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ABSTRACT

UV Radiation Grafting for Surface Modification of High

Density polyethylene Sheets

Soon-Gi Kim

Advisor : Prof. Jin-Who, Hong Ph.D.
Department of Polymer Science &
Engineering, Graduate School,

Chosun University

1,6-Hexanediol diacrylate(HDDA) was  grafted onto high  density
polyethylene(HDPE) substrates in the presence of benzophenone(BP) and
isopropylthioxanthone(ITX) photoinitiators, and then polyurethane acrylate
formulation were coated onto the HDDA-g-HDPE substrates using UV
radiation. Grafted amount and grafting efficiency of the polymerzations were
determined by gravimetric method. The effects of the photoinitiator
concentration and the UV radiation intensity on the physicochemical surface
properties and the grafting efficiency of the UV radiation grafting
polymerizations were investigated in detail using contact angle measurements,
fourier—transform infrared spectroscopy with attenuated total internal reflection
(FTIR-ATR), and scanning electron microscopy (SEM) as characterization. The
results showed that the grafted amount and the surface polarity of the
HDDA-g-HDPE substrates were increased linearly with increasing the BP

photoinitiator concentration and the UV radiation intensity; the addition of a



small amount of ITX markedly enhanced both the grafted amount and the
surface polarity of the HDDA-g-HDPE substrates probably due to the
photosensitization effect. The adhesion of the UV-cured coating onto the
HDDA-g-HDPE substrates was evaluated by using the crosshatch adhesion
test. The results indicated that the grafted amount of HDDA onto the HDPE
substrates requires above about 1 X 10> mmol/cm® to be shown the

satisfactory adhesion with the UV-cured coating.
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1. 2d A=

ZI1AZ2E FA7F 5mme Commercial-grade HDPE(Polypenco, Korea) 4 #&
APt AT 2WH A A > HDPE AEE 70mmx100m= Ao & ojihx =
IR AFHS L MEKO 72A1F @ & 1 &AAE 50T 322 A 72417
Axekd

HDPEA&A o] gtz dE  Foo] A8 = Exw= UCB Chemicals?
1,6-Hexanediol diacrylate(HDDA)E A}-83}% 3, AldrichAt9] Benzophenone(BP)
7} First Chemical Corporation?] isopropylthioxanthone(ITX)E F7/HA A2 A&
atdtt. HDDAel z4zb vh& o] nl&=2 F/MAAE FYeksdvh. Table. 1o =1
g Al z=do] wighs YER AT

2231 = Aliphatic polyurethane hexa-acrylate (PUA, Ebecry 9970, UCB
Chemicals)E A}83}% 2, Trimethylolpropane triacrylate (TMPTA, Sartomer)
1,6-Hexanediol diacrylate (HDDA, UCB Chemicals)S R x=w 2 A3t 371

Al A 2= 1-Hydroxy-cyclohexyl-phenyl ketone(HCPK, Irgacure 184, Ciba-Geigy)

1

= Ab&stdt. PUAE 74 60%, TMPTAE 77 20%, HDDAE A 20% =

uf gt

ofr

bar R A Al HCPKE A 3%E wso] W= wgsslen o x5

T %+ Figure 1°] Y e AT}



Table 1.

Grafting systems of the HDDA with varying amountsB¥; with and without ITX

photoinitiator. Data are shown as weight percergage

Component A B C D Al Bl Cl DI

HDDA (acrylate monome?) 100 100 100 100 100 100 100 100

BP (photoinitiator} 1 3 5 7 1 3 5 7

ITX (photoinitiatorf o 0O 0 O0 03 03 03 03

4 UCB Chemicals.
b Aldrich.

¢ First Chemical.



Acrylates

HDDA

H,C—0—C—CH=—CH,
H,C=—=CH—C—O0—CH,—C—CH,—CH,

H,C—O—C—CH=—CH,

TMPTA



Photoinitiators

I
(0] C O OH
i : | i : @i :©_<CH3 < > | \i :
C C
s CH,
BP ITX HCPK

Figure 1. Chemical structures of the various ated and phtoinitiators used.
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HOD A EP, ITX

HDPE

One-step &

PUA,
TMPTA,
HDDA HCPE

i Luerylate double bond

BT

Baze coat

Uy
Two-step (_‘_uaﬁng

HDFE
Top coat

Top coat layer

Base coat layer

Figure 2. Radiation-initiated grafting and coatimgpcesses of UV-curable acrylates

system.
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BPu ITX® A& A= dAe oleo=m Qg F7lAe wrgol Fozkg &
= Aor dyx drt. HDPEY tertiary C-H bond(93 kcal/mol)¢} HDDA 9]
C-H bond(106 kcal/mol)¢] A= th& AZFAYAE 7kA a1 9tt. HDPE A E €]
g2ty 7] 4 tertiary C-H bond ¥#t+= BPY ITX &x#tel o) #dzs 4
stA ®th o] g A ¥4 ¥ HDPE backbone #HtjZt2 F9o] =3 %<9 HDDA =
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AU S-S ofeio} o] BoE

