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Absgtract: This study investigates the isothermal crystallization behaviors of polypropylene-polyethylene-(1-butene)
terpolymer and the adiabatically expanded polyolefin structured foams. For this purpose, butane gas was used as aphysical
blowing agent. Avrami equation has been used to interpret theoretically the experimental results obtained by either DSC or
polarized optica microscope. It is believed that €longation induced crystalization occurring during the adiabatic expansion
process has resulted in an increase in crystalization rate, eventually leading to a faster growth rate of spherulites and an
increase in the nucleation density. An analysis of the foam by SEM images showed that the structure of foam is uniform
(below diameter 30 um, closed cdl) In addition, the thermal conductivity and the compressive strength of the polyolefin
structured foams was measured. The thermal conductivity of foamed resin with excellent insulation characterigtics is
reduced compared with unfoamed resin. The compressive strength is decreased with increase in the expansion retio.

K eywor ds: crystallization, adiabatic expansion, elongation induced crystallization, thermal conductivity, closed cell.

1L ME < o] fE2 QF s F) ssAo] gl AR T
oAl voC A, BAA 5 7k A 5o 840 ¥At 5

Zzzgde e U9 AL X vs) $5:3 71AH =, o] A7}t BARS Bk 5 glon, w3 AjFd-go] vj$- §ol3 &
lokEd 2 AaAs 7R a glem, olef e BEAoR Qo] A} &z Qink® o) xH%o S gro v wo] Fadk mRA 424
H-g3} o)9] AzHE-S E A7 = vk AL ouldit) 71E

€ F9< Wl slvk ey Eejzedae 244 awates 2
|

gsfieol] w2t Z1AA EAdol A -, el o

r
b1
N

)

=
I

W Fel B W A 1A 2} Aotk oS
4 o} uEAY 2 Aitienesyt 2 WA 23 AT W containa ARGl BARsSISiA, Eelgda A% TRAE 714
A olsh e B U] 5] JellDA % RA I B Bol v Sske] AE S )58 contaner® AHge] FPssha
oA AgoAel S4L PPN, ol BledwA o nf7lel mE 5% oA et mabt g Ack el E
3z
w

=

TEFAE ol &3 AEAE V)] Ze|Ed BEZA|EPS) 2 &y ¢ A 2 ZYsHAEY e F5ES AL
g -glet YEAEPU)S} BlaLste] W ThEEo] 12 AREA] T Atk dE E4o F77F AEE AS- dE avhs AsheErk ueb

ZE8Y9 9 FRAE vd B AET A9 drleo) 93t of
To whom correspondence should be addressed. E-mail: smhong@kist.rekr YA £S5 By §820F 28 4 9lal o] F8%h o] Aok



606 FE2 - 4ed - A
e GE ok 58] o] v skl Asak uPgAe]
T A v, G 95, WA, W, el Ho
o AR BE AS, d83s]l o|277k4] ] AREE AL gle

W, 53 Aol vo} Byl Spetn A1 VA W 1
KN

Fe)g-dgh BEA A B =
AL sAsl] 913l ols Edm glo] AHs’ Al &

= tiAlsly] S1s) Eel&eanl A% waAe] vt A S35
Tk olsh 2wl A Eeledlal LA Alx g W

i,

o e

obel EefelaA wxAe] Fast 540 et Ay v
w8l dojtk T Ao 7R AREl Wi BAHL AR

|
2

&l

SAO Fojalr] Ha) 9 FeEdEA 2
Tz =4l e A= vy Bk s,
At ow uEAT AAstEvie AL 9o BT
Al o3l e A ezl

3
=2
°
X
Bl
™

TA] 34 AT=Tn—Te #ko] AlH Aol 2h8-=]ofA
27 Abzo] W ARl Aol Sojtel uheh ool A kP
o] BERAE AR5} 2] ofs) AL, 254 1A 7]
o B4 W AR AT e ol e PHE 03]
of B ARE WLE F9, o AR FE APt 549 @
dojd % ik meb] B ATolME EefeedwA AATFA
WAL WEAS] AHS SEs AY3 LS V|EE & A

AR o2} WA A e PR WA 2AE

2. Al

1

21 ME

A AR FE S A= polypropylene-poly-
ethylene-(1-butene) WE T-5A|S SEP-740(Z A FF) AH)o] A
{5031, 71 24 dhylene unit: 3wt%, 1-butene unit: 25%, propylene:
94.5%= FoQIt}. WEAE WY IS EP-7405A1E attodave
oA Herfas dyA R AMgsle] mES B vl P
EQAE ARSI

22 289 3

B g AH2-E polypropylene-polyethylene-(1-butene) A5 355
ARl SFEP-740 A= EE2I WE Aol 9ot 8 SR s
GG R Wol ARSI Qi o] FEEHWA WY TFHAE
10 C/min & $%= DSCE SIS 745 °F 138 CTollA ahrte
@ ¥ 37 YERR| R ek E ARSSle] ghEod A E ¢
A FGele] 1f FARTE 25 ¢ 52 2504 E shte] 8§ 1
7} el 53 72 ek o]# 71 RS 7R3 I poly-
propylenepalyethylene-(1-buteng) AE T55A9] d24 448 Metler
ARl DSC 30(A cdl)S AMEste] SA4stom, pdlet F719] md
EA) FEP7A0S XE E 80 Tollx] 24r7F Tx3 5, =20l X7H
200 CT7HA] 748t &, Ago] $43] 5% 200 CollA 521t A
A7l % 80 Cimin®] £%2 qle]e] AA3} %41 100, 103, 105,107 C
A 24zF Fesleitl, AAat 250l A A e 2 v
ARRY ARt SE ity dEAE A9 o] A
ol MFE 200 CT7HA] 7143t F, Aol 2xle] H=F 200 CollA]

holding time& 5&3F XX T, -80 C/mino] &X= ¢1eje] 4

Z2|H, A297 A6Z, 200551

= o)
CBEE - A

2~
TRE

of

A8} 2591 100, 103, 105, 107 T7HA] ZHzt A7) 5 EA st
Al QoA = B FaRRE 243 $EE Feiih

