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In this study, poly(ethylene-co-vinyl acetate)/magnesium hydroxide (EVA/MDH) composites
were prepared by electron beam crosslinking. EVA as a matrix resin and MDH as a flame retardant
were melt-blended and compression molded to prepare EVA/MDH composites. The prepared EVA/
MDH composites were electron beam-irradiated at various absorbed doses of 50~200 kGy. The effects of
electron beam irradiation on the gel content, tensile strength, elongation-at-break, thermal properties,
and flame retardancy of the composites were investigated. The gel content and tensile strength
increased, while the elongation-at-break decreased with an increase in the absorbed dose due to the
formation of crosslinked network structures. In addition, the thermal stability and flame retardancy
improved as the absorbed dose increased. Therefore, the EVA/MDH composites prepared in this study
can be used as an insulation material for flame-retardant and heat-resistant wires and cables.

Key words: Poly(ethylene-co-vinyl acetate), Magnesium hydroxide, Electron beam crosslinking, Limiting
oxygen index
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H, H2 e 5o 2AIES 7HAAL AT (s 6]

AEAF Amo] e gEe opyzt eFEg, Wit
5= o] At F-8e o g T Wol glow,
22l 7k e 2= tekE 7ha, A 7k, AL
A 7h 5ol QEH[7-9]. o] T AN Zhale Aty A |
AP (A, kA, XA )& AR AEA e g
Zhsts Yoz v W vt FREe] 'A
eFoh JggAo)al AollM A2 ARl kvt 7hest
of ey Aol 2etet ’oltt10]. ofef Zof WA =
ARE o8t Thle A & ol AR AbetH e
ofel 24 7 T el B4H At T FEE
7HA 5o 1A &4, 84 B, d94 Sol F8E
ohaL A Qlek1,12].

DR Am] FAGE Fotr] sl okt
AE A7kt 122 BA=st AFEE AL
A HAA R E SEAA FAA|, F71A FAA] 5ol Utk
o] FollA F=AA FAA = FAL 5kt A *l
5 7 A 5o BAIFO] glo] ARgo] ARt §
TH13,14]. F71A GAA 2R E S SASE (S48 at
Ul% (Mg(OH),, MDH), 5418t &5 0]& (AI(OH);, ATH

re
o,

5)0] wol AHGHn] 45 e, Aulg, 554, 54
4 2 98 5O B AES JH drk(1s,16]. 2

& pitskEe] dad dele A4 A a5 skt R
wollses, ol BAE B AR 22 A7 Eel
e mRlol BEF FAgel s ¥z mutet 7 7k
= SI4sk= eI 17,

5 8]
& AFold s FAEH
48 AR A4
SEITE. 712 4=2] (matrix resin) 2= EVAS AF8-5H3
QAL 2717 BaAs] MDHE AT EVA,
MDH, 7}iA|, 72 4§ 53t & ofx APS 55

o] EVA/MDH E3 =& A2t A2 EVA/MDH

N r_>i
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AR FAP ZAE ol 51l 7kt on]

St Z] X }
H f) =
FA] g Ak, 71AA B4, 94 54, ¢4
o]

off mo

2. M= 3 S

2.1. A8 =2

7174 A 2= ZEARZ(F) 2] EVA (VCS590, VA: 28
wt%, density: 0.952 ¢ cm™), HIZEZA] F7]A4] FAA =
= Konoshima Chemical®] MDH (silane-coated) & A&
SFIT. Trimethylolpropane trimethacrylate (TMPTMA,
Sartomer) 2} EVA-g-MAH (Fusabond C250, Dow Chemical)
= 22} Zh A o -8 ekA = ARgsEiTh

2.2. EVA/MDH S8ixj|2 H|=
B RE Table 19 LERR vEe} ZHe X

=3t (melt mixer, Eastern Engineering, ?_]‘3‘, 130

EVA/MDH
qog 8%
°C, 50rpm, 20+) ¥ 95 A (hot-press molder, QM9IOOM,
QMesys, 2H=, 130°C, 15 MPa)2 3to] A E @ejo] A|H
= Azt A2 2ARE AR AR 7HE7] (2.5 Mey,
EB-Tech, ?F=) 5 AHE310] 18.4mAQ] AR Hx 25kGy
scan” O] AFER F7] E917]01A sk A2
B4AEEE 50,100, 150, 200kGyH.2H AQ AIZHe Zhz}
6,12, 18, 2420t} A2 FA1%2 ISO/ASTM 51650
THAof &JA35}] cellulose triacetate do&metryi 458 5}o]

