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ABSTRACT

On the Properties of Photo-crosslinking of Flamending
Polyolefin foams

By Jung, yoon seok
Advisor : Prof. Choi,eJgon, Ph. D.
Departmerit Rolymer Science &
Engineering, Graduate school,
Chosun University

ABSTRACT : Polypropylene materials possess a weaglt nstrength, which
increases the difficulties of foaming compared ttheo plastics. When the melt
strength is too weak, the cell walls separating thébbles will not be strong
enough to bear the extensional force and they aseptible to coalesce and
rupture. As a result, foamed PP products usuallyeha high open-cell content.
Thus, there are unsatisfactory for many application

In this work, Radiation curing of the polyolefin sias by Electron beam has
been of great interest for flame retarding appilicat It gives much shorter curing
time, lower shrinkage, lower tooling cost, improvpdrformance and elimination of

hazardous cross-linking agents etc..

Polypropylene and its blends with recycled polykthg were melt blended with
non halogenated flame retardants. The blends wineds at elevated temperature,
while appropriate amount of additives were added tih® mixture. The blend
samples were placed in a moving belt and exposedElactron beam(KAERI)
system in irradiation dose of the range of 30 ~ Gk respectively. Finally the

resulting irradiated blend samples were thermakpa@ded. SEM, TGA, LOI tester



and Cone calorimeter was used for characterizatiothe resulting foams.

As a results, Flame retarding foams were succégsfulepared using Electron
beam as a cross-linking tool and its optimum dcsege was 30 ~ 35kGy for 10
MeV. Maximum expandability of the blended FR foamss 990% and the more
recycled polyethylene content in the blend foamse thigher gel content and
expandability. The flame retardancy of the resgltimams was in the range of 26
to 27.6 in the LOI value. Carbon mono oxide yie@iS{Y) were about 0.11(Kg/Kg)
and their char yields were more than 50%.
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Step 1) Peroxide thermal decomposition
R—0—0—R'— R—0" + R-O"

Step 2) Hydrogen abstraction with radical formation on the polymer chain
| rubber I

R—0" + ww—C—amw =P R=0=H + ww—C—ww
*

H abstraction  H macro free radical

Step3) Crosslinking reaction by free macroradical

recombination
— CHENERE C — — — S

é % Recombiraton % ;

Fig. 1.4. Crosslinking mechanism of polymers with oigaperoxides.
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Fig. 1.5. Expansion characteristics of Fig. 1.6. Effect of polyethylene type on
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Table 1.2. Combustion Products of Common Insulations

Parts per Safe

million levels

Carbon Monoxide 1,000 50

Std. Polystylene |Styrene 400 420

Benzene 30 200

Carbon Monoxide 1,000 50

Styrene 100 420

S. E. Polystylene Benzene 0 200

Chlorine 15 10

, Carbon Monoxide 69,000 50

Wood Fiber BoarBenzene 1,000 50

Carbon Monoxide 1,000 50

Polyurethane Cyanide 200 10

Nitrogen 200 25

Carbon Monoxide 800 50

Cyanide 100 10

Polyurethane S. ENitrogen 350 25

Hydrochloric Acid 120 10

Chlorine 50 10

PV.C Carbon Monoxide 11,000 50

T Chlorine 1,000 10
Polyethlene Carbon Monoxide 12,000 50
Cellular Glass* Produces no toxic gases 0 N/A

*Data supplied by Pittsburgh Comii®y Corporation based on testing of their
of cellular glass insulation
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A0 A2 3

0. 1. Al 2 7]7]

dag Zzz /A Egd e A AE Az o] AFEE A 9 HIHA
c AT A A5 Fo]7] Al AA (o]l vHE 2= ARSI

TFAZ= 54 oA Az random copolymer R301([PP], P 97% & E 3%, (Ml 1.9,
147 C, My 400,000y} & 4] -3} 8ol A 2] %3 ter-polymer] SFI740T([PP], P 89.4% &
E 6.3% & B 4.3%, (Ml 5.5T, 135 C, M,, 200,000 ~ 300,006 A} &3} 3L, A Z 2 &
#dl o 2 960-4(Jw-PE], (Ml 2.3T» 103.9C, My, 5,000 ~ 15,000 A}& 3} %It} o] 59 A&
AL FAS 98] A&3tAlE Polyethylene grafted maleic anhydride [PEgMA]
Ethylene Propylene Diene Monomer [EPDMP}F-&3 3t B A= ol x4 3= 9l
cellcom-ACMP{ 4 195+3C, gas volume : 280 ~ 290 mifg) AF-&3Fth dA A= </
A ddA 2 melamine-pyrophosphate  (P/N  content 33.0/38.0%, Bueamh red
phosphorus (P content 93.1%, Rinkagaku), red phosphofd content 90.4%,
Rinkagaku¥, 7|4 Ya A= aluminium trinydrate (AI(OH) China Greatwall),
magnesium hydroxidéMg(OH),, Kyowa Chem.E A} &3}

o 1. 2.717]
A 7178 ek ohg ) 2

Rheomixer Haake 600p
Hot-press Carver
EB accelerator 10MeV, 100kw (KAERI)
Oven HB-503M, Hanbak
Microscope Zeiss
Scanning electron microscope(SEMMHitachi S-4700/JSM-840A
LOI tester Atlas
Cone-calorimeter Fire Testing Technology
TGA TA 2050
FT-IR Shidmazu 8601PC
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0. 2. PP/w-PEE &

