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Molecular Dynamics Study for Improving the Adhesion of Paint

Young-Joon Yang* + Chi-Woo Leet

Abstract : The interaction between adherent molecules and gas molecules was modeled
in molecular scale and simulated by the molecular dynamics method in order to
understand the evaporation and removal processes of adherent molecules on metallic
surface using high temperature gas flow. Methanol molecules were chosen as adherent
molecules to investigate effects of adhesion quantity and gas molecular collisions
because the industrial oil has too complex structures of fatty acid. The effects of
adherent quantity, gas temperature and surface temperature for the evaporation rate of
adherent molecules and the molecular removal mechanism were investigated and
discussed in the present study. Evaporation and removal rates of adherent molecules
from metallic surface calculated by the molecular dynamics method showed the similar
dependence on surface temperature shown in the experimental results.
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Table 1 Potential parameters
potential function

: Lennard-Jones(12-6)

elx107'0) | ol[A]

Gas-gas 1.779 3.362
Adherent ( O-0 ) 1.182 3.070
Adherent (CHs-CHs ) 1.439 3.775
Surface-surface 40.00 2.243

Table 2 Potential parameters : OPLS potential function

CH3 O H
q 0.265 -0.700 0.435

934 / s=midA AR Yol Fshslx] 314 8%, 2007. 11

SEES

ojol w3 el HetuE]E Table 1, 200 v
QA gd AR 159 BAAAE T
K2, sj4de] ARAAZRE 40 A2 Aboldl ¢
= JlaEzE T, K2 83, 2tz exRiye &
oB2R LEAAZAL FUAY LERFE 4
B A7 LT E A9 £ENUAY HFA
o) o5} & A3 3rol YERAT

141
3 1= =Y =mvf

2 NZ 2 @

G714 N 2 4R A5, m & d&A A%, vie ¥
A 2% k= Boltzmann A5E Jedt 7 4
o) &5 BHAL A toAe 25 T, & 543}
ER2E Tooll H AE 9 v A4S o] &3t B
At

TO

= Vit

T (5)

Vio
ANM, vio & YA 9 B T S0l v =
PRt 9 BA A £rolth FFTF RAYL BA
£ Pot= A AAY HALE0 o) HEF 37
A, A N 4P Y % v; 7 o] e
Z3 52 st A AAE AAEE A= ALE &

k.

(6)

3 27 2

=

N2AAZA B BRAAZRAY 25 Te, Ts =
zkzk 500~900 K, 250~500 K o|7, A< v

(a) Li: Adherent quantity=3.308x10" keg/m’



SR ¥4 NG 98 PATARH A7 5%

4 : EHS A HEtSEA BUASHe B
.Gasmolecule @ CHa ® 0 o H 32 ‘l‘ =t o lh 2 S A
T 3
,.J;,*‘},}: 34 Aol 0~100 psE & A& FY ool
o 5, ‘?{4‘0 100~400 ps AU 300 ps Atele] A4 ol
@
L %, el w2g st Fig. 4ol 300 ps Atelel 2
. T B B SUEES vehdh 597
y V : Agmrt desrs TEEEE 28 A8 ¢ 5 A
< b - o EE viggRae FERF>o] HE 25
(b) Lo Adherent quantity=6.616x10"* kg/m’ (L=Ly) & AS$7 ¥ ZiAAREdME S
Fig. 3 Snapshots of adherent molecules in the =7F AtE A& & F vk ojfe 2eg W
vicinity of the surface with different adherent ©.0) wz0) 337 71 K Rg=x Yt} o] gae =z
antity of L, and L

auandty of Lo and L. Arst7] fiskel Fig, 5ol Euael 42s) Qe
iy _ § © Bae) WALWYS W7o
S ol BREA] HAF L [,=3.308 x 10¢ =0 T FA2GHAD HerdIE. 923

kg/m?, 15=6.616 x 107 kg/m® @ Aoy, AT B Ho® vedo,

31 SHEHA octE FRHAE 1 I_o__ L=L, A |
”g 08 — =~ L=L; , 7
Fig. 3(a)& #&Fc) 34 13 (L=L)9 7 2 .

$o mRDwe] AUARES Yehdth Ragol g "of o’ |
B 129 499 9e B Gas 23 A 5 oaf 2 .
of HA5u gl o) A& o) of= S
A akse] B 1"dA & § Q= upgl go) s ooar % .
REQAG F2AAS) F2AT) 9T BT 2 o Leo
o dAEelAT. Fig 3(b)E ¥3Fo| Bt 2 290 200 a0 400 430
2 (L=Ly 9 299 29AE depdd, 13 purttes Temperature 1, ©
o] MErS A= EEe 2A40T RHEGT A Fig. 4 Effects of surface temperature and adherent

