1. Frícťion coeff-
icienť is given at the end of each test after run-in. 0t
Pro-Long mixup means pure engine oi1 vrithout Pro-Long Meta11
P1uss. L00t Pro-Long mixup means pure Pro-Long.
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Figure 4.1.1 Ttiction coefficient related to pro-Long mixupin mineral engine oi1

Temperature vtas not measured during this test. The curve
indicates 15* Pro-Long mixup as an optimal effect for
míneral engine oi1.

Surface roughness of the vrear tracks is indicated in figure
4.I.2. Original roughness Ra of the specimens as prepared
before testing is 0.5-0.6 um. This original roughness is not
comp1ete1y \ďorn a\Ýay f or .any of the Specimens . Thus higher
roughnPss value in the tracks indicates less v/ear as more of
the original surface roughness is still present.
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As caq be seen from the figures, roughness as well as fric-
tion coefficient indicate an opLimal effect at about 15t
Pro-Long mixup. For higher mixups of Pro-Long the roughness
value indicates a víear rate (or surface smoothening) of the
same level as for p.ure oil while the friction coefficient at
the end of the test is lower

The optimal mixture may be different for other materials
and,/or other lubricating oils.

For the further testing 10t and 15t Pro-Long trere selected
in addition to pure oi1.
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4 .2 Effect on_stee1

4.2.L l'leasurements during testing

Pro-Long ef f ect on steel v/as measured f or 4 dif f erent lubri -
cating oi 1s . Specimen temperature vras recorded in addition
to friction force.

Rpm \ťas increased to 800 for a11 the following tests.

As the same scale vras suitable for both the temperature
( degree Centigrades ) and the friction force (Newton) , the
friction force was not converted into coefficient of
friction. Tf this is done, the curve will remain the same,
only the scale will change.
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For conrmercial mineral engine oil and synthetic engine oi1
no- 1 there is a considerable decrease in friction as well
as temperature by use of pro-Long, and 15t mixup gives the
best result. The effecL in synthetic oil is besL.
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For conmercial synthetic engine oi1 no. 2

tion tends to occur at about 10t pro-Long
the temperature is further reduced at the

the lowest fric-
mixup. However,
higher mixup.

For gear oi1 the temperature is reduced by mixing in pro-Longr
but a similar effect on the friction force did not occur. On
the contrary, the f riction f orce was s1íght'ly increased by
mixing in Pro-Long. Due to this, the temperature decrease is
not as big as for the engine oils.

It can be seen that the temperaťure does not exact1y match
the friction f orce as one would expect. i.Ie would therefore
assume that this product has a cooling effect either by
convection, bY evaporation of some volatile matters or by
locaI material melting because of entectic functioning of
the product.
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4 .2 .2 lriear measurements

The spec imen vrear represented by the width of the v/ear track
\ďaS measured in microscope. Depth of the track is more dif -
ficult to measure' but ís given by the widt'h and the dia-
meter of the ring. Worn off material may then be calculated
for a unit length of the track as *3/SZ where h/ is the
width of the track.

l^Iorn off material from the steel to steel test is shown in
f igure 4 .2 .5 f or all lubricating oi 1s tested . n
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Fig. 4.2.5

't Pm-Long lli x

worn off materiar as a function of pro-Long mixup
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The mineral engine oi1 and the gear oi1, also mineral, show
the Same amount of v/ear before Pro-Long is mixed in. The \ďear
reduction effect is as high as 45t for 15t pro-Long mixed in
gear oil, for engine oils it is even more. Interesting to
see is that Synthetic oils show a very high degree of !Ýear
compared to mineral oils.

with 15t Pro-Long mixed in, the \{ear rate for the synthetic
oils are brought down to the same level as for the mineral
oils without Pro-Long.

Less Pro-Long effect in the gear oiI may have some connec-
tion with the additíve package already existing in EP oils.

4.2.3 Survey of test results

Table 1 , next pa9e, gives a general view of results from
STEEL/STEEL tests. The table shows the amount of decrease or
íncrease of f rictioo r temperature and \{ear in percent
values. The percent values are calculated from testdata with
10* and l5E Pro-Long mixup.

