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ABSTRACT

Choosing and optimizing the additivesfor formulation of base oilshas some
trial and error aspects which needs time and cost consuming experiments.
Among the various types of additives, friction modifiers are used in the
formulation of awide range of industrial lubricants. In this paper the results
of using contact mode Atomic Force Microscope for studying the
nanotribological behavior of micain the absence and presence of lubricants
are presented and compared with the results of macro scale evaluations by
FZG test. A Polyol Ester (POE) base oil and aformulation of it with acombi-
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nation of afriction modifier and an antiwear agent have been used as lubri-

cants. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Choos ng and optimizing theadditivesfor formula-
tion of base oilshas sometrial and error aspectsand
needstimeand cost consuming experiments. Among
thevarioustypesof additives, frictionmodifiersareused
intheformulation of awiderangeof industrial lubri-
cants. Theseadditives, which area so called boundary
[ubrication additives, are polar moleculesthat areable
to grip solid surfaces (or be adsorbed) and contain re-
activefunctiona groupswithlow ionization potentid or
high polarizability. Boundary lubrication propertiesare

al so dependent upon the mol ecular conformation and
lubricant spreading. The Atomic Force Microscope
(AFM) can be used for studying the nanoscopic be-
havior of lubricantsand ng thevaueof potentia

lubricant boundary layer additives. AFM experiments
show that lubricantswith polar (reactive) end group
dramaticaly increasetheload that aliquidfilm can sup-
port before solid-solid contact and these exhibit long
durability™™. Thelubricant produce protective bound-
ary layers, which are physically robust enough to sur-
vive prolonged, service conditionsbut dlippery enough
to maintainlow coefficient of friction@. DuringAFM
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studies, thenorma and friction forcesacting asthetip
of theAFM dlides over the surface sample are mea-
sured.

EXPERIMENTAL

A SPM Solver PA7TH-PRO (NT-MDT Co.) was
used to measure surfacetopography and friction force
innano-scaesinair and liquid. Golden silicon cantile-
ver with rectangular tip was used in the contact mode
experiments. Some specifications, which arereported
for the probe, areshownin TABLE 1.

Thevalueof normal bending force constant was
assumed 0.1N/mthat was specified astypica vaueby
tip manufacturer®.,

The micasurfacewas used as surface sample be-
causeitsmolecul arly smoothness minimizesthetopo-
graphic effectson friction measurements.

Theoil lubricantsused in this study were a POE
baseoil and aformulation of it withacombinationof a
friction modifier and an antiwear additive.

Thetopography and friction force measurements
wereperformed by using liquid head, sothat theentire
cantilever and surfacewereimmersedinliquid. Thescan
area, the number of pointsalong aline and the scan
velocity were 130nmx130nm, 128 and 4.6 Hz respec-
tively.

Thenormal force between tip and samplewas es-
timated from cantilever deflection (nA) curve plotted
againgt Z-displacement of the cantilever and converting
thiscurveto force-distance curve. Theconversionfac-
tor for converting nA unit to nmwasobtained fromthe
dopof thelinear portion of the defl ection-distancecurve.
Therewasa so one conversion needed for the x- axis
vaues. Thechangein piezo height, which hasbeen used
for the distance between thetip and the sample, was
corrected for the deflection of the cantilever by sub-
tracting the cantilever deflection from the piezo height.

Whenthecantileverisfar fromthesurface, thein-
teractionforcesarevirtualy zero. Thisoffset that may
beduetotheinitia settingsof theequipment or therma
driftl, was subtracted from all the deflection datain
order to caculatethetrueinteraction force.

Theconversionfactor for nA unittonmand aso
normal force constant were used without further cali-
bration.

Friction measurement experimentswere performed
at different set points so that after scanning each 10
lines of scan areaat adefinite set point, theamount of
et point was changed and by thisway, therewas 1280
datafor both normal and |ateral forcesat each set point
(thetopography and lateral imaging wasdones multa-
neoudy).

TABLE 1. Some specifications, which arereported for the
AFM probée?

Cantilever Length, um 25045
Cantilever Width, um 35+3
- - Min 0.7
Cantilever thickness, Typical 10
Hm Max 1.3
Resonant frequency M i_n 14
KHz ' Typical 20
Max 28
Min 0.03
I(:lel;rcr; constant Typical o1
Max 0.2
Chip thickness(um) 0.4
Reflective side Au
Aspect ratio 31
Cone Angle <=22°
Curvature radius of a tip(nm) Typical 10

-

o

Figure1: The 3-D topography image of micawithout lu-
bricant and at relative humidity less than 5 percent
(RM S=0.743)

]

Figure2: The3-D topography image of micaat presence
of polyol ester baseoil aslubricant (RM S=1.197)
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Duringfrictionmessurements, thefrictionsgnd were
obtained from both the forward and backward scans.
Topography-induced effects, that areindependent of
scanning direction, wereeliminated by subtracting the
friction dataof the backward scan from that of thefor-
ward scan, leaving only material-induced effects®.