7] 71& EAES EAdlelen 24 B ghe
5% O[IFo 7 B Aot

2.3. 24

2.3.1. A8

XWH‘ ZAte] OJjt 7k AeE BAISE] fisto] Ast
& Sk A1 (9F 1.0g)& SUS

Table 1. Formulation of EVA/MDH composites

Component Amount (g) Specification
EVA NU Matrix resin
MDH 50 Flame retardant
TMPTMA 2 Crosslinking agent
EVA-g-MAH 2.5 Compatibilizer




FAL 7m0 9|3t EVA/MDH 28|22 Hx

125°C AL 7 (xylene) ol 12A13F & A A1 A =
50°C2] 75 2ol A 12413F 54t A5 AT. A e =}
el A2 A F-0] FAE SASHAL v A2 0185}

ASHE( gel content) < AAFS}

=
&

Wi

Gel content (%) = %X 100

19 ZAGIA Wt Wi 717} Adel A a] At Fo] A
o] BAo],

2.3.2. Ml (hot-set) Al
7 HgdS BA57] flall KS C IEC 60811-2-1] ™
2} 200°C9] kAl A& Q-2 (SM-FC60, Sungmin Instru-
ments, A&, ¥H1) o4 4783 5H5 (10N mm )= 7Fstoq

159 5 AZel BAIG 5 A Apole] Az zfolgl gL

z 0

AXE (hot-set elongation, %)= Tha A& o]-&sto] ALt
staiet
Li—Lo
Hot-set elongation (%) = %100

2] Aol A Ly A8 27]9] A|HO] BA| A-]o]|Al L2
10N mm 9] h5o)l A 158 9] A|H O] TA] #&]o]t},

2.3.3. 7" 2

ANARLEL} AA-E-S ASTM D638l Wt Type V AlH
S AlZxot s = AR 7] (universal testing machine,
UTM, QM100TM, QMesys, 3t=)S A-835}e] ASTM
D1822°] W=t SOmm min™'9] cross-head &2 =45
.

2.3.4 B8 EH

2 542 95 w471 (thermogravimetric analyzer,
TGA, TGA 8000, Perkin-Elmer) 2} A|AFEALE A (differ-
ential scanning calorimeter, DSC, DSC 4000, Perkin-Elmer)
2 245 TGAE 4 29171914 10°C min™' 9] 5
& SE2 ALoA 800C7H] ZA}AT, Dsc Aa
9171614 $°C min™'] 52 HEE 4204 200°C
wIgIolA] Zstetch

2.3.5. LI AlY
SHA| 4tA 24 (limiting oxygen index, LOI)+= ASTM
D2863°] mHat A1 (100 x 10 x 2 mm®)2 A2t & oxygen

index tester (Fire Testing Technology, G=1)& Ar&-5to] 4
2of 1A 0] 9 71 297101 SASHA AlE7] ¢

A AES A or Al & - FF] L AL

A dad wjo] AHAao] FLE SHcte] thg Ao R HE
LOI(%)E A4t

[0.]
LOI(%) =
[N2]+[0:]

Astg ZHL 182} A7 o] tuEE EAs] $I5)
Aty o 2 A= B o]l EVA/MDH &34 2 9

(e}
1] S5Adefol ohE Aske-S S7gote] 11 47E Fig.
1o YeR ATk Fig. 1914 K= Hiet 2o sokGyol &
7] 2R Sl A Zha 7t gho] ZaiE o] oF 87.06%
S HGom HA] g4M7ko] Sl whet
ASHE-S 717} 92.68, 94.49, 96.73%7HA] A AE| F7151A
. 0|9} Zro] EVA/MDH B3 27} 125°C2] A&l F
=2 AshgS Hol A2 A 2Ate] oJs) A
24 S E Qls EVA 72 W 7ha Aeto] YA
o] 3aFo] W Fx27F A E 7] wlEelth[19,20].
gl 100kGy ol/de] AP g4 AL Al Askgo] A
A3] F7Voh= A2 50kGyQ] 7] AR SAd=ko]

1o
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Fig. 1. Gel content of EVA/MDH composites as a function of
absorbed dose.
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O[AIY, o1, iy, Ui, BhE A, ZAEM, ahdal, A(xHst

