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ABSTRACT Polyolefins (PO) are used in various industrial fields due to their excellent mechanical properties,
processability, and chemical resistance. However, they have low flame retardancy, and when exposed to high
temperatures, there are problem that mechanical properties deteriorate due to oxidation. In this study, we developed
PO/metal hydroxide composites that exhibit excellent mechanical strength, heat resistance, and flame retardancy
by using antioxidants and radiation crosslinking technology. To improve mechanical strength, heat resistance,
and flame retardancy, PO/metal hydroxide/antioxidant composites were prepared and irradiated with an electron
beam. Specifically, at temperatures above 200°C, the PO/metal hydroxide composites with primary and secondary
antioxidants added and irradiated with a 100 kGy electron beam exhibited excellent thermal stability with a thermal
shrinkage rate of less than 3%. In addition, the flame retardancy of the PO/metal hydroxide/antioxidant composites
was improved due to enhanced thermal stability from electron beam irradiation and reduced thermal decomposition
rate from the antioxidants. These results indicate that radiation crosslinking and antioxidants are effective method to
simultaneously achieve mechanical properties, heat resistance, and flame retardancy.
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AIAA o2 g3 e ds sidstr] ffsl A7Asatet 22 A
27 71eol tigt a7t Skt Sl ool wheh A7)
A8 87 A A Azl digt A7 ASHCE X3
I QJoh1,2]. 1% E2] 9D (high-density polyethylene,
HDPE), A¥ % Z2]o|2d(low-density polyethylene, LDPE),
EZ2 Z 2 Y (polypropylene, PP), oD H-H| oA H0|E F5
34| (ethylene-vinyl acetate copolymer, EVA), J|€dl-Z 23
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A (ethylene-propylene-diene monomer, EPDM)}t
<& H(polyolefin, PO)2 ZA & Alo|E2] A A&

ga] AR Qitk o3t POE &2 A7 A, $5%
AR 243 WEEHY, §old 71, AR ulg 59 ol
7HAl A 7HAIAL ITH3-7]. SHAIRE, POE Al&of keEEd
37] %9 S0} Whgstol IUSHES YA PO HA AL
o Rl AATHS). g, A1) A7 e E A E B
oFe} vh-g-of Qs Abf-etrzol FA =, At do] Atk
wRgste] BATE7} e m WA Aate] BAstel 7144 &
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228/ 287 - o]l - AL - At - B -
ol AA FaEE 2aE ZHgeh9].

AP A A= S AL A o LRA} AFSsto] H3tE
= A& WAS] s A7HAR ARE ARPA A= 13}
AFSHEFR| Al (primary antioxidant)@} 22} AFSHR] A (secondary
antioxidant)7} QIth. 12} AP A= L&A} H3tE Q15|
AYE Ay gzl 4 RS AlFste], Sl A4 vt
o= ARt dutd o g ANHE HlEA 14 AP A=
g g0l Spstal, ek Aolm, WMAo] HZ| ¢h= Aol
ATH10,11]. 22 AP A A= IR2A7F it zpe Aol eEd
o A Sh= A 2t 2wt Hhgsto] A ke 5o Ab
3t AYES OIS IEEE Follel, AR SdZe =71 A4
<= JAIh= JeE on, 12; AP A A e} 3] AR-H ) 23
AP A= EA O 2 QA ARRPEAIA7F lom HE5A 1
2p AP Ao oA AHES 7 12F AP A A7} 2t A
Mk AAISHL, 22} AP A Al = HeES AlATOEH
IEAO] Abste] Ofgt H3LE AA|St= AV A A7t AEH12-
14]. PO ©A-BA(C-C)8} BA-54(C-H) ZFO2 o]F o]
2 33} §3kpa A2 F VA=, 220l eEEW C-H 2
o] WAAA At ghrlzho] B o] A Abag} A3t
off 4ksh Hkg= dor|w, AnpA o R}t d3rt A3y
o] POQ| ¥4 EAI} 7|AH S4 5ol Astdrt. 18 EE, PO
of A4t AhER|A| 9] et M7k wd AN A4 e
3}tH15,16].