4 .2 .4 SENI studies

Studies \,Ýere carried out in Scanning Electron l"1icroscope for

specimen materíal for reference purpose
\ďear track from mineraI oi1 test
\,ear track from mineral oil with Gt pro-Long
deformed zone in vtear track from 6t Pro-Long test

In the \ďear track from pure minera] oil an enrichment of
Cals ium, Copper , Zinc and Sulphur vtas f ound, compared to the
reference material analysis.
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The same oi I with 6t Pro-Long mixup lef t a v/ear track with
an enrichment of Nick 1, while the contents of copper and
Zinc \ďere reduced. other elements \,Ýere as for test with pure
mineral oi 1 .

Tn the deformed zone from the 6t pro-Long mixup test, cro-
mium, Iron and Nickel contents \{ere as for the v/ear track
outside the zone r while Silisiulnr l'langanese and Sulphur con-
tents \{ere reduced . In thi s zone the total percentage of
elements also decreased to 80t compared to 88t otherwise.

Deformation zones in the Íl./ear track occurred on1y for oils
with Pro-Long mixed in. Such zones tended to occur more fre-
quently for low and high Pro-Long contents and'less for
I0-15t Pro-Long mixups .

The def ormations .l-ook like cold welding, which means that
local melting has taken p1ace. One reason may be nonuniform
material containing zones of another structure having a
lower melting point than the surroundings. provided pro-Long
has an eutectic functio rr it may reduce !h" melting point of
the materíal enough to cause Ioca1 melti.g of these zones at
the load applied, v/hich is unrealistically high for normal
bearíngs. An explanation vJhy these deformatíons do not nor-
mal1y occur at Pro-Long mixups of r0-15t, may be a better
cooling effect from these mixtures.

Hardness measured
increased hardness

in the lvear track may indicate a slightly
due to Pro-Long.

The sEM studies \ďere made in addition to the test agreed
upon just for indication. For a final conclusion from this
study, a larger number of SEl"í studies will be need'ed.
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4.3 Effect on Bronze

4 .3 .1 Lleasurements during testing

Bron ze Ýďas tested as f or steel except f or the load which \{as
set to 358 N maximum. Three different lubricati.'g oils \ďere
used. The following figures will show the friction force and
temperatures recorded at the end of the tests, each of them
of half an hour's duratiorf .
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rt should be noticed that the friction and the temperature
values from the bronze tests are rather 1ow compared to,the
steel tests. Rigid conclusions cannot be drawn on smaller
curve fluctuations as the accuracy for such measurements
will also have to be taken into account.

As may however be seen from the figures, there is a slight
increase in friction force for the bronze/steel contact for
all the oils by use of Pro-Long.

The Pro-Long effect on the temperature tends to be different
f or engine oi Is and gear oi Is , maybe because of 'already
existing additives in the two types of oil.

Another reason for these results may be the Pro-Long effect
on the viscosity. Although viscosity has not been directly
measured in this project, it has been observed that pro-Long
tends to red.uce the viscos ity . Keeping the rotation N and the
load P constant, the viscosity Z is the only factor that can
reduce the Zlt/P value in f igure 3 .l and increase the coef -
ficient of friction in the boundary lubrication zone.

4.3.2 l^lear measurements

An increase in f riction f orce as tvas the f act f or the bron ze
test, would normally result in a higher vrear. However, in
this case all the tests clearly indicated a considerable
reduction of \^Jear by using Pro-Long, ref . figure 4.3.4.
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For synthetic oi1, l0B Pro-Long showed the biggest vrear
reduction.

Some structural changes in the material may be found as for
stee1, explaining this higher \{ear resistance. Being outside
the agreement for this project, Scanning Electron llicroscopy
vTas not carr ied out on these specimens .

4.3.3 Survey of test results

Table 2, next page, gives a general view of results from
BRONZE,/STEEL tests. The table shows the amount of decrease
or increase of f riction, temperature and vrear in percent
values. The percent values are calculated from testdata with
10t and 15t Pro-Long mixup.
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4 .4 Effect on White Metal

As white metal is a rather soft maLerial, the load had to be
further decreased. At 180 N, which is about 2 times the
acceptable load f or such a bearing, there \'ÝaS a tendency of
fuII hydrodynamic lubrication, ref . figure 4.1. As soon as
the load v/as increased for bringing the ZŇ/p value into the
boundary 1ubrication zone I Some materia1 \ilas \^Iorn a\Á/ay with
a bigger area and further hydrodynamic lubrication as a
resu lt .

