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Abstract. In this study, the role of surface roughness and slide-roll irative decomposition

and

friction performance of molybdenum dialkyldithiocarbamate (MopTes been

investigated. Tribotests were carried out in a MiniTraction Machine (MTMysteel discs of

vary

ing roughness rubbing against smooth steel balls in a slidinggralintact. Tests were

conducted at slide-roll ratio (SRR) values of SRR=100% and 200%. Raeetnospopy was
used to perform chemical characterisatiorthe resulting wear scafBhe friction performance

of rough discs was not affextt by the slide-roll ratio. On the other hand, increasing the slide-
roll ratio from 100% to 200% in tests with smooth discs resultedgiehiriction with large
instabilities Raman analysis showed significant differences in chemical compoditiomwear

scar

s generated after tests with smooth and rough discs. Weagestanated using rough discs

were mainly composed of Me@Sndicating complete MoDTC decomposition while those
generated using smooth discs were composed of a mixture of MoS; (x>2) and FeMo®@
indicating partial MoDTC decomposition. Numerical simulation of the contact reviaded
under similar loading conditions rough surfaces have higher loeabpres than smoother
surfaces. It is proposed that higher local pressures in rough surfaceggu@omplete MoDTC
decomposition. The novel finding from results presented in this daidiat at similar
temperature and MoDTC concentration, the degradation of MoDTC withircaribacts is

high

ly dependent on the roughness of the tribopair. This is becau$ace roughness

determines the local pressure at the asperity-asperity contact.

Keywords. Surface roughness; Slide-roll ratio; MoDTC; Mp®MoS,; FeMoQ; Raman

spectroscopy

1 Introduction

Molybdenum dialkyldithiocarbamate (MoDTC) is mostly used as a friction modifiengine oil.

Friction reduction i

s achieved when MoDTC decomposes at the rubbing interface toviofriction

films. A new mechanism for MoDTC decomposition in steel/steel contactsewastly proposed by

the authors|_[|1]. T

he proposed mechanism is different from a previpughosed mechanism by

Grossiord et al. [

P] and also proposes different decomposition products. Acctodihg new

mechanism, MoDTC decomposes to form Ma@&S a final product with amorphous sulphur-rich

1



©CoOoO~NOUTA,WNPE

AUTHOR SUBMITTED MANUSCRIPT - JPhysD-109734.R2 Page 2 of 15

molybdenum, Mog(x>2) as the intermediate produltt.certain test conditions, for example at high
MoDTC concentrations, high temperatures and high contact pressures, complete MoDTC
decomposition occurs and MpB formed at the tribocontact. Friction reduction is observed in such
conditions due to the presence of Ma@ich hasa lattice layer structure and low shear strength. At
other given test conditionfor example at low temperatures and low MoDTC concentrations, partial
decomposition occurs and as a result Mafd FeMoQ@ are formed at the tribocontact. When this
happens, minimal friction reduction is observed. Varying surface chemidtrg &ibocontact could
explain the varying friction performance of MoDTC lubricants observed in testiicted in different

test conditions in previous studigs [B-6].

Surface roughness has been shown to have a significant effect on the frictiomaectof MoDTC

lubricants in steel/steel contacts. In studiges by Graham e} aw@3 bbserved that under unidirectional

linear sliding conditions smooth discs£R0 nn) did not show friction reductionu&0.12) whereas
rough discs (R150 nm) showed low friction after a short induction time(.03-0.04). In the study

bylGraham et al. [[3], it was concluded that solid-solid contact was aegéssthe formation of MoS

which resulted in low friction. So far, the explanation for high friction observed when smooth surface
are rubbed together has been attributed to formation of micro-elastohydrody&il) lubricating

films at the tribocontact which prevent solid-solid con3WhiIe this is a plausible explanation,

it is also possible that the surface chemistry plays a significknirrthe friction performance. It is thus
important to understand the influence of surface roughness on the decomposioDTE at the

rubbing interface.

Presently, there are no studies on the role of surface roughness on MoDTC decompbsstiaork
therefore investigates thiafluence of surface roughness as well as slide-roll ratio on MoDTC
decomposition. Tribotests were conducted with MoDTC lubricant using rough and smoothndiscs
the resulting wear scars on the tribopair were analysed using Ramansqmstrdnergy Dispersive

X-ray analysis (EDX) and Transmission Electron Microscopy (TEM).

