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ABSTRACT

On the Properties of Electron—beam crosslinking

of Flame Retarding LDPE Foams

By Kim, Gu—Hwan

Advisor : Prof. Choi, Jae-Kon, Ph.D.

Department of Advanced Parts and
Materials Engineering

Graduate school of Chosun University

The improvement of flame retardant behavior of low density polyethylene (LDPE)
foams was conducted by formulating various, material ie. LDPE, inorganic flame
retardants, fly ash, surface material, cross-linking agent and activator. Here, the
surface material is expected to be very useful for flame retardant because which
consists of various materials such as PMMA, aluminium trihydroxide (AT,
alumina and silica etc. The ATH can be used for improving a flame retardancy of
polymeric composites because which can absorbs the heat (470 kcal/kg) and
resulting in decrease of a smoke emitted at a fire atmosphere. And an fly ash
modified physically was used to improve a flame retardancy.

As a cross-linking agent ratio (2~4 phr) and an electron beam dose (30~60
kGy) increased, gel contents increased. The same increasement was also observed
with increasing content of the surface material. The expandability increased as the
surface material increase but the fly ash decrease. High expandability was clearly
observed for the LDPE foams cross-linked not only by the chemical agent for 2 phr
(759~1391 %) but also by the electron beam irradiations during 60 kGy (1030~1536
96). In addition, closed-cell structures were observed for each LDPE foam. For

TGA, all the LDPE foams did not show any apparent expected for the intial and

_6_



maximum decomposition temperatures. In contrast, final residues decrease as the fly
ash decreases (the surface material increases). The fire retardancy was indicated by
the LOI values of 24~25. As the expandability increases, LOI values decrease as
well. Therefore, we showed that both the fly ash and the surface material could be
used candidates for LDPE foams with an excellent expandability and a flame

retardancy.
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azodicarbonamidef (ADCA)9] cellcom-ACMPE AR5} a1, 7FuAl= 3kekE<l DCP
(dicumylperoxide) & AF&-3}% Tt

Table 213 Figure 2.1°] 914829 WAL dHEAHS Yl daAEe
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ALt FAA c7F 352 TE 7Hd %8kal, a (338 T), e (296 C), b (250 CT)9] wo=
skokth, o) Ha 2xolAE g4 bE AE ddA e7) 567 T2 M %9k, d
(487 ), ¢ (374 T), a (371 )8 so=& oty 78T e ZfHEe WAAb7}
98% = A2 a7} dojubx] ke a (67 %), ¢ (39 %), e (30 %), d (11 %)
o g usith Ao Rajrt dojuA] Fe FAA bE AT FAA 4, ¢, d R eE A

S vk 400 CTollA ddA] d, ed] /HEaA FAATE a, cBY F2 EAol F&5

S & U, FAA a, c7F FAA d, eRT B2 o] Eae AR
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e
X

_11_



(69) ilgioW

30

Q0

80

Table 2.1. TGA Data obtained for flame retardants(N. atmosphere)

Item T4 2 T&® Ty © Residue ¢
(unit) . . .
Specimen () () (C) (%)
a 188 338 371 67
b - - - 98
FR C 151 250 374 39
d 126 352 487 11
e 141 296 567 30
 : Initial weight reduction at each onset temperatures
(temperature at 0.5 % weight loss)
b temperature at 5.0 % weight loss
¢ DTG maximum peak
4 Weight percent of residue at 785 C
FR : Flame retardant
a : Mg(OH)2, b : fly ash, ¢ : surface material,
d : red phosphorus, e : ammonium polyphosphate
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Figure 2.1. TGA curves obtained for Flame retardants(N: atmosphere)
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s 98 A YA
& AxsHarh

ﬁd
22
%1

AR ZA L

Haake 600p

Carver

HB-503M, Hanbak
Hitachi S-4700/JSM-840A
Zeiss

Atlas

TA 2050, TA 2010

Zeiss Co.

EB tech Co.

