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Lubricantjantiwearsadditives are used/to control the wear of rubbing parts and thus

provide acceptable engine durabilit /J
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" J:}J:JJJSdJJ:.\J environmentalf regulations relating to diesel emission regulations and

- interest in the deyvelopmentiof alternative antiwear additives.
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lubricant additive antiwear film formation is believed to be accelerated by multiple
factors such as heat, load, and shear force in a sliding contact.
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The individual contributions of these factors are not fully understood because the
elementary reaction pathways cannot readily be observed experimentally.
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The use of simulations at the quantum scale can capture reaction pathways leading
to film formation.
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ISOmerization, decomppsition, adsorption, desorption, oxidation, restortion, and
polymerization reactions e —
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First principles DFEIand Materials Studio DMol3 software

% iREiH & Adsorption energy formula

Eads = Esurface + Eadsorbate ™ Etotal

Eoyrrace: 2 I E RE total energy of fundus surface; E, ., pate: B BRI HI7E S AR RS
ft total energy of free adsorbate in gas phase; E. ., : W5 EEEHK EEE total
energy of free adsorbate & fundus surface

% Feeit &, Adsorption energy formula
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d energies of S atom on Fe(100),
rown - Fe, orange - Cu, and pink -
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imized (5384.2) Initial-4F hollow Optimized (5398.9)
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Initial-Top Optimized (370. ' Optimized (438.7) Initial-4-F hollow Optlmlzed (420.6)
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Initial- Top Optimized (376.1) Initial-Bridge Optimized (376.1)  Initial-4-F hollow Optlmlzed (466.3)
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B, L5 E7ETop. Bridgesi4F hollowf: &
For S atom eruJJ/ ,J,JJJJ"_,.)L'::’,J at top, bridge and 4F hollow positions, optimized
adsorption positions keep the same sites
S5 1= TopL Ik fifE/s T 7EBridge#14F hollowf:, S)EF W METopi&ARKE
S'adsorption energiestareismallest in top, S is the most unstable at the top site
| S[E-¥{EFe(100)HEHIKIFEL Cu(100)FIAI(100)# K, SJETE 5% Hi7EFe(100)H
S adsorption'e nergies areibiggest on Fe(100) surfaces, S is more easily adsorbed
on the Fe(100) surfaces
SJ ¥ #E Cu(100) i FFK P RE Bt A, 7EFe(100)TH B MY RERR K . AH DL E 3 As 52 B I Y R TH
KIlFR: Fe(100)E. AI(100)E. Cu(100)[E

S adsorption energies are smallest on Cu(100), biggest on Fe(100) surfaces,
corresponding to the most stable adsorption surface order: Fe(100), AI(100),
Cu(100)
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Bond lengthes are longer after adsorption (optimized structures)
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ptimized adsorption rumUJm tions and energies (unit: kJ:mol-t) of PO
;J/ JrJ,JJ JIJ.J IJJJJJJ‘./ JJS':J 0N’ Fe(100) , Al(100) and Cu(100) surfaces in
1, pink - Al.
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Initial-Top  Optimized (279.5)

Optimized (-23.8) Initial-4-F hollow Optimized (107.8)
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Initial-Top Optimized (-44.8) Initial-Bridge Optimized (-49.6) Initial-4-F hollow Optimized (-59.3)



Discussion for results 2

| PO giits VI Fe-0-P 180%%% 5 !@’ﬁfﬁ_ e(100) 1 Htop, bridgefi4-F hollow
- MEERSNIEPO T b e PIEe-0-P 18005 £ Ik it 72 R R AL B
For PO molecule initially adsorpted at top, bridge and 4-F hollow
‘positions on Fe(100) surface in Fe-O-P 180° angle, optimized positions
keep the same sites and angle -

%1Fe(100) [, PONG=-HIWkFftfe(IEME)7Etopii BT B /), 7E4-F hollow/hr & it

&N, MHNMKERE M E)NFZ: hollow, bridge, top

For Fe(100) surface, PO adsorption energy (positive value) is smallest
at top position, biggest in 4-F hollow position, corresponding to the most
stable adsorption site order: hollow, bridge, top