2 Experimental procedure

2.1 Tribotests
Tribotests were conducted using a MiniTraction Machine (MTM) from PCS Instruni#disl ests

were conducted using test conditions in Talple 1. Two steel discs with diferéace roughness; S0

nm (smooth discs) and, $150 nm (rough discs) were used. The balls used had a diameter of 19 mm.
Steel balls were rubbed against the discs at slide-roll ratio (SRR) 100% and 200%. SRR is the ratio, as
a percentage, of sliding speed to entrainment speed where sliding speedUisW| and entrainment
speed U=(G+Up)/2. Us and W are the speeds of the ball and disc, respectively. It should be
highlighted that although the speed of the ball was 0 m/s at SRR=200%, thadbalbt fixed ands
such rotated due to the motion of the disc creating a circular wear scar around the bal
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Table 1. Test conditionsfor tribotests.

Test condition Parameters

Temperature 100°C

Contact pressure 1 GPa (40 N)

Lubricant 0.5 wt% MoDTC in Group lll mineral oil
Speed (SRR=100% (.45 m/s (disc), 0.15 m/s (ball)

Speed (SRR=200% (.6 m/s (disc)0 m/s (ball)

Test duration 2h

Ball material AISI 52100 steel (&10 nm)

Disc material AISI 52100 steel ($10 nm, $=150 nm)
Hardness 750-770 VPN (Ball and disc)

The Group Il mineral oil was supplied by TOTAL Raffinage and had a viscosity of 0.026 P&€ at 40
and 0.008 Pa.s at 1WD The sulphur content in the base oil was less thanwWt@bs The minimum
lubricant film thickness @) was calculated using the Hamrock-Dawson equn [8]. The lambda
ratio (\), which is the ratio of h.to the composite roughness of the rubbing surfaces, was determined
At both slide-roll ratios, the lambda ratib) (wvas 0.05 and 0.5 for tests with rough and smooth discs,
respectively. This indicates that the tests were conducted in boundary |lohriegfime. Howeverni

tests with smooth discs the boundary lubrication conditions were less seveahathiatests with rough
discs. To check for repeatability, all tests were conducted at least twice. tbisiagerage friction
results obtained during the last 1h of tests, it was observed that ttenfratilts were very repeatable

with a maximum standard deviation86.003.

2.2 Wear scar analysis
After tests, the samples were cleaned with heptane in an ultrasonic bathifidilolremove the excess

lubricant before Raman analysis. This was done so as to improve the Raman signal fro@ MoDT
decomposition products. Raman analysis of the tribopair wear scars after tribotestsiacsisiag a
Renishaw Invia spectrometer fitted w88 nm wavelength laser. The laser light was delivered and
collected from the sample using the 50x objective lens in a backscattering configuratiora Bpsx
obtained at 1 mW laser power and 1s exposure time. Several accumulations were obachd
spectrum to improve the sign@Hnoise ratio (SNR). At these Raman spectra acquisition parameters
there was no laser damage to analysed surEI:eBe[Q[k analysis was conducted using the Renishaw

WIRE program by fitting peaks using Gaussian/Lorentzian curves to determine the peakcireque

Transmission Electron Microscopy EM) and Energy Dispersive X-ray (EDX) analysis were

conducted using a FEI Tecnai TF20 TEM. Focused lon Beam (FIB) was used to preparestirayten
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sections for TEM and EDX analysis. The FEI Nova 200 nanolab FIB was used for sample preparation.
Optical white light interferometry was used to obtain surface roughness of the surfacesiaiag&D

of the surfaces after tribological tests..

3 Results

3.1 Friction results

Figure 1 shows friction coefficient obtained during tribotests using smooth and roug|fdiscs h

shows results obtained in tests with rough dist®0th SRR=100% and SRR=200%, friction was high
(1=0.11-0.12) at the beginning of the test but decreased rapidly within theefirshihutes to low
steady-state values p£0.04-0.05.

Figure 1b shows friction curves during tests with smooth discs. At SRR=100%, fdogfiitient was

low (0.04) during the duration of the tests. At SRR=200%, friction was high.10 during the first

30 minutes of the test (this trend was repeatable). At longer rubbing timdsction decreased to
values ofu=0.05-0.07. The friction observed with smooth discs at SRR=200% was generallly highe
than that at SRR=100% and had large friction fluctuations.