Iﬂ

(W-PE)YS Edldsta Sd= o M= A8Ao] desA 55 dotrr] o8
Table 2.1 #& =4 o2 Rheomixerl A &33t9th. SFI7T40E A3 A H(S1 ~
Sy x7|2% 125C %, w-PES %7|2%E 108 C= 3&o] rpm 50, =3A17F 20

mine] Ao =w SJ=E5 A xS

Table 2.1. Composition of the blends

Item(unit) Compositions (phr)
Resins Compatibilizer
Specime PP w-PE PEgMA EPDM
S1 100 0 0 0
S2 60 20 10 10
S3 50 30 10 10
S4 40 40 10 10
S5 30 50 10 10
S6 50 50 0 0
w-PE 0 100 0 0

O. 2 2. SEME o] $3 Ed9= F4
REZ2A %A= SEM (JSM-840A, Hitachi S-4708) Al-g-3to] . A (H 714 9

TAAE), F(A Fx) AddEs dFEAT. ol H& Axd Ed=E 22

FARSE JA AL oA dHFYP o] dojues o] AN S FoAT F A A
et gdwe] WS = (gold sputteringytd o™, 7F&EAYGLS 20 W=
skl ot
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O. 3. ddA PPw-PE 2 A Ax

II. 3. 1. YEIAHAZ
Gy PPMW-PEZIARAZE e T2 gl we 54ng 9
f 7 7HA EYEZEdAS AFEsEth. R30E: AR x4 Table 2.2,

(o]

SFI7T40TE AM-83 x4 Table 2.3 el Qltl. Table 2.2} Table 2.3 ® ™ 4
Ao} FE3AE gaA 100 wt%z sl Zelzagay AAZodae] Sz
J& 60 ~ 30 wtoel 20 ~ 50 witve WIS Fa, 48349 PEgMAS EPDM
S 747 10 wt%¥) F7bE Ak 7)ol daAAd S R E 98 Q/ARA, T4 @
AA S 130 phid 7hetdom ehgd Wy AYgS dr)9s HEAE 125 phid

l

>
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Table 2.2 Composition of the flame retarding PP(R80-PE compounds

Composition (phr)
[tem(unit)

Resins Compatibilizer FR EB B-a

. 10Mev
Specime PP wPE|PEGQMA EPDM a b ¢ ADCA

(kGy)

30
35
1 60 20 10 10 100 20 10 40 125

45

30
35
40
45

30
35
40
45

30
35
4 30 50 10 10 40

45

Resins : PP(Virgin Polypropylene), w-PE(waste Piblylene)
Compatibilizer : PEgMA(Polyethylene grafted mial anhydride), EPDM(EthylenePropylene
Diene Monomer)
FR : Flame Retardants (a; inorganic flame datat, b; phosphorus containing flame retardant,
c¢; phosphorus/nitrogen tearing flame retardant)
EB : electron beam(30 ~ 45kGy)

B-a : blowing agent ; ADCA (azodicarbonamide)
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Table 2.3 Composition of the flame retarding PP(86Tj)/w-PE compounds

Composition (phr)
[tem(unit)

Resins Compatibilizer FR EB B-a

. 10Mev
Specime PP w-PE | PEQMA EPDM a b ¢ ADCA

(kGy)

30
35
5 60 20 10 10 100 20 10 40 125

45

30
35
40
45

30
35
40
45

30
35
40
45

30
9 0 100 0 0 ” ” ” jg ”

45

Resins : PP(Virgin Polypropylene), w-PE(waste Piblylene)
Compatibilizer : PEgMA(Polyethylene grafted mial anhydride), EPDM(EthylenePropylene
Diene Monomer)
FR : Flame Retardants (a; inorganic flame dsatar, b; phosphorus containing flame retardant,
¢; phosphorus/nitrogen taoning flame retardant)
EB : electron beam(30 ~ 45kGy)

B-a : blowing agent ; ADCA (azodicarbonamide)
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XA H ] AR A= Fig. 2.1 YEeEFU A Y. Rheomixer| A Table 2.2} Table

2.3} 2 AR AR SIAAS Axsfded 474 §§2=E st
Table 2.2(R30%; %725 %8 135 C=, Table 2.3(SFI740R Z7|2%=&

125 C=, Table 2.3(W-PE} %712 %E 108 CT& 3} rpm 50, 20 min7F &3 &}

Att. o]o}A hot-prese& o] &3le] Table 2.2(R30E: 150C | A4, Table 2.3(SFI740T)
137 Coll A, Table 2.3(w-PE}- 117 Toll4 10 min &< 3 tono. 2 = A3
o] 60 mm (T) x 60 mm (W) x 100 mm (&) =7]¢ WHFAAE A x84}, o
of 10 MeVe] AAH AR S o] &kl AFRH(30 ~ 45 kGyp @ sto] T3 A

ot
(&
-

flo

_—

<
T

oy

el 7has AR HFHom BIAHYFS Tl L 2(HB-503M, Hanbak)i ol 4]

