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2 o Az g4 A 7|l compositional quenching F4& o]43to] LDPE(Low-density polyethylene)/
LLDPE(Linear low-density polyethylene) £#l =& Az8 2, 7|22} mechanical blending¥} solution blending Hr#o 2
Az Fded 24 §& vlm 223}, DSC thermogramel| 4= T, peaks} T, peak7z} A 7hx] £al= ubalol aje}
#13tich. Compositional quenching 34l 23k Eal= 9] o1& FAe solution blendingol] 2§ Bal=o} 7 9] gAlstdd
21} mechanical blendingell 9j& BalEels A2 b2 g Bgrh. o]2idt A3 matrix Wel 248 domain =7)
of ogt o g A7tdo). A AE compositional quenching T3} solution blendingsl] )8 Ealc o] 5}7jAlg o]
mechanical blending®™ell gt 7o vja) AulH o2 7 on, Young's modulusi mechanical blendingoll 2|§ ZA3}7}
AhAo2 Zrth. g compositional quenching FA3} solution blendingol| 93+ Ea =9 9127} 7} mechanical blend-
ingell & v 2 A% By

Abstract: Low-density polyethylene(LDPE)/Linear low-density polyethylene(LLDPE) blends were prepared by the
compositional quenching process, a new morphology control method. The blends were characterized in terms of melting
and crystallization behavior and mechanical properties. The results were compared with those of mechanically blended
and solution blended samples. From DSC experiments, it was found that the melting temperatures and crystallization
temperatures of the blends were dependent on the blending methods. In thermal property, LDPE/LLDPE blends pre-
pared by compositional quenching process were similar to the blends prepared by solution blending but different from
the blends prepared by mechanical blending. This result is explained to be due to the domain size dispersed in the ma-
trix. The elongation-at-break and tensile strength of the samples blended by compositional quenching showed similer to
those of the samples blended by solution blending method but larger than those of samples prepared by mechanical
blending. Also, the Young’s modulus showed the same trends as elongation-at-break. The tensile strength of the blends
prepared by compositional quenching was not as high as the samples prepared by the other two blending methods.
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compounding A& o] &=
mechanical blending® &7 (co-solvent)dl] &¢j 4
film casting, freeze drying, spray dryingdl= solu-
tion blening, latex blending, fine powder mixing 7}
HEe] sk o] MHEE F o oy 1EAY
microdispersion FAJell thdle] AF=o] stow A
dHo2T o] 41 Qo

£ QAFelA AHSG A2E A4 2 g
compositional quenching 7|¥[8, 9]& & == 2
ole £3HA v TEAE Td EEE ¥Y
HE7] A8 dEke] FEufel £fA F, T
AFTAHAN F43] AAs =7 AHEAE
A - G 7] oltt. o] TR B4 A o]2A
ol v§7L Flory-Huggins® ¢|&[9, 10], Landau-
Ginzburg &4[11] % modified Cahn-Hilliard 2] &
AFAIN12, 13]o.2 Addstz glrh. o] AL rubber
£ 29X WEA 743 o3 AzA] FHlld o] 4-H
D 2] 3 Fol 3EA dbs-g eukslA|

ovl, =¥ FEUE FE 5 Yo ofuT 4
¥ 9 2R A4 ek, 444 24, B
$o 240 i xAelv B4 94 24 44
2 4 gk,

wje} A B o) 4= compositional quenching 7]
W o8 LDPE/LLDPE Z£#c2 A Z3t9] mechani-
cal blending, solution blending} ®lx ¥ o 24, 34
S Adk B2A - 33 wgrt BAlEY £
Z229 A A% vlXe d%E s

2.4 #
2.1 A M2

2 A8 AH2g TEAE Table 1¢] Az)sigc)
AgE TRAES AIFAA ARHz e 39E
TEA(FEFRS AF)E A AP
Sle R4 Sl A, Sole kA4,
7 FA ) e LS E & 223 xylened A
dateict. Xylene Fdgo2A HAHHAZE

AHestgon, T mER9} xylenee AATA $lo]
A4 A&t

Table 1. Characteristics of the Polymeric Materials
used in This Study

Polymer Mn MI Source
LDPE 80,000 3.0 HANHWA Co.
LLDPE 100,000 1.0 HANHWA Co.

2.2. 23l= H=x

LDPE¢} LLDPEE 80/20, 60/40, 40/60, 20/802]
EA ZAW|E A 712 2z vk (compositional
quenching, solution blending, mechanical blending)

o ma} =S Azsigic).

