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Abstract

Aluminium (Al)-based lightweight alloys are extensively used in various engineering
applications such as automotive engine components due to their high specific strength. This
allows a significant weight reduction of components, resulting in improved engine fuel
efficiency and lower exhaust emissions. The Aluminium-Silicon (Al-Si) alloys are one of the
most frequently used materials in automotive-based applications, especially for the engine
block and cylinder bore. Tribological properties of these alloys are critical as sliding contacts
are involved in automobile engine components. Therefore, there is a need for suitable additives
that can improve the tribological properties by minimizing friction and wear efficiently. One
of the most commonly used antiwear additive is zinc dialkyl dithiophosphate (ZDDP) which is
used to prevent wear by formation of tribofilm over the substrate. In addition to ZDDP,
molybdenum dialkyl-dithiocarbamate (MoDTC) is another important additive, which works as
friction modifier for reducing friction. Apart from conventional lubricant additives such as
ZDDP and MoDTC, it is critically important to explore emerging new lubricant additives
which can provide superior tribological properties as well as either replace ZDDP and MoDTC
or reduce their concentration, which is detrimental for the automotive catalytic converters.
Hexagonal boron nitride (h-BN), commonly referred to as white graphene, is a promising
lubricant additive that reduces friction and wear efficiently However, there is insufficient
information on growth mechanisms, specifically growth modes, chemical and mechanical
properties of the tribochemical films formed on the localised regions of aluminium die casting
(ADC12) alloy. None of the previous studies quantified how the tribofilm formation takes
place on the individual phases of ADC12 which are chemically and mechanically distinct. The
interaction of ZDDP, MoDTC and h-BN on Al-Si alloy is not yet understood at the microscopic

lengthscale. Therefore, it is necessary to understand the contribution of the individual phases



of Al-Si alloy on tribofilm growth as well as friction and wear in presence of conventional
lubricant additives such as ZDDP, MoDTC and h-BN and their combinations. For this, Atomic
Force Microscopy (AFM) is used to investigate the in situ growth of tribofilms and the
evolution of tribological properties on various chemically and mechanically distinct regions of

Al-Si alloys at the microscopic length scale.

Sliding tests using an alumina counter surface were performed simultaneously over Al and Si
phase in ZDDP containing lubricant reveal ZDDP tribofilms grow with sliding time at high
temperature (110 °C) and an optimum contact pressure over different regions including the Al
matrix and Si phase of the ADC12 substrate. The thickness of the tribofilms and coefficient of
friction (COF) is higher on harder Si phases where relatively larger contact stresses occur.
Thinner tribofilm on the Al matrix also shows higher roughness due to larger spacing between
the patches. This suggests that the growth of the tribofilm is activated by temperature and
contact stress. Significant wear and increase in the COF was observed when sliding occurs
within the Al matrix region alone in ZDDP containing lubricant. The addition of MoDTC in
ZDDRP results in relatively thinner tribofilm over Si phase in comparison to ZDDP alone when
sliding is performed over the Al matrix and Si phase. The antiwear properties are found to be
significantly improved when sliding only on the Al matrix. However, friction reduction was
observed in both cases. The addition of h-BN in ZDDP containing lubricant shows better
antiwear and anti-frictional properties as compared to ZDDP and ZDDP + MoDTC on Si as
well as Al matrix regions which makes it a potentially superior additive in comparison to

MoDTC.

In summary, this work examines the microscopic tribological properties of ADC12 by
measuring the individual response of different phases, including friction, wear and tribofilm

growth, under lubricant with different additives using in situ AFM.
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LIRS

AT (Al) SR Gedb Y 4T T SUANT fafid SoliafaT SFyET o siicmifea
oF Qo § 3! 3 ATy Wfad & HRUT a8 TAH R a1 SI1ar 5| 98 goif & Ag@qul
o H & H! BT 8, FoTieh TRUTHERSU S8R 51 S8 Cafdll 3R HH e ot gl
g TegHaa-Rifaea (Al-si) e arg sifemifea-sneiRa sryar & o e
STGNT B} ST aTelt TfEt 7 8 U 8, ARy U 3 3o sofih 3R Ridier IR & w39
fiyer erqaii & ergalaoTbe 01 Heaqu €, i Wit Tueh Sifemiarge goi- st &
M &1 9o, Iugad ufsfesy 31 sfaxgear § S uyur 3R e & $H Ix®
CrREATSIhd ol H IR HR b | T SHfUH TXaTd fobd o aTa SeifaeR wfefea & 9
% RN SHasRasERAwmse (ZDDP) g, T ITanT ¥stce WR CrRalfthed &
Teq ¥ fu@ # e & fAU fHar @@ g1 zDDP & SrdT@l, HifdesH
SAABEASTS AIGTEHE (MoDTC) Udh 3 Agayul ufsfed g, STt uvul &l &H o+ &
forg Tefur T=ierd & =0 & HTH $HRd1 g | ZDDP 3R MoDTC S URUR® gfside Tfsfesy

