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A Study on the Offset Printability of Polycarbonate Film

Se Hyun Lee

Department of Graphic Arts Engineering, Graduate school,
Pukyong National University

Abstract

For centuries, papers have been widely used as materials for
fabrication of the Identity documents(IDs). However, since the 1970s,
plastics have attracted considerable attentions as materials due to
their high quality printing and durability. Among the various plastics,
polycarbonate(PC) has been used as materials with advanced
technologies for the IDs over the last three decades and became a
best suitable materials for IDs. In 1989, polycarbonate based IDs were
firstly used in application of the driver’'s license in Finland and have
became the most dominant materials for electronic IDs. This is due
to its excellent optical and physical properties, and no delamination.
Also, the IDs were prepared by using the polycarbonate multi-layered
combination process. The personal informations can be

laser-engraving by the security element. The security element

,Vi,



provides the high-leveled securities containing the effects of color
conversion ink(OVI) by the screen printing, holograms and computer
generated hologram(DOVIDs). It is suitable for chip or chipless IDs
due to its high durability with a lifetime of 10 years. For enhancing
the security, the personal information formed by the forming a
lenticular and laser-engraving function can be applied to the CLI/MLI.
Based on these advantages of polycarbonate, polycarbonate based IDs
such as NIDs of 50 countries, passports of 50 countries, driver's
licenses, and medical insurance cards are spreading from Europe to
world. As a result, the optimized ranges of surface roughness and
surface tension were determined. In this paper, the development of
products for card manufacturing process by controlling the surface
roughness and surface tension of polycarbonate sheets were

demonstrated.

- Vil -



I. A &

T

A 7] Het Folx= AlE=(identity document)ol] AMEFE A FZ YTt 1

eLb 19709 ol FREE Fehagel A4 1 ARE AN A HuA
g FUR QAEAS WA Hm wrp FYL melk
FHE RAAA AgHoR A8 HAGI 3 FolA Eelshu

o] E(polycarbonate)= @A 30 ©o]4 &t AEF AL H I o,

N
o
2

2
op

skl A w2 ID Jt=e JHE AEe Eoadgow Ay
FA Ak AA Hzxe] Z7IEMOlE 25 19399 Ad= 4
Ao A H o|FE ZFIRUCEE AR AT M Aee
2AZ 2 gokskth AR Hold FI 2 E
o] A (delamination)¥) #] &&= FH S 7FA 3L 7]
g3 A £23HA S &7 FHE
o FoloE 2Fo 2 JtE FHE wEA Ao

Heotg A 7dst JHE #olA <Qlad e]®(laser engraving) ¥

>~
>
ofo
i
ky
A
©
N
fr
=
o
I
N
N

= 7%E 9T £ qow, ~2aAUJAHE F3te] AWM A(optical
variable ink) &3¢} E= 78 @ #Fr7doln ) (DOVIDs) 59 =& ¥
Wol Het7|e & A9 F Sk Aotk w3k dEEe e FAd o
oA <oy Tlee Tt HJIAEE weolA WE o]mA
(changable laser image/multi laser image)5 o 2 A &3] HAH S =
d Qo E 109 o) AEE F dE =2 TR FJs 2

SAL Aelzel ARF Ags oled ZestudolEe] we

o,
il
T
e
Nt
Y
i
i
s
M
N
Y
T
é
Az
2.‘:
rlo
Jﬂi
o
N
m
T,
(0]
fru
)
2,
)

shbE 3 gl F Ao e,



T %2
T %
~o ox
X¥ o
T oo A
Mo
vzel
R
N ot
N
oW
Noom o
m = W
2 oy o
o He W
W= J%
J B
il ol
5 R M
2 T W
SO
woP g
W M B
ﬂAl
) o
T M ow
KT
I =
N B

o
=
=
1



II. o] &

|

Z 8711 Y| o]
2] 7}E ] o]

1.