2 dtold= 714 A2 EVASE HDPES AHE-staL, ¢
A= ATHS MDHE 37Fste] PO/a&4tels o 34
25 Azstydh olof PO/a&4eE ¢ AR 7]
AA B4, WA 5= F5H7] f18ll polystyrene-b-poly(eth-
ylene-ran-butylene)-b-polystyrene (SEBS)E #7}5tt. SEBS
+ styrene block®] 7342 A3}, ethylene/butylene block®]
e At 358 25 4 @7t deiEY
(thermoplastic elastomer, TPE)©|t}. SEBSE 7h-0] 40|31,
olF A% +x7}F 7] "ol WEAEH Wegdo] ko] B
o] AHEH L QItH17,18]. A x3 A= 7tue AR =
ARE ol-gste] A3ttt AA 7hile POl AAES 2A
sto] 7hwel= WHOE AR £AF Al PO 2 W F4E &
2ozl osf 3ad o] W 27 FAEl 44 E4

Table 1. Formulation of PO/metal hydroxide/antioxidant composites

AZE - J 8% - At

B
7NAH B4 5= AT E£3, 3ok 7k ol vl &
- AZH) AR LA #FA Fseta AREol WAl o

oug g8&o|1
wehd, B Aol

FESUA TE BAA Aol

7FA L QlTH19-21].
ARSI SR B I i

2 5/ ofst Aste WA
of WA AN AFE Sastart A4 Awet
A4, A AL 95 POIFEAISIE AR A B

&S - SFAIEE, AFSPEAIAIZE o
of L&A 7hukgol dd= A 7+
=24 E4S A2
H=A 124 AFPEAA Q] Irganox 1076, 1A 2
AhgAAl Y] F7 9
7IAA et 94,
S&ote PO/EEAEE ERAE

=

2.1, A A M=

EVA (VC590, vinyl acetate: 28 wt%, density: 0.952 g cm”,
MI: 4 g/10 min)@} HDPE (5305E, density: 0.952 g cm ™, melt
index: 0.8 g/10 min)+= SHAVZZRE AFugtth SEBS
(G1652M)+= KRATONOJA] Lujslict. ul1d|4 slo]=&
A}o| E(Mg(OH),, MDH, Exolit® AP 422, B3 Uz} 37]: 17
pum)+= Konoshima Chemicalo|A], &Z0]&F slo]|EEALO| =
(AI(OH),, ATH, OL-104C, Ha A& 27]: 5 um)= AK HE
(AK Chemtech)®l|A] FLulj8} 1t} Maleic anhydride-grafted EVA
(EVA-g-MAH, Fusabond €250, DOW): A-431A| 2 AME-E|
t}. Irganox 1076 ((=3: 110~125°C, Wik 1.04 g cm ™, BASF)
7} Irgafos 168 (3=7: 183~186°C, Wk: 1.03 g cm, BASF)&
27y 124 2 22} ASPFA AR AREElTE Trimethylolpropane
trimethacrylate (TMPTMA, Sartomer)+ 7} A2 AR5 it

2.2. PO/2&xM35tE S8R HX
PO/F44EHE BAl8 = Table 19 Yerd
A ZstAch AREL 180°ColA 158 ¢t 4§

A

oL

of e}

Sample Irganox 1076 (phr) Irgafos 168 (phr) SEBS (g) ATH (g) MDH (g) EVA (g) HDPE (g)
Non 0 0
Al3 3 0
Al6 6 0 15 50 50 70 30
A23 0 3
A33 3 3

*7} 1A TMPTMA (3 phr), A-4-3H4): EVA-g-MAH (5 phr)
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bender D-47055, Brabender, Duisburg, Germany)& AH-5}¢]
88 BUHUT 1 T, EFEE 180°COIA] 53 5ok sy
A A 7] (Mini test Press-10, Toyoseiki, Japan)g ARE-5}0] A
E(15 mmx 15 mmx2 mm)2 4= AF5EAt AR A=
2.5 MeV A=A} 714:7](2.5 MeV, UELV-10-105, Korea Atomic
Energy Research Institute, Jeongeup, Korea)E AME-3}o] 15
mA2| A7, 5.9 m min 9] ZHo]o] olF K, T3 F7| B
9171914 25 KGy pass 9] AFEZ WaAsHch, WA A
2 747} 50, 100, 150 kGy©o| it}