0.14 0.14
(@) ——100% Sg=150 nm (b) ——100% Sg=10 nm
0.124 —+— 200% Sq=150 nm 0.12 —+ 200% Sq=10 nm
* -
S 0.10{: S 0.10
2 | 0
= 0.08 = 0.08
(] (]
S 0.06 S 0.06 : ‘V‘K
s S VE N
5 0.04 5 0.041 =
L 0.021 L 0.021
O-OO T T T T T T O-OO T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
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Figure 1. Friction curves of tests conducted at SRR=100% and 200% using (a) rough discs (b)
smooth discs.

3.2 Morphology of tribopair wear scars

Figure 2 shows optical images, 3D images and depth profiles across wear sce2h tdsts. There

were no significant differences in ball wear scar widths observed feramstiucted with smooth dn

rough discs. The measured wear scars widths on the balls w&2 304 for tests conducted at
SRR=100% and 2654 um for tests conducted at SRR=200%. In tests conducted with rough discs,

wear scars on the tribopair were clearly observed optically sigjniicant height differences between

4
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1

2

2 rubbed and unrubbed regions were observed. In tests with smooth discs, depth profiles acsoassvear
5 revealed high regions on wear tracks of the tribopair. These high regionsnoiciéde the presence of
6 . . .

7 transfer material or formed tribofilms.

8

9
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gg Figure 2. (a) Optical images of ball wear scars (b) depth profile across ball wear scars(c) 3D
g; images of disc wear scars (d) depth profiles across disc wear scars.
33
34 3.3 Surface analysis of wear scars
gg Raman analysis was carried out on wear tracks generated on the tribopair atahinerath tests. As
37 the morphology of the wear scars was observed to be non-uniform in some samples, Rbsian ana
gg was conducted by obtaining several Raman spectra from different regions withimezaidcar. This
22 was done so as to determine the uniformity of the surface chemistry within thecaesarOnly a few
42 of the spectra from each tribopair wear scar are presented in this section.
ji Figure 3p an¢l Figue 3p show Raman spectra obtained from tribopair wear scars aftewitgsteugh
jg discs.Spectra obtained from different regions on the tribopair wear scars wereimilar indicating
a7 uniformity in the chemical composition of the wear scars. MmEaks were observed &®@Bcn* and
jg 412 cmt Zl. The broad peak at 150-250 ¢mvas attributed to structural disorder in MoSystal
22 structure|[9-1]]. The peaks observed at &} and 556cnT* were attributed to(%-S) vibrationsof
gg bridging and terminal sulphur at012] while treak at 75@n1* was attributed to bridging oxygen
54 atoms]. The peak at 9601t is due to vibration of terminal oxygen atoms v(Mo=0) most
gg probably from unreacted MoDTC that is trapped between asperities on the rowagte . The
57 broad peaks at 13%0n! and 158&nT* are due to formation of amorphous carﬁ [16].
oo
60
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Figure 3. Raman spectra obtained from different positionson tribopair wear scars after 2h tests
(a) rough disc, SRR=100% (b) rough disc, SRR=200% (c) smooth disc, SRR=100% (d) smooth
disc, SRR=200%.

Figure 3¢ an1i Figue 3d show Raman spectra obtained from tribopair wear scars after tests with smooth

discs. Raman spectra obtained from different regions within the wear scad garatly. In some
regions, Mog peaks were observed while in other regions broad peaks were observed at 335, 453 and
925cntt. The peak at 925 chwas assigned to FeMQ while the peaks at 335 cnand 453 cm

were assigned to formation of amorphous sulphur-rich molybdenum compoundgx®)Ssuch as

MoS; or MoS; [18-23].

The Raman results show that the chemical composition of MoDTC tribofilms was only affeded by t
roughness of the disc. Wear scars generated after tests with smooth descemgosed of a mixture

of MoS;,, MoS and FeMoQwhile wear scars generated with rough discs were composed of MoS

Transmission Electron Microscopy (TEM) analysis of MoDTC tribofilms formedough discs has

revealed the presence of crystalline Mlﬂ'ers]. This is in agreement with Raman results obtained

in this study in tests with rough discs. However, Raman results shown ire Bgand Figue 3g

indicated the formation of amorphous Mo8& tests with smooth discs. To confirm that MoDTC
tribofilms formed in the smooth discs were indeed amorphous in nature, TEM and EDX anafgsis w
conducted on tribofilms formed on the smooth disc after tests at SRR=100%. Using FoouBeah

(FIB), a thin section of the tribofilm and the steel substrate was removed ftioim tlve disc wear scar
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as shown in Figuregd The removed section had a thickness of about 50-70 nm as can be seen ir Figure

.