E

2] 7R Y| o]

3z
L=

3z
=

ey
G

o

a

&
4

0

il

953

ZEgtEvolE

dukz o 2

o,

)

—
fite)

olo

el
e
<

o

olo

it

ol
o

=0

4

25 A

Zg gl E

] o] 2| vk

7§ 2~ " (solution casting)

}

0]
pul

o] 1;]_[15,30,31]

AR

g

Sl

{]

il
B

0|

o] o]

Rt

ook ¥

=

g 714, "delCGh=H), dx7], &
=z}

o7 IA YE F Ut} 19417]
EZHE o]go]

-
X

g A

Ea

IE
o

3 F

] Kodakdl] ¢

ATk T o] F-

S HEE spxlo} Svl, 59

of

3 A

[©)

olo
Mo

=
o

alg
ol
R
)

ox

+
il

Gl
~
viel

Mo

—_—

o
-

(cosolvent), &



AL B,

A=

A=4ye}
o

ZhaA o] A

(=]
& 3
® ©
S S i S &£
: : =2
! ™ I
> H S a it fz@
o XX g o <! 2
> . bl = o | =
o @ = £ S
o m“w ] 2 i ® g
(O~ o] =% L} >
@ £ O wi S £
= 3 N _ g
g 35 = e i T ¥ S
S 8 uogeo-eny ic 0 e M\
Ko} |
0 © ] . =
CEFE, | : i
m uwnjod uone|usia - m
2 2 2]
7] k! 2
2
=
]
]
2w s
= | E
2 £
=
» el
o =
= = 'y g
[0] — 0 - (0] 5
- Q aQ it
®© S Fo) (o}
LE.
= % =
o
2 @
T aQ
o o
5 o >
£ g
S | =
I

Figure 1. Solvent casting process diagram.

_foﬁl
T O

o
i+
o

i
o

i

%

Figure 22 £ vj7)

o] j

i

i~

]
el
&H
T
il

=K

&

)

KR

W

—
fite)

JJo

W

e

%

]

e

A} AN S T

g7t U o] B9} o]

v &



Dol ola) BeA ool 4A WARE A5 &)

d a(caster, die, hopper)

e(rying alr)\(.jit ch\anne|) TJ_‘ /b(steel belt)

\ /’ :*\\
c2 / c1 \
rear | support ) |
support / \\ drum Ji

N A

film
take-off

e(rying air)

a b(drum surface)

f(film take-off)
e(drying air)

98 BH3aE ¥3tsto] daE o|FsleE oA ~® (resintransfer system),

AB8E A5 A=x3= A5 7](dehumidifier or dryer), Y& I3} <4

NE 2 SRS AASE JAFH A (venting system), &85FA Wel *
Fel HelR olE vEEgES A2 $H JAE BIs] 9T &



A AJA A (screen changer), &8 TA & tho|Fo =z FFoz HUF
719 H Z(gear pump), SFTAE FFIFEE WEF= T-vo
(T-die), ttolollA & &5522 IAAA diles FAZ 253 A

= Y72 (cooling roll unit), ¥ 7+

Y
N
(i
(el
al{f
o,
=]
1)
.7
fol
il
Ho
:OL_',
.
fol
(el

al(f

S Yg3leE B3I E A Al ~®(masking system), BEEZE A T
ZegFE= EfY A (trimming unit), HFF 2502 7= 9

°1 5 (winder) & 1A ® ¢}

&
i
ftlo

o

(1)

Resin

Transfer ?)
(12) (1 (10) system  Dryer
Winder ' Accumulator Haul-off
And
\ Masking ©
| roll : (5) (4)

Thickness Melt Screen 3

measurin
~ ¢ pump changer Extruder
i

system  (7)
B Cooling >

é‘ ' N oll 13 6)pie
(8)

Cooling roll

Figure 3. Schematic diagram of extrusion line.

