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Evaluation of the Dependence of Tensile Strength and Fracture Strain of
PLA Film on Machining Method

Takayuki TANAKA"', Ippei NORIMURA, Katsuya SATO and Kazuyuki MINAMI

“'Yamaguchi University, Graduate School of Medicine
2-16-1 Tokiwadai, Ube, Yamaguchi 755-8611, Japan

Some machining methods were used for making prototype of biodegradable stent made from poly lactic
acid(PLA) film. Decrease of the tensile strength and fracture strain after machining was frequently observed.
Therefore, in this paper, the tensile strengths of the films after machining were evaluated. The tensile strengths had
maximum average value of 127.2MPa by the cutting plotter, and the minimum average value of 89.4MPa by the
excimer laser. The machined surfaces were observed by scanning electron microscope. The machined surfaces by the
cutting plotter and FHG -YAG laser were relative smooth. Those by the excimer laser and oxygen RIE, however, were
rough. That by turret punch press was relative smooth and had flake-like burr. The surface roughness was related to the
tensile strength, but not always related to fracture strain. It is supposed that surface irregularity caused the stress
concentration and it reduced the tensile strength. On the other hand, it is supposed that the fracture strain was affected
by the changes of property of surface and inner material, and they was caused by the shear deformation and the
resolidification, crystallization and degradation induced by the processing heat.
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(IR - RHESNDT, MENICHETDOROAT ROTIREEIZHEVEHE ETRS, Ubéiﬁ@mb%iﬁi
ERORND, — HTIERGHEZ B AL R — i BELE T, R =7 =T vz DTtk (S
FD5 I LTz A 42, b b limE 2 &<, ﬁ&LﬁU\T%ﬁi)\jﬁ%b\ EDBMFELW. £ZT, Zli

WFFECIE 51 3R 50 B LA W O A O TIE KA A SIS 572018, FFIN LiEZ MW TEIIRRBR A &
%zﬁ?b ZNENDG] IR E B L OBW O Z ISV TRl L7z, F7z, Y1 O T R 2 i A 8 1 B R
[CRDBERLT.

2. I RHABR

ARG THOWDHEM I, JEE 35um @ 2 ML HARVILEE 7 4L A (R Er (BR) /v 27— LC) ThhH. 2D
T4 B EE N TIEICE> TR LR T IIRUIS A :K7127) 0B A 28 /E4 % . FEAR R EEEEIE 25mm, 5k
WEATESOEEIL 6mm &9 5. 208, FEHEEL TIE lmm OT7 AI= LEZ A0 -,

120
25

N
TN

Marked line
t:35um
Fig.1 Dimension of test piece
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3. B AMI X

MITAEELT, HAKIMN TIZIE T4 7 T ay— 2Ly XU FFLREFEHL, 77 —Tar il iz
AW UVLE—FLLToF o~ —HE YAG L —VDHF 4 & (FHG YAG L—HEFH L. =vF 7
M FEEH WK EA A =y F 7 (FE 5% Reactive lon Etching, LA T2 RIE &M )2 H L7-.
fe 2 RIEICED N Lix, BHET 2B LR — TR DOAT v N~ R ZRVHEET 4V NZREO T, 7T~
HOBRFAL L T ANV ACEEICAFESEDLZEICED, AT UV~ AT TEBDORLTWRWE D DRV LR~

ANV BDHER TN —FE Ty F 7350 FMTIECBI M LEFER1I~4UTRT.
Table 1 Cutting condition by cutting plotter Table 2 Cutting condition by UV laser
Model FC4200-50,Graphtec Corp. Type of laser Excimer laser FHG YAG laser
Cutting pressure 16[gf] Model IPEX-848, Light DiNY-cwQ-FHG,
- Machinery Corp. IB Laser Corp.
Cutting speed 150[mm/sec]

Table 3  Etching condition by Oxygen RIE

Plasma generation power 200[W]
Self Bias Voltage -300[V]
Pressure 30 [mTorr]
Oxygen flow rate 50[ml/min]
Stage temperature -12 [C]
Etching rate 0.44[um/min]

Table 4 Cutting condition by turret punch press

Model

MERC type M, AMADA Corp.