S 7kl F27F F25] FAE AL, FAEE 7H £ o
A 24 eteizEe] o5 4o] ARE7] Eolek PEd
TH21]. o]2igt Aske B4 Av2HE EVA/MDH &3
Azme AR 2] o8] 2t 96.73% 2] =2 Aoke=
el 243 b o] ol EkEolhe A2 %
A% 2 15

WA g4l HE A S40) WeE dof)
215h SEAl A41E (hot-set elongation)< S7Jotal 1 At
Table 20 YEFH QT A 0] ZARE 2] 942 A3 9]
A AAE 2 s, ol Aol o

=] 2] 932 A2 200°C2] 1204 8-go] &
of AlEe] 7FfiA]E 10N mm 29| 5H5<] 2J5) &

=

P

o}, 2y, A Spsdsko] Sl whet 3l Aale
2 38.25% (50kGy), 20.35% (100 kGy), 10.65% (150 kGy),
0.55% (200kGy) = 74513 0H o]= ZxpH] ZApo] 9
8l 7k 727t P44gel wet EVA/MDH E8A 22| &
214 ] §2]2F TH Wagdo] =l 88§ 554
& glojHE]7] wRolr}[22]. |23t S AAlS ATt=
EVA/MDH £33 57} AR ZAbe] ofsf 7t E]o] W
dAgo] FAHE A oulsh Fig. 19] AshE BAoA A

Table 2. Hot-set test results of EVA/MDH composites

Absorbed dose (kGy) Hot-set elongation (%)
0 Failed immediately
NU 38.25

100 20.35

150 10.65

200 0.55

30
(@)
©
a
=3
T 201 — -
G o
o -
® _/”/
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)
7 el wet Askgo] F7tohe Aot Yok A
& 4 Sl

AR ZAte]| o9t EVA/MDH Eg8A29] 7[AH &
‘go] Wsks ot 7] floff A S5l ok %
73 lt AAES S7ote] 11 ATFE Fig 20l HERSIT
Fig. 2(a)oflA ARPE ZAFSHA] 282 EVA/MDH =34
FE 11.04MPa2 JIFHFEE 7HTh AR Skl
7ol whet I = ZH2) 16.62 MPa (50kGy), 17.80
MPa (100kGy), 19.00 MPa (150kGy), 18.98 MPa (200 kGy)
2 37kt 7141 40 4 AL & 4 vk A
2] © 2 EVA/MDH B4 29 QA7 EE 150kGy2] %
2] S 2AF S oF 1.72817F AE| QU i,

% Fig. 2(b)ollA & &= Q=0 AR g4

o] S7Fd5 EVA/MDH EAl= 9] A& Ha

S ZAFSHA] 92 EVA/MDH B84 2] o

296% 1L AR FAeko] St wak A4l

Y7} 241.41% (50 kGy), 197.18% (100 kGy), 187.46%

kGy), 171.94% (200 kGy) & #4351 tt. EVA/MDH

Az o] A2 S F7tol whE A

A48 i 32k WA F29] 7h Yo}

o] lom 7t W7} F7to] oo EVA & W ARE
Z]oJo] A3t AvtE WerETH23,24].

EVA/MDH 5= 9] &5 542 TGA=Z 45}
o] 11 A3+E Fig. 37} Table 30| YERH AT Fig. 3(a)°llA]
Hi= v} Zro] EVA/MDH E3MlE+ F TA 2 JE25)
7t Fg et A AR DAL= 340~400°C 2] H SOl A EVA
FZ Y %}O]'Aﬂ%i}(deacethylation)‘ﬂ'%l—q' MDH2] &4~
HHS- (dehydration) ©] 1 = HA| TA= 430~480°C 2] H <

o ot 2
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Fig. 2. (a) Tensile strength and (b) elongation-at-break of EVA/MDH composites as a function of absorbed dose.
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Fig. 3. TGA thermograms of EVA/MDH composites at various absorbed doses.