S, Hoe Bgstuvels AEe] A4S AAAW e g

Mug F7b4 02 A g
U FesbRdelE P A diel® % A% e¥E T 7
Mt o% TARYL Ay A FEFANE FeYgH 2ol 3
= oauge 4K, 98 AF A% A £ F vA 2ol Yol

Adoer Aol Hed ol XS AT EXAAVE 2A,



I

NAe "elz GEus] wE

?;51_

N

=K

3}

oy

il

S
N

Z

3}

s

Wzkel we thol

=K

_12_.0

ﬂo

A7} Wzt

o

it

)

CIEE LI
Wz Aoz fFahE F

sk
=

R

=
=

Apolell A w =

=
=

Zk

Y REHAE A

4

A2

1]

9]

2 %7

Al 2~®(bank monitoring

A =@ tholo Al b 7h(

)

5

7HA,

=]
=i

system), $E715 FAIZF AL

o =

kv
™

o] Hof A3

A

| (fume

)

vAO

¥

A A

Th~

s

A A

=%

7ag 44

A7l ols

vzl

_ZTI

uH

p—

0

—_—

0
o
oF

il
T

i
ol

9
(thickness measuring system)¢} ©]&= % AL7](flaw inspection system)

)
=

removal system), #|Z%

=
=

551}];]_[34]‘

Z

1]

9]

A S FH gt aL

Q

i~

e

)A

vzel
Mo

I
5

°
Hie

=K

ey
o
il
il

AO
=



A R

=)

of =33t 1

ToR

o
el
700
T
o)

MJ
ey

sofe] 7]

=
R

HT o

N
B/

"o

ol

2] 7} E ] o]

3z
=

up gl
oA

il

)
=

Z

7} Figure 59

o]
H

of wel Figure 40 W7} = ©

=
=]

)
=

el

T
N
o)
o
ol
ol
‘BO
<]

o

2l

ol
oL

fuy

B

—
fite)

olo

ToR
X

—

101
<

HE 20 ~ 200 pm F7A<¢ &

o)
oL

o
A
ol
N

B

et

70 ym%-¢ F mm7}#|] Aiko]

T

-
1

o] AW iAWY Hut

B

wol Ae A9
Aoz AM &9 #

Fel A3

)

ZeA Bde] A& 100 pm ©]

Mgl o

AT,

AN

=
=

=4 A

vl
=

/2)1—



Edges pinning

Band l/ension controller
—<—Web

Figure 4. Chill Roll process

, L 4

Downstream’

v ;
S equipment
N

D)

fo)ko)

>

:
Yo
—,

.

Polishing calender

Figure 5. Calender Roll process.

Aol Aol dgsit



W

Ao MAYE

32, 3) TIAEL

j
a-

7]l = 9]

o &

A laeeldy

ko3
ar

2)

i A% 4 pmel 2

9]

$35v), 4) Qe o
BRI

g 7

s
=

F7b B

k7] oJH 9%, 1979 CloerenAl7) 3

1960

o]

=]
o

j

o
o

TA 2=

[e)

las

atol el e,

!
[€)

et
A ek 1970 tioll A A rkol A

S

T Ak

A 2 Zg] 7Ry o)

ol 2

Fae] AAA A B A

N

i)

o

o

i)
™

o)
_z_o

il

ol

,10,



mrEo] A 47} Lo = Aol

Lip adjust bolt Lip adjuﬁt bolt Manifold A

Manifold A Manifold B
Manifold B <5 Extuder A
/;Extuder A . | © Y/ ExtuderB
7 ", ; PRy 473
Extuder B e LU/ 1177 Xy [ 4 /\ Extuder C
Feed block
" Extuder C Manifold C

Single manifold
Choke bar
Adjust bolt

Manifold C

EstuvolE9 FA WGP WA Bl Ee] By
9 EHAES WFHS wAHFE By
A A7 AL AR, R

o a3y, g FdETIR HAa dua s s dE = FEel of

Ui Eelzbwvlo] 25 PMMAS AWM e @Y gre] g
57 wold $¥7} gl 24 2 aAlel guwstA 44, 484 A9