- _ quantity on evaporation rate of adherent
259 vEE EAe Hold] HUE BEFYd molecules
Al ZXstA Qe A & F Urk HF AW
2 ASAQAT, oS Holg QAg @A A 0D
B 129 Aol sl We-g Bxpe] Fade) et
BEHARAALLL) AAE 2AEAT. O 23, B y §
HAAZE B e B8 Wegs 23R A .
2 2478 1 el Bol4 A FHE 8 < af 1
I PAT BRAALET 54 €W 40488 5
2 e ves FEEAL 7 HolAE AE ¥ 1f .
T AAT. o)A RUAALZET =A H9 v
SEA7 Y £AATE AT F 9le FEE 05872500 Zas0 200 aso
UA7F FHE A7) dEe] Ao= = o Surface Temperature T, K
st el g&ERd s S M2 T2 Fig. 5 Effects of surface temperature and adherent
< ot vighE BAbe] 27 S5 RNAAY A AH quantity on RMS of molecular trajectories of
Aol QL XN PSS &G F Y}, adherent molecules on surface

o
H
=
=)
[
2

Aoy ets] =) 4317 8%, 2007. 11/ 935



= {{r() = (0}

HA2sH e AAAES (o] 4% 300 DS)
L 7% YA =RE o|Ed %L 9u)dit},

(7

OIN' L

JgeRRE WL FAmge HF 1
(L=Ly 9 ZA$E FF2AN7 ZHAALE
350 K2%® 3438 78 e ¢ & Ak

A%, wALEsL Eee] MY 33771 K €
92 350 KERH #A2A7} £5007] 41¢ 4
b HE Ae D F AT MR PH ol

e RARAL 13 A9 A= FREAUGE 7
un wuduRy B Yol 47 WEd 3
o)7) Ag et 97 WEQA ROE ol

o o)s) e RHEA) FHAAZE FULE 9
£4e Fig. 49 Jehd UL EULE 9
=43 2A7} 9ok Z, Fie. 3

33 O EFSEXHAH YA JIARKEE 1

Wee A AN W Fhag
AT R 5}034 =E
=7

A Zodol @ AASY, B "X (b)LE 7ha
Ao FEAEA g AHHA AA Wl 3L
HolRtk (F, £ MYAXE (a)ol % AAE

Fb)ol g AAL=100%2 SATH. @714,

WA ZAATE AFS] 2
£} eBE ()l 9

& 3471 2,

| Zashs Mg #4 FA

N 35 99 GRS AADAE )

ol
B
w
g
rto
b
il
X,

936 / dEvtAd AR Yo R e s A A3 8%, 2007. 11

- o)A %

& s BAZALES ¥MaAA A48
A2 Fig. 6 o Hebdth, o2& sty 29
AA LT} FeFE NAEASE o8 AHH
o2 AAHNAE v go] Skl Ae &+ U
o oEd des BAe R #HF 1 F
(L=Lp © A$BGE B¢ 2% (L=Lo) ° 3+
7} AR AERE I e AL ¢ 5 dnh

BeFE B FULETT E

Fig. 5 oA F-&=ko]
o222 BRI} LA/ A A Y AL

F

=
g 5 geh A, RIAEATL §H 017 o2 A
Hol Q&FE 7tARAFEe] Bt Ave A
2 & Ao
100 T T T T T
—o— L=L,
2 —a— L=L,
E 75 1
=
E(I}
'c—‘“d) 50 - —
23 o——o\o\_o
g2 4
SE a
©@2 25 Sa—-—-a .
g o =
Sy
0 1 n 1 1 1
300 350 400 450 500

Surface Temperature T, K

6 Effects of surface temperature and adherent
quantity on rate of removal molecules by gas
molecular collision

Fig.

100 — T T T T
—O— T.=450 K
8 —— T=400K
2 75t .
e
g o
-
22 sl o
EZ -
2e L o — = - ]
L‘a W 4
o & 251 <’,/()_’—‘o/o'—_c' |
S
2 E
L L 1 n 1 n 1 " 1
500 600 700 800 900
Gas Temperature T, K
Fig. 7 Effects of gas temperature and surface

temperature on the rate of removal molecules
by gas molecular collisions(L=L)



w5e) Fay ANE

L=L; ¢ A%l 7taAARES
3 A3Z Fig. 7o Jedt}, o] A&
AL w7} Ty B Ao FEO 97
&o] F7tslE AE ¢ F Uk o)A
Z7F A HH e
ol FE3te vl
Hojdo, 53 FH
AFEY A} Ate

o
EeTE

o
Z’l'*
L

~ 1o

o
2 ofN

koo i1
2
b

Tt AL =T
I ARHeZ AAFHY

% 9tk o ol f=A

\,
—_ [¢]
e

Ol
Rl
£

N
I
£ o[ rfo
M N Homle loowp ool

=3

Fig. 8 o ehdch. o] A¥ol ALg8 s
SN EEE o 120 € oItk 176l &
£ ubel ol @X7} A H A=

CE AF e ZUANALE o 12 =
AT, Aol FaEolzl B AF Y ot
9, Fig. 4 o) Ve 2t go @
BEo) W 2 29 A%, 1 3% ANLE
2o W7 (337.71 K) HUbE %t o 4