LA myxgsg oz 130 ColAHE 185 C7HA & 35 min 59 H WL 7} o] Fof

PP/w-PE

Additives Blowing agent

(flame retardants)

Mixing (compounding)

Rheomixer, Compounder

Exirusion / Compression
Hot-press, Extrusion

Eleciron beam irradiation
10Mev, 30k Gy ~ 45k Gy

y

Foaming
Owen, Foaming apparatus [at 130 ~ 185, 35min]

Fig. 2.1 Experimental procedure of the compoundsdan PP/w-PE.
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O. 3. 2AANZAEF =2
A 2 AL 270 gk 2pA| g AL S o} o] Table 2.41 YEFH QAT B A F o A}
S8 A 2AEAE dAde de AAE AT (KAERI) O] sl QA W 2R 7k
2] (10 MeV)Z o Rk, A EFS 7 WA H ol whe} 300 A 45 kGy7hA] 5 kGyH
A7) A ZAFeF QT o] W), AL #-S Dosimetryel = AL A S A& Elo] A3
o8 AANAF 1 mA £% 0.02m/s7} 10 kGyz =4 5 ¢lth o] 2 E3) 2 Apakol 2

A 24 A5E A5l 4 2B LIS Y

olN

2y

~

Table 2.4 Electron beam irradiation conditions of tAP/w-PE blends

Dose Number of Beam Current  Velocity Accelerator
(D, kGy) times (I, mA) (V, m/s) Voltage
30 3 1 0.02 10MeV
3 0.02
35 ” ”
1 0.04
40 4 ” 0.02 "
4 0.02
45 ” ”
1 0.04
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o

A o

AARD AL W& 7 A =S dolr 7] s A o
EA e taes FAeAT. 2 WH 2 sohxlet'sg A =
xyleneg Ht-g-7]o] ¥W& % 155 Col A 36 hrss¢t 37 A7l 3 filtrationg A A A
£ S methanob. 2 A ojWll Fo AZQES o]&3to] 145 CTolA 7

A

Gel content (%9 = [(Ws - W) / W;] x 100 (2.2)

Wy oA A A
W, @ A5 Al e 57

Wi 2% F o4& ARe #

I. 4. 2. FT-IR% 4
Shidmazu}(Shidmazu 8601PQ@) FT - IR& o] &35}o] FA2A 3 AR Z Ao
e At =g BAE A olule W)= 4000 ~ 500 Crz ki,

o. 4. 3%

AlAe] B EALE FAEAN AAR AL wE HE S (expandability), 2

K
1

3

% (cell structure),” =7] (cell size), ¥ W€l (surface) s < W& A #E3A

W & (expandabilityl> 2 d oin] Bz F AHAV] ] WAFAEEA, GE A,
T Al A7]E 57 o] FAsaL, thso A(2.2) ol&dte] HEws A=

3%
Expandability(%) = [(V after = Vbefore) / Vbefore] * 100 (2.2)
Veetors VOlume(Thickness x Length x Width) of the blends

Vater : VOlume(Thickness x Length x Width) of the foams
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JAEAS xAstE gukzlel Wy o g LOI #AHo]l 9l ASTM D 2863
Z3te] sy AP & LOI tester (Atlasg o] §3lo] A 2424 (limiting
oxygen index; LOI, ASTM D 2863 =#A &ttt o] uw, ¥ XA AL 6.50.5) mm

=
WRel Aoz g F Qoo Aast AxFS ARn AL FAg
53

oA EEAH A Zhsk T TEA O
_1_%

LOI = [0, / (O2 + Ny)] x 100 (2.3)

II. 4. 6. Cone-calolimeteri 4|

Cone-calorimeter (Fire Testing Technology)o] &3le] Hv 2 Huo o wE&%
(average & maximum heat release rate; A & M-HRR), € ®=F (total heat releas
e; THR), I+ % H #& 9429 (average & maximum effective heat of combustio
n; A & M-EHC), =713} 7 (time to ignition; TTI), A4 A] 7+ (flame out; FO), 7}
2 dAL&T 9 2 (CO production rate; COP & CO yield; COY, e@roduction rate;
COP & CQO yield; CQyY), 7173 (mass loss; ML) < ASTM E 1354-94] <] 7
gl ZAeth. o] W AFHL 100 mm (W) x 100 mm (L) x 9 mm (F) =7
%2, heat flu 50 W/m’=, flow rate2 0.024 ni/sz 3} 9] t}.