A7} A Zdo] K3 7]4 o] cH63T

Quroz GEAFEY NS Bestel b K ARe E

AudelERge] £W Qdustolt JusE i HW ~ad

Eohndlel= BE Wel v HAishsle] Fesnule] = B
[e3]

i

ER 22dAE AT REAES foid AbAde Jlelg & 9l
BOES SRy FRANE Fo| nmFsdU =4S FA I @, B

,11,



oI
—~
fite)
il
T

el
e

i
53

A Bk ey, 9 =8

o

1

o

A Zz7F 7}

Mo

)
ey

e

i
B

)

%0

0

—_
o

o}

shok G

T 5L 19

A4
N

3

E

=

A

3} %
o}

e

e
°©

=234, 3

3

9]
pdl

o] 71 A

=y
YI7IR Yol E= 74

=

2. 7}
2-1.

o

il

%0

3z
=

2 DVD

o7

ol
HH

oF

%

j

2] 7} 1) o]

&

227} opyl

3
=

ks

=

=

¥ o] 4
te dlold W# olmA xd, YA w3

o

glo] A= WheAA T

=

21o] Figure 73 zo] 7}

22re] A
o0d FeHE WEAY 7+ golojo FHo T WY

o~
-

feis
=

A %

=

S

S g8
=
T

J

d

g8 1A 5
2] 7} 2] o]

=
dolA & =dS ZAAA st AR

3z

-100

7]_;<] T %1\ 1;]_[7,10,11]‘

)

—
fite)

el

sHA &

1
[€)

1 7150l 7}

0

[e)

=

,12,

-

1

OCBE



)A
8% % §Z

T U A ]
®E AW Am m_wm z zh
T o 2 o T o - <
Te Tz TR

T Y T o W
=T T N 171 T 7o o N ]
S i " \Lﬁ )AO ~ = il
: :.; X X_l A ﬁ
5 o W oy o = = by T

2 g A k- o T
: N =R T <~ o
o T, W 5B T
v wjr _4,_ N i o =k T Som

E Mo I

) 8 o £ % @o_egamﬁgﬁ
e 2 ol A ol N —~
i o L = o R’ SR
, e - & 2 AT v
. Sy %%z&ﬂ%&a
H N ®  op Mo Mo ¥ o %
e =y > N o B/ oqr e = f
& St iaf%maala
: 437 . W S e wo e
_ T Ho® o] ™ oo G
Reeitr ™ oF o Mo 2o X
m0. e Wl oF M of B N W L
-y T RF ©
| ol W I = g R s
.w-.._ ul 10_.H ﬁﬁ o) _ zo ‘_.lﬁ A - - l X
e o Do e X L X
o o X Boo) 5 ol 5w - :ﬂ .
NI R " g :
. ° r o AR =L
(a\] ~ E laze) mﬂ o7 ; U -
Sy &y ° TR .

o J Jl G g N k)
N Ik

0o ©9o° K

0 "o 90 o

,13,



of Tt WE) el AT A= wERE EAH] LA

ol o

",
B .\"'\_
-
e

s

Figur—e 8 ID card layer formation.

f
1-01.
ofNi
flo
i
of
oX.
iy

otk ot e EY rheAd B ololA e Tl

,14,



s FTA olof o). EIk 7tE ZH A HAHT §EE A FE
&5 Adst §dA9 Hdeo] Fdg s
849 7% "y ZeAterephthalic acid) @9 F2 3= f71=

AAb 99} o g3l Ze] Z(ethylene glycol) ©9 2 14-A|F &2 3]
W &F&(cyclo hexane dimethano)©@9E T2 3t& 8| F T9=E olF
1A e ~E2E AdEste] A48T £ Al