23. 29 =4

A =k (gel content)> ASTM D2765 40l whet 431
omn, SUS Yo g "agt AlHE 120°Ce] AL (xylene)oll A
8AIZE B =3 &, 809 g oA 2447 Bt Ax
skt A g2 AdH 5 A9 Ao FARRY v
I e FA 07 ARkt

Gel content (%) = % % 100 (%)

ojuf w2t W= 42 ALl 5 A3t 9] AlH FA o]}

APFE} AAEE WA EAIEZI(UTM, AGX-100KNV,
Shimadzu, Japan)E AR8-5F3l, ASTM D638 129 w2l AlH
(BFd V)= A2t 5, ASTM D1822 A whet Z74sk3iTt.
G=TF 4L GETFEA 7 (thermogravimetric analyzer, TGA,
TGA 8000, PerkinElmer)E o|-&s}o] AA|SHAtt A4 H97]
oA 10°C min '] 52 LT AF-2004] 800°C7HA] £+
o}, & ZZ 2] 1]E(cone calorimeter) Al @< ISO 5660-1 143 ]
w2} iCone calorimeter (Fire Testing Technology, F=1)E A&
slo] S35ttt §HA AbA A4x(limiting oxygen index, LOI)
759 &AL ASTM D2863 2] Wl oxygen index tester
(Fire Testing Technology, B=)S ARMEoto] A4} Ak4 9] &
St 271014 AJH(100 mm X 10 mm x2 mm)°] A4aE o &
A3 AL FEE T 22 FA 02 ALt

%) = L 0
LOL (%) = o3 1] 100 (%)
o|wi[0,19HN, &= 22t Abaot A4 o] A F ot

- T

d £2ES MEGE cmx4 emx 1 mm)E 150, 180, 200°C
2 ule] bR 9 Bof 147 59t Yol WSt o 258
< 7HE A S| A WIS 7|0 ® ALERIT E 2R
2]u] g AJ¥(cone calorimeter test, CC test)> ISO 5660-1 112
o w2} F= Fire Testing TechnologyAF] iCone Calorimeter
£ AR skt Al 82 100 mm % 100 mm X2 mm 7]
2,50 kW ') heat fluxe] =25 908, A3} 38 Abol9
AYE 60 mm=E AR5}
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PO/Metal Hydroxide S| =22] A3t E4 9 FA /229

ARE-E|TL it EVASE HDPESF 22 PO UHHA O 2 xylene
© & Soxhlet & A, 7HLEA] ¢ POE §8l% 1L 7k E PO
= 83l A Y= ¥ E o83 Aot Fig. 1 100 kGy 9| A
A LS AR A 5 9] AR A F79t ol w
£ Asks 34 Aotk ARPIAAIZE A7V A 3 PO/
A B E(Non)9] 739 A3He-2 92.7%0] 3ot 4Hsh
A7} A71e PO/F&5AEHE B8R 5 (A13, A23, and A33)
o] Aska2 AePIAIA Y SRk ol uelol 75.8~79.3%
2, 02 {9 WolA vlsgt 202 S4o] Hlrh 100 kGy
o] Al M-S RARE A8, Askgo] =4 S3E AL
A AL ofsf PO 2 Woll A e Zho] S75] A4 H
o] 32+ 9] 7Hul 27t FAE 7] diizolth. whd, Ak A
£ 3713t PO/EEs4AEHE SRR A4, 12 ARPEAA|
7F AR Al o3 BAE A ettdel a4 AR Al
sto] A4 2tz e] AMNRE- AAlsta, 22 AP AIAl= A
2tz o] 71 S Akl ASPAAIE H7bekA] e
PO/E&TANSHE B A &9} vl sto] 7hul&o] A5HH Ao =
AR ETH10,11,22,23]. ATH o2 Az RARS o] &3t 7k
€ POrEEriekE SR 2 W 24 Akso] A2 d4E
32k19) 7hu YIEQITE FASIER 7|AA B4, 988 &
o] FE AL R AFHt.