Hitting rate

1400[mm/min]

Punch size

5[mm]sq.(straight part)

o3[mm](curved part)

Laser power 125[mW] 112[mW]
Wavelength 248[nm] 266[nm]
Pulse frequency 160[Hz] 6[kHz]
Pulse duration 12-20[ns] < 25[ns]
e | onotm | st
Energy density | 82208[J/pulse/m’] | 105631[J/pulse/m’]
Cutting speed 0.5[mm/s] 0.5[mm/s]
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4. 5| RBEBAE

FIARFRER I E O E X 2K 212789, KIBIZRTECHER T OiE# 20mm 2F vy /L, K212R87 X9
W= 2T VAN T — AT =V (KK)HREBEBHEY VR FGP-2)IZ, b)) — FExEEAT — ¥
(SUS(#K): X A-50L-200)(Z [ & L7z, 5 8E3# FE X JIS #14% TiX 100mm/min TEDLILVTNAD, HEIAT —Y
DA DO BFR T3 102mm/min (7B A 127.5%/min) TRBR L7, SBR T ICHMrECOMELT VX
N F— A —, L T X VR (BR)F— 2 A CV-2000) 1LV E L. 728, 5IRFA
M 2 #iIE A I KD EES I TV D7 0 v LD BEARHEST J7 1] MD(Machine Direction)& L7z,

PEATERICB < B3RS N2 RO LTI, BRIV EATH OB LTl TR E LR H D, §F
T & P IEIX 3IZ 7R 3 KT AT B O g 2 ) E BEAK 85 C 3 & 7T (A2 ab,c) THIEL, 74V ADES tid~
A7aA—=2% AW TRBITRT 2 M (M8 A, B) THIETS. TRENOFEHEETNT, WD EATHO
WrimfE 2R 5.

Digital image sensor

Sample chucks

Test piece Digital force gauge

|\ .‘ W
o o

Light diffuser(white paper)

Motorized stage

O

Fig.2 Schematic diagram of experimental apparatus

A < O ) B Clamp area

15mm 15mm
20mm ‘ 20mm

Fig.3 Clamp areas and measured points of width and thickness

5 SIRERER

SIIERBR ITIL, &N TiEmIZ3ARORER i 2 H =, 8IELZRER T OB AT 5 O iE ol 7 E 75 F iz
W, FRBRA THELNZHIENE a, b, ¢ DFEHEEEDEAERZED TSR /IMEL K KEEZZROCHLZE
0)%2%5 RT . KO ZIZ=X o~ — P LORBR T D12 TROLNE 0.027mm THHAY, FHfE

(T HEIAIE 0.5% CTHYVEERINLTETCWAIEN DD, FHEESICEL TUIA— — R AER o~
BECTHHID, R TORBR T O E K RED LN EEAEER 2OV TRD THLE, TNZEH 354um,
0.6um ThH-o7z.

FIERBRICKVEONTIE N-OFT BB E Ty T 7T a2 —EK 412, =%~ —HFILX51Z, FHG
YAG L —VIEX61Z, B3 RIE XX 712, XLy X0 F 7 LRI 8ITRT.

IS - O T AR KR D72 O SR, W O A, Yo VRO EEEGITRT. K4~8BX
DEENDHDHEINT, Dy T 47 TrayZ—TI L UERER A IE, SIEEEE, Wk O A& Ligodh
Thb RERMEE R U2, A7 50T, RESERLIZBICHERIE N IO KRE 28 E T BL7=2L Th5.
— 5, UV L —% T LU B A T O3 2B 1359 0.03 £720, FEF /NS 2R LTz, AT ORY
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FLEED CO, L—H M LITHB W Th, ZOMIZE WK OF Al 0.05 NELNTWEYD. ks, =%y~ —#
THNTLTLZ38E O3] 1B 1% 89.4MPa Th-o7-DIZ%t LT, FHG YAG L —H¥ T LU= 413 109.5MPa T