7he Azl 9lo] flok Z2 7 wolofE AFetel uaugter Y

o]
BUolES g&3te] ZETIEYCE AETo] HEAH 4 Fol= &

4 98 A Ak

Lo
=
=
©
AU
it
[k
H
Yy
X
N
N
%2
o
+
%2
o
i
)
\u
N
i
é
1 m
Hm
X
&

Aelold e sW ATA Bavige A4en o vat Wi
g Aolx A "t o] 7Ee afAe] Ame afAe] AS A}

gotol W ZME JHA3S} skl ARESAl "nh =xkek AR 2

,15,



B
H
rir
U
<
@
J
s
B
Lo,
4
ol
o
i
)
ofr
N

b gt

FTHA oIt AT A A== g5 A
7t oA FYS Sd @I FAREE vrEolXith @Al A F
ol A IdRES TAAIIA o EItRUCE AlF9 A
ol U AAE Qe AxHAAoA ALEH = & oy X7t W
S8 ZYTIRYClES die oiisteid B wEa 54 Tt
EI LS S = s T
ZEIEYclES wu2 B Y dE A= i FrH A
4], o] TolA ZIWAEZjil(e] = Bayer material science)’} W<l
AA 5 shteltk. Makrofoliit©] 41 ¥ <l Makrofol ID superlaser+=
T EYILEUClE dFolH dojA Qe or o] fEES
21 FegA ada 52 FEHGZ2ER Ui & o, =

e

F2 oA WweAds dERol e A R 7t

N

>

rr

[

g2
rlo

2 Agetl Bk FREe o geldn M2e dF eugel w74

,16,



o] o= Al wjA 5 QA "rk 2 ol oW f A sk #AR
of Zh= ko] AW, AR = A FA 22 HoHE w2

zaRiER A & 5 Qov, FPstn Aol we BE 9
Ul

2-3. YEA=x 7l&
ZZ7tE Yol E= 19508 o] =4 Bayer ¥ Sabic(++ GE Plastics)o] 4
2 Asko]l AlZFE o]ld Teijin, Idemitsu, Mitsubishi, Dow SolA A

(3]
H
] AAtE 1 Qlt). Figure 99 = 2] 7FH Y| o] E(polycarbonate, PC)=
&

£¥}h, duky o 2= BPA(bisphenol A) E}Y 9 Zg7lHUo]lER W
2+ poly(oxycarbonyloxyl,4- phenyleneisopropylidene

-1,4-phenylene) ©] t}.
z7] ZE7 R Mol EZ}F ke A& 1890 o 3] = & 7 =(hydroquinone)
olu} ¥ ZEZ A E(resorcinol) ¥ EAZATpe] wkLo] ol AurE g oL} =

e SEeE, gule B84 U e BAY uRel ey 2L 5444

,17,



o olelgel Qo) © o4 WANA Eagivh 1940d el L5t
(aliphatic) E7hr o] =] Aure] o] o] 4
ol A3 Qi CR-39eH: &A1 Aws ek e, 2o
PrhudolEE we §42E U WAy Sol Akl aAzA g
Qe 54 Rk Aol s Zesudolsd su T4l
Zol BPA EFSle] EFnilo| =g B AT

24

ob W= Az

A

_

=}

Figure 9. Chemical structure of polycarbonate.

ZY7tRolES Ao rws FA< ZA Fdglol 550 nm el A

90% ol 4ol =& FEAH doln Aadelel A5 FHE A

bt
o
=)
&
P
i
|
2
O,
o
&
ol
ol
Q.
I
N
2L
D)
N
o
Lo
i)
r2

of @ WFAgel BolAn BUAES} o} WiaAe Aol HelAls
5240l ek,

ZelshnvolEe] dge AMEs sl NE vE BUA L g

,18,



G&Dijit= o ©lely #HolAE 93 58E A8 PecsecE 7NE
ez ol EZ e
Z(PETG) 2522 Alxd gdolE HFolv. ¥ 714 & Fo] &
7l gEHel B Qa v B dES GO

