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Abstract : Effect of the type and the concentration of coupling agents on the mechanical properties
of gutta percha/ZnO composites have been investigated along with the effects of concentration of the
filler. Such mechanical properties as the % elongation and the ultimate tensile strength have been
found to be the highest at a ZnO concentration of 400 phr. It has been also found that the aminosilane
coupling agents are the most effective in improving the mechanical properties of gutta percha/ZnO
composites. It has been speculated that the aminosilane coupling agents improves the interaction bet-
ween polymer and filler at the interface and thus the dispersity of filler. Therefore, it can be conclu-
ded that the mechanical properties of gutta percha/ZnO composites can be improved by adding proper

coupling agents, without the vulcanization process.

Mechanical Properties of Highly Loaded Gutta Percha/ZnO Composite

A g o eF 50~150 phr xolv] F34|9) Fapo) o] wr
wor /A8 gdol #1194 £5hs Ao el

4 S RE QAR SEARANA He A gdeh
sgEel ol 7 el Fehs o e AADYE ol 8 F n¥A B gl 4
slov we olsl el B4 A WE 3 FAA2 gl o 400 phre] o] 2A o 300
1ol Stoh 12 QARAY nBA BuA % ol¥e] ¥O ANES FASR YLk QuA
A%, ool 49 A SR FANZ Q) dkad el gloja olaA we el

Polymer (Korea) Vol. 17, No. 2, March 1993



137 Gutta Percha/ZnQ 23] 7

FAUAE TREEME F 300% o]l A
FAPE AL wi§ e Aotk FXAL g
gro] w9 H-& AN I EA}F B A E o CH &
AFAR7} 1 BHE 7R o)’ oL o
8] 78 - 5AE A d (metal injection moldmg)
ol AHEEE Be2A o]eidt A Rl 7]
AX EAL el AEEY FHE FAE - Ue
Jro 548 FA87I gt Hueg o]e koA
AHF A9 nFF uE2 BEMEee da2g
g g Aok

HAaye} ke uae] 744 44 P44

717 9@ el sz B8 AHgstel Bgras

A7 We] gloh 7 s1eiu) QAo AFEEE 1R
A BJREE AZE A5 Fe o8 vtaws)

qe
e AHEsh] 28 Al L olfi AN
ulgkg gho] WA Ha o] i Fol Aol aliL
9 vx7] Eelch. weh Ao AHgHE
SPARE G B 3R] G| wrha o)
= 7hgaglo] ofd T WhgoR g4 Bitla

o] 7IAH JAg P S AH ok Fhh

webd B APt nF AARNE g
Qo4 209 Sl BE AAH 4o e
aem mERe $o1d FAske] 439 37
A717] Slsh AHgEE ARATAe] St ool
we AAE 48 2 fusE 48 55 9

o).

Ay

By el Az B QP AN TEA2A
HE Y82 (viscosity average molecular wei-
ght) o] 40, 000 g/mol¢! gutta percha(1,4-trans-poly-
isoprene) & AHg-SFATH 1ejal, ¥ E FAE
= 8lo}A(Zn0) & A8 B0 FIEL Abahg A A
S 7hg4 B4A Bl BB AHSsiach 44

Z*& gutta perchaZ 100 phr2 dfa] F714 &2

AE 400 phr M F 2o HrialEe] EFHA

&

Z2|H A178 A2 19933 3¢

142 44

B oo A 7282k 2 A gutta percha® A&l
gk off= o] It URtHo R A o F
Fo FAAE Aolm 1A B4 AHsrt 4hA]
WL In0% vpA7MA R F8 FE-d AME-Sto T 7]
Aadzbe] B EE FA AR R Ao
2 gelA V) wE-olnh?

A AT 2= silane AGFAE A}RPey 1
FF2= vgA, dFAA, mercaptoAlol A gt 7}
AA, il opueAld A FrIAE AEsig o
gk 0.1~4,0 phrol| A 23kt

EA R A kneaderE o] 83l 110CT A
1087k 12 £33 -8 90C 2] two-roll millel 4] 10
w1k 22 Este] o g Axsch

AlQA R Az P AF). Kneader9} two-roll
mill& Apg-ate] A=gE FA7E o 2mmel 3o
Bok2) # 228 hand-rollingS $38la] 70| oF
0.8 mmo] 1L, Z1o]7} oF 40 mm<! rod FE o] A A

e nElch, o1& AE.S Instron Tensile Tester
= *]’%6‘}5\’10[’# crosshead speed& 1.0 cm/min©]
il &g 35Co A Fspach?

ATl 7IAH 549 F4E flste] e
AR HEAEe) Aol rodHe] AHE A}%w
oul F Ag) At Aolakl gk,
AlHe] Hg-oli= % elongatono] 50% D]“}Oi 2
Ao, rodde] AlHEe] Ao AlHe 23

of me} th vl AN HAL 400% HEMAE Z
ek o] 7 gk xolE neste] © Af
oMt HAl AFe] FHI FARE rod& o] AlHE
Agstal Alwk S92 ST, F Wele) A)giol
2] e ABE ol olfi o ZAFTolA
o} & zlolt},

Hand-rolling HWHol ]38l A|Heo] #ae &7}
110~120C 49 hot plate 9ol A8 S ¥l 2
o 2 rollingsle Weo|ng AIHES 7t=EE AIE
o] 2w o) o@ Ashe] b4l Ui EF rok
lingol] ¢]%F orientation 3% AT AX7} glo
o, o|& vjAsl7] fi8te] sFor stofq HE
Al (1] A1 8-& FHshed] oF 32 28) A=

= e K

rL‘
L

lN'

169



£ &92om, 1071¢] hand-roll AW A|&3}e
HA - HAE Q)3 o) x] 87he) AHE Hits}
ok

84 Adde] =42 Instron Capillary Rheo-
meter& ARl 115ColA] #H 7] - % (apparent
viscosity) & 48} 2.5, o] crosshead speedi=
0.2, 0.6, 2.0, 6.0, 20.0cm/min®.E 3}t
Aol A AR capillarye] 272 0.76 mm, %
£ 25.54 mm, L/Di= 33.410]1L, plungers= 3 7o}
9.48 mmolni barrel?] 742 9,52 mmo]t}.

