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ABSTRACT: The surface of calcium carbonate, which was prepared in an emulsion state, was
found to be hydrophobic. Thermal and mechanical properties of composites, containing the
calcium carbonate in a low density polyethylene (LDPE) matrix, were studied by varying the
amount of the calcium carbonate. Due to the hydrophobic nature of the modified calcium car-
bonate, the interfacial adhesion of the composite turned out to be good. Results indicated that
the crystallization temperature and crystallinity of the composites increased in proportion to
the volume fraction of the hydrophobic calcium carbonate. Tensile strength and elongation of
the hydrophobic calcium carbonate composites were found to be higher than those
of the calcium carbonate composite. Futhermore, the dependence of the elongation (e~ @1/3)
and tensile strength (6~®%3) agrees with theoretical predictions, although the propor
tionality constants were less negative than theoretical values.

Keywords: calcium carbonate, crystallization temperature, crystallinity, elongation, tensile

strength.
A =2 (strain rate)} 994l (drawing) 2% S¢) A4d8xA
ok opetl, B8] <, ARk #7), 2em 8
279 —t— Ze}ae A2l 98 (Young's mod B §71Bse) A5 52 2o AAH 4ho| B
ulus), A% (stiffness) ZEla A% (impact & g3ke ujz Q) £3], polyethylene (PE)<2}
strength)s’—} < 7IAH AP €8 A& 4Ads) polypropylene (PP)-»} 7‘3}— H| 24 nzte] 799
7l sl gel AS¥T Utk T, WESE &, 280 £ B/BH folnER Alle E

296 Polymer{(Korea) Vol. 21, No. 2, March 1997



Hel| Mol gly] W&o, F71E3dA o] el Z7}
ol mhet BYARS] FAYES) 4K (elongation)
B gepd, FAAs §71287 Aol
A5 e o] 98 A7) Bol olFolA 3

18 Mitsuishi 5-2% PP 2& ofo] ehibzi2
H7¥8}7] $3led phosphate ester oligomer24-€)
Babdas UMY en, Sharma $&7 tita-
nate couplingAl& k2 EWY Huldled PE
EY ] EFE A &8RS (melt index)9}
FA7 =7t d s Bauste ok T3 Sasaki
.08 PPo| maleic acid®} acrylic acide} 7o &
3} 2 BHS graftdld e B9 71A1H EAo
ARGt Rusta ¢k §9, Willett-2? ethyl-
ene-co-acrylic acid copolymerE A&3l4lz Al
3lod A 23 low density polyethylene (LDPE)#}
granular starche] B3 g9 AL, Alwe} A7}
X (tensile strength)= Ao & wkz] o},
BdES A FUMva Eusta gl

o]¢} Zo| coupling agenti} F43AE Al&-3le]
F7197 ek 78R Atele] M S w477
AT B2 It EaHa Qo) o] & nigez B
ATFdAE, F7I4A FolA FHAZ Bo] A3}
I de ey guHe AeAdeE sy
LDPES} E§% 5§52 B4 dslo zAlely
FadE el etEES oA ARt
< ARz Az A =3 o)
H ebdEs $3AE AM-sle] LDPEA)
Falad werd (break point)oll M) Zw=of A&
2+7} Nicolais?® @ Nielsen2! 7! ¥) m3stgic}.

-YL ri rr

=
o g9
[k}

X,

o riol
\1 %

4

M. & oA &0z AR WA, $3H2
A AMHE3F span603} tween80, 22l 3l
MR 5o A9k Junseirle] dFA| o) 1
21, B2 o|2o] AAH 12 ZHFE AMgsidnt.
LDPEE &djA#58tAke] BF 5008 AHg-31g] o
28X 4E 3.2g/10mine] WEE 0.9213 g/cm?
ojt}.

EHMERE Y. B (o], CaCOy) e zhzdt
0.1 mol/Le] d3Z&z eBibdg. =898 20 Cd

Eal A2ld A2z 19974 3¢

W EFgNEY 99 2 AR 4

Al gAA dsigen, MAE wides
M-CaCO;) Wl Bsled ojn| = oy,
s gokeiRl” the st 2o §714) WAl 50g
of %34 span60 (£l widle] 2wt%, HLB
4.7) 7} tween80 (Lulloll thated 4 wt%, HLB 15.0)
& ¢4 B F, d3EE 789 (3mol/L)
600 mLE 713t O/WH f3eis wteddd. &
glel g EabgE(0.2mol/L) 20mLE 20 C
oA bulk-mix.¥hg-0 2 458 %ot Hl%a}ﬁi\:}. °]
A vhgo] ¢ - A gadag oasle] o
HH EE AFHAT o]F ol o] olELR
AFSL & o ARAA oA A sHd B
sk

