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Surface Treating Agent of TiO, Nanoparticle/Epoxy Resin of LDPE Film for
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Duangkamon Phokhaphaiboonsuk 2012: Surface Treating Agent of TiO,
Nanoparticle/Epoxy Resin of LDPE Film for Flexographic Printing. Master of Science
(Packaging Technology), Major Field: Packaging Technology, Department of
Packaging and Materials Technology. Thesis Advisor: Assistant Professor

Lerpong Jarupan, Ph.D. 92 pages.

This research aimed to study printing qualities of low density polyethylene (LDPE) film
by a cast coating with titanium dioxide (TiO,) nano-particles mixed in epoxy resin for surface
treatement to enhance the surface energy. Surface energy modification of the treated LDPE film
used two different TiO, nano-particles in size (100 nm and 150 nm) and various loadings (0.5%,
1.0%, 2.0% and 4.0%, on weight basis). Surface energy of the coated LDPE film was compared
with that of an uncoated LDPE film and a commercial treated LDPE film. There were printed by
IGT printability tester with 4 alcohol-based flexographic printing ink viz., cyan, magenta, yellow,
and black, which are process colors. The print qualities in terms of visual appearance, color
change, abrasive resistance, ink density and adhesion of the TiO,-coated film, uncoated film, and
commercial film were analyzed and compared. The results showed that the coating with TiO,
nanoparticles could improve surface energy of the LDPE film although the surface energy of the
coated film was less than the commercial printing film. However, it was suggested that better
abrasion resistance and ink adhesion after the coating can be achived if the technique in the
distribution of particles for less agglomeration is done. Tensile strength after the coating with
0.5% 100-nm TiO, nano-particles was increased to 30.904 MPa. This condition showed the least
agglomeration on the coating layer. To this end, it can be concluded in this study that the 0.5%
100-nm TiO, nano-particles was a suitably sufficient loading to use for surface treatment of

LDPE film in order to prepare the surface for flexographic printing.

Student’s signature Thesis Advisor’s signature
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1311 Cohen and Gutoff (1996)
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COATING ROLL
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COATING PAN AND SOLUTION

A A Y <
HMNN S ﬂ?ilﬂﬁﬂ‘ﬂi@ﬂi"ﬂuﬂ\uﬁaﬂ

1301 Cohen and Gutoff (1996)
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5.1.3 msnaevlaslesia (Knife coating 150 Gap coating)
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Y
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A o A o o A A A A Y anAa o

YDIAIAADY AININN 6 1MINZAHTUATIATOUNNANUNUAFI N3N UALITULITIAY
o a 13 { [ I ]

Tumsinden hldamihvesensndeulinnuien uailuisndesmsmsquasnyuiluedis

A S = Y1
un Lu'fNﬁ]TﬂQﬂﬂimﬂJﬂiiﬁﬂﬂiﬂqﬂQTS

I:‘]‘]

i 6 mManaouTagldia
131: Technical Coating International (n.d.)
A a .
5.1.4 mymdevIaglilulia (Blade coating)
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duisnnanuadieadsnumsinaeulaeldia (knife coating) @351 1%
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Lﬂa’t’)‘]ﬂl”lﬂuuuﬂ’NiJLiEJ‘]_ILGD'umEJ’Jﬂ‘]J’J‘ﬁﬂ”IiLﬂﬁ’t’)‘]JTﬂEJiGHZJﬂ
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5.1.5 myndevIagldianau (Air knife coating)
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s N

' AR
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o " W
Mnn 7 mMsnast Iaelsiaay
1301 Cohen and Gutoff (1996)
A 9 o4 .
5.1.6 msnaev IaeleszuUn 18T (Gravure coating)

Y
ldgnnasunzaan (engraved roller) wiyusglusreaisiadon i ldars

Y
A0 UINIZAAUNKNQUUBIGNNEY anstAdoudIunuIzgniiaeenTasiiailia (doctor blade)

[
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AANABDINITAADU AININN 8 ﬁmﬂaeumiwammumuﬂmﬂ’n 5,000 Haathaaiaium
A = a b A ) a o2 0w A v A

(mPa s) LAZHLITINININ ﬂ"lil,ﬂﬁﬂﬂiﬂﬂi%ig‘ﬂﬂﬂﬁuﬁﬂﬁuL”Vi?JT%fﬂ‘Vii‘]Jﬂ”limﬁ@‘]JLL‘]J‘]JG]E’JLL!E’N