EEAE Az A A e, FEIs R e 2

AL FA ¥ SM 54 A&tk 8487t
#18] Table 2201 3&7bal ZAHHE e

2l e gl
A Z+= Table 22014 BZo] 32 27
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FSIth olvle] obdel wE AL ] 9d wE

H & 100
100 phre 14st3, FASH
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Table 2.2. Composition of the LDPE blends used in chemical cross-linking

Item

Composition (phr)

R

1-2 100

90

40

10

22

2-2 100

90

30

10

10

22

3-2 100

90

20

20

10

22

4-2 100

90

10

30

10

22

o2 100

90

40

10

W DN W RN W DN W N W

22

R:Resin (low density polyethylene), FR:Flame Retardants

a:Mg(OH):, bifly ash, c'surface material,

d:phosphorus containing flame retardants

C-across-linking agent, B-a:Blowing agent
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Table 2.3. Composition in the EB cross-linked LDPE blends

Item Composition (phr)
(unit)

R EB

R _
. 25 MeV
Specimens a b C
(kGy)

6-1 30

6-2 40
100 90 40 0 10 18

6-3 50

6-4 60

7-1 30

-2 40
100 90 30 10 10 18

7-3 50

7-4 60

3-1 30

3-2 40
100 90 20 20 10 18

3-3 50

3-4 60

9-1 30

9-2 40
100 90 10 30 10 18

9-3 50

9-4 60

10-1 30

10-2 40
100 90 0 40 10 18

10-3 50

10-4 60

R:Resin (low density polyethylene) , FR:Flame Retardants
a:Mg(OH):, bily ash, c'surface material,

d:phosphorus containing flame retardants

EB:electron heam (30~60 kGy), B-a:Blowing agent
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7% HIMA (LEA QL 7l A] 5)E Table 229 Zo] A AW Z Rheomixero] A
25 108 C 183 30 rpmlZ 20 min ZF &3tk o]o] A hot-pressE o] &35l
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EAHOE Axstrh olF RS T 28 (HB-503M, Hanbak) ol A <2
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Al 25 MeVe] A RAPEA S o] &ofo] AR (30~60 kGy)& HH=A 4 X
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LDPE

Additives

(flame-retardants, others)

¥
'Y

Blowing agent & acivator

Cross-linking agent

Compounding

Rheomixer [at 108 "C, 30 rpm, 20 min]

h J

Compression

Hot-press [at 130 C, 5 min]

h
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Oven[165~200 'C, 30~ 35 min]

Cooling & s

tabilization

h

Test

Figure 2.2. Experimental procedure of the LDPE blends

used in chemical cross-linking
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LDPE

Additives Blowing agent

h 4
[y

(flame-retardants, others) & acivator

h

Compounding

Rheomixer [at 108 C, 30 rpm, 20 min]

l

Compression

Hot-press [at 130 °C, 5 min]

}

Electron beam irradiation
2.5 MeV, 30~ 60 kGy

}

Foaming

Oven [165~200 C, 30 ~35 min]

|

Cooling & stabilization

}

Test

Figure 2.3. Experimental procedure in the EB cross-linked LDPE blends
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A A 230 e AAIRE AR ol o] Table. 2401 WERASITE & A
AbEE AR 2APEAE g el 9le EB Tech®] AARA 7145744 (25 MeV)E  ©]
P2 25 MeVolx Zb s Al wheb fdo] 22 30~60 kGy7hAl

7 ZAbst T olml, A 2AMEAIE Abgete] ASE ghe
2 A2 AR/ 10 mA, £% 10 m/min7t 10 kGyE S =Y ol & &3 7 A

of Al AP SlE st A AMES Fofstath

oo
o
28,
o
A
PN

>~

Table 24. Experimental conditions of electron beam irradiation

on the LDPE blends

Dose Number of Beam Current Velocity Accelerator
(D, kGy) times (I, mA) (V, m/min) Energy (MeV)
30 3 10 10 25
40 4 10 10 25
50 5 10 10 25
60 6 10 10 25




A

deprtasl AAN 2A @] e AmARE dopry] SaA A # SHYRL
20040 e @5 AT ISOFDIS 1014701 Foke] ¥ g =43
Ak AU e Figure 248 ol gate] 7o)< e Az WEA A7e] AR =
A F AolA qlo] WEA 4L ¥ Aol A2 xylenes] EojglE W& 7]

@)
thoolet 22 A Fofo] ¥
)1\_]:

Gel content (%6) = [(W3 - Wy) / Wo] x 100 ~—————————————————————————— (2.1
Wi @AY A

W @ A& AlHEe] FA (Aolx] & Ex A FA - AolX FA)

Ws @ 5 ¢ @2 A5y 7

1,]_. Hl 3L l_ET)H

= - [e]
o MYEANL A AR FANEY W E WY S (expandability), 2 7%
(cell structure), A 7] (cell size), XHZHE (surface) 5 WIE AP om, &

gt A% Hlwstazr sHTh olE felA FsEu 7 (microscope), FhelAZH|H

i

(micrometer) 5= A&t WX S (expandability)2 ©¥ A tiH] ©@¥ & A|H=A
719 BAAEREA, E A, T AlE AV]E bHrd ol FAsta, e A 22)&
o] &3t Hr ke AFESIATE gl olge] HEE Wl B4 (FALAAT)H #
Ao} HESI T