2.2. 1. Mechanical blendingol} 2|3t £2il= =
LDPE¢} LLDPEE FAlu]o) wiz} Haake Rheo-
cord Internal Mixer& A}&3lo] ZacE Axstg
th. JIEeEE 160CE 3193, rotor &£EE
80rpmo. 2 AAste 1085t e S}

2.2.2. Solution blendingoi] 2|t g3l

-

=

a1 5]

5 =<l

&<l xylenes| ¥ 1 EAE & Z 4
2_-}

sl obAES RHAAE Y

o ¢z In

solution blend-
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inge 2 BT E Azt 7 1dEAE 44 ¥
AR 3t AA LA2] 5wt%7} EA xyleneol] &
#HAFon LT 95CE LA Lan)sly
th. $83] 84170 £94L 10009 v]Lulal ol E
of Fol TN F FYAHste E=E I3,
o]& t}A] o}l EoZ 3H AHY F, 60T AT
Bl M 297 HzA|

2.2.3. Compositiond quenching &SHo| 2|3t 2=

M=
4] xylened AR&-3fe] ¥ TERE YAl
AWZ 7EA L9 2T} bwt%r}l HEe
zke} g wl&-L Z=Asle] dissolution tankel]
95CoA &3] A7 F 2R 435
g ZTAre)ql flash chamber o Q= 3¢
# FARIZS. oW k& A% s =7
2 chdZut(adiabatic

rﬂ of, l'ﬂ
o ob H e o

wFoll §wiQl xyleneo] tj¥¥ A3

flash)o] zlg=le] w4 Ldl=gd A9} oAl
B AFstr Y= xylened $lof7) ¢& 60C
AFLEoAH 247 A=A R

2.3. BAgte
2.3. 1. AIRAFAIZGE4(DSC)
Az 2xd ARe AlRFALeA (DSC)E
Al4sle] A5k, A3 7)7]= Perkin Elemer
Ate) =4 DSC-7¢ AHgstgln). Hdle HEL o
10mg A= A3l 40ColA 190CHA, ¢
€ 20C/minZ 3o} SEH(T,)& FAsgon,
190CAA 287 o4yt § o] 40C7hA) 20°C/
min® £ 2 7}2AA FAAHLE (TS #2
ahadct.

2.3.2. QIFAE

Al 7HA) Bl o ARy EAze s)AH
4% 5437) SI5te] sheet® Azslych. Sheet
+ Carver hot pressZ 190°Col|4] 10ton9 o=z
71438l Al=sbgdh. )23 sheet® ASTM D-638
type V[14]e] E3to] 2a} AJ#g 5o A4
3o, 7]7]= InstronAte] 4204 series UTM
AL A AHg-8Hdct. Crosshead $x+& 100mm/
minZ 31, grip distance 64mnZ. 3}e Z+ A=
2 534 FA45te] 1 PFLL Ao

tio o

g3, A 749 A3 E, 1996

g
_n.

A ME
e el w2l Az® Zdse DSC &
< thermogram$- Fig. 1~Fig. 3o v}elvigic).

Fig. 1& Al 7} &8z who] w2 LLDPE/
LDPE(80/20) Edlt ol o4 72F 02 composition-
al quenching 7]¥3} solution blending, Z28]x me-
chanical blending?] #AHZ FAHdoz 2715t
LLDPE?] T, peakE HojFz ¢lom LDPES T,
peaks 79 #5FA 4ot Fig. 2& A 7H4 &
g ¥y & LLDPE/LDPE(60/40) Zalz o]
24 AFo=, T, peak’} Fig. 13 & ¢AHE
TAH R Frhte g BAFI glon, Bols
Al mechanical blendingo|#] ©}2 F wi¥o] 3k
thermogram®} 2] 108C ¥4 &£ ¢ Faig
LDPE®] T, peak7’} vdehtes H& HojFm gloh
Al 7}7] EdlE dhe] w2 LLDPE/LDPE(40/60)
$eEs] 94 A% =, Fig 29 2& A%E vo}

Ack. Fig. 32 Al 712 Zdz e wE
LLDPE/LDPE(20/80) &#lze A3 AFoZ,
compositional quenching 7%} solution blending<
748o] A2 u]$&& °| uls)4 mechanical blending

3.1,
B
Z £

(a)”

()

Relative Heat Flow

I I | { 1

40 60 80 100 120 140 160

Temperature (°C)
Fig. 1. DSC heating thermograms of LLDPE/LDPE
(80/20) blends.
(a) by Compositional quenching
(b) by Solution blending
(¢) by Mechanical blending