Agfa Gevaertit¢] PETix PETF A%< AAA o= wg

o
-
(@)
8
(@)
(@)
r

of
o2
e
ik
&
N
f
=
o,
[
o
ik
©
nTm

ul(f

o]t}
E F3 PVC = UYF Fo2 ¥ g2 sz 4"l 2L 7=
2 AH AM(EF dz3vt Za gl 2 Ay dHolA MUt shsst
];]_[16]‘

HID Global HID Globaljit] A Z¢ dlolg] oA &= AA A 7} gF

< AF T UE, AASH FAE

ol]] HolA o] FFo] HtarE F7bstAri!d
Trub/Gemalto Trubiit(2019'd ©]% Thales Al )= 3 EEol &%
2y ZYTtRYlolE HolH #HolAE EAEAT. HPS H EE
A SHUE gk EA TdEHC dew ol T Ae e Tt
23 AR BES VNAHOE HEF

F=(300 ym) E27FRMolE HolH
Holx et FrHQA FZRE 2tE NZE AAA HAE o] A%
oA dA AHE 7hsd 71Ee] A AL FEE
M Z87tEdlolE Bt HF2 gujvle]ld w7 do Eg7tRuvolE
| Q7o daE A=

E)

rlo

Istituto Poligrafico IPZS+ wi-$- gF

,19,



2-4. B =G 2AZA EFARUIES FH
NEFom EnelE Agd ol b 2 FHe dolArtgel

7Pttt Aol dolA miA e e =8 95

HA Fow oA REs ol w=i Augk At Thesivs
el vk Figure 109 BluLel o] #ol A wpH L Q1 3ol FHel &
AYe Ayt et D A iR AR Z49H 7] dizel 7o <
HAF AHEEHE &4 55 ol &% Wx FHol Erbssith Eg =
SEA}, Aol A x|, AEA 5o Beras o] shsail

A) Laser engraving

Substrate
B) Pigment printing

L7 [ |
Substrate

Figure 10. Laser marking and pigment printing.

3. EYIIRYICIE FHAYA =

3-1. 31 ¥

FEHANUAE F3l7] 93 Aol mdle Sessile drop WA S o] &
& HE54 54 mdolty. HEF7H2 Figure 213 2ol AolH™ Young's

equation?! 2] (1)3} o] LY 4= gl il

,20,



v

A

VaL

Solid

Figure 11. Contact angle between sessile drop and substrate in the equilibrium state.

Yov = VsL + PYLVCOSG .......................................................................... (1)
719 F2=Ho| meFsitta 7HA Sk,
Yo = YsL + ")/LCOSQ .................................................................................. (2)
Dupre equation®] <3+ work of adhesion< th&3} 72t}
.............................................................................. (3)

War = s+ v — Vst

Young-Dupre equation< 2] (2)& 2 (3)d st 2 (4} o] 5

o A1},

WgL:’)/L(1+COSG) ............................................................................... (4)
A Bl Agat A 34 ART T Arow Bastd
By 5 glow, 7 AR ge HA A Bwel Aget o U
B ol

v= ,YP+,Y¢Z ............................................................................................ (5)

Geometrical mean methodE §3dte] A<} BA| Alo]eo] G2 =]=
o5 o] Fo i

W:;’LL =9 /,YILD,Y§+ ) ,Y%,Ylé .................................................................... (6)

,21,



__)‘4_111
=5
1)
=
.t
oo
ol
ol
rlr
4
oX,
oX,
M
o
oot
i)

£ u
%
__)‘4_11‘
lo
E[o{t
By
L)
o
fr
["O
ol
oftt
oX,
it}
rlr
i)
Jpv

Lewis acid base methodE ©]&3}¢] Lifshitz van der Walls A &3}
Lewis acid base AE 02 s & 9om A ()1} #o] A8 %go=z
o] Fo] A},

= A G e M AU ... RN (8)