N

o

e e B E A Abs o] Al Wl wkgete] adbazd wH o AR

oo

Excitation
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A ®H= Pe HDPE &AE u|stt. (5), (6)8 HAYUSTAA B vpep 2

o] EW IEZyE 1R 2eEy w24 adEy wgow At 1%
g

A (BPe ITX), =W (HDDA) 3 &gk 2 A dAod A& 2
Hol dE F429 FA2E3urS-(Hydrogen abstraction) 2 2ht]zbo] A A & o]
2

e A9 AbE2 HDPE A gzust whgeta 7Adg AE2 AAske] 7ha

Fd vEgas HAY. oA WEAIE G Azold AXG Azel o
b2y HRESs AFRY. =W AANE Bodel Ketyl selzel of#A

o2
Lo

Homopolymer7} A4 © ¢}, o]@ Homopolymer: #-& Hkg-o] dojddr}t
olfE (B), (6l AAE WA Ketyl 2t Zo ukgo nls] A4 =2 ul
7HA] 7] w2 o] o

AR Thae] o) AAstE 7 AFES FH[Ulo] A wkgo f
A dojy FAEH.

Figure 2 oA F WA dAQA A A3z} 39 Ax=de wjg

Polyurethane acrylate(PUA)e|l 2 x=m<  TMPTAS HDDA, F/HAA

oo
oX,
o

ofr

IEINEER L

HCPK(Norrish type I1)Z FA4%¥ o o vi&ES HDPE ¢l HDDA=® 1
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4. UV-Visible Spectroscopy

37N A A (BP <} ITX) 9 THEE ool R 7] $ s}, UV -Visible
Spectrophotometer (Varian-3-Bio)E& AF83t%th. F 7l A Al & methylene chloride

of 0.02 g/1 & 3A3}o] 10 x 10 mme] quart cell& AFE3te] 3 =S =435HY

A% Z4L TWs BUE Aol F4HE gEznoz ARHEdH, 20T

A 2o A Contact angle meter(SEO model SEO-300)5 A}&3to] =AHs A, &

71, arAl-oj A Zhel zhEeks AdEie] do=A HAAdAMe Av|eh WIS

=
7HAl = WEHE AW duyxE YetdH ojdd #AE o594 Young's equation

<= ARESto] yERT

¥, =Y¥,+ ¥,c0s0 (12)

Where ©: contact angle

¥ij: interfacial energy
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(S: Solid, V: Vapor, L: Liquid)

aAe ERAUA (e Ao FRAUA () S mAS] FWRAUA (), 12

Rl

A52H0)9) 4o tehfui, olu) AAe] EW AJUA(r)E WEA LA 9

==

ol A (r, )0t} okan = ANE p 7t puth 2 Aol olae) A4

1

S A Fofok .
oA = Aol £43 ol Holi ol o] §H WPoR T X FRO &

)2 o] &34t

==
2

o

Owens, Wendt, and Kaelblex Aol T YA = 413 e IS4z Haw
Ui By A& o dubEel e GFAH .
Vo = ¥+ ¥,— 20089 P = 2(x) +¥) 1 (13)

°]Z Young 2 (& 12)& Fgs) e HA,

- 17 -



(14)

2N 1/2
/ﬁ)

v
'y

Y2 42y

a
V2

a
58

2(¥

¥, (1 + cos©)

o

ol

g

)

o
TR

23|
oy

oo
i~

;i
»AO
il
all

W
No
o

o
il

jze]

W
-~

)
e

3 A Qe weba e Bk

=]
R

3

)

B
B
b

e

(15)

74
Yo= Y%+ Y%

oy

~
;OO

Hol A&

A 7

al

21(13)&

o4 A1)} A (1)E APoR

o]
Fe—2

g

s

_Zrl

g 73

ahol Er oA

(15)l 9

9 4

3 Fo1 A )

Kaebleol] ¢

Fol walsl B gk,

6]