I 47.9%4

Hx Ao dAHEA A= TGA(TA 2050)F o] &3to] Rl B 3k, FAE
A, BHEF 52 A eH, o8 YA A#AA ol HESAL. o u, airkt
A7 AN 2AHALEFHES 0 ~ 800 CTE 10 C/ming $eE&w 2 =439 A

29 4L 5~ 10 mE 7|Fo 9
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Fig. 3.1}
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c) PP/W—E(50:50)
Fig. 3.1 SEM micrographs of polymers and blends.

(a) PP/w-PE/PEgMA/EPDM (b) PP/w-PE/PEgMA/EPDM
60:20:10:10 50:30:10:10

(c) PP/w-PE/PEQMA/EPDM  (d) PP/w-PE/PEgMA/EPDM
40:40:10:10 30:50:10:10
Fig. 3.2 SEM micrographs of blends.

bt ol
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AR xylened] =2 FE U E A& Ao=E, B Ao

=
M ol A FESs SA] AHd o= Aro Jtunkgo] dolge=AE FAAL
o=z Yely i, 1 4732 Table 3.1} Fig. 3.3 ~ 3.4] YeEy AT}
FAEAC e 23z Table 3214 7 £ A FEFS e 2AEAA

30 kGys AHRW & o)

Specimen 1 ~ 4(R30%) specimen 5 ~ 8(SFI740W)4] Z gz =z F2Fo] 7}
% & specimen 1} specimen 5] A 32 9%} 11.0%] L specimen
specimen 6] Z sz 11.4%e} 15.6%°|™ PP/w-PE] 3} 3o
specimen ?] 2 3dtake 1859} 22.8%@ith. 18l AAEY
specimen 4} specimen & 22.6%2} 24.2%e] A =S shFTE o= AAAZ "
dle] gheFo]l F7bstel wel A ko] Frheke e H A
2gd3 AJAEZo oA EF S F Ut A EYzEdAe dFgow
oz wolqA e HAAH S FAMSH ZFulRkgI AbSdG Aol A A
o2 ZAd dojuA ©r}® =, specimen I} specimen 5|9 Z@ZzHao o
Fol W& AEE 294 @S AHETY AdFoR AlEddddo] v @o] do
2 = e Ao AsdEY. deow AAEE
gl aiEAs oju W JhEs F AEoA i
7lol = Aoldl= Az #HS nREAAIEEC] BWol EASHA "k o] Aeolile

i AR ZALe] oA o A4S 7HAA He &

]
£ 491 7hankgo] dojupAl ®rh o] wio| specimen 4k specimen 8% A4

2}
2 specimen 3}
=

am o

=2
ud
=
5
2
o
e
ot
o
o|N
N
s
>
i

o
2

1
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AAR AL e 2= Table 3.RIA Zejz=ddly) fAYZoldde
Az o] 7L specimen 3} specimen B Z3ES Aurwd Axw ZALsFo] 0 kGy
ol specimer 7}al7} % A %o} 0% A skaFS 7T 2]l 30 kGye| AL
ol A 18.5%e} 22.8%= 7Y =& A UEFS Holil 35 kGyll Al 17.6%} 22.6%=

Holm 40 KGyl A 16.0%} 22.0% 1231 45 kGyoll /] 15.6%2} 21.6% o= XA}

2ol Z7latol] whel A o] adlE AL Wl o] e Ane YL A
A¥ ZAF A nEA F AlE mE buE RRo] gyPw wy A By 2y

A gas] GFoz A Mol o]F o714 Rakm HAA Hel Yeyt Avz w3

Table 3.1 Gel content of specimens for EB irradiatiose

Specimen Gel Content (%)
Dose (kGy) 1 2 3 4
0 0 0 0 0
30 9.0 114 18.5 22.6
35 8.9 11.2 17.6 22.1
40 8.7 10.9 16.0 21.8
45 8.5 10.7 15.6 20.5
Specimen Gel Content (%)
Dose (kGy) 5 6 7 8 9
0 0 0 0 0 0
30 11.0 15.6 22.8 24.2 26.5
35 10.9 15.3 22.6 24.0 26.4
40 10.7 14.6 22.0 23.7 25.7
45 10.6 14.4 21.6 234 25.3
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e S
2 | f ~% (30/5071010)
SR
i TR
_/;\ .l’.," Trem —_— A0/40°10/
S ; ; -a (40/40/10/10)
- s
= i
g f i
= 4
g / o T S e g (SO/30/10/10)
= 10 ]
] :

(60/20/10/10})

Specimen 1
Specimnen 2
- Specimen 3

Specimnen 4

0o . ; ; .
0 30 35 40 45

Irradiation dose (kGy)

Fig. 3.3 Gel content VS Irradiation dose of the E@ssrlinked FR foams (R301).