TR AFETE B3] YsiA OLYMPUS BH-2 H33n] 73}
METTLER FP0 (Central processor) ¥} METTLER FP82HT (Hot sleage) S
AREEILE EEfol= SEboll A HE Y AW FEkeE 11 95 d
2 Th2 25 CollA] 200 T7A] 7Fdet 5 200 CollA] AlaS R 2
SR vEo] o AAs} 224 WA F AAHS wE
k.

Ao} njibaEse] HARF 2 xRy E S5 28] Waes
Corpertion®] 11 GPCN2000& ARS3F1om, A vhiS 006~
01 mTor o)A 7 mAS] Al7]Z 583 gold sputteringdt 3~ SEM
(Hitachi SEM S25000)< ©]-&-3te] W FrxeA]9] W& whakeginh
g WA} vpaka)e] AYTEE $49517] 218 XRD(Rigek Denki
D/MAX 2000, 40 Ky, 100 mA)E o831 on, dAEE= UEdAS
29| geamS 71BIHA T AEFE AlHEE 60 ColA] 48717 <79
A7 3 AJAS 30 mm(7H2)*<30 mm(Al2)x25 mm(3e]) I vt
T Mathis TC-302.2 S4381913, U574 = ISK6E767 H7HE
< Ea) AP3 xA AL Houndidd HSKSE 25% %3}
sl

o |t

il
N\

3804 EE

B A%l AR polypropylene-palyethylene-(1-butene) N 55
A SEP-740 A= 27 (semioysdling IEALEA] a1t}
712 (matrix) el 274 dH7} T4 % (amorphous) G o] TE3HE T
ZE5 Zbeth weEbA 714s aRske 24 9o g uef vt
Aol g @ A E(diffusvity) 59 oS 2HAl W 3k
Aol el wet A 7x 3 A E(aysdlinty)’ Hghs &
S 73 glo] Wy B4 9 iy Eo| X vy aiae] W
Wzt e EAE 3l 88 59 9=
XH AL 2o 9d Helo] 8§ JIHc oF

o

=t

ox ofl

z
ol
=
o
==
o
I
=
e o

7h epiA

N
9

o2l
Fr
i a2

4
Y
)
2]
ol
F[F
L
o
fo,
=
ok
Rt
o,
PO

z o

i
i

18
et
i
_0|L
ki
32
+
I
<
[0
=
=2
>

o] polypropylene-polyethylene-(1-buteng) 2935 %HA1E DSC
Z 10 T/mind] 58 &2 =439S v oF 138 CollA broaddt T
o &g ¥a7F el RE 2EA ] 9= DSCE 10 T/ming
T2 SRE IS A9 olF §§ A7t UEES 352 5 9
t} o]F &8 ¥d+= 138 T F--9 pre-expanson ol A
= %

5 R
A7sto] ofste] e AA] &5l 73l en, of &&=
A EEEA S dol Sl Ade e AL 24l 7Y 28-S

3] preexpangon¥} ol A 2] AA s R0
Figure 2= mIEA|e} WarA|e] ¢loje] A4ds) &koAe] DSCE
o]g-gt 5 443l A vERH Blo|th Fgure 2 (@< ()ol A X
o] T AR} 2wt SRR AAsh Algke] doRls o 5
= A

Sk ol 2ol WY ARt F A S ekl ee ovla




oty FEedaA AL 540 33 A 607

unfoamed resin 1st heating
unfoamed resin 2st heating

o

e}

c

Q

¥

=

o

=

IS

(3]

T N\

40 60 80 100 120 140 160 180 200
Temperature(C)
@
—— foamed resin 1st heating
foamed resin 2st heating

—

o
e

c

]

\
-

=
Lo
=

S

3]
- \ﬂﬁ—

40 60 80 100 120 140 160 180 200
Temperature(C)

(b)
Figure 1. Therma transition behaviors of unfoamed resin and foamed
resin. (a) unfoamed resin and (b) foamed resin.
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Figure 2. DSC isotherma crystallization thermograms. (8) unfoamed resin
and (b) foamed resin.
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Table 1. Estimation of the Number of Effective Nuclei for Unfoamed
PP Copolymer and Foamed PP Copolymer at Various Crystallization
Temperatures

Avrami Growthrate of

Tg'rrp. Rate congtant index Hdf time sphenite Number of
() K(sx) n (s=0) Glumsed) nudei (/e
100 11*10* 220 54.68 099 1.22+10°
Rein 108 343 10° 224 86.13 063 9.64+10°
105 100*10° 232 12441 046 8.34+10°
107 938*107 258 192.18 0.29 7.96+10°
100 426*10* 210 3457 10 3.65¢10°
Foam 108 132 10 21 50.37 0.66 248+10°
105 560*10° 214 84.37 049 214x10°
107  117*10° 221 14531 0.30 2.00:10°
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Figure 4. Polarized optical micrographs of unfoamed and foamed resin.
Unfoamed resin : (@) at 107 C, 120 sec and (b) a 107 C, 210 sec.
Foamed resin : (c) at 107 C, 160 secand (d) at 107 C, 210 sec.
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Figure 8. Foaming product manufactured by butane gas as a physica
blowing agent.
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foamed resin (foaming ratio 45 times).
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