ZE HE. ehabztge LDPEY tisle] Rung
zvz} 0.0, 0.5, 2.2, 4.4, 18]11 8.98 E3r|d Ex
180 el 87t ERslitt. o] E3l AME &%
7]+ Bench Kneader (Model PBV-03, Trie Shokai
Co.) 2 two-roll millelt}. &3lo] Bt e &§d
AEE WHFE olgsle] WziAg)a, A FeEpA &
Hd A 28 (50 mm X 120 mm x 0.3 mm)e] @i
t&7)1=2 180 C, 500 Kg/em?e] gt oz 187t ¢+
4% 7, ¥z F9¥std BF 77 0.3 mm
& Az
4. ZH3% (crystallinity) ¢} 23} &&=
tallization temperature) &= DSC (differential scann-
ing calorimeter, 29 PL DSC-700)& A}&3}o] &
2458 10 C/mino 2 st AL 343
2 KS M3006 (Type2) 2.2 A|HE TE T, 9l
A7) (Testometric Micro 350)9] load cell
25 Kg& AMg-3}o] strain rateE 5, 10, 50 18)1
100 mm/mine.2 WA 7h d@sigon, 2}
S 6719 A E2EE Bl Tl

(o3t

olE

O

o o

(crys-

rlo oX Ufl

Tt

My

SHME, ko] ol WE LDPE 234 =
o) ZRFLE 9GS Fig. 1d Vel 23|
A BRe A o], M-CaCO; B4 ehatgdre] o)
7l ulel LDPEe] AR Lwr Z713he ¢
T Ror, CaCO; A9+ dAte Il w2 243}
257} 7h ek fdxie] gl wE

EFAL
(]

QF

[e]
Z2ages & F

297



LDPE2] ZAA3=e] Hg Fig. 204 Ee He}
2t} o7ld A ARBEE 98 SHNA Lo &
SYERE ol o] AR 294 J/ge] gk
< 100% Z%<¢ LDPEY] gaig= Aok
% Crystallinity=4 H/4 H°x 100 (1
A7l dHe A8 $§¥olM, dH s
100% AR nEAe] £6E8 9ugct. M-CaCOs
o] 74 ARl 9 Fae wabdge] Fo| FUHE
ol wtA F7hatthrl fzbe] ol 4.4%°l o] 2214
AARE & 15% 2 A0HE e leg &
+ slen, CaCOzel ASe 7Y &l gls
& Aok iz ER A Br|gate] d7E 94
(nucleating agent) 24 AMEEHZ Yo
Mitsuishi 5" B7|9=te] 3ata QAo o sl
222 AR B2 9o de o2 B

o
=2
2 %

’}4 _E_.-gl ?

=3 glrk. oo B M-CaCOze Eo £4F
=] o¥tom, styrene-d EBAEES As uEzt

w2t oo ghildg g7t EAEAET, ol
& M-CaCOs9] HHo] f4d W&l ez B
sttt wabd M-CaCO,9] <¥o] Z713td what ¢
2 gHe] Aoz MASHY nEA nfEYA
A £xxo] AAE Bidge] A4z 2gs)
o g2 AR £x& FUMA FRI=E0 A
%3, 2R ER Z/8HE Aoz A" 18
U dzle] ko] 4.4% o]l M aEA A3}
FAEFF ], o|AL o= ol oz QiAtY Yol F
7¥gl wet 2'a 2R Asd FHE F7) FE
o2 Atgdr.

AN YE. P& A e wE
Pamot Az daaAE Akste], M-CaC0;9]
2dE Fig. 33} 44, 28|32 CaCO;0 ALoe=
7} Fig. 58} 69 Jehfigich. 28 e A
o] 5 JA BEF gRpe] gol Frhgel uwhebr Q1
At AR 2ATE & 7 den, oA
Nicolais}° Nielsenalz}! # axate ¢ 47}
v B3, WEEE7E F71 ged JARE
F71tu Amdle A9 dgo] glees & 71 9
, M-CaCO;& AMS-3I0S B97t CaCOzE A1

3 7ol vt AAAEe} ATt BeE & )

P}

oN

oX Ml N ood

o rr 32

298

100
—e— CaCO,
Q —— M—C3C03
5 99
5
=
g
£
& 98
o
5
8
3 97+
1=
[®]
96 T T T T
0 2 4 6 8 10

Volume fractio (%)

Figure 1. Crystallization temperature of composites
as a function of the CaCO; volume fraction(®).
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Figure 2. Crystallinity of composites as a function of
the CaCO; volume fraction(®).
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Figure 3. Tensile strength of hydrophobic calcium
carbonate/LLDPE composites against logarithmic strain
rate (log R). @ : volume fraction.
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Figure 4. Elongation of hydrophobic calcium carbon-
ate/LDPE composites against logarithmic strain rate
(log R). @ : volume fraction.
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Figure 5. Tensile strength of calcium carbonate/
LDPE composites against logarithmic strain rate (log
R). @ : volume fraction.
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Figure 6. Elongation of calcium carbonate/LDPE
composites against logarithmic strain rate (log R). @ :
volume fraction.
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Figure 7. Relative elongation of composites as a
function of the CaCO; volume fraction. strain rate :
50 mm/min.
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Figure 8. Relative tensile strength of composites as
a function of the CaCO; volume fraction. strain rate :
50 mm/min.
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