& 3AMaT, SHRA gU Y dfidhe ufefes &1 gar a1 He@yul §, St 98k Creaaisiehd

0T U R Gdhdl & 3R 1Y & ZDDP 3R MoDTC &1 §&d Ydhd g a1 37! A Bl 61
TR DA g, Sl SfcIAlCT defefed H-acy b oY BIBRS g | SR SR AZCZE
(h-BN), S SR WR g ATHI” FHel SIIdl 7, T SRAToHS geiidre Tfsfea g, it
Y01 3R forTa &1 HRIAdT & HH R ¢ | gTaifch, TGHfm 818 ST (ADC12) Yy
YT & Jafadd ol WR T1f3d Cr3albiidmd e & fadmr o, fady w0 3§ fasm mrs,
A R I TN & IR H Ui THSHRI ol Use sregal | ¥ $is H I8
fAuffea =8 =1 8 f5 ADC12 & faftr Hog & TrReEIfthed &1 64 B9 8Idl § o
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RS R dFaq =4 9§ T g1d 81 Al-Si {8 91 W ZDDP, MoDTC 3fR h-BN &1
RER foham st I Yer daTs & 00 R IHS § 761 TS 8| IO, TRURE qeiide
ufsfesd o ZDDP, MoDTC 3fR h-BN 3R 391 TaIoiH! &1 ISufyfd o erzaiithed famr
& YT gYOT 3R o1 R Al-Si Y 4Tg & AfGaTd ol & ARG &1 JHSHT
3aIS & | §9D oY, TCIHeh B HISh D! (AFM) HT JUAIT, $4-HIg Crealithed &
fImr SR e TUM WR Al-Si iy o1q & fafirs IR iR aife U & Sra-srenT
ol IR eTgalaieied Ui & fabrg & S & ford fobar Sar 3

TP B3R g BT SUAN HRd gU TATZIST TRIEUT, Toilde Jad ZDDP H Al 3R Si
%o # U 91y fpu 7, S9d uar 9adr § f zbop TReifthe I= agdH (110 St
AR TR TATFET TG & 1Y Fgall & SR Uh IHadd JUdh gad ADC12 ISICE &
Al Bfe SR si O wfgd fafirat & R BT 8 1 Creaifthed 31 HieTs SR N0l &1 70T
(COF) %3 R Si ol UR 3 gl § STet 3Uedd SaTel WUdh a-1d gl 81 Al Afee TR

gac grsaifthed Ht U9 & ol S I8 & HRUT 3 WREIIUA BIdl & | S99 UdT Ialdl §
f% eTEaIfthed &1 g ATOHH SR YU a1d § Wik Bkl 81 COF H AUl gig 3R
Trfer forTg a9 <A1 TR S§ ZDDP gad Telide B WIS dhad Al Afeay &5 A g3

ZDDP T MoDTC &1 SleiH ¥ 3{dhcl ZDDP &1 a1 H Si el TR 3{U&TdHd Udall realihed
A ©, 519 Al AR SR Si Tl IR WIY TATZET i ITeht & | had Al Hfeaq IR msfeT
FA R CEIRR 0T § BT GUR U1 71 ¢ | STeAiios, il of Jral & guor § ot ot
T | ZDDP gad Taiidbe H h-BN Pl ST I Si & T1Y-T1Y Al AR &3 TR ZDDP 3R
ZDDP + MoDTC &I ol # dgaR TeIfamR 3R Get-fhaema 1or fiiwre 3d § off 38
MoDTC ! a1 & YHIfad 70 § 98k Ufsfed sAmar gl
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e o, a8 B Al thol &1 sfaaiTd Ufdfehal &I HTUdHR ADC12 & Y&H Crsaidioidhd
O BT S d Bl &, Ford 39-Hig AFM &1 IUANT Sveh fafid Tfsfesd gaa deitde o
guiu7, forTa iR g aifthed gfs i 8|
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