°o]2 %3 work of adhesione th2¥ o] %d FHt},
W§L _ ngLWﬂL WS,LAB: 'YL(1+ C'OSG) .................................................... (9)

we, = 2(\/7511/’7€+ \/’Y?’YZ + \/7572 .................................................... (10)

ek Al wde] RS eh] el wE A s 4 9l
A 25 AR g2 £9¢ e uA 2ue HELS FH5 ],

% 4 (10 WYt HE A

N
s
£

3-2. JKR =¥
Johnson, Kendall 22 31 Roberts< |
ol A= ojwgt o] gla HEAHAAE FFHA oA 22 3
=1

CEIRERIEE SR

—r
)
o,
=5
ne)
s

)
Jpw
_0|L
N
&2
rlo
o

,22,



3
P= Ka _ ’/GWA’Ykag ........................................................................ (11)

R

Ppull— off — 27TA’)/R ............................................................................... (12)

a?]I(R:%[P+3/ﬂ-A7R+6ﬂ-A7RP+ (BTAR)?] eeeeeeeesmseesesmemseniniinns (13)

Figure 12. Meniscus formation at the interface for a sphere in
contact and non-contact with a plane surface.

4714, PE A8aF Agk 29 gk HF WAE, RS AFFE

=
—
{
—
@
=
2
s
-
32
Ml
S
&
X
Lo,
0,
_>|i
et
=
=
_?&
4 R
ol
S
ol
LN
ofs
2
D
o
ol

3-3. A&7 E719 435#E& 24

Greenwood®} Williamson< WA S 74 2Al= ARVIE 7HA L

\<

doem, A gol 2 AAY] HuHL Hd A Gl EatH s

,23,



wEstaL 9lal ol& EF WAE /X Gaussian HEE Ho] glual 7
311 Figure 13949} 2ol A7) E7]e] AHe ol 7Hgrhi 714
gt
Original .
Rigid flat surface u, Deformation
surface / i By interaction

Displacement of the Deformed Mean of the asperity height
Mean of asperity height surface Beforeloading
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Table 1. Characteristics of Experimental Materials

Sample No.
Control sample Experiment sample
Component
Thickness,
100 100
£m
Roughness,
051, 2 3, 38 051, 2 3 36
(m
Surface tension,
42 42, 46, 52, 58
dyne/cm
2. 4EPY

slE 913 Figure 189 Z=Z1 B AHeEl71& T3 &9

(Corona treater, cotrex)= 100 wattoll4 1 - 5x%3F A&l st} 11 Figure

299 W71t E2kAv A 2R (App,

 EUAEE B9 ARE A

Figure 18.

ilp-500)°ll A1 50 watt, 5 - 10%
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Ra(2002) : Center line average surface roughness
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Figure 22. (Top) Ten point average calculation(R,) and (bottom)

center line maximum height average calculation method(R,).
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Figure 29. The result of experiment sample ink transfer value.
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Table 1. Thickness Reduction Ratio before Surface Roughness Improvement

Type Thi(ckness Measured Roughness(ﬂm) :
fm) Thickness(zm) Top side | Bottom side
Over layer 100 98.1 1.30 3.30
Laser layer 100 96.5 1.40 3.30
Print layer 100 105.2 1.40 3.00
Core layer 150 152.1 1.10 2.00
Core layer 150 152.1 1.10 2.00
Print layer 100 105.2 1.40 3.00
Laser layer 100 96.5 1.40 3.30
Over layer 100 98.1 1.30 3.30
Total 900 903.8
Lamination 778.4
Reduction rate 13.9(%)
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Table 2. Thickness Reduction Ratio after Surface Roughness Improvement

Type Thickness Measured Roughness(ﬂm) .
(ym) Thickness(m) Top side Bottom side
Over layer 100 101.7 0.74 1.51
Laser layer 100 102.3 0.73 1.36
Print layer 100 103.5 0.71 1.57
Core layer 150 155.7 0.75 1.75
Core layer 150 155.7 0.75 1.75
Print layer 100 103.5 0.71 1.57
Laser layer 100 102.3 0.73 1.36
Over layer 100 101.7 0.74 1.51
Total 900 926.4
Lamination 365.4
Reduction rate 6.6(%)
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