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Molecular dynamics simulation of polymer thin film lubrication

Kentaro TANAKA

Abstract

Lubrication by extremely thin liquid film has become very important in micro machine, magnetic
storage device and so on. When the thickness of lubricant film is thinned to several nanometers, the
conventional theories of lubrication cannot be used any more. Molecular dynamics simulation was
carried out in the present study to investigate the characteristics of the thin lubricant film confined
between solid walls. The model used in this simulation is composed of two solid walls and
fluorocarbon polymer lubricant confined between them, where one of the walls is supporting a load
and at the same time moving at constant velocity. Results indicate that the viscosity of confined
lubricant film varied with the shear velocity, namely under low shear velocity, molecules are layered
and the viscosity is high. On the other hand, under high shear velocity the temperature of the film
increases, particularly at the center of the film, and the mobility of lubricant molecule is enhanced,
which results in the decrease of the viscosity.

Key Words: Thin film lubrication, PFPE, Viscosity, Shear thinning, Molecular dynamics

1. XL®HIC

B OMITBAROMEST & 0 N BB E R 2 B CRUET D Z L 3FRRL RV, ~A /=i & Shd Ko

FEEN/ N SRR A D Z L BRI R o7z, ZHUTHE - THUNR B COYBBR R OB N EEIZR> TE TV, L
L, TOREKEIDETST / A—MBETHD L RERTIE, EEOEFETHIZ L EELLEREZOEEEAT
BOELL, BExDRTFHTFORNE S EBET HUERH D2,
AV Ea—ZOEEEER L L TASAVDLON TV IREFHREEMHDD)DER L TV SREITE SICEDO L 5 2RI H
%. HDD TiIE#xT % ieitth 2R~ v FaN2 EEIT L TIRROFEAFEZ 2175, ZOTREE LM LT H72013~
v FEEAEORR (F LM 2/hEL34ENHD. TEOREE, REEBLOERIIH>TI OFLRMITE 2B
A URAETIE 10 £ nm BEISELTVBS, IHITNE LIZNEWHIERBH DA, 2 EEED 10nm UTIZ22 L%
KDL EHREMERT 2 Z LIBOTE LY. ~y FEEEOMRA S DVIIEREMT 5 L 2HR L~y
FOBRHPLETHD L THINTNDWD, FREELE HTIXT v BRED TOBEREABAIN TR Y~y FAEREIZ
BRI DBNOE, EIEREE T U CEREERE L DB S, EREBROE T 2nm BET, ZIUTEERILG T 2~3 T8
BECHEETS. 20 BB HE- OREEIDERTERVWLIREITHY, BEEEREKLHRT I LIZITERVS,

ZDXR IO THVEREN N E COBRE, EgfLIIR R MEER/R ST L 27T 280, BEFRNTMERK
EHREEBELAVEERICEVALNIEND2H D 8, = L 2 i TEBRYUIZEE O $EOBEK, TABDEE ORI Sk
HOET®, HHVNIRT 4 v 7 A vy FREOBE L ENRFTHNED0, ZHLDOHRBDA =X LEHLMITHE LT,
BRIZ L D1HREITO ECEETHD. LALHRERDIFERIIN TR —NATHY, BOTHRELZIENERSNDZ L
Mo RERIITON TN D LIEEVHL, FEEREROMROE LY. £ I CHE(LEORFHEZAVCERER
DR, AN =X LOBERHRZ LI TNDW, FFRTIE, 53FAT— /N COBRIRBRRERZ HOITE LIy F8/1HE
BRI 2 b—Ta VETY, BEMCRENY o RRES FERIREZ AN 2B OMEMEE, BN, REo
BILEZ R~ T, BEIEE TONFOBELOSFOER L HOBE, EBEORE, YAMEEORELHLMNILE

FRR1I54E 4 H23B %A



(38) I KER

2. BEFE
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BARA(D) 2ZEMEC K BB E RO RLBHT 5. K7 oy VL, AMBER W@ %Hv5. o
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X Ewald E® & BWCHETS.

2

m, %r, =-VU(@#...r,) i=Ln - (D
mi : BFIOER, ri: KFIONE, U: A7yt —
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B0k p=q=10 BE THFEIHI 2000g/mol DHFHEWIENL D KEWVDFRETH B, = 2 CHEHERROHIR)
5p=q=5 , 478 1088g/mol & Li=. ZONFEEEEOMIC 27 AKET 5. E/-stEEREROBEL 2 37201,
FEH N AR R 23

2.3 HEFEM 12U»icEEEI RN IBICREL,

RRBICHEEAr— Y L VR L CTHEEOREIZTS. KIC Shear
HRIBEAEC[001] FEOBE 100m/s #5.%, BEERHOE : et areeresens

Bt QA LRBEIAETRLTIS, COMOATEOE 0 e
BN 1593kg/m® & 725, F0% 180ps ORIEBE AL X '
Wtk FREGREZEE Lo HMUEEEIC[100] FroE
Ex 2 CEBASFREAEANTS. JORAMEES
2400ps 7 5.

Wall

Fig. 1 Snap shot of a simulation cell
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Table 1 Potential parameter list

Atom types
carbon H hydrogen
O oxygen in ethers F fluorine
HO | hydrogeninalohols | W LJ wall
OH oxygen in aloohols
Van der Waals parameters
Atom RAF sl KJfmoll" mass {amu]
C 1.9080 0.4578 12.010
H 1.3870 0.0657 1.008
0 1.6837 07114 16.000
F 1.7500 0.2563 19.000
HO 0.0000 0.0000 1.008
OH 1.7210 0.8804 16.000
W 1.4160 31.385 195.100
Bond parameters
Bond K. [KJ/mol AZ] reg [Al
CC 12972 1.5260
CH 1422.8 1.0900
CF 1636.8 1.3800
C-O 1339.1 1.4100
C-OH 1339.1 1.4100
OH-HO 2314.1 0.9600
Angle parameters
Angle Ko [KJ/mol radian? Beq [deg]
C-CC 167.38 109.50
CCH 209.23 109.50
H-C-H 209.23 109.00
CCF 209.23 109.00
FCF 32221 109.10
O-CF 209.23 109.50
CCO 20023 109.50
O-CO 669.54 101.00
C-O-C 251.08 109.50
O-C-OH 334.77 120.00
C-OH-HO 230.15 108.50
H-C-OH 209.23 109.50
Torsion parameters
Torsion Vo2 [KJrmoll y [degl n
X-CCX 0.66509 0.0 30
X-C-OX 1.6041 00 30
X-C-OHX 0.6974 00 30
Charges
Atom type qlel
C/r2 0.3559
C/H2 -0.1100
F -0.1779
H 0.0647
O 0.0000
OH -0.2459
HO 0.2265
W 0.0000

*Rij=Ri+Rj, eij =G g2
Aj=5 (R By =25 (RyF
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VWV EREOH B\ IS TR EE R AV REHEOCHB 5N TIY Shear thinning LFHINITRTHS. “hE
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