3 Y A Ao ° = o aad o 1 asA
L‘]Juszﬂmammq Ulﬂﬁ"lilﬂﬁﬂﬂ%ﬂﬂfl”luﬁu1@"l UAgUANUTUUTUD IDTULNUIINIITOUS
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5

COATING PAN AND SOLUTION

~ A D) a ¢
Mnn 8 msnast Iaelyszuunsiies
1301 Cohen and Gutoff (1996)

Y
5.1.7 mimﬁauiﬂa‘l%’gﬂﬂmwu (Forward and reverse roll coating)
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mimﬁauTﬂagﬂﬂawguMﬁ'mwﬁw (forward roll coating) annav

H Yy
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HONWAAYY (application roll) fugmuiuwﬂwNmsrmmmmmmma@ﬂﬂﬂugﬂﬂawmﬂiu

v 9
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waouTaggnnasnyu 1Uf 1118 (reverse roll coating) gnnauonnansuaz vy lunsa

Yy o o A & a A 2 Y ] a Y
NINATIVIUNY AININN 9 Gﬁﬂiﬂﬂﬂﬂ@lﬂﬁlﬂaﬁl‘]JTﬂﬂ@,ﬂﬂaﬂ‘ﬂigullﬂQWH‘ﬂuﬁ]ziJﬂﬁj‘]ﬂ,u

A v ' A 2 ¥ o
ﬂizmumimaauuaﬂmumumsmaa‘uiﬂﬂ@,ﬂﬂawuu"lﬂmuwm
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BACKING ROLL -a«+—— WEB PATH

—a—— COATING SOLUTION

O ——— MEETING ROLL

STEEL
COATING ROLL

COATING PAN AND SOLUTION

~ A ) 2
mMnn 9 manaey Iaglygnnasvyu
#301: Cohen and Gutoff (1996)

A ' = ] @ U v A
5.1.8 msinaey lagdassaisinaeuniuriidaseaznisoasa (Slot and

extrusion coating)

A [ A 1 v o 1 2 AW <3 1 <
m3ndev Iagllassansmasuniu lldinlasesetianyazilurouan
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D UNUAITUNRUAN ﬁjﬂﬂ’]ﬁlﬂﬂ@lﬁ@'(’Jﬂ’]if)ﬂ3@%31”]3$1J'JUﬂ']§ﬂa'lfJﬂ‘1Jﬂ']§Lﬂa’f)‘lljﬂﬂ
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WEB PATH

COATING BEAD
: ‘ EXTRUSION DYE
COATING ROLL COATING SOLUTION

d' A 1 = 1 o [ =
MNN 10 fﬂi!ﬂﬁ@’ﬂiﬂﬂﬂa@ﬂﬁ'1ilﬂﬁ'€)ﬂNWUW’Jﬂa@ﬂLLﬁZﬂ1i@@iﬂ
#1301: Cohen and Gutoff (1996)

A a g}z
5.2 INA9UNIVIANYGU (Multilayer coating methods)
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A dy "o <3 A A 1 a o A o o Y o
wuwmmimaamu@gﬂumwmiﬂumimaaum Gluﬂf’Nﬂiﬁ@ﬁﬂﬁ% 1970 ‘Ui'H‘VITﬂﬂﬂllﬂ‘Lﬂ
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BELT

d' A | ] A
NINN 11 fﬂﬁlﬂﬁ'ﬁ]‘UIﬂﬂWWNNWUﬁTﬁLﬂﬁ@U
131: Technical Coating International (n.d.)
6. ﬂ'li‘ﬂﬂﬁﬂ‘]]ﬁ'l'i!ﬂa@ﬂﬁ?