(@)
10 Wear scar l

©CoOoO~NOUTA,WNPE

Removed
17 section

Figure 4.(a) SEM image showing the section of the disc wear scar that wasremoved using

22 Focused | on Beam (FIB) (b) side-view and (c) top-view of the removed thin film from the wear
24 scar. Tribotest conducted with smooth disc at SRR=100%.

26 Figure 3a shows the TEM image of the analysed thin film. It can be seentiibafibn was present

on top of the steel substrate. The thickness of the formed tribofilm was in tee3@&1g0 nm. In TEM
29 images crystalline regions normally appear davkhile amorphous regions appear lighter in colour. In

31 Figure 3b it can be observed that the MoDTC tribofilm was amorphous in natuanlyitnfew regions

being crystalline. The TEM image confirms the presence of crystallineikld® tribofilm which was

34 detected using Raman analysis. EDX mapping images in Figure 5d-5g showed that tha hrdzba

36 high concentration of Mo, S and O. Fe was also present in the tribofilm but be¢aLrsech lower

37 concentration compared to the steel subgtrate Figure 59 did not clearly show the preBerindlod

39 tribofilm. These results thus confirm that Mahd FeMoQdetected using Raman analysis were indeed

amorphous in nature.
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© ) (). 0 ©

S0nm 50nm S0nm 50nm S0nm

Figure5. (a, b) TEM images showing the tribofilm formed on the smooth disc after tests at
SRR=100%, (c) SEM image of thetribofilm region where EDX analysis was conducted, (d-g)
EDX maps showing the elemental distribution of Mo, S, O and Fe.

3.4 Simulation of local contact pressures
The varying chemical composition due to surface roughness was an interesting arseovedidering

that all other test parameters were similar. It should however be highlightedeltalculated Hertzian
contact pressure assumes that the applied load is supported by the entire contatisaieanot
accurate for real surfaces where the load is supported by the asperities amidssates at the
asperities can be significantly higher than the Hertzian contact preshartactl contact pressure is
thus dependent on the surface roughness. It is thus possible that the differencépriedsgaes could
have affected the decomposition of MoDTC. Therefore to investigate the influenciaoésoughness
on local pressures, simulation of local pressures in contacts with the smooth andlisosgivas
conducted. Although it is obvious that rougher surfaces will have higher localimsgdue to smaller
contact areas) than smooth surfaces, it is not possible to estimate how much hitgul tentact
pressure is in rough surfaces compared to smooth surfaces without using simuldt@msain
objective of this simulations was therefdoehavea theoretical estimate of the difference in average

local contact pressure between the two surfaces used in the experimental tests.

The numerical model used was based on the model developPed by Ghanbarzadeh let al. [25] which

incorporates a Boundary Element simulation for contact of rough surfaces. Theowmosieers an

elastic-perfectly plastic contact and the hardness of the material is useditasian for the plastic

8
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1

2

2 flow. The plastic model is explained in detail in the study by Sahlin et al. [26]. Dib#iséaces were

5 used as inputs of the numerical model. Surfaces wreated using the method introduced by Hu|and
? Tonder [27] which is flexible to simulate surfaces with desired surface roughnessarity dateral

8 size.

9

ig In this simulation, two surfaces with different surface roughness were gahesatface 1 (5150 nm)

12 and surface 2 (10 nm). The roughness of the two surfaces was similar to that of theises used
ﬁ to conduct tribological tests. A third surface (surface 3) with the surface roughr@8ang was also
15 generated to simulate the roughness of the ball used in the tribological tesisti8imof the local
i? contact pressure was carried out for a cut-off size of 64 um x 64 threash node being 1 pm. Surface
ig 3 was placed on top of surfaces 1 and 2 and a contact pressure of 1 GPa was appfiecedh Jine
20 load used ensured that the surfaces in contact were in boundary lubricationaregjitine load applied
g; was carried by the asperities.