Table 5 Measured size of test pieces

Width of narrow parallel part
Processing method
Average [mm] Standard deviation [mm]
Cutting plotter 5.638~5.724 0.008~0.023
Excimer laser 5.800~5.824 0.005~0.027
FHG YAG laser 5.840~5.854 0.004~0.008
Oxygen RIE 5.825~5.853 0.001~0.008
Turret punch press 5.999~6.003 0.003~0.004
140 - 140
120 e 120
e
100 [ S —100
il e :Af’“ i
S g0 fpms—msemm—t S 50 ]
2 ] 1 g ] —
% 60 ﬂ . — Sample No.1 C% 60 f — Sample No.1
40 ?‘L Cutting plotter | ---- sample No.2| | 40 !L Excimer laser |l Sample No.2[
i | Tensile speed 102mm/min ] i | Tensile speed 102mm/min
20 (T T e Sample No.3 20 — R T T e Sample No.3—
0 : : 0 !
0 0.2 0.4 0.6 0.8 1 0 0.2 . 0.8 1
Strain Strain
Fig.4 Stress-Strain Curve(Cutting Protter) Fig.5 Stress-Strain Curve(Excimer laser)
140 140
120 120
100 100 7 ——
e ,’:l — LT
S 80 )I 2, 80 wf“i"* '
Z ] 7 / —
é 60 f — Sample No.1 é 60 T( — Sample No.1
H — o | —
40 }L FHG.YAG laser -~ [l-=-- Sample No.2 40 ; Oxygen RIE . -~ Sample No.2
| Tensile speed 102mm/min Tensile speed 102mm/min -
20— T SampleNo3— 2001  ~ | Sample No.3
0 ! 0 |
0 0.2 . 0.8 1 0 0.2 0.4 0.6 0.8 1
Strain Strain
Fig.6 Stress-Strain Curve(FHG YAG laser) Fig.7 Stress-Strain Curve(Oxygen RIE)
140
120 Table 6 Tensile strength, Fracture strain,
" and Young’s modulus(Average)
— 100 [ PP
s :\ f:xﬁ;‘,:”;,;:_\__h,_‘;,_,,ﬂ,_»; e Processing Tensile Fracture Young's
= 80 ﬂ\ method strength[MPa] [ strain | modulus[GPa]
2 ) -
g 60 —— Sample No.1| Cutting plotter 127.2 0.886 3.4
2] /
40 | Turret punch press . [|----Sample No.2| Excimer laser 89.4 0.026 34
/| Tensile speed 102mm/min
20 1 [ Sample No.3™™ | FHG YAG laser 109.5 0.035 3.6
0 | Oxygen RIE 96.3 0.705 3.0
0 0.2 0.4 0.6 0.8 1
Strain Turret punch press 106.9 0.442 3.5

Fig.8 Stress-Strain Curve(Turret punch press)
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RY AT 4V LOFRBAE R K ORI OT I BT 200 TIEEAFE O R iff 71

HY, 20MPa DZERHHT=. XLy FFLATI L LSS O5] 3R E 1L 106.9MPa Th-7-. it RIE T
MTLEE AL, BB RER-720, 5IEMREIL 96.3MPa &720, XL v b\ F 7L
ATM LT 25A 0G5 REE K 1IMPa /NS b RN bhroiz. XLy b F 7L ALEESE RIE T L
LicBG B d T4 7 7 ay—CMLLIEGELEUL T, ICRKRESEBLIZZITERIG N EREE OIG
FE T LIz, 728, XLy XU F 7L AT L LR F T BR A2 B2 7%, RO T 241 0.14 Thk
Wr9- %58k A (Sample No.D)bdh o7z, Yo7 RIZHOWTIE, BEFE RIE AN TIETM L LS A XN
3.5GPa THo=DIZx LT, BE# RIE T LL7=5H A 121X 3.0GPa Th-o7-.
BTl L7= 38k i OBl 27~ 3. FHG YAG L —% Tl LU= B THY, MIb) DAy F TR T &
N, VAT O BB ORAMLEND AT B E T O RKANLEND A>T 8RN L Token
ST LIzb D& bns. K9 TUOE RKREALEIZIE, T2 (0N L) ORARDAENSGRE AL T
BLIEAEDNERTDHIIEICIVAELEZARKORENBEINS. EOMBHIB W CTHI Wik IZ 7 1V a3
HIZR L TUIIFERETHY, BROER F AL UK EICH L USIFEE CThoTo. POBAMNKYINCHELL
DIIARHTHLD, BRITHEWICHF G L-BRANERLZLOEEZ LN, KFEMEB R I LniEL—V
M TOHFAEIT ANV LIS, BT S AR EIZT TR OB L CETW DT, BR[N] 2%
NBHEOIL L TITENEEZONDS. £12, EOMEHIRB W THZO XD ITE R ER L #8155 0 BF 50T 55 Tl s
AT TV, KNSR TENS, KO THTHW L7726 TIXRREVICENRBEEENAONDRE THY,
FREIBUELETE LB CIXE R E AR OB ST 55 CSONMR R A LT %, MR AL EE AR R
ASTETOLIEETIL THWHD T, S EIESNIZOT AEIESEREOREE R L TVWDHEBZLND.