30
— — — — —eo—
v ! e — — — — & (0/100/0/0)
/0 _ —_———— —0— - -
° 4 - — — ¢ (30/50/10/10)
/ // a o (40/40/10/10)
< 201
S 1
-~ /: 0 - T
: 15 / / . ——— e __ - (50/30/10/10)
% /f //
3. ] . (60/20/10/10)
/ y ——— Specimen 5
/ y ——-&—— Specimen 6
: | // a Specimen 7
// ——6—— Specimen 8
// — - — Specimen 9
%
0 ‘ ‘ ‘ ‘
5 20 35 40 45

Irradiation dose (kGy)

Fig. 3.4 Gel content VS Irradiation dose of the EBsstlinked FR foams (SFI740T).
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A R A Aud stuel At Aol tis] dolr ] fs) FT-IRE o] &3
Frvas 2AEkdY. 53, =2 A dEE Bl SFI740TE 71F o 3§t X
L | &2 Z3= Fig. 3.6 YERA AT

7193 Table 3.2] g w9 259 4gats AESE U
Fig. 3.5%} Fig 3.6% 1w, 1367 Cril(asymmetric vibration of methylene group)

N
oX,
2
=
(il
y
i)
s
I
(o]
w
h)
2
N
o
N
>
o
<

720 Cni'(consecutive methylene linkaged) &% 27t Zajzzdalo] ko] we
specimen Bt} A Ze|oldde] FFo] @& specimen 84 T/HAE = o4 9l
=t olE Tl ABELE FFo] Tt tuwaEo] TS 49U
ok aga FIart A=A 30 kGyl A 7Hd A AR AL
°f S7t&el(35 ~ 45 kGy) wet F4uAark A 5
ZAL o] FUbet Al AT o] dojd s 3
£3], S. Satapathg} 1°] Atxe] waw w-PES} PEES Zal=3le] 7baA 7@
150 kGyl Al 1367 Cni3} 720 Cnito] 7hare] daFo = ols) %718k % 300 kGy
M= ArEdgddoR s 1367 Cmizt 720 Cnie] a7t A

st

A,
32
dlo
o
o
=5

Table 3.2. Peak position and assignment of peakhienHT-IR Spectra

Wave
number Functional group
cm?
1720 >C=0 stretching for carbonyl group
1460 H-C-H bending of methylene group
1376 asymmetric vibration of methylene group
1018 C-O-C stretching of ether group

876 C-H deformation

720 H-C-H stretching
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—— Specimen 5(30kGy)
—— Specimen 6(30kGy)
——— Specimen 7(30kGy)
Specimen 8(30kGy)

\‘@M
0/10/10
V\\\LK“/)_/\‘\ f\

40/40/10/10) !

o L - Y \
30/50/10/10) ¥ \—JLJ'\-N’\/ ]
=

Absorbance —————)

1700 1600 1500 1400 1300 1200 1100 1000 900 S00 700
Wavenmnber(Cm"l)

Fig. 3.5 FT-IR spectra of EB crosslinked FR foams Rasin composition(KBr).

—— Specimen 8(0kGy)

—— Specimen 8(30kGy)
Specimen 8(35kGy)
Specimen 8(40kGy)
Specimen 8(45kGy)

D . &

‘"\\-%ﬂ,-/\\/\'g,_,qw_/\/k
\

\w@v’-’\" “MI\“__N \-m‘_/\_\_,—/"v’vﬁ/L

40 kGy)

Absorbance ———>

\ f\ n
ik el N

1700 1600 13500 1400 1300 1200 1100 1000 900 800 700
Wavemlmber((‘.m'l)

Fig. 3.6 FT-IR spectra of EB crosslinked FR foams EB irradiation dose(KBr).

_29_



M.2.3. 2 ¥A 9 ¢xEA

AA ] BHEEA FA= Table 3.3} Table 3.414 R wle} o] ¥ 2%(130
~ 185 )¢ AIZH35 min)E A star, A4 3 AAR A e YIS
A A7)19 WIS xAE . 1 23S R30S Ag 3 specimer- Table 3.3,
SFI740T= A}-&3%F specimer- Table 3.4 Uel ot 28] FAZA e o ¥
&9 9% Fig. 3.7 Fig. 3.91, Aol w2 v ¥ & 9] of &S Fig. 3.8% Fig. 3.10)

FA A W2 A3z Table 3.3} Table 3.414 AAE Fol| ZglzzZdl
grako] W specimen 1 ~ & Specimen 5 ~ § Wi ¥ go] oF 200%4 =&
Z7F A9 dojuA g AL AAY F Utk ol FYZRY
ankgo]l Z AP A ¢Fol wE Ao SFHET FA45}

B, Wi Zyzedda qAZeodde] el 22 specimen 3}
specimen P i WX &S 506%9} 80291, AAZE el FFo] 10 wi%
¥ @& Specimen 4} Specimen 8] i W¥ &S 850%, 990% tElUIATH 1
#]3 R301% A}&3 specimen 1 ~ 4 A =7 ¥+ 012 mm ~ 1.04 mat,
SFI740T2 A}-4-& specimen 5 ~ § 4 A7]®¥E 024 mm ~ 112 mAt vehu
lom ol RF AgZdEale giFol Tkl wet A A7)7F Fhske A
HE B 29a AAEYANEA TS AHE S specimen @ Hau U ¥

&
1650% ] A Z7]E 1.22 mme BA=E AHEERGg 7Y F& xS WY

_]

