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=82 dE39 UV A8 £A7 L83 epoxy acrylated] A, HEA YA o Z& FAEES OE
T Egsie] Hrisly @l e Ul 29E AR BeidE UL-94 V(ASTM D3801-87) BIAE
e o]g3le] SABIGITE WAl LYol ke £/ A8HE 2] 8l montmorillonite MMT) & ¢ 224
2 A7t #F A 9 542 HEE stk 9l G S 2EA vaAIQ] decabromo—
dipheny! oxide(DECA)7} & @24 914 ddAQ 2,2, 2—trichloroethyl dichlorophosphate (TCEDP) B.t} %
2 oA L3t Wl ANE v on TCEDPY &3] 7185 73l £x9l 2% A8go] A3lge
B % A Mg(OH)»& 40 wt%/t A7IEol® vl &) vehda] gsith 53] DECA/
TCEDP £§7& MMTE S8R 4% 71A1E B At ¢lo] Best gl g3} vehvbe Aoz 3}l
HArk

Abstract : In this study, the flame retardancy and tensile properties of epoxy acrylate resin containing
flame retardants based on phosphorous, bromine or metal hydroxide are investigated. It was found that
the enhancement in flame retardancy of epoxy acrylate with decabromodiphenyl oxide (DECA) addition
was better than the addition of 2,2,2—trichloroethyl dichlorophosphate (TCEDP). It seems that the high
loading of TCEDP may delay the formation of crosslinking network and consequently decreases the
conversion of epoxy acrylate. It was found that magnesium hydroxide (Mg(OH)2) does not improve the
flame retardancy of epoxy acrylate after added up to 40 wt%. The synergic effects were clearly
observed for epoxy acrylate containing DECA/TCEDP combined flame retardants.
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710 2 paper—sludge/HE 54 Ao MZ b2 F/2
AS Eglale] Hrlg A ¢ gl AvlR &34 719E
& glrka At o)gst £8A YAl (combined flame
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B 2 Ao A3 epoxy acrylate: Bisphenol A Bt
2] epoxy diacrylate?] Ebecryl 600(EB 600) 2% SK UCBZ
He) AlZ ke UV 243k 9% 4 /lAAIZE Ciba ChemicalAb
9) Irgacure 184(1—hydroxy—cyclohexyl—phenyl ketone)&
AMEEITE Al Al Z e 2,2,2—trichloroethyl dichloro—
phosphate (TCEDP, Cl1&3F : 67 wt%) &, B-E4] B2 de—
cabromodiphenyl oxide (DECA, Br&=¥ : 84 wi%) &, 181 =
& A2 Mg(OH) 22 Aldrich Chemical 28] Toljgte] At
£319itt 4713} A2)¥ montmorillonite (MMT) 2+ Southern
Clay ProductsAFe] Cloisite 30B& ARE-5ISIT)

BM AR HE ASE gojreg]r] Y& 80 TR 7183 EB
6000 wiA 2 MMTE /83 H7het 3 32 2004 o
5% 71A1A w2 E83IeI) 0.3 phre] #F /AAIE A7t
3 o) 38z TS o glass moldell BRI 5% 2 3
3 (UVA spot 400/T, Dr. Hénle, Germany) 7} 22t UV W
2 A Ax BY7) ol & 583 F A3E AA HE AE
= 23Uk

&3, A Aol 3t Al Xt MgHEe] At o FE
golalr] Y3, 2471 T Az B2 UV ZAMIZ] A S Perkin—
Elmer+}e] DSC 7 (differential scanning calorimeter)-2 ¢85
2 4 u152 A3} 4kS A BojX]= DH = 78131, v 4 (D)
ol tigdslel BEE(X) S Tl

