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R e B dpdes EA FR o 7tag TS 9sld A& Hr1el low density polyeth-
ylene (LDPE), linear low density polyethylene (LLDPE) 5x2j2] 7ol QoAA y-4 Ak
a3E zAlslgch. LDPES} LLDPE A _ES 7t el &3l 130 'C) hot-press molddl)
Al sheet Fefz ZBjstgic). y-H e A AEQ7|oA] 507E 150 kGy=z #WsA] Y =A}Elio).
olgA Fuj® AHE o] &3t WA *Hﬂ y 7hAle] 5ol WE Jlage] HEE RALEI
on i mE JAIF 54, 4t 2 éﬁ‘li"l H3ls Frisigdnl 2 An Al zabd
ol A, 7huA7E H7tEW vl Aesigint. 2T vidsle Beld Ay 49 43
A=A el m BARY AR QElA 40 9] Ashgol ZoletE AR E 7As)
Aok

ABSTRACT: In this study, the effects of y-irradiation on the crosslinking of low density poly-
ethylene (LDPE) and linear low density polyethylene (LLDPE) containing crosslinking agents
were investigated to find the degree of crosslinking in the polymer. The LDPE and LLDPE
specimens were prepared by blending crosslinking agents with each polymers, and by hot-
press-molding into a sheet at 130 ‘C. The y-irradiation was conducted at 50 to 150 kGy in ni-
trogen. The crosslinking percentage in these $pecimens was measured in relation to the irra-
diation dose and the type of crosslinking agents. The mechanical properties, thermal proper-
ties and crystallinity of specimens were examined as a function of irradiation dose as well. It
was found that the degree of crosslinking of the irradiated specimens was increased with in-
creasing irradiation dose and by the addition of crosslinking agents. The mechanical properties
and thermal properties of specimens were improved in proportion to an increase in the degree
of crosslinking. The crystallinity of original r¢sin was decreased with increasing crosslinking
density.

Keywords: y-ray irradiation, LDPE, LLDPE, ¢rosslinking agent, gelation.
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Table 1. The General Properties of LDPE and
LLDPE Resins

ML density softening melting
polymer  grade (g/10 min) (g/cm® point ('C) point (C)
LDPE 820 0.25 0.920 95 110
LLDPE 3224 20 0.921 g5 118
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Figure 1. The effect of irradiation dose on the gel
content of LDPE and on those with crosslinking
agents.

old thE WA Zolo] H|E NE-E2 YERATH

E3 e} PA vimdl A 4R )
a9 wg Z2A3ee Wals Hrlsy] YsiA gt
Mol ZAtE AlH= 2AMEZA] §4& A|H & Siemens

D500 XA 3H7E ol %3t ARs=E A
o} e Cu-K &=+4delx, Ni #H, &4 23
S E AMS-BH T
Zdnt ¥ oF
Aslgo| =x. LDPE, LLDPES} 7I1uA& #H7}
g AlEe] AL ZA o Asgs 2T AT
£ PFigure 13 Figure 29] vehiiglch Figure 1
olA g & gl%e] w43 LDPEY Ast&S
50kGyel = 20%, 150 kGyollA 68%AESR
A 7lRAE H7lEHE AT 75 kGydA o
b 80%AEE JYehrhen, 150kGyd e A
go] 87~91% A== AA ZF/I8tdeh =g e
LLDPE®] A3}ge 50 kGyolA 10%Z5olglon,
150 kGyollA 63% H %2 LDPES] BlgjA] & 7k
< Jehllo. o]#d 42 LDPE<} LLDPES]
ko) oo} whe- BT FAAY zeldA &
Roeg Algdn. gdutd ez il PEY &
] (MI ; melt index)v+ #Hi ExEE ey
49l Hro|tl, 2#nz LLDPES BlaiA
e [ DPE7I Exlefe] wrim g

#3)
UTh F i) FAR FhEelM B

N

©

4 Z 00 do off Az
oy
=
2
-0,

659



100
—e— LLDPE
--O - LLDPE/TAIC (10phr) O 0‘;';";”9
80 || —¥— LLDPE/TMPTMA (10phr) ',_--;'__',,"'
- y.al
g /i
w~ 604 / /0/"
5 /o
b=t /)'
o 4
8 40 y;
2 /
& /
20 / G
0 &= r v v — v v
0 25 50 75 - 00 125 150

Irradiation dose (kGy)
Figure 2. The effect of irradiation dose on the gel
content of LLDPE and on those with crosslinking
agents.
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Figure 3. Charlesby-Pinner plots for y-irradiated
LDPE and for those with crosslinking agents.
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Figure 4. Charlesby-Pinner plots for 7-irradiated
LLDPE and for those with crosslinking agents.
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Figure 5. The effect of irradiation dose on the tensile
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L u)g3sl7] B9 LLDPEe] TAICE ¥7g A<
A= tmEe gl APAE Pl 27 7)o
e Aoz AR®h deu 2NN St AS
HARAES} W) W B4 2 FFE AAA
i A2 VAT 5 AUtk
Figure 6914 2 % 2ol A4lge sl A3
&3} AASE AL el AL opixTt A3t
g0) ZHYSTE QUL FaBE FYE »}E} o
ojtl. LDPE¢} LLDPE®] u]xulof4d H] &
A4 LLDPE’} & 941&& dehyjsich 7}Ml—§— A
s 47t Bason dugel FrERT, ¥
e AR 2AEGE W Augel A

