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Abstract

Abstract

The purpose of this research focuses on applying molecular
dynamics to simulate glass transition temperature of PTFE and

the processing system of nano-calendering.

First of all, using the length of chains in 100, 200 and 400 to
simulate that glass transition temperature of PTFE and discussing
the effects on glass transition temperature in different length of
chains. The results indicate that glass transition temperature will
be raised with the increase of chain’s length (molecular waight).
This research adopts the steady:rotation rate and PTFE in the
processing system of nano-calendering-to discuss the effects of
different processing temperature on structure of nano-membrane.
Meanwhile, the research tries ™6 find out the most appropriate
temperature for observing the changes which are based on the
different rotation rate and different stretch force of property of
polymer chain on calendaring process. The changes include
external structure ~ density ~ pressure -~ stress distribution ~ polymer

chains phenomena of orientation and end-to-end distance etc.

The simulating system shows that polymer chain adsorb with gold
roller increases by the raise of the temperature, the lack of
stretching force or low rotation rate. The result causes
nano-membrane is damaged because polymer chains adsorb
with roller after leaving narrow of roller. Also, the density and the

thickness of membrane are not uniform. Moreover, it causes some
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cavities and laceration. However, the excessively low temperature
causes the over shrink of polymer chains and polymer
nano-membrane. In addition, the simulating system shows
orientation of polymer chains and end-to-end distance of

z-direction are increased after processing.

Keyword : molecular dynamics simulation, nano-calendering,
Polytetrafluoroethylene, glass transition temperature,

Orientation
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Sample no. Ve Tensile Tensile
Sample Fibre Melt Roll Speed of strength modulus
no. volume temperature temperature rotation (MPa) (MPa)

fraction QO Q) (rpm)

PCL? - 11.24+3.2 177.5424
Ecl 0.174 70 60 70 GlﬂSSb _ 3450 72400
Ec2 0.179 100 60 70 Ecl 0.174 189449 10254123
Ec3 0.174 70 40 70 Ec2 0.179 236416 1221421
Ec4 0.254 70 50 70 Ec3 0.174 11.5+1.4 1046411
Ec5 0.205 70 55 70 Ec4 0.205 21.246.4 11444127
Ec6 0.207 70 70 70 Ecs 0.254 19.6+3.4 13474152
Ec7 0.160 70 55 100 Ecé 0.207 30.81+9.4 14274203

Ec7 0.160  26441.0 11624149
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APRBRLE - AR DT URR pR R 0 1 HH

# B s 3 02 Lennard-Jones Ftat K2y > X AR S 2 A E

BAEPE T M SR R AegE o BRIk

oot P =

BAFETEERL R G4 3FE7F 0 F- 2B 2
A B
u(D) = R (3-4)

A=(4r/45) psc”® > B=Q2xn/3)pec’
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- ~ Simple Velocity Scaling

Py F W 4 R fods il Azt T @ T 2 50

E = %NkT (3-5)
@:%imﬁ (3-6)

HY B4 54 R i o N5k Suaniike 3 oo K

i
|

% Boltzmann's ##ics m 5%+ 0F € > v iR T EHauE

B

L

‘3\\-

TREELE

T=l 3 my? (3-7)

A

2> L < 0 L 22 U N g (-SRI {
) }k,T&,'a* O ARONERT,  FRAPRITEAR G

T, » Bl& 3 g B+ u;ﬁd‘r'\ ERaA R

—~

T
p =y 1o (3-8)
A
¥ %2, sz =+ 2
T,: % kSE D g
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=~ ~ Nosé-Hoover Thermostat

W. G. Hoover®? 4 1986 & » 17 S. Nosé®*" & 1984 # iy
NG D S ATE R N S AR kT SR B R o

A2 TR NG 4T o

v =2 (3-9)
mi
b, =F—¢p, (3-10)
&C_1(gp _
E‘Q(Zmi ngD] (3-11)
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B Qi ARGl g R R T, KARTER QS
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1. & & (Temperature)
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%
)
ks

A& I AL R s TR E AR Pk SR %b%ﬁ
H

E, :%NkT (3-12)
E, :%ZN:ml.vf (3-13)