Crack

\/

Connection of

crack tips =)

7y

Cracks
(b) Sketch of fracture part

(a) Photograph of fracture part of test piece

é. % S <’A/‘
e L R Ty 2 2
A A { 4
et W

(c) Magnification of upper part of (a) (d) Magnification of lower part of (a)
Fig.9 Photograph of the fractured test specimen (FHG YAG laser)
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6. MIEHLVIVCHAODEE

N L (G E o ix ey F V) OB A TE RIS EEN A7, N L & AE AR 1 BRI B (SEM) IS
IvBEis+orlds, I DimIcEER R TR L2 Loy oW iz 6 F ARSI I BIR L. &1Lk
THRELERBR T 0BG L2y T 47 T a2 —ZK10I2, =%~ —HEX 1112, FHG YAG L —Wi%
X 1212, B3 RIE (XX 13I2, XLy F 7L AT K 1412587, [(10~140% KB W, (a)idikbr &
A5HAISETHERLEL O, (b)bi@]%ﬁﬁifdﬁiy%‘/ﬁﬁ%ftﬁb%%ﬁ,\Lf:?b@ (I L=y o Wrm
EBBLIELOERL NS, DyT 7 T ayX—IZX2N Tk (W) 12k, ey — AR 8 FmIiciE
PEREN L2 X0 i AR C&, BT LB OLN Tholz., Ty PIIIE 52um, 7/ AR ENDE S
22um B ERSTe NURHERR CE 2. VERRO NI L uohizizotEZ2onsd. —F, =%~ —
P L U725 A XY W E 2 M2 M R O RN AR TE 20, WO F LR TE 7oz, &
TN BBER SN2 oT-. FHG YAG L —W T L L7285 A OUWrm i el b tholz, Flodv~
L —HFTIRBESNARD ST AN Ry D THESN, 1E 62um, 7VARFEALES 17um D RKESTH-
7o, ZHVUTRVELEE 7 4V AO R, BEEICEAHDEE 2L, RF%E RIE IZXAM L TIX7 (/L LK wm LT
B 5 NN iDL AR CTETD, o VI ANV HR TEeh o Tz, 5'1//1\/\/3&71/% Ryl =45

RO AN DR TEIZN, K i BRI R AE LN ThHoT-. o, B ANIH5 TN i=Lo72
NUNBEINT.

MW IC B XIE 900 T o 82 E IR 35720120, 11 T2 8 OB R Mo N T O 2 m S 72
EDOE BRI AL E ThHH0, AR Tl G /ha<, BB ORMIPES IR\ =02 O L5 707 Afi
EITORhot-. FIFEEE R TR IE S O E BFEMEZITOZEN S B OMETHS. £i7, NI
FRIZE D RECHHT-D, RN OIS 7B IR K TR S RIZ IR FAEL TRESME T35, 20
I, I LEE RIS D355 6 38R ICBIT IS B REENOIS B G N RATLHI L TSN