AR ZA o] w2 A3lZ Table 3.3% Table 3.414 713 £& 2288 wd
specimen 4} specimen & X 1 2 A ZAF=kel 30 kGyll 4] 850%¢} 990%= 7} 4 &

&5 Hola 35 kGyoll A 823%2} 840%™ 40 kGyoll A 690%<} 802% —12] 1. 45 kGyell
A 591%¢9} 605%= HHd A4S, A A7 % YA FAEQ 30 kGyll A 1.04 mne} 1.12
mmz 7} =31 35 kGyell 4] 0.85 mne} 1.12 mne] ™ 40 kGyoll 4] 0.83 mne} 1.12 mm—L
2] a1 45 kGyell A 0.72 mme} 1.02 mmes 5 4 3 A8k 7 35 B 9l t}.(Fig. 3.8, Fig. 3.10)
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Table 3.3 Foaming properties of the EB cross-linkBdoams(R301)

Item(unit) Foaming Temp./

_ Expandability Cell size
Required Surface Cell structure
. . . (%) (mm)
Specimen Time (T/min)
Opened cell,
1(30kGy) 130-185/ 35" 107 Good _ 0.12
ununiform
1(35kGy) ” 176 ” ” 0.12
1(40kGy) ” 171 ” ” 0.12
1(45kGy) ” 119 ” ” 0.12
Opened cell,
2(30kGy) 130-185/35° 160 Good _ 0.54
ununiform
2(35kGy) ” 177 ” ” 0.51
2(40kGy) ” 181 ” ” 0.52
2(45kGy) ” 155 ” ” 0.52
Semi-Closedell,
3(30kGy) 130-185/35° 506 Good _ 0.75
uniform
3(35kGy) ” 482 ” ” 0.72
3(40kGy) ” 456 ” ” 0.72
3(45kGy) ” 401 ” ” 0.63
Closed cell,
4(30kGy) 130-185/35° 850 Good _ 1.04
uniform
4(35kGy) ” 823 ” ” 0.85
4(40kGy) ” 690 ” ” 0.83
4(45kGy) ” 591 ” ” 0.72
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Table 3.4 Foaming properties of the EB cross-linkBdoams(SFI1740T)

Item(unit) Foaming Temp./

_ Expandability Cell size
Required Surface Cell structure
. . . (%) (mm)
Specimen Time (C/min)
Semi-closed cell,
5(30kGy) 130-185/ 35 222 Good _ 0.32
ununiform
5(35kGy) ” 190 ” ” 0.24
5(40kGy) ” 153 ” ” 0.24
5(45kGy) ” 150 ” ” 0.24
Semi-closed cell,
6(30kGy) 130-185/ 35 351 Good _ 0.81
ununiform
6(35kGy) ” 315 ” ” 0.61
6(40kGy) ” 300 ” ” 0.81
6(45kGy) ” 290 ” ” 0.62
Closed cell,
7(30kGy) 130-185/ 35 802 Good _ 0.93
uniform
7(35kGy) ” 625 ” ” 0.74
7(40kGy) ” 600 ” ” 0.84
7(45kGy) ” 560 ” ” 0.54
Closed cell,
8(30kGy) 130-185/ 35 990 Good _ 1.12
uniform
8(35kGy) ” 840 ” ” 1.07
8(40kGy) ” 802 ” ” 1.02
8(45kGy) ” 605 ” ” 0.72
Closed cell,
9(30kGy) 130-185/ 35 1650 Good _ 1.22
uniform
9(35kGy) ” 1520 ” ” 1.12
9(40kGy) ” 1430 ” ” 1.12
9(45kGy) ” 1145 ” ” 1.02
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Fig. 3.7 Expandability VS Resin composition of the &Bss-linked FR foams (R301).
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Fig. 3.8 Expandability VS Irradiation dose of the EBss-linked FR foams (specimen 4).
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Fig. 3.10 Expandability VS Irradiation dose of the &Bss-linked FR foams (specimen 8).
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= Fig. 3.151, SFI740T= A& @l 30 kGyol| A 45 kGy= %A} g+ specimen & Fig. 3.16
LEFU LT

Specimen 4} specimen & X 2} W AL 30 kGy:l (a)> Al Wo] b4 =l g uk
8l Z=Ab=Fo] 35 kGyell A 45 kGy= F7Fsti A 4 Al o] F3 5= Fito] golA

Ao A7 7} ZolA = RS HEAT = ot 712 31 specimen 4} specimen & 1] i 3

ki

2

B A8 v %3 43S 2ol specimen 8] specimen 4. tF @A ] ¢k Aol AL

0!

Al AL B o A A7) A ¢ & AL g 5= 3. 53], specimen 8

(d)= specimen 4] (d)oll Al &= & = LA™ 2 AL Afo]Afo]of o} 22 Al 5

X0,
rlr
Y
o
e

_35_



(2)30kGy x30 (b)30kGy x1000
Fig. 3.11 SEMof cell structures (a) and dispersion of the adegi(b) of the specimen 1.

(a)30kGy 30 ()30ky ><100
Fig. 3.12 SEMof cell structures (a) and dispersion of the adegi(b) of the specimen 4.