52 A Gaussian distribution was used to generate the surface roughness. It shrtkeblii@at while this
gg kind of asperity distribution is applicable to smooth surfaces it does not adgqesesent the
27 distribution of asperities on rough surfaces. However, since the objectivesef $imulations was to
gg investigate the influence of surface roughness on local contact pressuresydlseno attempt on
32 replicating the actual surface topography of the rough surfaces used innst&ad,| the Gaussian
32 distribution was used to define rough surfaces for simplicity.

gi Asperities in rough surface can easily be deformed under a high load and the surfgmess can
gg change after rubbing for a short duration. To investigate the changes in surface mughmesough
g; discs, tests were conducted under the conditions presented in Table 1 extdiéfstr durations (5, 20,
39 40, 60, 90 minutes). Surface roughness of the generated wear scars on the diseaswesdmsing
22 white light interferometer. It was observed that the roughness of thaftiscubbing for 5 minutes
42 was 147 nm. Significant changes in roughness were only observed after rubbing foue3 1(§=130

ﬁ nm), which could be due to deposition of Ma®ystals (formed at the asperities) within the valleys a
jg a result of the rubbing motion. These results indicate that there was masimeaity deformation during
47 rubbing in the first 60 minutes of rubbing. Therefore, the use of a sudfaghness of 150 nm in the
jg simulations is representative of the testing conditions, particularly in the fifsiftlaé tests.

22 Figure § shows results of the simulat’m re 6a shows the 2D map of localggdstueen surface
gg 1 and 3 (rough surface contalt). Figufe 6b shows the 2D map of local présfwesn surface 2 and
54 3 (smooth surface contagBigure §c shows the average of local asperity pressures obt@ Figure
gg EF[ ang Figure [6b. From the simulation results, it can be seen that despite zf@nHderitact pressure
57 being the same, the average local pressure in the rough surface was mortmiegnh®yher than in
gg the smooth surface.

60
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Figure 6. Simulation results of local contact pressures (a) rough disc (b) smooth disc (c) average
asperity pressurefor smooth and rough discs.

4  Discussion

4.1 Effect on MoDTC decomposition
At similar temperature and MoDTC concentration, rough discs resulted in fonmat MoDTC

tribofilms composed of MoSwhile smooth discs resulted in formation of MoDTC tribofilms composed

of M0oS, MoS, and FeMoQ@|Cousseau et al. [28] reported that Me&s only formed when rough

surfaces were used and that no Me@s formed when smooth surfaces were used. It should however
be noted that in the mentioned study, tests were conducted with a fully fardhoidunlike tests

conducted in this study where only MoDTC in base oil was used. Cousseau et algf&jted that

rough surfaces promoted the formation of MtBough removal of surface oxides. The authors arrived
at this conclusion by considering that the removal of iron oxides was a prereguigieeformation of
MoS,. However, the authors of this present study have observed thaisMoSned on samples which
have been oxidised by rubbing in base oil prior to rubbing in MoDB@dant. Rubbing in base oll
results in the formation of iron oxides on the rubbing surfﬁeﬁ [@]thus believed that the removal
of iron oxides is not a prerequisite for the formation of Md®e formation of Mogin rough surfaces

is therefore explained by a different mechanism other than the removal of iron oxide films.

The decomposition of MoDTC is dependent on parameters such as temperature, MoDT Catmmcentr
and shear stress. Presently, there are no kinetic models for the tribocheattah leading to the
formation of Mo$S therefore it is not possible to predict through calculations the test iomisdibat

will ensure the complete decomposition of MoDTC to MoSs such the only way of determining

suitable test conditions for MoDTC decomposition is through experimental measurement. From

10
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previous studies conducted by the autlﬂs [1], it has been observed thas fdoBed at temperatures
above 60C, MoDTC concentrations above 0.1 wt% and Hertzian contact pressures above 0.9 GPa. It
should be highlighted that these conditions can vary depending on the sliding etitfigand surface
roughness (as shown in this study). Based on the previousudy [1] it waseéxpatiMoS would

be formed at the test conditions used in the present stud3Q1MBwt% MoDTC, 1 GPaMoS, was

formed in rough surfaces as expectatib smooth surfaces M@%vas observed in most regions of the

tribofilm.

Surface roughness has been shown to affect the distribution of pressure at the tribaitbntaagh
surfaces having extremely high local pressures in comparison to smooth scesin[ﬁ@]titﬁl
results in this study showed higher local contact pressures in rough surfacesdheroih surfaces

Figure §. In a recent study by the auth [1] where tests were conducted using sanipmilar

roughness but at varying pressures, it was observed that increasing thenHmnteact pressure from
0.98 GPa to 2.12 GPa resulted in the chemical composition of the wear scars changagifktume
of MoS,, MoS, and FeMoQ@to wear scars composed of only Mo$he results obtained [1] arein
agreement with results obtained in this present study and indicate that pireasungportant parameter
in the decomposition of MoDTC. At lower Hertzian/local contact pressuresalpdeitomposition
occurs and MosSis formed while at higher Hertzian/local contact pressures recrysialtizaft MoS

to MoS is favoured resulting in complete decompaosition.

