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Abstract — We fabricated rod-like poly(lactic acid)(PLA) specimens through applying various methods of equal-chan-
nel angular extrusion(ECAE) process and investigated the change of thermal and mechanical properties of specimens
before and after each ECAE process. Combining three re-injection routes(A, BC, and C) and three pass counts(1, 2 and
4) allowed us to fabricate 7 different PLA specimens. Thermal properties of each specimen were measured by both dif-
ferential scanning calorimeter and thermo-gravimetric analyzer. Shear strains of each specimen with respect to applied
loads were measured by indentation hardness tester. Field emmision scanning electron microscopy was used to observe
internal microstructure of cross-section of each specimen. The observed microstructures qualitatively supported the
explanation of hardness test results. Among 7 specimens, PLA-P2A showed the biggest shear strain probably due to its
dense microstructure.
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Fig. 1. Experimental apparatus of equal channel angular extrusion
process; (a)overall setup, (b)cross section of angular die.
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Fig. 2. (a)Schematic diagram of ECAE, (b)Schematic diagrams show-
ing route-A,route-BC and route-C processes.

AN MBS WO % 900 3810] FJ8k= route BC T
A, AR AR WANEEO % 180° 5 Hako] Flak= route C
T Aol AVES A7 TAAT, 2 AREE 7t TH

28l wh2 A1) B4 WgkE A skt ARl

Korean Chem. Eng. Res., Vol. 49, No. 2, April, 2011




208 A - AR -

2-3. @M

7k A% AlEEe] =42 HEE S5k Aste] AlRlEA
A-8%71(DSC-60, Shimadzu, Japan)e} HF-ARE471(TGA2050, TA
instruments, USA)E A3 th 248 93 259 He =
25~400 °Co|™, 7} 10 °C/min®] 3L, N, 7FA H-9]7]00)x =
depdet.

24. 71418 EM M

7k A5 AL ZA1A] Aee] WiskE S| flate] AEAl
7] (NanoTest 600, Micro Materials Ltd, USA)YS ARE-510] A TA]
¥ (indentation hardness testyer T8It AEAEL- AR HE
AFE Al (Fig. 19] (b)2] 747 7Re] FaellA] et

2-5. PLA AEQ| T HE
7 A Ale] o] SRS flsle] Th Al AEES
HEgRgEo = kel 5 A1 242} @n) 7 (JSM-7000F, JEOL, Japan)

2 ajo] P,

3-1. ECAEZ} Aol A 5l O|X|= P&k
ECAE 3739 71 & AL 37 Aol AJAe] whaz o) W3}

7} Qiehs otk w12 3% 43 Follm A 0 F714
Ql 2% Falo] 7Psate], 58] 37} ZA0I wbAEto 2 Au e
538 7 24 e, Al U] Tkt vl TS AAe
4 Q)= 0] Itk F AYE e TS 2431 9] wio] o)4
TPgein Bt ARkSERke w Ho), 11 A} AlE Folx 7
o] 2+& Z17)9} woke] ARG RS 4 Q= FAS Zkw gk wie)
A, Fig. 200014 3= 2AAZ AL 1 pass 0] 5] o]2] W] 2 A}

A SlolA ket S Ee Al UE B o gl o]

3} route A, route BCS} route CE ©]-83F 35S 53l 729
HE AEEL] BofoA] Afo)dg wd 4= SiTh Al 74 3
07 7l AlEES] WY JE H|wsl] B, PLA-P4-routeA >
PLA-P4-route C > PLA-P4-route BC2] oA 2 W3] HollA] x}o)
£ HoJFQltt. o7|A, P4 43] passE SIS AHES on|gic)

(c) (d)

Fig. 3. Real deformation images of PLA specimens; (a)original PLA, (b)
one keen-edged PLA-P4-route A, (c)two keen-edged PLA-P4-
route BC, (d)no keen-edged PLA-P4-route C.
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Fig. 4. DSC diagram of PLA specimens.
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Fig. 5. TGA diagram of PLA specimens.
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Fig. 6. Measured indentation load vs. indenter displacement rela-
tionship.

(9@ (h)
Fig. 7. FE-SEM images of PLA which has been processed for different
ECAE passes. (a)PLA, (b)PLA-P1, (¢)PLA-P2A, (d)PLA-
P2BC, (e)PLA-P2C, ()PLA-P4A, (g)PLA-P4BC, (h)PLA-P4C.
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