Moz Ak

shol the 2

B 7] 9

M o] polarity =

A ®

al

(16)

i

A}
r? = 50.3

¥ o Y 2 (mN/m)oll

R
SAT

o

o

Gt

=0

H

Owens, Wendt, and Kaelble

72.8 mJ/m’=

o=

water(distilled water

o2+

ol
ol

v S48

ol &
1=

&

_18_



mJ/m’et r? = 225 m]/mH)e ¥ ZFA LA o R tricresylphosphate(TCP,
purchased from Aldrich : 7 = 409 mJ/m°:s P = 17 mJ/m°s} r? = 392

mJ/m) % Agatel 459

6. FTIR-ATR spectroscopy

HDPE A Ed 82" ¥ ¥W 4% 317] ¢35+ FTIR-ATR(Spectroum
GX, Perkin - Elmer)& Ab&3sto] SAsA Y. YAE 45° 222 T3 - dhAbE =
ZnSe A& A}43 9o, Scan 34 1283 Resolution 8cm '® 283 9o}

ZnSe celle] AZ F3} Zo]l= 2 mm=EH Grafting ¥ EHE =A5A

Aol adtzHE 5 RERA WSS dotr ] Hsto] FA A W] 7 (Hitachi

S-4700)% A83 AT, S AL 5kvE Abe AT

A9 M A3y oladgelE mE wigES HDDA-g-HDPE Al #Ho| HlZHE
AbEEte] 30umo = Y ] FolA FTUAFSHEZ(120W/em)E AtEete] 2y =
S Az AT, UV 3499 200~445nm™ SIEIAEl = UV A 3h3 29 7w o

52 2H3l9 31 J/em’o 2 FE YU}
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Figure 3. Superimposition of the grafted amo@y @nd the grafting efficiencyQ)
onto the HDPE substrates grafted by the systemg (@thout ITX and the systems
(AI-DI) with ITX as a function of the BP photoingtior concentration. UV radiation
intensity: 5.2 J/cf
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Figure 4. Absorption spectra for the photoinitratBP and 1TX.
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Table 2

Contact angles, surface energies, and polarity tr@surface of the pure HDPE and

the HDDA-g-HDPE substrates grafted by the systems (AD) withdX and the

systems (AIDI) with ITX as a function of the BP pbimitiator concentration. UV

radiation intensity: 5.2 J/¢m

Grafting ~ Contact anglef)

¥e (MIIM2) Ys(MIim2) ¥2 (mIim2)  X°
system  water TCP

Pure HDPE  87.6  60.1 25.6 19.9 5.7 0.29
A 83.0  57.2 28.1 20.6 7.5 0.36
B 744 492 34.1 23.2 10.9 0.47
C 60.1 381 44.3 25.8 185 0.72
D 534  30.2 49.6 27.7 21.9 0.79
Al 53.8  30.7 49.3 27.6 21.7 0.79
Bl 534 298 49.7 27.8 21.9 0.79
Cl 53 29 50.1 28.1 22.0 0.79
DI 521 285 50.7 28.1 22.6 0.80
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Figure 5. Superimposition of the contact anglemafter and the polarity onto the
surface of the pure HDPE and the HDIQAIDPE substrates grafted by the systems

(AD) as a function of the photoinitiator concentwat UV radiation intensity: 5.2

Jlenf.
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Figure 6. FTIR-ATR spectra of the pure HDPE anel HDDA-g-HDPE substrates
grafted by the systems (AD) without ITX as a fuontiof the BP photoinitiator

concentration. UV radiation intensity: 5.2 Jfcm
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Figure 7. FTIR-ATR spectra of the HDDgHDPE substrates grafted by the systems
(AI-DI) with ITX as a function of the BP photoingtior concentration. UV radiation
intensity: 5.2 J/cf
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Table 3
Contact angles, surface energies, and polarity tr@surface of the HDDA-HDPE
substrates grafted by the system C without ITX #rel system Cl with ITX as a

function of the UV radiation intensity

Graftin Contact anglef})

Systen? Intensity (J/crf) Water  TCP (mdnf)  (mIinf)  (MInf) .
2.2 86.3 59.1 26.326 20.204 6.122 0.30
3.1 79.7 55.3 30.036 21.056 8.979 0.43
© 4.0 76.5 51.8 32.426 22.235 10.190 0.46
5.2 74.4 49.2 34.1 23.2 10.9 0.47
2.2 79.3 51.7 31.210 22.715 8.495 0.37
3.1 63.8 35.8 42.627 27.231 15.396 0.57
- 4.0 58.2 31.3 46.612 28.034 18.578 0.66
5.2 53.4 29.8 49.7 27.8 21.9 0.79
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Figure 12. FTIR-ATR spectra of the HDDAHDPE substrates grafted by the system

C without ITX as a function of the UV radiation eémisity.
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Figure 13. FTIR-ATR spectra of the HDDAHDPE substrates grafted by the system

Cl with ITX as a function of the UV radiation imisity.
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