I^lith this low load, the specimen tended to f loat on the tur-
bulent oi1 flow, and. no comparative measurements could be
done.

Density of Pro-Long Metall Pluss Ý$Ias measured to 1.15 9/mL
which corresponds to the manufacturer's specifications. This
is quite heavy compared to oils, and mixeability should be
subject to further studies. .

Contents of Sulphur \ďaS analysed r áS a high contents of
Sulphur is not recommendable for engines. The contents \ťas
found to be 0.48 gs/kg or 0.1B per volume, \ďhich is also
according to the manufacturerf s specification. The contents
of Sulphur in the oil depends from where the crude has been
taken, which is not under the control of the refineries.
Crude from the Midd1e East may contain 1.58 Sulphur. The
sulphur mixed in f rom Pro-Long is theref ore neglig.ible.
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Vi scos i ty of Pro-Long v/as not measured dur ing thi s tes t . f t
is, however' specified by the manufacturer to be far below
the one for lubricating oils. As could be visually seen
during this test, the viscosity is reduced by mixing in' pro-
Long of large quantities. For this test the effect of a
reduced viscosity is not critical as the test bearing opera-
tes in the boundary lubrication zone (see figure 3.1)
anyhow- A lower viscosity wi11 affect ťhe ZN/P value, and
hence one would expect even more reduction of the friction
measured in the test provided the viscosity \ďaS maintained.

For a real machine, a 'correct viscosity is of more
importance. Use of Pro-Long mixups of 10-15 t may therefore
qualify for an increase in oi1 viscosity. viscosiLy measure-
ments for different mixtures should be carried through.

5 . CONCLUS IONS

Results frorn this test should be used as an indication only.
Measurements are taken from a specified laboratory test
without simulation of any actual machinery situatíon.
ReaI machines will have other and quite often variable
temperaLure ranges and loadirg conditions which may result
in other findings. other material combinations than the
tested ones will also exist. Especially one has to take care
about the machinery manufacturer's reconmendations or
restrictions regard.ing lubricants during the guarantee
per iod .

This test has revealed a significant \.vear reducing effect
from the Pro-Long l"Ieta1 treatment for lubricating oils.

Totally about I10 tests have been run. Average from these
tests show that for steel to steel contacts friction, tem-
perature and \r/ear are reduced by approximate ly 20 g , 3 0 g and
55t respectively at a 15t pro-Long mixup in the oil, ref.
figure 5 .1 .
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Figure 5 .1 Average f rictiorl r temperature and Íďear f rom all
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For bronze to steel contacts average from the tests show
that friction is increased by approximately 75t, temperature
is almost unchanged and v/ear is red.uced by approximately 45t
with 15t Pro-Long mixed in the oi1, ref . figure 5.2.
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Figure 5 .2 Average f riction, temperature and \ťear f rom at}
bron ze/steel- tests

ft should be noticed that although the friction is increased
approximately 758 for bronze/sLeel contacts by use of pro-
Long, thís friction is stilI low compared to the 25 times
higher friction for stee L/steel contacts, where pro-Long
showed a significant friction reducing effect.

occasionally performed SEI"I analysis of the \ďear track on
steel indicates a possible surface treatment and increase of
hardness due to Pro-Long Metall Pluss. This wi11, however,
need some further investigation.

Sulphur content and 4"ns ity iÝere f ound to meet the manuf ac-
turerrs specif ications, 0 .1t by volume and I .15 g/mt
respectively. No restrictions for use should. be required due
to contents of Sulphur.
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Due to the significant results from this test, the product
i s proposed f or f urther long term testing on real machin'es . -

Possible surface treatment effect and. eventual long term
effect on temperature due to possible evaporation of the
mineral spirits containedr ildy be relevant for further stu-
dies.

Analysis of the affinit.y of the Pro-Long l"letall Pluss to
lubricating oi1s, especially regarding effect on viscosity
and partiCl'e size distribution, is also proposed.
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