WA FzAe] Agsas AFsty] $iste] AW
7»3?}11]4 7 2 g aBZAIZ deEellA F2A
o] ol whE EA ] WstE Hriatg o, ohgol
AR LA FHeb kel dFE Hrtskr] 218t
o A F3A Y FE& 7 gelel A AlEE
Aol Eiret g 43S FriskAch

lo]

Z A (Zn0) a2 4. drHo g F49
bebe SEA Bl sAA dde & 93
ul )= Aosl AR ik wheha] A9 et
gutta percha/Zn0O B&A g 2] 71AA A A v]x+=
gakel] g dd e FAstH e, 1 477} Table
1ol AEso] Ak 7)o A= ANES
A Hokor Vel 2HV] A 2 HNEE o
obrteh, B Aoz vidA AUEATAE 2.0
phr Z1g]il opn-2 ARZAYAHE 1.0phrE 1
g 02 279 ghaks 200~600 phr2 HEAIH
th.

Table 1¢] ZAz2HE o4 = A= AXY 200
phro] 749 dAxlgo] 20% HEE =3 HRdu
300~400 phre] 729 $2lgo] oF 400% w7
Z7}1sl g thrt Z780] 500 phr o]Ael| A= ThHA] 20
% RArw zrhshe Aoz v old Huiol
A% of 8MPa Hxof g ek 34
o] Zvigtel wpet ZEV] Hvt Ftsten &
S AA v A Ekoy &80 b dETE

noﬂ'

x—lor;l

170

4% - @4

s A

ofk

Table 1. ZnO Concentration and Properties of Compo-
sites

ZnO Elongat- UTS ) AQ Tw
(phr) ion(%) (MPa)! T (mcal/g)’ ()
200 21.12 459 16 E3 3.79(3.79) 56.0
300 3781 7.80 — - —
400 362.0 823 2.1 E3 1.39(2.29) 54.8
500 216 6.66 - - -
600 154 579 3.1 E3 1.09(255) 554

Coupling agent | vinyl . 2 phr, amion-2 . 1 phr

U: Ultimate Tensile Strength, ¥ Apparent viscosity at a shear
rate of 1000, * : Specific heat(Values in { ) : corrected for the
weight % of polymer and filler), * : Melting temperature
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Fig. 1. Typical stress-strain curves of composites with
coupling agents.
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Fig. 2. Elongation of composites with coupling agents.

Eojof #1798 A2& 19939 34

X Gutta Percha/ZnO 2 g2 7143 43

Sl Hlgte] Y53 T 200~600% Lo AL
& zbz Afolnh uEdAIY o ZAA AWARA =
AR}l 484 ofn) 7| 2} mercaptor] AlA A=
Tt e Aoz BFEHJ o7)dA 71FA
B AGAZATLE AT BE HEo] FYT A

g 2,

A AHZAZAE AHESIE S o, Eeel e
Axlge Waprl AY gl AoE Yeton g
of W A4l Hale Ae gle Fog B,
NEANA AHVAFAZ AR Folx v GA A
AARA Y Ao FAVEHA ARAsA e =
7ho e B3t B ge) dalgde Ao I
£ XA Zivke 238 49

olu)i=-12] ¢ 1.0phrojsto e AgAe] %
o] F7toll wrebA] Aalgo) 175% oA 400% 2 52
3] Z7}3l ¥hdo) 1,0 phre AAZ AW A EA <
o] 7kl wpel AA_E 200% 2 PadhE
g vEpiTh opue-29] A9 BUT A
300% oA 400% 2 F73ht AR AR o] F
74t ARlg-e HAadA g AAge FUHEol
T3EE S 2ol T2y mercaptoA] &) A
1.0 phro}atofl M= oF 600% o] 73 JA&S
ERf AT, 1 olfo g gako] FIEel uhe} Al
fo] A Tide Aewy HaEA,

ayug vjdA e} o EZAA AREdAs B &
FAgY ANEE F7HAITRE Wl oA '
Aol A E3F vk o}u] = A 2} mercaptoA] AlHAZ
Ao Ate EFAA Aoz WA, Fa9 A
AAFA = FF7o) whel o]zt U AT oAl
0.5~1.0phre] &FolN 7Hg 2 AUNEE 2=
Hoz waH.

BAE ool AF3h whel Zol(Fig. 1 #HX)
B Aola] &A% A|F& necking@ o] o2 B
AollA dojytr] wjiel AFAE AH2HE HH
SAg de 9% F itk wEy ZE A g
&l 0.2% offset WHH08 Alg3td B82S 2
Astglen o1 At Fig, 3¢ b glch

Fig. 3] Uehd nls} go], v)dA 9} off ZA|A 9|

U

171



130
control —=} O o—
120 / \o—————-‘”"
110 i o)
- ¥ -/
% 1004
2 9 /A/é/ 5 -
g . JE] "'“‘- vinyl
. 7 Bpoxy
d\ B amino-1
70 N @ amino-2
] _.] mercapto
60 — . .
0 1 2 3 4 5

Coupling agent concentration( phr)

Fig. 3. Elastic modulus of composites with coupling
agents.
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Table 2. Summary of Mechanical Properties of Com-
posites with Coupling Agents
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