(a) SEM image of cut surface (45° inclined) (b) SEM image of cut surface

Cut

M I. ¢
) %r\! i surface
’ " {. o 44—

(c)Optical microscope image of cross section

Fig.10 Image of cut surface and cross section (Cutting plotter)
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(a) SEM image of cut surface (45° inclined) (b) SEM image of cut surface

Cut
surface

(c)Optical microscope image of cross section

Fig.11 Image of cut surface and cross section(Excimer laser)

—

AccV  Probe Mag WD Det H————— 20um
1L20kV 40 x 800 18 SE

(b) SEM image of cut surface

(c)Optical microscope image of cross section

Fig.12 Image of cut surface and cross section(FHG YAG laser)
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Msg WD Det 1 10um
x 1000 17 SE 120kV 40 X

(a) SEM image of cut surface (45° inclined) (b) SEM image of cut surface

Etched
surface

30 um

(c)Optical microscope image of cross section

Fig.13 Image of etched surface and cross section (Oxygen RIE)

sg WD Det 1 i0um

(a) SEM image of cut surface (45° inclined) (b) SEM image of cut surface

Cut
surface

<—

(c)Optical microscope image of cross section

Fig.14 Image of cut surface and cross section (Turret punch press)
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5. Lo T, BN ORE TR YRR FESNTE S O5RBEFGLEN LEERS ROFETHS.

7. % ®

FIRRBRE LY, RV ANV 252N LT 256, hoT 477 ayX—TIM LUEE & N5 ERE, it
Wr O AR EVMEZ AL TV, 10 TIERm A HE O TEMERE LI Bin RohTiy, 20
WEN S T HAOBE HFE— B L TWDLTENS 5. R TIEINOBE Fmlsl ik mARETHLDT,
NN TS0 & de U I 26 10 5 04y T8N EE 1A L CAE N TE@ U UONAELHZ LTI, EVE iR
BREE, M O A E R LIZb DL E 2 BNS. N TIZED Y 7 RN 25T KT8 0HDHZ LN W
HENTWEYOR0, HyT a4 7T ayZ— L ThOY VRN ERTHZLIIRYEEZLNDD, UK HE T
5 DI E JE DLW 25 O DE S IT/ SN, T AERE RIE XN LU= R Ivb o 7 RN
FWHEBESIEZLNRD. BRBOIIIZEEFRE RIEICEIVIN T LR OY o 7 EBME F L/l REENE 2D
NnNo. 5%, hoT o7 7ayZ—IN TV AU TEEE OB FEORE 2 E ORFTL L ETHD.

—F, =X —F TN LU A (SRS O B m O M7 MR O o5 1%, L— RS
DI FIZB N TT 7L —va iKOM B RRE TR IZEND L3, L—F DI LEUZ L > TRATHZR R,
FEEE, FEa LN ECTZd BN, ZORE ML SRR ECH BT O T A F2AE LS E = F 2 H K
EEZHENDMW. L, 2L BEE M O B IS 1 D% AR )~ — 45 F H RO B (LI LR R
NHEL, MZTM IR OFENNDERICBENEAELLT L o2 PHREND. R Z O E R CTHif
A I LU B 1 TR S HE M IR EE L, 2 D=0 2 RRYICH — KUCHEER IS BT L72b DB 2 Hhb.

FHG YAG L —W T LU AT RV IR CEL P CHl, el N &2 12 THLND /Y OFRE
AETHERTED., =X~ — WM LA THIW i 23508 5272 O IR Bl PH 23 K Z2< <0l 27728 T
HY. ZOMED/NENZENFE R THI BRI, MO T Al mF o~ —F TN LLEEA XY FHG YAG L
=P TIMLLEHEDO TR RKREIoTbD0EZLND. UL, W, HEERICERIENREZ-TnDIEic
IXE DL, BT 47 Ty F— N Ll RIE I LI TR O 223/ E<, et a i L7=H o
LEZOND., XL =PI LI AR T YU I RBRREL 7228, IR, B b & fEk s =
L=V LI R TIED ST ZEBFE TH A, ok, BESTVWZXF~L—H I T.L FHG YAG L —H%
MITEOMTMIHENER>TLESTHBA DM II A% ORETHD.