PO 4+ FHIEE" M ZEAI(100)H [¥jtop, bridgef14-F hollowf: BERt, t4L/5PO 43
TF1Ebridgefi B KR HHRESAFRE. PO 4 THIIE R FZECU(100)EE, ks
PO 43 F7ECu(100) M KK PR AR AT
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Discussion for results 3

EFe(100) aHitophrE b, ITE i -0-P 180° A/ TFe-O-P 90° 3£

For at top site on r#( 100) surfac ption energy is smaller with Fe-O-P 180°
angle than with 90° angle gi) m,fﬁer f—'—'r P or Fe-P-O

Bty rECU(T00)AIAI(I00) [ Hytophr E 1, T IffFE£ECu-O-PHICu-P-OK 90 JL ¥ .

EAEHAE Al-O-P HIAI-P-0>%£90° Hﬁﬂlﬁ

or at top site onfCu(100) and AI(100) surfaces, adsorption energies are almost

same with 90%angle’of Cu-O-P and Cu-P-0. Same trend is for with 90° angle of Al-O-P
or Al-P-O

T 900K A, PO 2>+ KW M fEfECu(100)H & /)N, 7EFe(100)TH &k, N K&k 1

(100) )7 Z: Fe(100), Al(100), Cu(100)

For with 90° angle, PO adsorption energies are smallest on Cu(100), biggest on

Fe(100) surfaces, corresponding to the most stable adsorption surface order: Fe(100),
Al(100), Cu(100)

Cu-O-PEiAI-O-PRIEA/NT180%, PO 7T Re"7ECU(100)AAI(100)1H itophi &

For at top Cu(100) and AI(100) surfaces with angles of Cu-O-P or Al-O-P less than
1809, PO can be adsorpted on Cu(100) and AI(100)
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energies (unit: kJ:-mol-1) of S atom
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USETHIPO T A it mf:‘ﬁ "eff, S-Cufg, and S-Alg K4 fi#
Lateralrepuision between; Si'a aton and PO molecule makes S-Fe, S-Cu,
-’JJLJ :’}AJ bond tilting
M5, 7Ebridg fu‘ EHEE H A P-O fEFe(100) it fRiFAH A EERE, T
ECu 100)EIP=0F2 A= 5
After optimization, vertical mode of P-O bond at bridge site keeps same
on Fe(100) surface and tilting on Cu(100) surface, respectively

SR T HPO7F-7EFe(100) 7 L HFK it g L FECu(100) 1H _E KK

Adsorption energy of S atom and PO molecule is bigger on Fe(100)
surface than on Cu(100) surface

AL EFFEAI(100)TH, Al-PREFEERXAEMF, MP-OXRFEERS

After optimization and on AlI(100) surface, vertical mode of Al-P bond
becomes tilting, while vertical mode of P-O bond keeps same
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S5 FeEEEe(@00), Al(100)#ICu(100) i - 4v. 270 Ff
Chemisorptionfof:Sratom can occur on Fe(100), Al(100), and Cu(100) surfaces
POJiseie ke (100) i ET6 25 (b= ff, T AEAI(100) A1 Cu(100) TH =7 % 44k 2 W it
Chemisorption' of PO molecule can occur on Fe(100) surface undonditionally, and
on Al(100) and Cu(100),surfaces conditionally.
| J i P@}ﬁif:iﬁifﬁyﬁb% HifFr=: Fe(100), Al(100), and Cu(100)[H

The most stable S'atom and PO molecule Chemisorption surface order: Fe, Al, Cu

SR T B e e AL F R AL E R 7 2: hollow, bridgefitop/i

The most stable adsorption site of S atom order: hollow, bridge, top

PO/ -T7EFe(100) i &= € KL Az B )i 7 2: hollow, bridge, top

The most stable adsorption site of PO molecule on Fe(100) surface order: hollow,

bridge, top
73T 5 A R AL S R B e ) BRI R B

Molecule bond angle influes adsorption configurations and energies
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Adsorption ‘configurations and energies of other atoms and molecules of
atiwear film from ZDDP can be predicted by the present simulation approach
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The results of this study should provide insight on the relative
significance of the various theoretical mechanisms that are believed to be at
work. This approach can be a useful tool to design tribopairs, lubricants and
additives