Compositional Quenching 34| <% LDPE/LLDPE £alx= ]

(a

Relative Heat Flow

! 1 ) ] 1
40 60 80 100 120 140 160

Temperature (°C)

Fig. 2. DSC heating thermograms of LLDPE/LDPE
(60/40) blends.
(a) by Compositional quenching
(b) by Solution blending
(¢) by Mechanical blending

Relative Heat Flow
g

1 1 ! !
40 60 80 100 120 140 160

Temperature (°C)

Fig. 3. DSC heating thermograms of LLDPE/LDPE
(20/80) blends.
(a) by Compositional quenching
(b) by Solution blending
(¢) by Mechanical blending

dMe F 9 T. peakrt F&o] FE= ept
L A% 2333 gt} 9)9] thermogram$) #& 7

EA44 g AT 507

(al

(b
3
(T
®

T (e
)
=
s
©
[+

1 i ] L 1

40 60 80 100 120 140 160

Temperature (°C)

Fig. 4. DSC crystallization thermograms of LLDPE
/LDPE(80/20) blends.
(a) by Compositional quenching
(b) by Solution blending
(¢) by Mechanical blending

32 compositional quenching 7|®ell <& A
Zdx 7}, mechanical blendingel 2j# #z=
=11} matrix Yol domaino] 21 m|AFA £4
glo} domaine] $¥3 ZAE AT & ¢l DS
A REER| ke AeT Azt whA Fig 3
ol 49} 7Z+o] mechanical blendingel] 2i3 HdlT =
domaine] %% ZAAE AL F dv V=2
Absle] T, peaks} AwstA #FH 7lo2 7R
t}, ®§ DSC thermogram 7Z3}ol 4] solution blend-
ing®] compositional quenching 73} v|<=¥ A%
< YehllE AL £ d, o]F°] MR §A1 EdE
e =, 2717} v|5& domaino| ujA|sAl £AHE
A2 7t

7t Bl AAANLE(T)E EAHs7] Y3t
o 190°ColA 287 o3 F 40C7A 20T/
ming £5F 7}esiwA & DSC 7}& thermo-
gram& Fig. 4~Fig. 7¢] vtebui 2o}

Fig. 42 Al 714 &=l wye] @& LLDPE/
LDPE(80/20) £#=9 <& #AFo2, composi-
tional quenching 7%, solution blending, mechani-
cal blending®] SAMUE £AHo 7 FolA 3t
9 T.& RoF 1 glt}. Fig. 5+ A 717 EZ#c §

fe o by
[Ras e 1)

o]
@

M
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Fig. 5. DSC crystallization thermograms of LLDPE
/LDPE(60/40) blends.
(a) by Compositional quenching
(b) by Solution blending
(¢) by Mechanical blending

(a)
3
i

§ ¢
T

o (c
=
8
o]
Ve

| I ] 1 1

40 60 80 100 120 140 160

Temperature (°C)
Fig. 6. DSC crystallization thermograms of LLDPE
/LDPE(20/80) blends.
(a) by Compositional quenching
(b) by Solution blending
(c) by Mechanical blending

o] @2 LLDPE/LDPE(60/40) R#l=e¢] o 7
&2 2 compositional quenching 7| ¥, solution

98, A 74 A3%, 1996

(°c)

Temperature

[}

88

86 1 1 1 i
20 40 60 80

LDPE content (wt%)

100

Fig. 7. Peak temperature of LLDPE in crystalliza-
tion curve of LLDPE/LDPE blends as a
function of LDPE content.

(a) Compositional quenching
(b) Solution blending
(¢) Mechanical blending

blending®] thermograme- Fig. 49} v}371x 2 To}
TAHE Hishs g HolFa glod, me
chanical blendingo| 4] ©}2 % thermogramz}: 2
2 @E shtel Tob ol B35} dehtt
& 2AFD sioh A sbA 2AE g o
LLDPE/LDPE(40/60) Z#d=2 odad AHE =3
Fig. 5ol e} 22 7A%S BojF3 9t} Fig. 6%
Al 7HA Edz dhdo] wE LLDPE/LDPE(20/80)
£l dx AFoRE, compositional quenching
7193} solution blendinge& 7%o] A9 nj&d b
]84 mechanical blendingell & Fig. 504 1}eb
R AL A T.peakr} F3lo] FH56] et
B %3 9Jt}. Compositional quenching 7)
=2 7%, matrix Wel ¢l=domain
23 vl AstA BAEe] 9 domainS-o]

st o} WUyle g Azd Bdcw
2oA Y4she Ao 4249 Fig 6
o] A 5’_%1' 0] mechanical blending& domain =7
7b718A 98¢ 8] Bol AAder 23y
LDPES} 24 AdAde] HA=lo] T 1R T, peak
b FEREA FEHE do® A" w4
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Compositional Quenching &7 ¢% LDPE/LLDPE £l e o] EAd #g AF 509