X=(AH;~AH.s) /AH; (1

AH - total heat of reaction
AH.s - residual heat of reaction

MMT7} E71e A8 3¢ MMTS 24 AEE Rz 4
3 PhilipsA}e] PW1830 X—ray diffractometer A=1.54 A)& A}
g3tqit) A8 vl EAJL Underwriters Laboratory (UL) F
Ag 715307 G = o JEA WA gedol] ufE AARE
o] W32 435Itk B A7olAe ULV Hile gaigion
TAA A)E 5P ASTM D3801-87 788 Zarsjod 2t Al
Hol| thall 103]8 AjF3le] He A4l Haverage combustion

Eo|H, A318 A1%, 2007

time) 9 ¥ & A¥Z 3}t Al AF EAL InstronAt
2] UTM(model 4465)-& 014310 Q1 ©E 9 HYES 374
sl9lom A¥L crosshead speedE 150 mm/minE ASTM D638
TAE wet gsigict A3i= 5702 AlEe) F4 ATl BHAF
kit

#n 9 ze

MEE. Figure 13 2+ 747} dAAZ TCEDP ¥ DECAE
A7k AlE ) A el e ML JERR Aotk EB
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£Fo g =7 vehdr} o]& E3) TCEDPE epoxy acrylate®]
A3E thh AAATIH HE HEEE BoEEle AES ¥ T
glo ol YA} epoxy acrylate?tre] A4S Zjolof 71¢l
3= AoE FEFTH

MMTe| BAYE, Figure 33 4+ Y 549 AR a3-&
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Figure 1. Conversion of EB 600/TCEDP flame retardant
system.
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Figure 2. Conversion of EB 600/DECA flame retardant system.
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Figure 3. XRD patterns: (a) EB600/TCEDP(5 wt%)/MMT (5
wt%), (b) EB60O/TCEDP (10 wt%)/MMT (10 wt%), and (c)
pristine Cloisite 30B.
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Figure 4. XRD patterns: (a) EB600/DECA (5 wt%)/MMT (5 wt%),

(b) EB600/DECA (10 wt%)/MMT (10 wt%), and (c) pristine
Cloisite 30B.

Table 1. UL-94V Test Results of Epoxy Acrylate with Various
Frame Retardants

Composition Total Drip UL-94V
(wt%) burning time (s) Classification
10 248 No V-1
TCEDP 20 36 No V-0
40 15 No V-0
10 250 No V-1
DECA 20 35 No V-0
40 11 No V-0
10 729 Yes Fail
Mg(OH); 20 664 No Fail
40 507 No Fail

(@
<
o
ot
oft
(1]
k)
s
»
<
>
S
<
2
®
=
o
@,
5
1o
e
2
A
oX
[@)]
O

20 wt% olde] gFollA] V039 95t Bl 95 HolX|RE
4 kR Mg(OH) o= 40 wt%7t 7o
A YehlA] o= d3E asick

TCEDP= A& A & 1HEAR epoxy diacrylate?] A
(char) 298] HBHE FuAZI o 24 7V S X8shs 71 B4
2] HAE A7) WiEel & 3APelN vl i) EEE
Aog <deiA Quk® Wb DECAE iz 84 ®Br )& B8 &
2 %7] A(vapour phase)°llA Wl B4 w33kt Mg(OH),
= T2 Bg TUAA i Al AAE AR 7 B4
BAANZ|T G F5E FAlO AIE HAA AEE AxE
Apgste] JaAge Fofsich geuh B AT ARl Mg(OH)»
= dEoz AMgE A i 50 wtdh ol EQE ool AHF 4=
F2] YIRS Uehis 202 delr glom 4 ol B A
A 2wl 7l o] 40 wi%E Al W wld g wole A
=3} & dx|gh}

Ql A 247 iAo MMTE W HERAZ H713e d,
22 F E57Y doAE MR 28] ARRE ulf Ul BN
AR &S HEF AT A9} o] Ae BaE up QR
E Aol TCEDP W DECA F HiAE MMTS 22 59
Hl&2 Zgaue] Edste] AHE Azl YA e vREPRZ
UL-94V HAEE AAJste] 1 A3Z Table 29 Ae3kich
TCEDPMMT £8419] %% 27t 10 wt%E 71k V-1549]
@ G398 IS =Rk, DECA/MMT 3= 54¢ ¢
Zule V-0g2 4 &9E VR o7& TY ekl
Z} Aol g BA(67 wi%) U BE(B84 win) 9 ¥ A}
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Table 2. UL-94V Test Results of Epoxy Acrylate with Combined
Flame Retardants