The reaction kinetics for the decomposition of MoDTC in tribological conditisngresently still
unknown. However, from the results obtained in this study with rough and smooth surtacebe

seen that the decomposition of MoDTC is not only dependent on the temperature and additive
concentration but also on the local pressure. The reaction kinetics for MoDTC dedmmpigsi
therefore most probably defined by the modified Arrhenius equation proposed in refﬁ@s

which includes both temperature and stress components rather than the commonly heseidisArr
equation for thermally-activated reactions where the rate of readiatependent on only the

temperature.

4.2 Effect on friction
In tests conducted with rough discs, low friction was observed at slide-rodl vsed. The low friction

achieved can be explained by the presence of.Méthin the wear scarg (Figei3p, b). Results

obtained from tests with smooth surfades((5) showed that the induction time increased with irserea

in slide-roll ratio from 100% to 200%. These results indicate that for $ngotaces, the friction
reducing capability of MoDTC reduces as the slide-roll ratio increfises.previous study, it was
reported that friction reduction (u=0.1) did not occur in smooth surfaces pumeesliding conditions
where the lambda ratia was 0.7. It has been suggested that the friction behaviour observed with
smooth surfaces in tests with MoDTC is due to the formation of micro-elastalyydmic (EHD)

11
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films . This means that there is no direct contact between the tiibbloavever, results obtained

from this study show that metal-metal contact occurred in smooth surfaces since MoDTC

decomposition products were observed in the generated wear scars (See [Figurechtddtevas

however not as severe as that in rough surfaces as evidenced by the presence of amorghous MoS

Low friction was still observed in tests with smooth discs despite the MoDTC tribofilmedobbeing
mostly composed of MaSand FeMo@ which have no friction-reducing capabilitiﬁ [1]. The low

friction can be explained by the presence of patchy Maygrs on the top surface of the tribofilm

Figure 8b). Despite the chemical composition of wear scars generated imitesmooth discs being

similar, the friction values were more steady and lower at SRR=100% thaRaP8®. In tests with

smooth surfaces, crystalline Mo®&hich is responsible for friction reduction is only observed on the
top surface of the amorphous tribofilm and is patchy. During rubbing the lmbefid the MoSlayers

are removed due to the presence of shear stress. The tribofilm is then reformedMTC
decomposition. The removal of the Mg&tches can lead to friction increase while the reformation of
the patchy Mogfilms can result in friction reduction. This formation and removal m®cd MoS

layers can lead to friction fluctuation. Friction fluctuation was not obsetv8&B=100% indicating

that the MoSlayers were being formed at the same rate as they were being removed thus maintaining
low friction. On the other hand, the friction fluctuation observed at SRB®20as probably due to

the rate of removal of MaSayers being slightly higher than the rate of Md®@mation leading to

longer periods of high friction. This hypothesis would explain the high friction obseryedbaiG e

al. [3|ﬂ in tests with smooth discs under pure sliding conditions. This hypothesis would also explain the

longer induction time observed at SRR=200% than at SRR=100%. Further TEM studies are needed to
confirm this hypothesis.

5 Conclusions
This study has investigated the influence of surface roughness and Klid&im on friction

performance, surface chemistry and morphology of wear scars generateds iwitasMoDTC

lubricant. The following conclusions can be made from this study:

o At SRR=100%, friction was comparable for both rough and smooth discs irrespective of the
surface chemistry. At SRR=200%, stable low friction values were achieved iwithstsugh

discs but not in tests with smooth discs.

e The slide-roll ratios used in this study did not affect the surface chen$striace chemistry
of the wear scars was affected by the surface roughness of the tribeptarwith rough discs
resulted in wear scars which were composed of Md$#le tests with smooth discs had wear

scars which were composed of a mixture of Md#oS, (x>2) and FeMoQ.
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¢ Formation of Mogin tests with rough discs can be attributed to high local pressures at the
asperity-asperity contact which ensures complete decomposition of MoDTC to MoS
formed in tests with smooth discs was as a result of partial decoropasitMoDTC due to

lower local pressures.

This study highlights the importance of surface roughness in tribochemicabnsaatiMoDTC. The
decomposition of MoDTC at a given test condition can be significantly enhanced bgsing the
surface roughness which will ultimately result in low friction. These resulthasevery significant to
both lubricant formulators and component designers and offers an alternative lapgpraahieving

friction reduction using organo-molybdenum auldis.
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