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Abstract

The shrinkage of poly(lactic acid)(PLA) fiber fabrics with the monofilament (PLA-mono) yarn of
low fineness or multifilament (PLA-multi) yarn of high fineness has been examined using mixtures
of good and poor solvents. The good solvent --- chloroform, dichloromethane or 1, 2-dichloroethane
--- was used with a poor solvent, ethanol. The degree of shrinkage for both fabrics increased with
increasing the good solvent molar fraction. Higher molar fraction of the good solvent was
necessary for the PLA-multi than the PLA-mono to establish the same degree of shrinkage. By
using dichloromethane as a good solvent, the time required establishing the shrinkage was shorter,
and the reduction of the strength of the shrunken fabrics was smaller than those of other good
solvents. From the dependence of the estimated solvation equilibrium constants of the three good
solvents on the temperature, the solvation enthalpy for the PLA-multi was estimated about 25%
larger than that for the PLA-mono, consistent with the higher molecular orientation in the filament
of PLA-multi compared with the PLLA-mono, obtained from the polarized FT-IR absorption spectra.
Such textile, consisting of the shrunken and the unshrunken portions, was produced that exhibited
the unevenness, the irregularity of the transparency, and the color contrast after dying.
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Table 1 IZ AR TRV 2 EEO R VU HLELHE
MO TTE R L., MRAtica=Fh774
N EAEHH (FTI~o 7| FHAEZERALTE
D, PLA-mono (B4 : YA ay, IUWHEEKRK
SR X' 7 4 T A2 hR, PLA-multi (PSR4 -
Ry v—, FEHASH) F~ArF 747 A b
RIZEIVHARIPIEBRINTND.

IR EB AFRENT, B X (BRJ7M) 130mm X 48
(FE% 7 1H) Smm OEMICEE 2, & S FH W 100mm
M SREI 2 L CHlEAREEE Lz,

Tablel. Specification of sample materials.

Sample PLA-mono PLA-multi
Name Soylon" Ponzy®
Weave Plain Plain
Density Warp 40 36
(em™ Weft 40 30

Yarn Warp 26 dtex f1 t0 84 dtex f36 t0
Fineness

and Twist  Weft 26 dtex f1 t0 84 dtex 36 t0
Fiber Diameter (um) 50 10
Crystallinity (%) 59 64

1)YAMANAKA IND. CO.LTD.  2)UNO CO,, LTD.
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Fig.1 The dependence of the PLA-mono
shrinkage on the good solvent molar
fraction. (@ chloroform/ethanol, @
dichloromethane/ethanol, A1,2-di-
chloroethane/ethanol, 25°C)
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Fig.2 The dependence of the PLA-multi
shrinkage on the good solvent molar
fraction. (< chloroform/ethanol, O di-
chloromethane/ethanol, A 1,2-dichloro-
ethane/ethanodl, 25°C)
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Fig.3 The dependence of the shrinkage of the
PLA-mono on the process time for
various dichloromethane molar fractions.
(25°C)(molar fraction : W18.6%, (023.3%,
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Fig.4 The dependence of the PLA-mono
shrinkage on the process time at the
molar fraction 30%. (@chloroform/
ethanol, @dichloromethane/ethanol, A
1,2-dichloroethane/ethanol, 25°C)
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BThHD.
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Fig.5 The dependence of the shrinkage on
the process temperature.
(a)PLA-mono, (b)PLA-multi, (dichloro-
methane/ethanol, B125°C, AA40C,
@ 050°C)

Fig.5(a){Z PLA-mono, (b){Z PLA-multi ™7
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Fig.6 The dependence of the slovation

equilibrium constants on the temper-
ature at the molar fraction of 23%.
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ethane/ethanol)
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Fig.7 The polarized FT-IR absorption specta of

the unshrunken and shrunken fibers by

the dichloromethane / ethanol solution,

for the PLA-multi and the PLA-mono

filaments. (3050cm1~2970cm™)
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Table2. The dichroic ratio, D, /D,.

Wavenumber(cm ") Shrinkage (%) 0 13 24
PLA-multi 1.13 1.11 1.00

2995
PLA-mono 1.1 1.00 -
PLA-multi 1.1 1.08 1.00

2945

PLA-mono 1.10 1.00 —

IHEIZ BBV 2995 cm™?, 2945 em i TfakLIT
/IEL 72D, PLA-mono HEHMETIX, 13%IUHEE
TALR 1725, ZhicxtL, PLA-multi #%
HETIE, 13%PUAERBHCARIMHE D PLA-mono HHE &
FFRREDOE, 2995 ecm! TiX 1.11, 2945 cm! Tik
1.08 7R L, MG EANEIERE & 72 D 24% KGR 8
T1ERBAEABRELN. ZORKRIE, ~F
T4 TRA MBHEO T BT ) 7 4T A MB#HEC
AT, REWIEEZHFT5REHZBNTD,
RBIEBHEO S FEMEREFLTCNDZ L 22D,
P> THFERAEREN. LER LTS, 20
Z &% Fig 213R L2 PLA-multi IC BT 5 IHE =R
DILH LS RUHER O KA, Fig. 1 R LTE
PLA-mono D AT b~ TEVE V4 RIA|~F B
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2NV —2A AH° 5 PLA-mono \ZH_THI 7 kT -
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LT, B LEWVERTHD Z L EFER
P, wNTFT 4T A MBHEORRILENE ) 7
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FEROBEINT ) 7 4T A2 MR &~
T 4T A MBHER ONFEFBOZROER L&
Z BB, FIZ2995em ! K TR, 2945 cm! DFEGFH
NV R 5 AR, IEROEKICHES T
BHIENRLIRDZEND, BHEOIUED A H =
A LX, EERNCHE, B U7z 3ERiEO 5 T8
BENDZ LIZXBERIEINDILETHD L
Wz B,

3-4 BIFRYEEERE
3D IRAIRE CIHELIR & i L 72 PLA-multi
OB R ERERRES Fig. 8IIRLZ. 8
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LU, tExtiZ2sgfmEOE{ERL TN D.
STEDBEAWIKR L bz, ILHEERN 10% K DHE
BTIREDCIK T EALNT, MENKEL

(831)



74

25, WHERDBERIZHEY, BN RBEOKT
EHEOHRKERL, IHEE 15%LL TR,
HEIZ 3 RIFEFEMOERNEE LS. KT,
ER TR Lzvr7unr iy /i ) —RETE
BIZBWTE, MEOHARNE LWERBELN
77, Bsitlczaakrirstrsan 220 %A
WIZRTIE, Fig 2 IRLIZ& 912, RLENSG
R, Bl 2 1EENV 455 34% CrIm e ki A G
KIIH 20% T—HLTWBHDD, i bl
DOIREE, HEITE - TV 5. PLA-mono FFIZIB W
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B SN, BErEKICER T 5
HENRLDZ LI, BREBOWBORE LR
5 LBz LIV ERE.
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Shrinkage (%)
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= = = chloroform/ethanol

dichloromethane/ethanol

---------- 1,2-dichloroethane/ethanol

Fig.8 The dependence of the tensile strength
and the elongation percentage on the
shrinkage. (PLA-multi, 25°C)
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2GN-SF 20 CThH 5.

0]

Qoo
t

unshrunken portion
light color
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@ shrinkage finishing

dichloromethan/ethanol of the molar fraction of 33.4mol%, 25°C,10min.

@ dyeing
Kayalon Polyester Navy Blue 2GN-SF 200

Fig.9 The shrunken fabric production process.
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Fig.10 The spectral reflectance of the shrunken
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Fig.11 The work of the shrunken fabric.
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