Table 3. Decomposition temperatures of EVA/MDH composites
measured by TGA

Absorbed dose (kGy) Tose (°C)* T70% (°C)°
0 340.54 434.54
50 345.13 446.79
100 347.02 449.19
150 349.52 450.02
200 343.96 437.46

*Tosu: Decomposition temperature at 5% weight loss.
°T50%: Decomposition temperature at 30% weight loss.

o)A EVA®] FARE 9] 5flo]tH[25,26]. Fig. 3(b, o) ol &
4= Q%0 150kGy °lote] A FAeg A Al W
& 2 (Tosw, Trox) 7t A AT 2L 200kGy 2] 2]
TR AR A @Y 25T Woldl A2 & 4 Qi
Fig. 3(b, ¢)°IA ¥ TGA Z1}-E Table 3°ﬂ A5kt
Tosu2t Tro= EVA/MDH B3 A| 29| & A7} 242}
95%%t 70% Y wo] L& olugitt. Zﬁ}m& Z AR5}
%2 EVA/MDH S5 AR ] Tosu® Trowi= ZH2 340.54,
434.54°Co|H AR FAdEFo] 150 kGy7HA] 571t
w2t Tos @t Tron 349.52, 450.02°C= Z7}5F3tt

ol#|gt A3t ehd o]5-= A F441%F0] 150kGy
72 Z7Vgte] wkel EVA 73 W 7t 271 FA4 =] 9
2 £/30] 4= 317] wholtt. BEd el 200kGy 2] HAH

\ZIE~
77} 3

— iy
T ZAE Al Tosult Trowiz ZH2} 343.96, 437.46°C=
HAastg o, o= 200 kGy ol HAR S FAL A

7t Rk FAof /ZsfRt-g-o] 1
[27,28].
AR A%l e EVA/MDH 53 A=) &
2% (melting temperature, Tp) 2] H2HE FotH 7] Hﬁﬁ

DSC w42 AAlIsto] 1 27 Fig. 49F Table 401 LHEH]

FE]7] mhiz o= wthE

_g

_ 200 kGy
=}
g L 150 kGy_|
] H'""'M_\_,_4—0—'_'_'_'__
EY s, 100 kGy
3 e . s A
2 | — 50 kGy
c e e
g e e s
¢ | - 0 kGy
_ _J_'_,_,_-'-'—'_'_"_"‘"-,_,__,__,——'—‘_'___'_'—_
_—-—"'-__'-'_F‘_
2 e 8 10 120

Temperature (°C)

Fig. 4. DSC curves of EVA/MDH composites at various absorbed
doses.

Table 4. Melting temperature of EVA measured by DSC

Absorbed dose (kGy) T (°C)

0 71.06

S0 69.19

100 67.20

150 66.38

200 66.18
1tk DSC #4] Aol & 2 glEo] WAL ZAeA
%<2 EVA/MDH &3 29| T, 71.06°C .21 2
Szl Z71a0] wet T, 2 66.18°CR WolAl A
SHQIgE 2 Qlek, olafet Ak HAp ZAo] ofs) 1A}
Az 2 W 2A 999 oﬂﬂ'(deterloranon)oﬂ & T,
o] Wobd 4= okl A4 A Qlek[29]. T, AR £A
£ olg7 134} A=) 7] e B4 E4o) 4]
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Fig. 5. LOI values of EVA/MDH composites as a function of ab-
sorbed dose.

o] T,ol S7loh= o] Y& 4 lou AR AR A
TEZF A= 0] 7Fu RE-GERE ofu et Fofi-g e dojuhE
2 Foll-gell o3k EVAQ] EAFo] AE|o] T,0] ot
A= A3t Aol 2l [30,31].

EVA/MDH 5o 0] dldS 24517] 915l Lot %t
Z795to] Fig. soll LFEH It EVAS] LOI 32 18.5%
ow 30| Aife} vt ghe Hlth(32]. AR}
3] XA} 9] EVA/MDH S8 22] LOI 42 24% 9.2
™ o= MDHEHE A4H 4 4827 o] 94 5
EVAS] FHof| g WA|stal Aad 7tA~E 3l4s
o] AAE Aotz Ao] dlolt). AR ZAto]| ofstod
7kl 20 oz Qg YIdA FFCE EVA/MDH
E R ] LOI -2 26.5%7H4] 27t S7tstou &
Hot= it TebA EVA/MDH S350 Hel/d2
MDHe] 9§k el g7} 2Juf ol 2fal Ats H et

e
=
pil
=]

A} ﬂﬂﬂhﬁﬁdsﬂdeﬁﬂ%{ﬂ%
4A 50kGy7H] BEAE Yol 4] 7he
HEYa 727} B tholth 7|4 B4 B4
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