T=—1 Sy (3-14)

2. &+ (Pressure)

A H4 BRI > KBRS AT A LNA A F -
A SRR U R “rlgr,kmﬁvﬂxé’ﬂ(Momentum Flux) » ¥ — 2%

GG BT 4 g A g BHL 0 T RBIEA IS > iR

— N

<zmv VY > (3-15)

ioj>i
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3. =Rk % & (Stress Tensor)

R SARE k= S=2 i R s s i S
AAEBAF AR -FFF SRR S S BET R AP
Irving-Kirkwood model % f 8 » = ¥ F peps )iy 4 5% & (stress

tensor) » 3+ E 2 24T

:__[zmvv s S e F } (3-16)

i j>i

f PR3O g pE ik g G

( >:__<zmvv +zz > (3-17)

4o - BFomASRLIE O BREAERE N AL LT

I O-xx O-xy
B o) o)

yx Yy
o i RE DB BEUE S 0,0,7 & W RE 4T
O_l _ (O_xx + O-yy) + \/(o_xx + O- ) - 4(O-xxo-yy O-iy) (3_1 8)
2
(O_xx+o- )_\/(O-rx+o- ) _4(O_XXO- O-f)
o, = »y : yy Xy (3_1 9)
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4. § & Feaf IR
% 4 =+ £ » |4 (Orientation)

PR TAAEIRA ZHEREFE FLIAEAL P

g e, 0 AP W 4 d e 14 4o dic(orientation order

parameter) k {7 s g & F dhchpt g 7 5
1 2
5, = (605" 6,41 (3-22)
S5 H I GRS Se 2B G e B
R R YR et S K L S

Moo — R o i S fcdp R4 0 L HPER FT T
5] % SLen T ot oo s Sl (S) o

1 1 &
<S§>=< HZ(NJ . ZSiJ > (3-23)

T ot M S i€ 43 1~-05 & > § J’E,ﬁiﬁ-ﬁ"l

T Ak g A FhaE e ,ﬁ#ﬁ-ﬁ‘l FA e B 3 o AR
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3.2.1 ~ 3 %5 £ %72 (Cutoff Distance)

PR A A o ‘“r’ﬁ TR AT -
BRI » A5 Benftr 43 & & L] L A B — 1 AN TR AR
(Cutoff Distance) » § & 4 = B enfEd~ ot £ Yrpeag pk J]*‘/*’L
BRI EH 4 0 P F) D SRR A 3 R 4 ]

SR BT AR PR B E R
FOA R PR ETIERE o B Sl d - R MR S

Hcia- B o

2 Lennard-Jones %t 2 &) 0 A F B REZE A A UTEEAL . 2 0 o

i
Y &
w E o

O.12 [N
U(r) = “‘{(ﬂ ‘2’) . (3-34)
L Sl @ s 2 A - A8 (shift) - 4T AT
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US(I’) _ U(r)—U(rc)—[r—rc](;)r( r=r, (3_35)

0 r>r

c

Potential U*( )

o /— Force F*(r

;o\

\

_2:_ _:
I repulsive ) ]
3 |« force Attractive force X
» 1 1 1 1 =
0.5 1 1.5 2 2.5 3

distance between two atom, r*

8] 3-2 Lennard-Jones & it = A2 ;% 2 7% 4

3.2.2 Verlet #8i7 5] % ;% (Neighbor List)

U+ B REHE T AR B UTEESE
TR EARE O o PR EAR S RET O RGAL > ok

P EEE S HEER-E Y & A1 A 1967 & Verlet #&

Wiz 42 2 E AP — 7 4 pEdg(List Distance) » & i 71 £
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Il} ’ (u ILk\F i Bﬁmk} %ﬁ’

4

Jos s PVT ks wirt hsed e 3 il — B RFE % o
yp® B E 4 * Nose-Hoover Thermostate > i & Sterif & M 4% 7
8o IR FEH P S f2N R E* TP Gear