AR ZAFSHA] 92 B =9} 100 kGy 9] AR S41
o] AL B3R 7 2] -2-2-HF E(stress-strain) =412 Fig. 2
o, 7L A= Table 20 Q°F&]o] Ut} Fig. 2(a)oflA AA S
A 2 PO/aEARRHE B3 ae ARBHEAIA o S57
o ool TA GOl Hlet ST} MPES Hlry 12y Fig.
2(b)oll A RS AR PO/FEALEHE BdARe] 59
I HEPEo] BT FFH AS AT 4= Qlth. Table 2004 2=}
W& 2AHA] %2 PO/a&TAeHE B 2 (Non)9 917
I (tensile strength, TS)Q} I}t A] A Al-8(elongation-at-break,
EB)2 77} 13.2 MPa$} 413%%ch. AP A9 F7} o

100

- =) w
= =] =]
| L s

Gel content (%)

[
=]
1

0 -
Non Al3 A23 A33

Fig. 1. Gel content of PO/metal hydroxide/antioxidant composites at
100 kGy of radiation dose.
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Fig. 2. Stress-strain curves of PO/metal hydroxide/antioxidant composites; (a) 0 kGy and (b) 100 kGy.

Table 2. Mechanical properties of PO/metal hydroxide/antioxidant
composites

Non-irradiated 100 kGy-irradiated

Sample
TS (MPa) EB (%) TS (MPa) EB (%)
Non 13.2 413 16.9 300
Al3 12.7 396 17.3 390
A23 13.1 425 16.0 405
A33 11.7 420 15.0 352

A

o w2 AR} AAL-E 747} 11.7~12.7 MPa} 396~425%
2 Ao Wt WSS Ho|x] okt WA, Fig. 2(b)ojlAl
AZRE 2ARRE PO/F4AEHE B3R E Fig. 2(a)9] ARt
WS AR 9FE PO/F4ALEE BA R B3] 1=
7} 15~17.3 MPa® A7 A=t 18yt AAES Taste
e B, ol AW RARE 53l 7kt o]FoA 1
A ARl 2R Yol AstE] 7] W'tk 3 Fig. 2(b)ollAl
ABPIAA|7E H7FER] 982 PO/FESANEHE Bk o] B3|
AT E Z WSt YIAANE AL IA kst o]
ot A3k AR|A e M7 POS] AlStR Q1% AR Akt
B2 A4S WAste] 43t dAlska, I2 Q8| AP A
7b A7bE R G2 PO/EEAISHE BRI R Hla) Z1AE &
o] SFHE A0 F AR ETH24,25].

20

B o
= 18] (a) 150 °C
‘E\/ 16 B 00 oc
w
%‘J 14
= 12
2 10
= 8
wn
- 6
g ]

o,
0«

Al3  Al6  A23 A3

Non

Fig. 32 PO/a&4548HE B R AR 2Alel AFS)
WAA 7Ee] e gobry] s, 150, 180, 200°CE 7]
7HEE Q2] 1A F9t ¥of & #5ES AW Ao
Fig. 3(a)2 AAE A o2 BAAR9] € 584
Ehd Holmt. Fig. 3(a)elA AAHS ZABHA 42 PO/ES4
ABHE EGARY] A 582 150004 180, 200°CE %7}
FOH4E S7HATE ol 7kt HA gok 714542l PO7}
S84 oldolM @ Al FA @t 2214 FHE frAlstH
A Z37] wi 2otk Zeu, PO/agSAtehE SRl AFS}
FAAZE A7 AR gashe Fe 2 o= Akt
HAA A7k Qs reAte] 23 BelE AdAA € A
o] GAE AFo|th26]. Fig. 3(b)oll A 100 kGy<] AR F4
AFE AR B4, POIEEAISE 53R 4 582
srds] Zaskglth 1503 180°C Lol X AshgA A ]

aa
A7t Aglo] AR ZAl] o3t b 7x FHo 88
| %
=2 O

s840] Astele] 948 97 IAAL ANHE WS e
Q $5ES BT 200 LEANAE oF 45% 529 & &
£82 HolXuk, ABPIAA/L Wb o 3% 129 A 15
B2 wol, AA 2ARL A B 9 258 gk
o o AAQl Gake mlAicky Bereh 53] 200°ColA 100
KGy AP A 1, 2% ASRIAIE 54 7be PO
S4A8HE BRARE(AID), 13 B 27 ASREAAE H7}
A POIFEFAISHE BUAR(AL, Al6, A2)RT 958 9

| RS
1o
oo

o
L

(b)

£
i

Heat shrinkage (%0)

Non

Al3  Ale A23  A33

Fig. 3. Heat shrinkage of PO/metal hydroxide/antioxidant composites; (a) 0 kGy and (b) 100 kGy.
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Fig. 4. LOI value of PO/metal hydroxide/antioxidant composites.