3 1.8

(a)30ky x30 (b)SOGy x1000
Fig. 3.13 SEMof cell structures (a) and dispersion of the adegi(b) of the specimen 5.

Lot

" (a)30kGy x30 (b)30kGy x1000
Fig. 3.14 SEMof cell structures (a) and dispersion of the adegi(b) of the specimen 8.
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(c) x30 7 (d) %30 “
Fig. 3.15 SEM of the cell structures of EB irradiakd®i foams in different relative dose
(&) 30kGy, (b) 35kGy, (c) 40kGy, (d) 45kGy (specimen 4

(c) x30 (d) %30
Fig. 3.16 SEM of the cell structures of EB irradiakd®l foams in different relative dose

(a) 30kGy, (b) 35kGy, (c) 40kGy, (d) 45kGy (specimen 8
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sttt L A 3= Table 3.5 ~ Table 34, Fig. 3. 17 ~ Fig. 3.18} e} v 3l t}.
Fx 24 o] w2 A3 2 Table 3.5(R3019} Table 3.6(SFI740T 1. %] & 22 3 & o]

=2 specimen 1 ~ & specimen 5 ~8 A|H 7] 9] A ko 2 A3 FANLAFTE =4
Bl g
E

ro"
(e

BN
ot

& 4= 9121, =4 o] 7153 specimen 3 ~ 4 specimen 7 ~ 8 A A A Z 2] o
Fol] Tkt FANEA T Fe TS AT E 5 Ak 58], A4 A2 30 kGy
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ol g = gtk ol AH oz 10 wt%e] QA Zooedo] we specimen 4t
specimen 8] specimen 3} specimen Bt} 0.2 = U £ & SAANAAFE 2= Ao
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o 7] W ol YEbd A v ' AL ®o

A AR Z A wFol] w2 A2 30 ~ 45 KGy2 Z A} ko] F71ghol| whel & A A A R =7}
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W o2 gy
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Table 3.5 Composition & LOI of the flame retarding(R301)/w-PE compounds

ltem(unit)  pasins Compatibilizer EB (10MeV)
FR LOI
Specimen PP w-PE PEgMA EPDM (kGy)
1 60 20 10 10 130 30 ~ 45 -
2 50 30 10 10 Vi 30 -~ 45 -
31 30 26.5
20 40 40 10 10 % 205
Vi
R301 | 33 40 26.2
3.4 45 26.2
il 30 26.7
4o 35 26.7
30 50 10 10 ”
43 40 26.5
4a 45 26.2
27
26} [
Lol O Specinen 1
| | ™ Specimen
25¢ O Specinen 3
[ Specinmen 4,
R B = S N e = N S o S

4
30kGy 35kGy 40kGy J45kGy
Irradiation dose(kGy)

Fig. 3.17 LOI VS Irradiation dose of the EB cross-lidikeR foams(R301).
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Table 3.6 Composition & LOI of the flame retarding(BF1740T)/w-PE compounds

ltem(unit)|  Resins Compatibilizer EB (10MeV)
FR LOI
, PP w-PE PEGMA EPDM (KGy)
Specimen
5 60 20 10 10 130 30 ~ 45 -
6 50 30 10 10 ” 30 ~ 45 -
7-1 30 26.5
7-2 35 26.5
SFI740T 55 | 40 40 10 10 20 6.2
7-4 45 26.0
8-1 30 26.7
8-2 35 26.7
8-3 30 50 10 10 40 26.5
8-4 45 26.5
9-1 30 25.2
9-2 35 25.2
w-PE 9-3 0 100 0 0 40 25,9
9-4 45 25.0
¢
I
% O Specimen®
LOI B Speciment
i ~ Specihen
Specimend
B Specimen?
fe——"o
3kGy  BkGy  dlkGy  45kGy

Irradiation dose(lk Gy)

Fig. 3.18 LOI VS Irradiation dose of the EB cross-lialeR foams (SFI740T & w-PE).
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M. 2. 6.4 XA & 22 E A
Cone calorimetet® 4 2> ASTM E 1354-94] =3} o] A-HRR, M-HRR, A-COY, char yield
= 54, 1 A3E Table 3.2 YeR AT

PPIW-PE A} 7] Fo] Agdoz 23 gle WAA4S ausnd AHRRS
M-HRRo] 2t& A3t 2 Hol PPw-PEZ A7} 4 Hojd ddd S 7S &dd =+
Il vh. L] ol R301} SFI740Tl A =+ 274 T 10 wt%ee] | A & 2] ol & =l o] g o] &

< specimen 4} specimen 8] 1g#] 22 specimen 3} specimen E.t} A-HRR<}
M-HRRo] w2 710 2 Hol t] Hojd ddgd S k= 2oz B, 183 A-COY
A1 & specimen 4} specimen 8] 0.010%3 = T 22 A0 2 Hol YdEA Myl ol g}
= 4 T AU o= GF-Eol A A7) g vt
Zeoldale] o]l TrhstAA AA G v Hof A kA stoll A v EE AR AL
RIS
R301z} SFI740T= ¥ 23} A-HRRI} M-HRRej| 4] R301% t} SFI740TE YAl 5= 3
Al sl § 5% el SAS BYS, e COFL vl =3 239 0.11 kglka! =,

