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Crystallization of amorphous PET film with solvents
containing carbonyl group
Masao Ishinabe™, Shigeki Habaue™2, Kaname Tsutsumiuchi*3
(Received, February 16, 2022 )

We method for
terephthalate) (PET) film with high heat resistance by immersing an amorphous

have been investigating a obtaining a poly(ethylene
film (APET) in a solvent, followed by stretching, and allowing the stretching
temperature to be higher than the glass transition temperature. Furthermore, it has
already been reported that ethyl acetate shows an effect for solvent-induced
crystallization of APET to improve the heat resistance property.

In this study, solvent crystallization of APET was carried out in various organic
solvents with a carbonyl group, such as ethyl formate, N,N-dimethylformamide
(DMF), and ybutyrolactone, in addition to ethyl acetate, and was evaluated by the
attenuated total reflectance (ATR) measurement of the immersed films. The results
that the effect

crystallization.

indicated lactone, pbutyrolactone, has a significant on

Keywords: PET, solvent-induced crystallization, ethyl acetate, DMF, y-butyrolactone

IHETIS,

B IVIR =)L

FLDHIZ/ HRAOEHMEE R
Hx kM 58107 €L 7 7 2 PET (APET)
DT 4NV AEEBEICRLT, =X EETHEN
W, ROV 3 I S 7 W 2 A T
HZEEEFHLT, X0RWIRE &L S % 5%
LT, EMETOEBAEEIC X - Tl Wk 2345
b HiEERFLTER 179, ZLT, LhEWn
it ZE 2315 B AL D IR & 58 WL 3 5 72 0 DRk 2 T i Et
HEM LT, HERNFHFERERNN S WEETH D EERE

*1 H#E K% (visiting professor)

*9 A L F (Department of Applied Chemistry)

*3 HESRFIS A FE IS B AL ¥R (Department of
Biological Chemistry)

TFNDOHRER LT D,
HOAEBER OMIMEN K E WEEIZ L - T, &bt
BMERNELND I ENDNoTND D, &I, %
DENFIFTNV y b~OFEEABIC L 5T, Sk
L8 oMo m izt LTESTHD Z L
L7 9,

FAVWDEEDO ANV R = VOB DBEHR O KE IN
WA RILICEBT L EEZXL TV HIHEBETSD L D
HHHETIE VD, TOBEBROEET, PET 45 1M
DHFRANEL 2, PET 5 FOBENEL 512
HDTHDHEEZ TS, KRETIES E TICRFE
NTWRWER A R DR ROV TR 21T - 72.
ZTOWEDOREIIE, IVR=LVERDLDLZ &, &
SIZFHET 20 THEEDEVWHRFAIOND Z L a5

37



Bl RERE L CRELZRER BT L L
HULEHEEEZ2ETLI20L0, TOTATLVELZT

FREIZEZEZbD, LEROBRRKZ XTIV, 7k
UEEN DDA LD ETHD.

B, Ihb0oBREICIE, BETFILLEIHE
GAUSSIAND?Z W C, IR = VEOAEBR DK
T SICHELT, WBE— 0 OBEMR A& TR D T
BERL TS, £, MEMEEERELE LT 41
AOFRINERE (ATR) A7 RLOENEZFH 7.

LSETORFMNS, WEWBL L7 4V AD ATR
AR MABEIZ XY, THEEO R A IR E
WCHEETE D LB LTS DO, Z D&MD
i FiEIE, ROLS5bDTHDH. APET ~D
PR Z ATV, D 7 4 )L D ATR 51l & Efi+ % .
LT, BRICEBEOH D —ODFEEMEN Y ROl
AR MVDOEDORESERD D.

ZOHEEIE, APET 7 4 v A DB L 5 EVE
ESERIC X D B ORI DWW T OB L LT,
Pellerin HIZ KXo TRENTRER 9IcE S, T4
DH, JEM LRE CEIR CTHER T2 & | O EVE
DELNDLHR, ZOEGMIKREZRT ATR A7
AR 1471 em T ORI TH SH. —J7, HITHEM L
77200 TEmMEEIX 2 <, £ ATR A7 hiZ
BT DWILN 1340 cm™ TH D Z ERHE SN TV
5.

FxrxixohEclo, mEEAEHSEI (DSC) Ik
“, APET 7 4 /v 2 QBRI X 2R 2L D iEdR
BERL, M2 T2 ZREEEFEAEREICONTO
HBEFEMLEZ Y. ZZ2TIE, TR LTE RIZ
X BEBRE B ICB T 5 ATR I & % 3l & X #RlA
1 (XDR) I & BaFli 24T\, W& OfE RN — B
HZEEHALMNT L.

F72, PET (T3 % Ik il b 130 25 12 %%
HoMREFANHY, NNV AFLELAT IR
(DMF) ® rVZuopx iy, =raxXr¥rid
DEBAZONT, |EINTWD 910, —J, ik
DEIICFHLIL, FFICHERBEHE T HEHBEET
M X DR RAE O R AT L O TR LT 50, K
WFFE1L, TOMREBZDBEEORRLEZBHE LD
DThD.

ARG TIE, GAUSSIAN? [ L VRO 7= B AR =
NIEDERE, ATRIEICLVFHLTZ 2 > DRI A
X7 MV ORY ROMBOBEFREEEHZDOT, LITF
ZHET 5.

2. EBRFE
2-1 BEL-BH

BE Lo, FEg=F v, ZORBAE LD H

Mk LB TF N, FBFNLOZ AT IVIEET
S FRICE 27 DMF, > LChLERZGL y -7 F
ns 7 hro4-o5THD (Fig. 1).
(a)
H3C/

0]

I
C._..CH,CH
o) 2%13

) o

I
H,C\O/CHZCH3

=0

o

\ (d)

.C.,,-CHs

e Cr
CHs

Fig. 1. Solvents used for crystallization of APET:
(a) ethyl acetate, (b) ethyl formate, (c) DMF, and
(d) ybutyrolactone.
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Fig. 3. ATR spectrum of APET.?
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Fig. 4. ATR spectrum of APET after immersing
in ethyl acetate.
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Fig. 5. ATR spectrum of APET after immersing
in ethyl formate.
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Fig. 6. ATR spectrum of APET after immersing
in DMF.
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Fig. 7. ATR spectrum of APET after immersing

in pbutyrolactone.
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Table 1. Summary of crystallization of APET film with solvents containing carbonyl group

Negative charge of carbonyl ATR peak intensity .
) Evaluation?
(—e)a 1471 cm™! 1340 cm™!
Ethyl acetate 0.38 0.17 0.82 O
Ethyl formate 0.41 0.18 0.86 O
DMF 0.46 0.22 1.12 ©
yButyrolactone 0.40 0.24 1.07 ©

a) Estimated by GAUSSIAN calculation.

b) Evaluation results, ©: very good (Zisr1em™ > 0.2) O: good ( fia7iem™! < 0.2).
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