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Abstract  This paper is to review and study about the crystallization nucleating agent to improve the
heat-resistance properties of poly(lactic acid). Four sub-micron sized nucleating agents, metallic salts of
2,2'-methylene bis(4,6-di-tert-butylphenol), were prepared and used as a crystallization nucleating agent. Thermal
and mechanical properties of polymer compounds were investigated by DSC, HDT and UTM. As the results,
While the heat-resistance properties of the polymer compound samples were increased linearly with the contents
of nucleating agent as well as their smaller size. Among them, the highest heat-resistance property of
compound was observed with 2 wt% of MPZ2. HDT values of PL98Z2 compound was 1167 at 0.455Mpa.
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WEg S Jidsks WHEe] BEREoAAL Ql=tl,  Zinc Saltq]l MPZI, MPZ2 4%7& AME3SIGTh Tale=
L-PLA®} D-PLAS &gAEjoll4] &3}5}= stereocomplex (F)F=2] KC-3000 (Particle size : 0.5 ~3.5um) AR5}
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[# 1] 94 ALST PLA Hrfe=e) 24
[Table 1] Compounding composition of PLA with nucleating agents

Sample PLA 2003D MPS1 MPS2 MPZ1 MPZ2
(Wt%) (wt%) (Wt%) (Wt%) (Wt%)

PL100 100
PL995S1 99.5 0.5

PL99S1 99.0 1.0

PL98S1 98.0 2.0
PL995S2 99.5 0.5

PL99S2 99.0 1.0

PL98S2 98.0 2.0
PL995Z1 99.5 0.5

PL99Z1 99.0 1.0

PL98Z1 98.0 2.0
PL995Z2 99.5 0.5
PL99Z2 99.0 1.0
PL98Z2 98.0 2.0

5596



L-Lactide Z2|H2] Ya4 S A3t iAo a3} A+

S AFE7)e) sl AFESte] ASTM D648 el BY  200T7H4] 40 C/min®] 42 &=z A7k ool 4
(0.455MPa) ©& Z=A5}lct (Tm2), BATFEE(Twe), BATFEH AHM)S S5
t}. F 20] PLAS} &4 9] £4Jo] whZ DSCE Z%gt o

3.

ink

E-inl,

FHEQ 243 A1 MPS, MPZO] m]A| &2
ApAfol 2ok gl w2 2gshe sl
Usle] AEsIETh 249 Ao 22 (sodlum salt, zinc
salt) @ QRPAFO]2(2.5~183 m)7t A& THE AS 0.5,
10, 2 20 W% tol o]% 4E7|S *P%—ok@l s

i
ddere] st

= slo] Z}7}o] Balg Az S o F A Azstel
Fig. 16 Uehdl vlo} o] DSC Q84 AAlsisrt

O =
< 2
v £
3

B g
g =
§ 3
© T

T, Tmz
25+ ml
AHTml AHTmZ

Time (min)

[23 1] PLA Fo&E9] DSC 2= 421
[Fig. 1] DSC thermogram condition of PLA compounds.

—/ 5\:1 50]- E.i_Q_

0C7HA

A1§E &, ThA] -40 C/min
i B7|oA 74est &, thA

[opunp Y

(& 2] HAS ARSRE PLA HINEES] 9354

=4 235 YEsith

3 204 H=n}9} o] PLAY §3(Tm), 2783H215
(TmC)-Q]' z];Hﬂ'oclE]:(AHTmC) lﬂ_’ ‘g‘"g‘OjEk(AHTmZ)O]
A ] QJAtAte|= H FEke] wpeba] WIkEl= A
&tk o714 AHme 943 443t EHE %fr
A7l ottt s UEhe, o] 319 27|24
274310 A s dobs 4 vk AT E(Tn) R
27458 AHrme), §FEH(AHM) 2 WIS HH, &
= F79 HAlA YARAFe]=7E 18.3m3]  PLIISSI,
PL99SI, PLO8S] HC} QJzAto] =7} 23mE AR 2R
HAS AR PLI9SS2, PLY9S2, PLISS2 7} FAU3takof
N AAstew, AAsldey 2gdTo] mE koAt
o|ZH mAlET AS AN =N WEEA] FY
HE & 4= ok AlE PL99Z29} PL98Z29] -40C/min 73
QA0 ART L5 (Tnls 242 110.3, 114.7CER 74
o 43k YA 24 HEL e 98-S o 4 Qo

2B bl uley ARsh Hw) wek
o, o] £ MZo| 243} kvl &gk HH, T}
AAMPZ2ONA FAT A Aol Z2.5m)e] Fo] T
o] 7)) me ARHAT 280l Lo AT
o= = zol7} gl & 4 <tk 2.2-methylene
bis(4,6-di-tert-butylphenol)2] zinc salt S§A|7} 2} £
g 2435t s Uehl ik MPZ29] 3hgo] 1 wit%®t
2 witae] 79 A e o ol A Z71eHA]
orgron], wepom HrhEm o5 Aol 17k u
g0 93 AAH ZHeld el I 4 gtk

[Table 2] Thermal properties of PLA compounds with nucleating agents.

Nucleating agent . .
Sample . ) Tme (C) Tm2 (C) AHrme (J/g) AHrm2 (J/g)
particle size (um)
PL100 - 65.3 170.6 2.5 16
PL995S1 18.3 100.3 170.0 26.6 389
PL99S1 18.3 101.4 170.0 27.4 38.8
PL98S1 18.3 104.6 169.0 30.4 40.4
PL995S2 2.3 102.1 170.1 27.0 39.7
PL99S2 2.3 104.0 169.0 323 43.1
PL98S2 2.3 105.8 171.6 34.0 41.5
PL995Z1 8.8 102.0 168.0 28.6 41.7
PL99Z1 8.8 105.2 168.9 334 40.5
PL98Z1 8.8 109.1 168.7 38.0 433
PL99572 25 108.1 168.4 36.8 42.7
PL99Z2 2.5 110.3 170.1 41.3 46.2
PL98Z2 2.5 114.7 169.1 41.6 47.7
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[Fig. 2] Heat distortion temperatures of PLA compounds.
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[Table 3] Compounding composition and properties of PLA

Sample No. 1 2 3 4
PLA (wt%) 100 90 90 90
CaCOs3 (wWt%) 10
Talc (wt%) 10 10
MPZ2 (phr) 1
MI (g/10min) 4 5 7 8
HDT (C) 57 70 85 125
Elongation (%) 6 5 28 27
Tensile Strength (kgffem®) | 380 400 670 790

AMzo] AL D 443t PLA @ PLA + CaCO; 10
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[Fig. 3] Heat resistance test of PLA compounds. (at 10
0C, RH 0%, 10min)
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