222 49t LLDPEd) TMPTMAE H71g Al
Hol ZAFA dAlgo] 790% 2 71A Feow, TAIC
2 #A7s AeE 755%0]lch whdel TMPTMA
2 718t LLDPE A|He| 150 kGye] HAMIE =
AbS S dalgo] 180%0llon, TAICE Hrigh
BE7 0% AEE 71 ¥ Axgs vepdth
Figure 7¢] JEh Young's EEY2E A3Hgol

271842 FolXE A %S Uehlilen, 7taAE
271 ASE AR wdetA mEsrt 34
-—7}6}°f’u} olg| & AL JANEH A9 vkl sl
Qoo, ZAMAEY dishiME £4% LDPEe ®Hst
7} 7} FEgl3, LLDPEY] TAICE H7i3k AlHe
wsrl 74 =A verd Tt

Aol AmE YRS 2AM 27 B
25 e, oleld B Ashes sk 71e)
661



oY
oX
14
1
ox

—A— LDPE
800+ .-+ LDPETAIC (10phr)
—e— LDPE/TMPTMA (10phr}
—9 - LLDPE
= — —=~ LLDPE/TAIC {10phr)
i’\, 6004 . N —O- LLDPE/TMPTMA (10phr}
g g —v._\
-,g N\ \ \‘—\‘\\;
4004 N
o N\ \
c .
w ‘tﬁ RS
200/ RN ———
0 25 50 75 100 125 150

Irradiation dose (kGy)
Figure 6. The effect of irradiation dose on the elon-
gation of LDPE, LLDPE and on those with crosslink-
ing agents.

500

B /.
- 450 /./
% 4004 % o
350 - e
= 300 . . ; 0( Lo
5 g R el
e . ol -
o 250 -
€ 200
»
o 1501 ; --0-- LDPE/TAIC {10phr)
c R —&— LOPE/TMPTMA (10phi
S 1004 o~ | =+ LLDPE {10pr)
l®] —#— LLDPE/TAIC (10phr)
> 504 ) =+ LLDPE/TMPTMA (10phr)

0

0 25 50 75 100 125 150
Irradiation dose (kGy)
Figure 7. The effect of irradiaticn dose on the Young's
modulus of LDPE, LLDPE and those containing cross-
linking agents.

Aol Wals 43y HsiA EWEE NEE 3§
o Figure 8¢ vteldilul. AP A} ojHe] &
HY g 7}MH 7‘47}301 o ’P“‘—’F% aA et
A, Gy 28 135 Ho= oh
a8y uuwo] ZAHE AIJH Azlgo] &
NerE ‘i‘i?‘%%ﬂ Aoz & 7“5} L}E}‘H‘”E} o]

& Azt 9E ZtuTErst BAH
, B 011%"&101 FHoz 2 HAsEHAR] o
Bolt}, agng zAMdEe] 84S, 8|1 7}
A7 FrrE A E¥g gl Hadd. 59
TAIC7} A7be A SV 71 ¥8 &) Aden,

rlr

662

-0l

200
—a— LDPE

- -0+ LDPE/TAIC (10phr)
® —e— LDPE/TMPTMA {10phr)
— 150 —o - LLDPE
c N —=— LLDPE/TAIC (10phr)
o AN —O-+ LLDPE/TMPTMA (10phr)
T
£ 100
=
O
2
)
©

504
©
o}
T

of m——TEEmag T

0 100 150
Irradiation dose (kGy)
Figure 8. The effect of irradiation dose on the heat
deformation of LDPE and LLDPE, and on those cross-
linking agents.

150 kGy 2 BAMI & AL S o

&< JepdziTh
ANSIE =XHE 98t X-M && (X-ray Diffrac-
tion) 4. AN lud wE AAsEY WIHE
Aol y] M Aol ZAME AlET ZANEA|
2o AHEe] X-A A AP A AH, A
ZAL oM Aztgo] ZVIEIH BRSET 04
Zashe ABe Jehde & 5 AATHH o] 7 AL
Ale Figure 994 2 4 Ql%o] AA3%r} 55%
LDPE, 47%¢! LLDPE9] 100 kGyE ZAISISE&
2o AAMSTr} 22t 48% 9 42% & M 7

2%mRte] WY

i

if?_ Aoz &g 5 qlrt. vl ZluAE 7t
s Astee 3A Frisht 2ZHsss oS 2a
sigeh. ol#fd Apde TAICE 10phr 75t
100 kGy & Ahﬂ AlHe] Azlgol 87% 2 EoMA
o), AAIEE 35% 2 Zold Aoz g &
At 2 01%% FolA dEF wtet o] 3¥54
7k Al &gk 7ha

wgoz FA9 HmARs 7}
sl Aggol FARAR, FANA Azt
AE ga0E A3 AeE ol wopgon, w3 Ag

& AR HH A TtaA gl TEA Aled B
NA AR ZaNRy] dEez Aadoh?®

s ﬁﬂr— X-ray 8d 932 (26=21")& 4
Ebd Figure 1004 2 #Q1& 5= glth. & LDPE

U LLDPEe] 100kGye] A ZAlg A9
sAle) ZRAE JeEe B3 Bl oy 24
d Ag 8% & Uk TP TAICE ¥7h8 2%

Polymer{Korea) Vol 25, No. 5, September 2001



y-A ZApe] 9% LDPE, LLDPEe] 7tR& Aol #d A+

so-s
40+ § w §

30+

204

104

Degree of crystallinity (%)

0

LDPE-OkGy LDPE-1004Gy LLDPE-0kGy LLDPE-100kGy LDPE/TAIC-100kGy
Specimens
Figure 9. Degree of crystallinity in various speci-
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