A7ITAFANE H 73T A

Table 3.7 Con-calorimeter Data & LOI of the EB crbinked FR foams
(30kGy, 10MeV)

Item(unity Expandability Lol A-HRR M-HRR A-COY *char yield

Specime (%) (kW/m®  (kW/m®)  (kg/kg) (%)

3 506 26.5 99.58 278.9 0.125 52.2
R301

4 850 26.7 93.22 267.0 0.110 50.2

7 802 26.5 98.12 269.6 0.120 53.3

SFI740T,

8 990 26.7 92.32 265.1 0.110 524

Commercial Interior panels - 180.1 296.2 0.188 -

LOI; limiting oxygen index, A-HRR; average heatlease rate,
M-HRR; maximum heat release rate, A-COY; averagebon monoxide yield,

*char yield data from Cone-calorimetry
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o} Fig. 3.19 ~ Fig. 3.2, w-PEZ X AH 2} vw g Zy= Table 3.2} Fig. 3.2
LR A

Fig. 3.19} Fig. 3.20% =¥ R301} SFI740T AZd AR TAARG ¢
A AHO] Ho w2 EolA o 50 TAHE A5e Ad4x Hof 4 o 5%
AHEANS 7HAS FUT F Ay, s dxAAEY FARAHN g2 A
B2 B AA % o2 specimen 4+ specimen 8] 10 wt%e] A A ZjoE A ] ok
o] #-2 specimen 3} specimen Et} A% 53 dAEAS HFAS AT F
ATk 53], o5 %7|Es2%x+= specimen 3} specimen P specimen 4}

specimen &t} 2k 2 ~ 7 CAHE 35 33 v, FoEa2=+= specimen 4}
specimen 8] specimen 3} specimen Bt} ¢ 30 T H&S Fad £ A
t}.(Table 3.8)0]+= Z7|Eal2xo 4% 2 HadgdS 2

N
ol 711 Adtz Holw, H e F¢- 44D AT F] FUtE A

Ablo] ofgk b ggo]l St Hol yEld AR Al ke lojA =
HdaAwtE A A 4% 0%S el gla, specimen 3 ~ % 39.7 ~ 40.0%] E¥

£, specimen 7 ~& 38.6 ~ 40.7%] E ¥z ddA o Fot= As B

Fig. 3.2 =4 PP/w-PE-# =2l specimen 4} specimen 8] A= g & &yt
&= A8 specimen @th I 45T dAAALS B FAT F UH. 579,
& vuwsl®E specimen 4 396.6 C= oF 16 T4} %2, specimen 8

&l =
2 390.2C= o 10 CHsgS ged 4 ldrt.(Table 3.9)
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Table 3.8 TGA Data of the EB cross-linked FR foamsair

ltem(unit) 14 a Td b Td © Tq ¢ Residue
(8807)
Specimen () () () (C) (%)
Non-FR 134.6 217.6 349.8 355.6 0.0
R301 3(30kGy) 154.3 230.1 367.1 368.4 40.0
4(30kGy) 152.8 216.2 391.2 396.6 39.7
Non-FR 139.2 216.4 333.7 346.2 0.0
SFI740T | 7(30kGy) 148.6 221.8 364.8 364.4 40.7
8(30kGy) 1415 214.8 390.5 390.2 38.6
# : Initial weight reduction onset temperature (@&ight% loss temperature)
®: 5.0 weight% loss temperature
. 40.0 weight% loss temperature
¢ : Max weight% loss temperature
Table 3.9 TGA Data of the EB cross-linked FR foamsair
ltem(unit) 1 = Td ° Td °© ge | Resdue
(8807)
Specimen (C) (C) (C) (C) (%)
R301 4(30kGy) 152.8 216.2 391.2 396.6 39.7
SFI740T | 8(30kGy) 1415 214.8 390.5 390.2 38.6
w-PE 9(30kGy) 140.3 213.2 387.2 380.2 374

# : Initial weight reduction onset temperature (@&ight% loss temperature)

® . 5.0 weight% loss temperature

. 40.0 weight% loss temperature

¢ . Max weight% loss temperature
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Fig. 3.19 TGA thermograms of the EB irradiated FRrisat a heating rate of TOmin in air.
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Fig. 3.20 TGA thermograms of the EB irradiated FRrisat a heating rate of TOmin in air.
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;;5 2.0 - SETT40T0/S0/10/10) — 9(30kGy)
':".
4 w-PE(LOD) J/ R0 LCH/50/10/10)
5” L5 S e
ﬁl
= 1.0
:
"E
Z0.5 1
=
“.ﬂ T T T
4111} 400 600 300
Temperature(°C)
(b)

Fig. 3.21 TGA/DTG curves of the EB irradiated FR fgaah a heating rate of T0'min in air.
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