3000

—@— Mechanical Blending
- Solution Blending
-A-- Compositional Quenching

2800

3 2600
2400 |-
2200

2000

Elongation at break (%)

1800

1600 1 t . l
0

20 40 60 80 100

LDPE Content (wt%)

Fig. 8. Elongation at break for LLDPE/LDPE
blends prepared by various blending meth-
ods.

domain Z7] %47} compositional quenchingg! 7

27} 714 =3 solution blending, mechanical blend-

ng £9% FAHeR AT Nz 47

Fig. 7o A 742 el ojsf Az"d &d=9 T

peak AEE gershel thehiict.

3.2. 7|41 24

182 Zdee 444 A=E #dsts by
71Eo 2 A AAAF EF_% 2748 (impact testing)
& o] &3t}[15]. & AfelMe LS F =
’LE-T—} Young’s modulus, QA% e FHskyd

o

L

Ag e ARG Aol A9 negative deviation
o] Az wel AAE =ike dTFEol 2ud vt
ok, o] 2¥E& 29 100% LDPE< 100% 9
LLDPE?] z+& o743 Ax4dlA  mechanical
blending®] solution blendinge]\} compositional
quenchingel] 3 7Bt} negative deviationo] T
2 AL & F %len, ojler mechanical blend-
ingel]l 98 AzH ZaAx A9 domaind Ao
solution blendinge|v} compositional quenchingel] ¢
% domain® HAMARC HojA = Ag MR

56
54 ~—A— Mechanical Blending
--@~- Solution Blending
52 -~ Compositional Quenching
g
= 50
S 48
3
kS
g 46
w
2 44
3
O
> 42
40 |- "
38 1 I | g
0 20 40 60 80 100

LDPE Content (wt%)

Fig. 9. Young's modulus for LLDPE/LDPE blends
prepared by various blending methods.

30 —
| -@- Mechanical Blending
28 -&—- Solution Blending
-~~~ Compositional Quenching

24 -

22

20

Tensile strength (MPa)

18

16

14 L I I | |
0 20 40 60 80 100

LDPE Content (wt%)

Fig. 10. Tensile strength for LLDPE/LDPE blends
prepared by various blending methods.

Bo3F 3 9ok, z22{u} solution blending®} composi-
tional quenching 7|¥& negative deviation A&7}
A9 zol7} g 7eg F Fd= wdE domain
A Azt v)kdivn gebse] Ao, A
g7 Algo A Yehte A%E DSCE o843 T, T.
peak®] 7ol A A& At A wlx3toict.

Fig. 9o 747be] o wwjo 2 de LHESo
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Young’s modulusgt& viebui et o] 28 o4 me-
chanical blending®] Young’s modulus Zte] compo-
sitional quenchingo|1} solution blendingell <& 7
2o o & ge e & 5 ddddh

Fig. 10¢] Zzte] Lele *‘““d"i de ¥ s
9 A7 =E yehhgloh Solution blending, com-
positional quenching, mechanical blending ¢} <=t}
2 Qe AHLE ASshe ATE ¥ 4 9
o oleldt A% wg, %ol FANE A% vl
322 matrix W9 domain Z7)o] G3Fe wre A
o2 A

4.4 E

Compositional quenching FX& o435l LDPE
/LLDPE &= & Azsigon), Z4uj2E xylene
£ AREskolth FEulol 8 SaE nEA 4o
2 flash devolatilizationg& o©]&3fo] LujS F<:-3
AAZo 24 AE2E spinodal decompositiono 2
%53}0"\:} Compositional quenching A <jst
= A Z& solution blending=} 3T &7} A
v*}EM 71AA E4e] A AolE Holx| okt
2.1, mechanical blendingRc}= m}2ja1g3 lzb7}
=7t ¥ 2345 29t} Compositional quenching
08 Axy BdcE oE yyo ulolx
l= Bt} matrix Yol domaing 21 u]A)3HA
2 Be el A2 SN o)A F& B

R s

rulrz

Z

e ol

oX Mr mjz of
>

to

#?oA

< AT FIALANTALY ALARLIIeNE
Ahd] A el s FA=A e oo =YY}

Fdske, A 74 A3%, 1996
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