EXpandability (%) = [(Vafter - Vbefore) / Vbefore] x 100 ~————-—————————— (22)

Viefore: Volume (Thickness xLength>Width) of the blends
Vater = Volume (ThicknessxLengthxWidth) of the foams
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Figure 2.4. An extraction apparatus for measuring gel content
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FHoz nAHAMI F fole] Abaet A Aofa AHKZH FAGE A TEA
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Table 3.1. Gel content in the LDPE foams with chemical cross-linking

Item
(unit)
FA SM C-a Gel content (%)
Specimens
1-1 2 22.2
1-2 40 0 3 241
1-3 4 25.8
2-1 2 22.4
2-2 30 10 3 24.3
2-3 4 26.1
3-1 2 22.6
3-2 20 20 3 24.6
3-3 4 26.4
4-1 2 23.0
4-2 10 30 3 252
4-3 4 26.8
5-1 2 234
5-2 0 40 3 26.7
5-3 4 272

C-a ! cross-linking agent
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Table 3.2. Gel content in the EB cross-linked LDPE foams

Item
(unit) Dose
FA SM Gel content (%)
(kGy)
Specimens
6-1 30 18.6
6-2 40 21.0
6-3 40 0 50 229
6-4 60 30.8
7-1 30 194
7-2 40 21.8
7-3 30 10 50 23.5
7-4 60 31.0
8-1 30 199
8-2 40 22.0
8-3 20 20 50 24.3
8-4 60 31.0
9-1 30 20.0
9-2 40 24.2
9-3 10 30 50 26.8
9-4 60 31.4
10-1 30 20.2
10-2 40 25.3
10-3 0 40 50 29.2
10-4 60 31.6
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Table 3.3. Foaming characteristics of the LDPE foams

with chemical cross-linking

C-a Expandability Cell size

(phr) %) Surface Cell structure ()
1-1 2 759 Good Semi—Closed cell, uniform 0.3~0.8
1-2 3 988 " Closed cell, uniform 0.3~1.0
1-3 4 1068 " Closed cell, uniform 05~12
2-1 2 759 Good Semi—Closed cell, uniform 0.3~0.8
2-2 3 1090 " Closed cell, uniform 05~12
2-3 4 694 " Semi—Closed cell, uniform 0.3~0.7
3-1 2 1166 Good Closed cell, uniform 0.7~15
3-2 3 737 " Semi—Closed cell, uniform 0.3~1.0
3-3 4 b&7 " Semi—Closed cell, uniform 0.3~0.7
4-1 2 1303 Good Closed cell, uniform 0.7~15
4-2 3 726 " Semi—Closed cell, uniform 0.3~1.0
4-3 4 295 Bad Semi-Open cell, ununiform 0.1~0.5
5-1 2 1391 Good Closed cell, uniform 0.7~15
5-2 3 827 " Closed cell, uniform 0.3~1.0
5-3 4 345 Bad Semi-Open cell, ununiform 0.1~0.5

C-a ! cross-linking agent
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Table 3.4. Foaming characteristics in the EB cross-linked LDPE foams

Item

Dose Expandability Cell size

(kGy) (%) Surface Cell structure ()
6-1 30 197 Bad Semi-Open cell, ununiform 0.1~05
6-2 40 772 Good Semi-Closed cell, ununiform 0.3~0.8
6-3 50 342 " Semi—Closed cell, uniform  0.3~1.0
6-4 60 1210 " Closed cell, uniform 05~12
7-1 30 286 Bad Semi-Open cell, ununiform 0.1~05
7-2 40 759 Good Semi-Closed cell, ununiform 0.3~1.0
7-3 50 891 " Semi—Closed cell, uniform  0.3~1.0
-4 60 1080 " Closed cell, uniform 05~12
3-1 30 262 Bad Semi-Open cell, ununiform 0.1~05
8-2 40 616 Good  Semi—Closed cell, uniform  0.3~0.8
8-3 50 1007 " Closed cell, uniform 05~12
8-4 60 1536 " Closed cell, uniform 05~12
9-1 30 302 Bad Semi-Open cell, ununiform 0.1~05
9-2 40 701 Good  Semi—Closed cell, uniform  0.3~0.7
9-3 50 726 " Semi—Closed cell, uniform  0.3~0.8
9-4 60 1266 " Closed cell, uniform 05~12
10-1 30 281 Bad Semi-Open cell, ununiform 0.1~05
10-2 40 827 Good Closed cell, uniform 0.3~0.8
10-3 50 891 " Closed cell, uniform 03~1.0
10-4 60 1313 " Closed cell, uniform 05~12
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4 5.0kV 30.0mm x30 SE(M) 1.00mm