<
6.1 ANV (Hardness)

I 1 a <
Wuanuawisalunsnuaensinases 11N15NAKN3 DYATAR ISV ILTIVD
a a d % { o o I
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a
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4 =3 a d 9 a o U ~ a
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d' 1 d' o w d‘ A =
MNN 12 25N UNAIAYVOUATOINDNATDUMIYATA
N31: 9391 (2544)

6.2 LTIAIAD (Surface tension) Lgazgwﬁu Wal (Contact angle)

2 a 4 v o w & a A =K A a 4 ~
u,imqmrﬂuﬂm&mﬂmmmwumuazﬁu‘umiummmmmwaamm LUIIN

9

v
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=4 d’ 1 =) 1 U a d‘g a £
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0/ d'
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i ~ A ' 2 $ 4
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A31: Wilson ez al. (1990)
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4 c;y/ a [ .
TAgNUIIVOIIANDITNY 3 NANI fﬂ$llﬁ}ﬂﬂﬁllﬂﬁ°ﬁ 1

‘}rsv_‘}!sl_‘}llv Ccos 9:0 (1)

Y., foussdsiiszninvouds-To a1 an1izauga (Surface tension of
solid and vapor)

Y, AousaRaisznieueudie-uearad al @01z auaa (Surface tension
of solid and liquid)

¥, ADUTIAIHITZHINYOUNA- 1o & 12z ANga (Surface tension of
liquid and vapor)

[
v A
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phase boundary) 8 #A1IETUAAVDIVOURAINIYUAUNUNHIVOIVDIUUI YNAWAA VD
a < gjl % a
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301 Wilson et al. (1990)
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d' 1 A A a = 4 [ a =
MAITNNHINN N1 mmmwumaﬂmﬁmaeum"lmmusJaJulﬂaf)ﬂ"lcmimuuﬂusluewaﬂ%

15U
#79819 ANUNHA(CP)
0.5% 100 nm 437.33°+25.403
1% 100 nm 458.67 +£40.464
2% 100 nm 482.67"+28.095
4% 100 nm 550.00"+44.227
0.5% 150 nm 485.33"414.048
1% 150 nm 517.33%42.309
2% 150 nm 532.00%+0.000
4% 150 nm 570.67+4.619
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3 [ [} a o [}
MIWUINA V1 AINTIAT CIE L*a*b* vosasmaound lnmiionlaeon lydszanun Tuly

DNDNWITHU

A19814 L* a* b*
Uncoat 97.44'+0.121 -0.2%£0.036 0.19°+0.070
0.5% 100 nm 94.06°+0.775 -1.59°£0.026 6.31£0.303
1% 100 nm 96.44°£0.272 -2.17°+0.020 9.140.071
2% 100 nm 96.86°+0.831 -4.73"40.122 15.06%£0.197
4% 100 nm 97.3440.478 -2.54°+0.085 16.46"+0.085
0.5% 150 nm 95.05'+0.394 -0.35£0.010 3.14°£0.171
1% 150 nm 92.65'+0.592 -0.43'+0.045 2.62°+0.453
2% 150 nm 93.29”+0.326 0.72°+0.104 4.97°+0.360
4% 150 nm 91.33"+0.399 -1.52°+0.133 12.59£0.976
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#9819

Tensile stress (MPa)

Modulus (MPa)

Uncoat film
0.5% 100 nm
1% 100 nm
2% 100 nm
4% 100 nm
0.5% 150 nm
1% 150 nm
2% 150 nm

4% 150 nm

29.467°+0.8546
30.904+1.6075
30.533'£1.2967
32.673°+2.8712
27.423%+1.2604
23.213+1.0674
24.73%+1.9960
26.164°+1.6850

27.19°+0.6465

486.697+53.3953
1688.611°+81.9598
1662.425°+76.4278
1774.973°£169.9081
1580.547d°£79.6414
1453.181°+81.6122
1484.604°+63.6896
1476.512°+51.2885

1591.075%+77.7890
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AMINAHINN A1 ANMANVUVUTUDIUUNNWUNET Cyan
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#2081 60 lines/cm 80 lines/cm 100 lines/cm 140 lines/cm
Untreat 2.578™+0.041 2.498°+0.030 2.193"+0.046  1.560+0.068
Treatl 2.537"+0.053 2.414'+0.065 2.112'+0.083 1.577'+0.025
Treat2 2.647°+0.014 2.516°40.026 2.177°£0.045  1.737°+£0.043
0.5% 100 nm 2.59740.027 2.500°+0.032 2.26540.032  1.820°+0.040
1% 100 nm 2.657°°£0.018 2.572°+0.013 2.379°+0.033 1.905°+0.022
2% 100 nm 2.574™+0.025 2.454™+0.030 2.329°£0.059  1.843%+0.123
4% 100 nm 2.632°40.012 2.529'40.015 2.279°+0.030  1.847°+0.012
0.5%150 nm 2.603+0.021 2.490™'+£0.040 2.193°+0.010  1.710°+0.020
1% 150 nm 2.603+0.033 2.524°40.016 2.278+£0.020  1.773%+0.033
2% 150 nm 2.523°£0.042 2.447"+0.022 2231740052 1.728°+0.026
4% 150 nm 2.537"+0.025 2.475"+0.022 2.255°40.026  1.760°+0.022
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#9819