Amount of ’I.‘otalh . UL-94V
flame retardants burning time Drip o .
Classification
(Wt%) (s)
5:5 372 No Fail
TCEDP/MMT 10 : 10 173 No V-1
5:5 242 No V-1
DECAMMT 10:10 36 No V-0
5:5 811 No Fail
MgORLMMT ) 693 No Fail
5:5 51 No V-0
TCEDP/DECA 10:10 14 No V-0
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SH, MMT il 13t BE8A] GdIAIE 5d3 g2 2%
TCEDP/DECAAIE 72} 5 wt% 9] 480 A7ENSAE &+
st @l WAAE ARSske AU MMTE 3718 A-9-150 o
Fret 3l a9 vl 2E o 4 itk A9 BHEA JdA
2 313 o)|AEA WA3AE high impact polystyrene (HIPS),
ABS, poly (methyl methacrylate) (PMMA), polycarbonate 22
3 PETS} 22 12 EYU8E 749 9 dAAE AR
ARt dd 53} o] s Ao gl Yk I Green
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MMTe} 22 571588 #7135k 7390 vlal, #4714 daAE 2o
AREELE W F EAAIREY] AR gt o 9% S 2RI
g gy, o]F T 9 JAAE AMEs BRoh 43
s 22 Jdd 238 7| 5 vk &S 95 5 ok

OI%t EM. Figure b+ WiA|Z TCEDP, DECA ZI1#3l Mg
(OH)2Z #7Ie AlE4] diA el wE Q7 '’ &2 W)
£ UEhd Zlo|t}. JdAle] #5o] 10 wi%d wi7kAlE BdE0]
Uk 58T 20 wi% o)l FE] Fridhs AEE B3le

Tensile modulus (GPa)

—@— EB600/TCEDP
24| .-O- EB8OO/DECA
_y— EB600/Mg(OH),

0 10 20 30 40
FR content(wt%)

Figure 5. Tensile modulus of epoxy acrylate with various flame
retardants.

Table 3. Tensile Properties of Epoxy Acrylate with Combined
Flame Retardants

flame iz?'l;lz;?sf(wt%) Modulus (GPe) _ Blongation(%)
TCEDF/MMT 18 : ?0 152:57 fgg
DECA/MMT 18 : ?o 182,é2 gé;
TCEDP/DECA 13;?0 Sjé 31(1)3

E2H, #3148 A1z, 2007¢
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Ao AZET). B, MgOH),2) A% 20 wi%7HA €35
o RAEHE Hoo 1 ool FENE A MelE:
2% % % gk,

MMTE vl B2A2 3718 A8 914 542 Table 30
VeI 871 MMT7} 91 8ol olale ske Ak
WA el ZRol weh th2A| Ueldth. Aseld TCEDP %
DECASH 22 9l & BEA JiAS AHer 49 MMTS) 8
o] 5 wt%Y w*= epoxy acrylate ©5 w(11. 1 GPa) ®r} ¢k
7 & VYL MYoH o)A BAkE MMT 2o 93t B3
w72 Bon) e 39k) 10 winE 7K A9 vl
MMT Hefele] A1z 218 2318 B8] I AsksE 2ol
FA=T) W AR 3o SAo s Aol T 2 o
epoxy acrylated]l BEA WelAlel DECAE T4 A= &
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g & Qe Ao gz
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UVZA3H 442 epoxy acrylated] W43 Zdir717] 4
& Q3 BE 9 F& PAsE WAAE 22 gl
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AR BAo) FrrEsiod V-079) ¢ &9E A4S 5 9l
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