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ABSTRACT: A series of poly(L-lactic acid) (PLLA)/poly(#hydroxynonanoate) (PHN) blend
were prepared to study the miscibility and the ¢rystallization behaviors. The thermal behav-
iors and characterization of PLLA/PHN blends were studied using differential scanning calo-
rimetry (DSC), XRD and polarizing optical micrascopy (POM). The PLLA and PHN are par-
tially miscible in amorphous region. The crystallinity of PLLA increased as the content of
PHN increased, and T, T, and T, of PLLA shift as the content of PHN increased. More-
over, the number of PLLA spherulite increased gs the content of PHN increased in the POM
experiment. Thus, PHN acted as a nucleating agent to PLLA.

Keywords: poly(L-lactic acid), poly(B-hydroxynananoate), biodegradable polymer, nucleating
agent.
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Table 1. Characteristics of Polymer Used in This
Study

materials poly(L-lactic acid)  poly(#-hydroxynonanoate)

M, 174000 155,000
MWD 193 2.09
ShimadzuA} synthesized
M,,, MWD were characterized by GPC.
PLLA
T
—feH—c—o}—
PHN
CHj CHj
I |
ST R
—{'CH—CHZ—C—O']n—['CH'—CHz—C—O-];
C715 wt% C9 85wt%

Figure 1. Chemical structures of poly(L-lactic acid)
PLLA and poly(#-hydroxynonanoate) PHN.
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Figure 2. First and second heating scans of DSC
thermograms of PHN.
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Figure 3. Normalized degree of crystallinity (%) eval-
uated from DSC thermograms.
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Figure 4. DSC second heating thermograms of PLLA/
PHN biends.
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A B A Poly(L-lactic acid)/Poly(S-hydroxynonancate) Ed =9 €& Ad 9 ZANAS
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Figure 5. Relative crystallinity (%) of PLLA in
PLLA/PHN blends. These results are evaluated from
DSC second heating thermograms. Each relative crys-

tallinity(%) of PLLA has been calculated from equa-
tion (1) and (2).
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Table 2. Thermal Properties of PLLA/PHN Blends
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Figure 6. T, behaviours as function of PHN con-
tent (wt%) in PLLA/PHN blends. Peak temperatures
have been evaluated from DSC second heating
thermograms.

N757x)9] Zd=die 58 PLLAY T, £o
2 Z7ksked wete To2 ASHez Zaske A
& & 4 gitk. PLLA/PHN B=dA T, T,
74 ZAztz u)Fol L100/NOdA L75/N25 7%
PLLA¢] X% 94994 PHNo| PLLA9] A
OHESE HIHE Alold] Foj7bA PLLA MH1d™
E9 $d4& Z/MTe 4FY Tl 2e 9
& %] wfFolet AbEE otk L50/N504 A
L25/N7571x] PLLA®] AR3 == A& o F7)
94X PLLAY T.= Zasxl ¢n &£4%
PLLA® T, Zo=z t}A Z713t% . o]+ PHNo

composition (PLLA/ PHN)? code Torun’  Tgpisa’  Tgriia’  Tobeating  Te cooling Tom PLLA

(100/0) L.100/NO 64.1 126.2 132.4 179.4
(90/0) L.90/N10 -a a 62.4 129.7 1455 1775
(80/20) L.80/N20 -@ a 55.1 1154 134.6 1772
(75/25) 1.75/N25 -51.0 -24.0 46.6 109.1 121.0 174.2
(50/50) L50/N50 -46.0 -31.0 48.0 107.9 69.8 1739
(25/75) L25/N75 -39.3 é 53.1 118.0 1169 173.9
(20/80) L20/N80 -35.9 a 62.8 -¢ 144.6 1735
(10/90) L10/N90 -35.9 @ -4 -@ 150.5 171.4
(0/100) 1.0/1.100 -31.5 ' 342 -4

% Not estimated. ® Weight fraction of each blend. ¢ Estimated from firkt cooling results of DSC thermograms. ¢ Estimated from second

heating results of DSC thermograms.
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Figure 7. Crystallization temperatures and melting

temperatures of PLLA as function of PHN content

(wt%) in PLLA/PHN blends. Peak temperatures have

been evaluated from DSC second heating

thermograms.
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A EH:MA Poly(L-lactic acid)/Poly(S-hydroxyrnonancate) Edlx=9] 947 42 2 AAIA%F
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Figure 8. DSC isothermal crystallization curves of PLLA/PHN blends (L100/N0, 1L80/N20, L75/N25, 1.50/N50).
These samples were annealed at several temperatures after melting 3 min using DSC.
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Figure 9. Temperature dependence of Avrami n val-
ues of PLLA/PHN blends.
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Figure 10. Temperature dependence of log K, values
of PLLA/PHN blends.
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Figure 11. X-ray diffraction patterns of PLLA/PHN
blends.
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Figure 12. Change in relative crystallinity (%) of
PLLA in PLLA/PHN blends. These results are calcu-
lated from peak area of 17.45° in Figure 13 (assuming

that crystallinity (%) of PLLA was 35.7 by DSC
result).
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B A Poly( L-lactic acid)/Poly(f#hydroxynenanoate) Edl=¢ @24 Ad 2 AAFASZ
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Figure 13. Photomicrographs of PLLA/PHN blends with different XPLLLA annealed for different #,(7,=125 C).
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