(a) (b)

Figure 3.5. SEM micrographs of cell structures (a) and dispersion of the additive
(b) obtained from the LDPE foam (specimen 3-1)

15.0kY 26.9mm x30 SE(My \ 1.00mm . V21 Omm x500 SE(M)

(a) (b)

Figure 3.6. SEM micrographs of cell structures (a) and dispersion of the additive
(b) obtained from the LDPE foam (specimen 3-2)
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1 5.0V 24.0mmX30SSE(M)
(a) (b)

Figure 3.7. SEM micrographs of cell structures (a) and dispersion of the additive
(b) obtained from the LDPE foam (specimen 3-3)

2.5.0kV 28'gmm x30 SE(M)

(a) b
Figure 3.8. SEM micrographs of cell structures (a) and dispersion of the additive
(b) obtained from the EB cross-linked LDPE foam (specimen 6-4)
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(a) (b)

Figure 3.9. SEM micrographs of cell structures (a) and dispersion of the additive
(b) obtained from the EB cross-linked LDPE foam (specimen 8-4)

15.0kV 30.2mm x30 SE(M)

(a) (b)

Figure 3.10. SEM micrographs of cell structures (a) and dispersion of the
additive (b) obtained from the EB cross-linked LDPE foam (specimen 10-4)
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Table 3.5. TGA Data of the LDPE foams

with chemical cross-linking(N> atmosphere)

Item Td @ Tyme P Residue ©
(unit) . .
Specimens (C) () (%)
LDPE 420 477 0
1-1 212 471 39
2-1 217 475 37
3-1 214 473 34
4-1 216 477 32
5-1 213 474 30
4 Initial weight reduction at each onset temperature
(temperature at 5.0 % weight loss)
" DTG maximum peak
“: Weight percent of residue at 785 C
Lewherggms { )
O
300 00 Q00 200

1

=+
1
—

1
—

=W
o A

Figure 3.11. TGA curves of the LDPE foams

with chemical cross-linking(N> atmosphere)
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Table 3.6. TGA Data summarried for 60 kGy EB cross-linked

LDPE foams(N: atmosphere)

Item Td ° T P Residue ©
(unit) . .
Specimens () (C) (%)
LDPE 420 477 0
6-4 226 468 40
7-4 221 469 37
3-4 224 471 35
9-4 222 472 32
10-4 218 471 30
 : Initial weight reduction at each onset temperature
(temperature at 5.0 % weight loss)
" DTG maximum peak
©: Weight percent of residue at 785 C
Lewhsiggmnis (Ocj
100 Q00 200

1

10-+

8-

A

oo
I'DBE

Figure 3.12. TGA curves obtained for EB cross-linked LDPE foams

(N2 atmosphere)
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Table 3.7. LOI values of the LDPE foams with chemical cross-linking

Item
(unit) C-a
FA SM LOI
(phr)
Specimens

1-1 2 24.6
1-2 40 0 3 24.4
1-3 4 24.2
2-1 2 24.6
2-2 30 10 3 24.4
2-3 4 24.6
3-1 2 242
3-2 20 20 3 24.4
3-3 4 24.6
4-1 2 242
4-2 10 30 3 24.6
4-3 4 25.0
5-1 2 242
5-2 0 40 3 24.6
5-3 4 24.8

C-a ! cross-linking agent
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Table 3.8. LOI values of the EB cross-linked LDPE foams

Item
(unit) Dose
FA SM LOI
(kGy)
Specimens

6-1 30 24.4
6-2 40 24.2
6-3 40 0 50 24.2
6-4 60 24.0
7-1 30 24.6
7-2 40 24.4
7-3 30 10 50 24.2
7-4 60 24.2
3-1 30 24.6
3-2 40 24.4
3-3 20 20 50 24.4
3-4 60 24.4
9-1 30 24.8
9-2 40 24.4
9-3 10 30 50 24.4
9-4 60 24.4
10-1 30 24.8
10-2 40 24.6
10-3 0 40 50 24.4
10-4 60 24.6
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