60 lines/cm

80 lines/cm

100 lines/cm

140 lines/cm

Untreat
Treatl
Treat2

0.5% 100 nm
1% 100 nm
2% 100 nm
4% 100 nm
0.5% 150 nm
1% 150 nm
2% 150 nm

4% 150 nm

2.255°+£0.022
2.303°+0.011
2.174'+0.036
2.250°£0.016
2.277%+0.037
2.236°+0.058
2.253°+0.031
2.275°+0.018
2.274°+0.011
2.248°+0.020

2.309°+0.028

2.172°+£0.012
2.197°+0.020
2.107°+0.020
2.189%+0.004
2.243'40.010
2.235°40.023
2.205°4+0.013
2.214“£0.020
2.232°40.020
2.209% +0.022

2.265°+£0.015

1.896°+0.028

1.956+0.011

1.881a+0.026
1.999°+0.019
2.075"+0.012

2.030°£0.012
2.020°%+£0.012
1.944"+0.015

1.986°+0.011
2.005“+0.009

2.022"%40.006

1.540°+0.005
1.519°+£0.020
1.438'+0.050
1.614°+0.008
1.637°£0.021
1.719+0.019
1.675+0.012
1.544°+0.019
1.541%+0.005
1.567°+0.020

1.704'+0.021
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$19819

60 lines/cm

80 lines/cm

100 lines/cm

140 lines/cm

Untreat
Treatl
Treat2

0.5% 100 nm
1% 100 nm
2% 100 nm
4% 100 nm
0.5% 150 nm
1% 150 nm
2% 150 nm

4% 150 nm

1.642°+0.037
1.711°+0.016
1.777"40.020
1.757%"+0.0204

efg

1.742°%£0.016
1.736"%£0.021
1.746™'+0.016
1.673°+0.028
1.682°+0.036
1.721°£0.025

1.703%°£0.014

1.509°+0.022
1.519%+0.015
1.618°+0.033
1.630°+0.022
1.632°+0.008
1.636'+0.029
1.644°+0.032
1.575'+0.014
1.583°+0.031
1.600™+0.017

1.586"+0.012

1.257'+0.014
1.308°+0.029
1.417°£0.006
1.444°+0.002
1.460°+0.012
1.491%+0.011
1.472%+0.041
1.376°+0.022
1.367°+0.024
1.374°+0.005

1.411%£0.025

0.976'+0.023
0.999°+0.010
1.120°+0.020
1.216'£0.012
1.179°+0.012
1.231°40.019
1.251°+0.011
1.095°+0.023
1.097°£0.014
1.155°+0.055

1.158°+0.012
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#19814

60 lines/cm

80 lines/cm

100 lines/cm

140 lines/cm

Untreat
Treatl
Treat2

0.5% 100 nm
1% 100 nm
2% 100 nm
4% 100 nm
0.5% 150 nm
1% 150 nm
2% 150 nm

4% 150 nm

2.308° £0.053
2.412% £0.094
2.199" +0.100
2.380% +0.051
2.428%40.059
2.475d+0.080
2.390°4+0.043
2.364%+0.021
2.225°+0.018
2.315°£0.023

2.323°+0.019

2.292°+0.014
2.309+0.013
2.148'+0.055
2.357%+0.026
2.396°+0.070
2.395e40.064
2.28540.015
2.215°+£0.014
2.223°+£0.033
2.306°+0.048

2.315%+0.027

2.024°40.012
1.962™+0.020
1.748°+0.110
2.178"40.039
2.199°+0.079
2.118°4+0.041
2.080%+0.035
1.929°+0.014
1.963™+0.022
2.051°40.018

2.061%°+0.016

1.484°£0.034
1.499%+0.032
1.299'+0.086
1.780°+0.024
1.771%40.033
1.704+0.019
1.645°+0.045
1.459°+£0.020
1.547°+0.038
1.586'+£0.023

1.645°+0.027
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