RESULTSAND DISCUSSION

Thethreedimensional topography imagesof mica
surfaceswithout lubricant and a presenceof polyol ester
base il aslubricant,

areshowninfigures 1 and 2. During the experi-
mentswith micawithout lubricant, therdative humidity
was kept below 5 percent to lower the coverage of
micasurfacewithwater.

Theroughnessof surfaceswasexpressedby RMS
height. It should be mentioned that the RM S height of
the surfaceisused extensively intribol ogy because of
simplicity incaculation and itsphysical meaningasa
reference height scalefor arough surface. It isdefined
as: RMS2=s’+z 2, Wheresisthe standard deviation
and zmisthemean vaueof thesurfaceheight signal 7.
Themicasurfacesweresmilarly smooth.

Thethree-dimensiond laterd forceimagesof mica
without lubricant and in the presence of POE base ol
and aformul ated POE base il aslubricant, are shown
infigures3-5respectively.

Accordingtoresultsobtained, at set point=0, using
both lubricants (base il and formulated baseoil) simi-
larly reducethefriction Sgnalsto about 50timessmaller
than thevaluesfor unlubricated mica. Thereforethe
performance of two oils should be compared at in-

Figure3: The3-D lateral forceimageof micaat relative
humidity lessthan 5 per cent (set point =0)

—=== Py Paper

Figure4: The3-D lateral forceimageof micaat presence
of POE basecil aslubricant (set point =0)

Figure5: The3-D lateral forceimageof micaat presence
of aformulation of polyol ester baseoil with friction modi-
fiersaslubricant (Set point =0)

Figure6: Thedeflection—distancecurvefor micaat ambi-
ent temperatureand pressureand relativehumidity less
than 5 per cent

creased loads. Toincreasetheload, the set point of the
AFM apparatus should be decreased and it was nec-
essary to know the amount of the normal force be-
tween tip and sample at each set point, meansplotting
theforce-distance curvesfor both lubricants (base ol

;4#7Mnﬂamm€
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Figure7: Theforce-distance curveobtained for themica
at presenceof polyol ester baseil aslubricant

ful

fZ'\ EI?*-
S 0f \
@ 05 \\
S 0.4
z 0.5 - h
© % ‘\.‘
E 0.2 1 o
[=]
z i) \
£ & |
-200 i =00 400 600 a00 1000

Tip sample distance(nm)

Figure8: Theforce-distance curveabtained for themica
at presenceof aformulation of polyol ester baseoil with
friction modifiersaslubricant

and formulated baseail).

The deflection-distance curvefor micawhichthe
dop of itslinear portion wasused for determining the
conversonfactor of nA tonmisshowninfigure6. This
curvewasplotted at ambient temperatureand pressure
and relative humidity lessthan 5 percent.

The force-distance curves plotted for both POE
base oil and formulated POE base oil are shown at
figures7 and 8 respectively.

Fromthe curves, it isobviousthat in the case of
formulated oil, thevaue of theforce betweenthemica
surfaceand theAFM tipislarger than the samevalue
for thebaseoil at theequal distance.

It meansthat even at same distance between tip
and the surface, thenormal forceeffectiveinfriction
measurementsislarger for theformulated oil.

By plotting the force-distance curvesfor both [u-
bricants, it was possibleto comparetheresults of the
friction force measurementsat higher definiteloads.
Laterd forceimagingwere performed sothat after scan-
ning each 10 lines of scan area at a definite set point,

theamount of set point was changed and by thisway,
therewas 1280(128* 10) datafor each set point.

Accordingto resultsof friction measurementsfor
the POE base oil (RM Sva ue of micasample=3.15),
uptotheload about 0.51nN, thefriction sgna saretoo
smdl to enableusto makeany quantitative conclusions
about the dependence of thefriction force on the ap-
plied load and abovethisload thereisavery largein-
creaseinthefriction signa whilein the case of formu-
lated 0il (RM Svaue of micasample=3.55); therewas
the same situation up to theload about 0.88 nN. The
load was not further increased because of the possibil-
ity of thetip damaging. Givingrisetoanincreasedfric-
tionsignd, it should be noted that the effective spring
constant for thetorsional bending of the cantilever is
high (about 16.6N/m) which decreasestheforcereso-
lution.

Thewear characteristicsof both lubricantswere
also evaluated by FZG gear oil rig (DIN 51534). The
damageload stagefor polyol ester baseoil and formu-
lated 0il were 7 and greater than 12 respectively.

SUMMARY

Inthisstudy theability of friction modifier additives
inimproving thelubrication behavior of POE baseoils
wasinvestigated by AFM.

According to resultsobtai ned using both [ubricants
(base oil and formulated base oil) reducethefriction
signasof lateral force microscopy and the addition of
friction modifiersincreasesthelubrication ability. The
observationisin agreement with theresult of the FZG
gear oil rig (DIN51534) eva uation.
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