FRE thebi.

Fig. 4% A A2} AShA A
sh= BAR LOI g 24 Adfolch. AAUE A &
< SRS LOI gt 25% %L, ABPIAAIE 718k 2
o 25.6%71A] S7Fsk=tl, o= ARPYAIA R Qe HEal %=
PO7} Fasto] Aart AA dojut mlA|stA ddAo] F7ket

202 P 100 kGy ol AR FoAds 2ARE 534
29] LOI 22 25.2%5.01, ASHAAS H71gel wet 1)
26%7H] S7FCE A= o] G AAH o2 dAA ] FF
oF oFoll oJEsHAIE, AR 2ol o3t 7h BATF R FAHL
2 I2o|ME Blud FYAQl EARE fAstL G &
o] oA A G a‘—‘?— FEAAS e, A4 AT
AP A A 7F AFeE A7
L PO/FEFARE B
oz AaEH27,28].

100 kGy®| A=A &4
Azel FAYS CC AES B3l =4 5}3'10”1 71 A¥E Fig.
59} Table 3o UetW it PO/a&4teE BERARY CC
Ad Atz RE 93} A 7Hprolonged time to ignition TTI),
4 ®&E U d(peak heat release rate, PHRR), & 4 H&&
(total heat release rate, THR), 3} A% R|<(fire performance
index, FPI, TT/PHRR)T 22 bt 245 53 A4 3
45 B7FsHTh ARPAAIZE A7HE A & PO/a&AT
3H2 23 29] TTI, PHRR, THR, FPI 3+& 22} 70%, 517.7

o w2 po/Z&4ak

(@)

600

)

1

PHRR (KW m™

Time (5)

THR (MJ m?)
s

120 240 360 480 600

PO/Metal Hydroxide S| =22] €3t £4 2 *dy /231

Table 3. Cone calorimeter test results of 100 kGy-irradiated PO/
metal hydroxide/antioxidant composites

TTI PHRR THR FPI

) kWm? MIm?) (m’skW')
Non 70 517.7 53.98 0.135
Al3 70 416.5 54.25 0.168
A23 105 459.9 54.24 0.228
A33 85 434.5 61.36 0.195

kW m?, 53.98 MJ m>, 0.135 m’s kW 'o| it} B, AshatA)
zﬂE 73t PO/EE5AMEE E3kA| 2.9 TTIS THR, FPI 3
o =715 ]’M._l_ PHRR Z}-& Z+4 3519t THR & A =Z Q13
) =55 UeW7] e, TTI gk 5712t THR
ol A PO/:" &R Bk g o] tadAo] RALE QS
= ou|etth. E3h ARPEAIAIE H71eE PO/a44tetE 53
A E2] FPI 2 0.168~0.228 m’s kW& Z7}5}o] A3l »
21 F WrEo] A= AL velo] dddol iHE AL 9
ujgte}. ol2j3t At ARPIAAZE dEdl 5 A= A
gto) 2 Hibeks 59 AR Qe e BAEES Al
T2oA IEAY] R HEE FaAFlon], A7 AP
A= 20X &35 FAsto] G Ao AP Apksto]
AL E AHAZ A0 R AbRHTH26,29,30].

PS5 o

o & m“ rl
O

4.2 2

B AN 12 23 ASPEAA S WAL 7L 7]4E o]
gl 5 /1A% B Y, WA FA pot
A 38 7oA Aol oI5 st E4o] GAPE PO/FESAF

SHE BIAR el BE AT St A EAl
ofsh FAE 31 FhL FRE
VTS I SEES FAAAL 17 F 24 JPEAAY
H7He PO ABH2 Q1% AR WE} B4R TAS Pt
A5 oAk 71 A4 BAS AT BT, A8 5 A
HEE A B2 IS SO A4S A% B B4R

w
=]
1

(b)

=)
o
!

[
[—]
!

0 120 240 360 480 600
Time (s)

Fig. 5. (a) PHRR and (b) THR profiles of 100 kGy-irradiated PO/metal hydroxide/antioxidant composites.
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