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To prevent hydrolysis of poly(L-lactic acid)(PLLA) / natural rubber(NR) / epoxidized NR(ENR) 

composites with a high impact and thermal mechanical properties, effect of the amount of addition of 
polycarbodiimide(PCDI) or the molecular weights of PCDI was examined on thermal and mechanical 
properties of the resulting PLLA composites. The thermal and mechanical properties of the composite 
materials were evaluated by JIS K7160 and ISO 75-B methods. 

 

(1)

(2,3)

(PLLA)
PLLA

(PET)

14  

 
5

(1)

(3) PLLA

PLLA

, 

－ 53 －

近畿大学次世代基盤技術研究所報告 Vol.2 （2011）53－59



CD-R

(4)

, 

PLLA (D- )(PDLA)

(5)

D- (COPLA-DTM)
PDLA

(6)

PDLA

(7)  

PLA PLA

COPLA-DTM

(8)

85%  
(9)

25 %

(NR), (ENR)
, 

PLLA
(10) PLLA

PLLA
(PCDI)

PCDI

PLLA
PCDI

PCDI PLLA
PLLA NR/ENR

PLLA

PLLA
PLLA PCDI

  

PLA( H-100: ) COPLA-
DTM( ) (NR)(Pale 
Crepes 1 : ) (

: 50%)(ENR)(EPOXYPRENE50:Mu-
ang Mai Guthrie Public Co., LTD. )

(PCDI)( )
 

  
PLLA COPLA-D

PCDI NR ENR
2 (S1KRC

: ) 1min 180

 
   

2-2 PLLA
(SAV-30: )

Izod

30kg/cm2 100kg/cm2 

170 175 180
110 120 sec

 
1

110
 

Izod
Izod , Izod (

: ) JIS 
K7160 2.75J 5.5J 

－ 54 －



 
 

, (HDT
: ) ISO 75-2B

  

(
5566: INSTRON ) JIS 

K7113  

50 6week

(
5566:INSTRON ) JIS K7113 

 

PCDI
(CHCl3) 40 72h 1- (C4H9OH)

(GPC)

 

180 1min
20 /min 110

110
120

 

(SH-240: )
50 95% 144h  

PLLA COPLA-D 5
NR 10 9 ENR 1

PCDI 3

1 2
110 2h  

1) DTUL represents deflection temperature under load.

℃

DTUL
kJ/m2

1)ENRNRCOPLA-DRun PCDIPLLA

－－－100PLLA －

1

1
－

9

9

10

10

5
5

5
5

B-2
B-

A-2
A-1

3

3

100
100

100
100

99

125

100

125
53

20

6

16

5
3

℃

－－

-
-

-
-

Table 1  Mechanical properties of blending as a function of 
blending ratio of PLLA/COPLA-D/PCDI/NR/ENR
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Table 1 Mechanical properties of blending as a 
function of blending ratio of PLLA/COPLA-D/ 
PCDI/ENR 

1)DTUL represents deflection temp. under load
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Fig.2   Effect of addition of crystallizer, hydrolysis retarder, and       
flexibilizer on the mechanical properties of PLLA composites.

．図，表の書き方               

 

PLLA 単体，NR，ENR を配合した配合系 A より， 
PCDI を添加した配合系 B はいずれも耐衝撃性が向

上していることを認めた．これは，PCDI のカルボ

ジイミドと ENR のエポキシ基が反応することによ

り，界面が強化され，耐衝撃性が向上したと考えた
(10)． 
3-2 添加 PCDI の分子量が PLLA 複合体の物性に及ぼ

す効果 

PLLA 複合体に PCDI 添加することで耐衝撃性お

よび耐熱性の改善を認めた．しかし，これらはすべ

て 110℃，2h のアニール処理後の結果で，加工時等

の欠点となる．PCDI の分子量を低下すると，PLLA
結晶化の抑制が起こりにくくなると考えられ，添加

PCDI の分子量変化が耐衝撃性および耐熱性の及ぼ

す影響を検討した．分子量の異なる 5 種類の PCDI, 
PCDI-a~e（表 3）を添加し，添加 PCDI の分子量が

耐衝撃性，耐熱性に及ぼす影響を検討した．各添加

剤は表 4に示す割合でPLLAに添加，測定を行った． 
 

Fig.2 Effect of addition of crystallizer, hydrolysis 
retarder, and flexibilizer on the mechanical 
properties of PLLA composites 

Fig.1 Schematic illustration of test specimen for 
mechanical properties 
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Table 3  Molecular weight of PCDI-a/ea)

PCDI                PCDI-a         PCDI-b          PCDI-c        PCDI-d        PCDI-e

Mn( ×103)          1.3                 2.0                3.2                6.1               9.2

Mw(×103)          2.4                 3.7                7.5              20.0              46.0

Mw / Mn 1.79               1.85              2.32              3.25              5.01
a)Mn and Mw represent  number average of molecular weight and weight  

average of  molecular weight  
 
 
結果を図 3 に示す． 

図 3 ら，110℃，2 hr のアニール後では，分子量

よる耐熱性の影響は大きくない．一方，耐衝撃性は，

一端分子量の増大と共に増加するがその後は低下し，

耐衝撃性の改善には PCDI の分子量に最適値が存在

すると考えられる．PLLA /NR/ENR/PCDI 複合体で

は， PCDI が PLLA と ENR の両者に反応

Table 3 Molecular weights of PCDI-a～e 

a)Mn and Mw represent number average of 
molecular weight and weight average of 
molecular weight, respecively. 
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Fig.9  S-S curve of PLLA composite.
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Fig.3 Effect of molecular weight of PCDI 
on mechanical properties of PLLA 
composites 

Table 4 Mechanical properties of blending as a function of blending ratio of  
PLLA/COPLA-D/PCDI-a e/NR/ENR 

Fig.4 Stress-strain curves of PLLA composites

1)DTUL represents deflection temp. under load
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Fig.12 The  rate  of  hydrolysis  of  PLLA  
composites.   
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Fig.6 Effect of annealing time and amount of 
PCDI-c added on mechanical properties of  
PLLA composites 

Fig.7 Relationships between hydrolysis time 
and tensile-strength retention of PLLA 
composites added with various molecular 
weight PCDIs  
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