(=2t

. °l

g0l 23 2AE 2ANUAA) 245 o8
o] AAY W, FHIE S AAEHA LL2ITAE
Aty BaR A AANEE FFATE 22
A2E 28T 4 Joa Addn
RAARAAAARE M AARS AARALRARES AR
1500} ® 250mgm® -
E v 500mgm? E
& » 1000mg/m? :
? » 1500mg/m® ]
-gmon— -
& i ]
'g 5 4
& soo -
T § |
;;:.I...xl.-:.!..-xl....!.....
0 100 200 300

Reference Temperature of Specimen C
Fig. 8 Relation between degreased quantity
temperature of specimen

and

9% BAEA oA 57

f
o
&2
Shd
D3
o
2
A
X
o2l
2
=2
2

o
>

e
b
)
1o

3o Al oy

o
= & oox ol
2
2
e oX
>
[ o>
_L>|~I_,
ofp
|o
il
Me
>
i
il

ad

e
-
0%1:
_°|L’

rlo

it 3R

ko
gﬂ
kd

by o
)
o
2

B e
< i
F
ih)
ot
o
_OL
2
L

oL

N
S

(g e
ox 2
N
N

ies

gL
o
_O|L

e
N rie
9‘1,‘&
N

LA
o

4 B
of
o
ilo
X,
)
v}

N
—
ofjir
N

M e
TN )

g M
2
i
2
e X

oly
2

"oy
fo
X
2
o
ofjl
o
oz
1o

Xl
2

=]
rB

o rir
i

2 Moo
AN Y
Lo

¢

b1

ot

>

2

fru

X

2, rlo

B

N

Ap
=]
B
o
lo
=
)
o

i
ot
mltg .8 ;
ty

By

>,

()
i

fole |1 off
A
g
J
J&
M
>
2,
=2
ey
~
|>
ML
Y
of
it

o
e
ol
N
ot
2

1 Ads4d, 7243
A =89
= uhEA QR
pp.519-525, 2005.

[21 H. H. Uhlig and R. W. Revie,
Corrosion and Corrosion Control, 3rd
ed., Wiley-Interscience, 1985.

[31 Y. 1Itoh. “Study on Degreasing
Technology using Flames”, Proc. of
Pacific Rim Int. Conf. on

Environmental Control of Combustion
Process, 1994.
Y. J. Yang,
Shibahara,
Kim,

0. Kadosaka,
M. Katsuki
"Molecular Dynamics Study on
of  Adherent
on Surface by High
Temperature Gas”, KSME Int. J.,
Vol.18, No.12, pp.2104-2113, 2004.

M.
and Si-Pom

Evaporation  Process

Molecules

Aol

2

Aoy ats]x) A31W 8%, 2007. 11 / 937



58 3

5] A&, A8V, <Y, 242, e, B
298o] o] AHEA PrEY FF,
Zuldd AUl F&3]x,  Vol.29, No.l,
pp.60-67, 2005.

6] xiBuh™, WA, 7TEHRELEXTINL
vk, @&, 1999.

[71 +H B 3> tca—Riiav—iav-o7
o R F R FER), HEEE, 2001

{8} L. J. William, J. D. Madura and C. J.
Swenson, ~Optimized Intermolecular

o

Potential Functions for Liquid
Hydrocarbons”, J. Am. Chem. Soc.,
Vol.106, pp.6638-6646, 1984.

[9] L. J. William, "Optimized
Intermolecular Potential Functions for
Liquid = Alcohol”, J. Phys. Chem.,
Vo0l.90, pp.1276-1284, 1986.

AT (FikHE)

196744, 19913 Solstn 7|A3E
o ZstAl 1906 SACHE W CHeke
7| H2EE FSHAAL 2002 AR
st Cisk 7|71|EE| S5HetAl 1996
H~1008d (FFAUE3Y, 20022~
2003 (FLEZol2sEtdTL F
olodqtel HA| FFMHCHEIR XSt

3=t XH&%

O| x| (FHm)

196551 B, 19911 SolHER 7|7
s} AL 20002 STHEE 717
stn} ZetutAl, 19984 ~1995 CHS
SHHT) TleeiTe A2AEY T
ol el 1995 ~2004d OHIChSE RHE
Ar@etm 2m%, BA AFAistm
ER e R

2 04 O

~ﬁou

938 / #amldadxyols sl A A3 8%, 2007. 11

N

o