5, BE5E RIE (LA TIZEWTE, =oF U7X 7 4/ AR IS U CE B [ iR oMU e 1
TN CETZ. AT 7 AV AREICH L CTAA VR IREICARN TDH72018, ATV~ ATOT YO Y
NIEEIZIEGEINTZIENERFIREE 2 HNS. B2FE RIE N LTI ol TIEO LY W& 125y 1 Bl m <
fEem k@722l O LEE @RS o712), KKOIEMM OIIHEEICETR LIled, IyT 4
YT Tay A=Y 0T N EDNPR L — I TS I L CRERBEE O T AEEZ R LIZEE ZLND. 5l ERE
D) /NS 720 T2 DX, =% v~ —F I T ERERITI TR A S 7280 N e iR o M MIZs I BE R LT
BADIFEAEPRIT STl EEZDND. Y7 3T 3.0GPa LRV A ZE D H T—F /P SWEERLZ. 2
RNV LEE N ELS, BHEER LT WD, HEZE I THMUN R MY Tos HE I/ e
VMR NEUTZZENEEL CWDELOLEZLND. FHELEL TR TIVFMEZE L OIS 1—O0F BRI
DM TIELVBE L CODIEN NS, RFFE TIXERIIL CTY U7 REFH R LIZ20, MEOT 200
MESNTERWY U7 RRELNZLDOEE 2 HND.

ALyt FF L AT L LS A OY R EICIZ R LSRN R TN RER RIS TEr-o
72OT, G HEFITEIVIKWEDEHEIEND. o T4 7T ayX—INLERUEAWIN T THEHN, 7L
ADR L FIZEVT 4NV ANEEF NI SN0 OB BT AV AES F HIZAET THDLD L E
bivd. ZOkd, o T 7T ayZ— M TAZEIE 5] R E, BE O T AT KREREIZRSehoTmb DL
EZLND.

YL EXD, KBFFECHWEZ 28 IEMARYVELEE 7 AL LB AT UM N L4585 6121%, =%~ —+, FHG
YAG L —VEHAWEINTIIRBEYTHY, hoT 47T ayi—, ZLyhX0F 7L R, 3 RIE I L2 LT
WHLEEZLND. 5%, BEONM LETERICAT URMEELC, ZOEEARRICBILZBELZRF TS
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8. H

2N AE AR DRV FLEL 7 /L LB IT D5 IR TR, KT OF B ORI TIEKF M O Rl 24T - 7255 5, LA
TOZENGINoT-.
(DA M TIEICEDRBR A OFERE, MW O 7, Yo7 RICOWTERED IR ENEONT-. FIEMRE,
W O I h T 7T a2 —TIM L LS E R Rb KERfEL /o7, =%~ —W, FHGYAG L
— TN L U723 IR O3 A 23 I F IS/ SRl & 7p o7z,
Q)EBERE FHMEE TOBILRIZIY, DyT 47T ayX—"TCTMLUEEA T Y)W o8 M5 i &h 7 w3
THMEFMUTHEIENHER TEZ., =X~ —VTMLLESA T m i MR O RN AR T
725, RACL—¥ I L THHFHGYAG L — VI LTI ME SN Thotz. lEFE RIE TN LLZHADO Ty
F T WL, T ANV AREITH U TIEE G B OM/N R OMMNBE Tz, XLy F T R2ED M
LT TOUEr LI OTh o7,
Q)=F T~ —WIN L EEEFE RIE N L ClE, REOFRNADG|RARE DK TORE CThHLHEHER SN, —F,
XL —HPMTLE FHGYAG bV —WII LI XKD W 0T AR T ik, AUFLEE O VA, 5% i R 4 f2 7=
FEEEDREIK THY, R O T BB KED STy T 7 T ayX— I LOEEX, T HOBE S [
ol THOBMMBRE THLHES 2 b,

RNUFLEE T 4V NI e (BR) L0 TR =72z, F e, ARBFZE0 —E813 (W) K B 4 8 0 TR A £ 7 = 5L
WHBFFER JE B RIC I VT, 22 R L TR OEEER T .
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