Predictor-Corrector = #2.;% o

A EiEr 4 e 70 “BIEEY 4 (Van der Waals force) -
a2 ¥ (bond-stretching) ~4&% 5 & (bond-bending) ~ 4 & 3= §&
(bond-torsion) %# E & # % * (electrostatic force) > @ & 7 & i
G g o A g PEFEIE p=2. 50 ptE CER A AR

ng}ﬁ_ » /’T:-q'l' 3 %‘—ZQ,J\ ) E':(—P-: T :&B% )

§3§“~
&\

DRE S T

Lennard-Jones Potential | U, =¢, {2(%)9 - 3(%)6}

Stretching Potential U, = %Ks(x — %, )

Angle bending Potential | U, =%Kb(¢9—¢90 Y

Torsion Potential U, =V |-V, cos(nt) n=1~6

Se q1 q2

Electrostatic Potential U, = . r

%A1 BT * 2 A g gl
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Van der Waals energy

€,=0.0844(kcal/mol)

Bond Stretching energy

Ks_cc=722.46(kcal/mol)
Ks cF =892.60(kcal/mol)

Angle bending energy

Kp_ccc=110.30(kcal/mol*rad?)
Ky_rcc =152.98(kcal/mol*rad?)
Ko rcr =256.80(kcal/mol*rad?)

Torsional energy

V4= - 0.4005(kcal/mol)
V,= - 0.9980(kcal/mol
V3= - 2.3612(kcal/mol
V4= - 1.6149(kcal/mol
Vs= - 1.1447(kcal/mol
V= - 1.0025(kcal/mol)

N N N N’

Electrostatic energy

e=1.60219*10"°coulomb
q:(C)=0.18e
d2(F)=-0:09¢

€.=2.0

%, e J 5 s 27
%42 8 I 2 HUN S
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LEAIEN G B LSRR pe o A B ATE 4
Bz B enie® 4 44 pls S8 2 # Lennar-Jones Potential % 3%

ATl S liche ™ 4

Lennard-Jones Potential  |€,,=0.5985(kal/mol)

Au-C 0.3449(nm)

% 4-3 % &~ F & £ 3 & Lennard-Jones i % 4 %k

PRt g A3 3w £.#% * Nose-Hoovér Thermostate -
M g BIne R E i * Simple VeIOC|ty Scaling 2 ¢ £ g B iE

FE T o AIERIER R BB S 2 - R E %Y T 1k Gear
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QAR 1] Nosé-Hoover Thermostat
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3. Gear Predictor: % pt 24 i 4] * Gear Predictor X 3gp| ™ - pFfF >

F T s R~ Seid Bl o

4 P ERIFET 4 HD S IR TR F A RN A
I TS T

5. sx4riE ¢ £ kS £ * Simple Velocity Scaling > @ & » +

#_i# * Nose-Hoovér Thermostate = ;2 & &4¥ 8 B (5 T_o
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Temperature(°C)

Temperature(°C)

300
280 ]
260
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220 ]
200 4
180 -
160 ]
140
120 4
100 -
80
60
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20
04
220 4
40 4
-60 T U B T T
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—m— 18255
—e— 1.8909
—A— 19563
—v— 2.0217
—4— 2.0871
—p» 21525
—o— 22179

-

T T T T
-30 -25 -20 15 -10 5 0 5

Pressure(MPa)

B 5-1 48% 100 7 rdm ™ F

300
280
260
240
220
200 ]
180
160

| Chain Length=200]

10 15 20 25 30 35 40 45 50

g R

140

120
100
80
60
40
20 4

04
.20
-40

-60
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—a— 1.8255
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—4A— 19563
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=
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Specific Volume(cm®/g)

Specific Volume(cm®/g)

Chain Length=100]|

Tg=91C

T T 1
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Temperature(°C)

Fl5-4 485 100 F $HE A M A

Chain Length=200|

Tg=115C

T
0 50 100

T T 1
150 200 250

Temperature(’C)
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Mass m 1.99x102°(kg)

Length o 3.884x10"°(m)

Energy ¢ 5.86x107%4(J)

Time T 2.263x107%(s)

Density 3.396x10%(kg/m°)
Gravity 7. 4x10™(m/s?)
Pressure 1.000138x10"(N/m?)(Pa)
Temperature 42.44K

Velocity 1:716%10%(m/s)
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