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Yield Process of Amorphous Polymers with Different Heat Treatments

by

Masayoshi Krracawa*, Sinichi Isuma™*, Kengo Suzacaxt** and Yoshinori Yamapa *

It has been shown that the yield process is very different between the annealed and quenched samples of amor-
phous polymers. Many slip lines appearing just before yielding cause a specimen necking near the peak stress in as-
received and annealed samples, while it occurs without visible formation of slip lines in quenched samples. To inves-
tigate this difference may promote the understanding on the yield mechanism of amorphous polymers. In this paper,
the results mentioned previously were confirmed at tensile and shear tests and some mechanical properties related to
the yielding were measured using as-received (AR) and quenched (Q) samples of amorphous polymers, PC, PVC,
PMMA and PET. It was shown that (1) the values of tand are higher in Q than in AR samples, (2) the diffusion rate of
methyl alcohol to PMMA is greater in Q than in AR samples, (3) the specific gravities of Q samples are smaller than
those of AR ones and (4) the yield mechanism is very different between AR and Q samples under both tension and

shearing.
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Fig. 1. Loss tangent tand vs. temperature in asreceived
(@) and quenched (O) materials used.
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Fig. 2. Diffusion of methyl alcohol into PMMA plate
with thickness 2mm at different quenching
conditions. @ : AR, A 1A, O Q110C),
A0 Q(120°C), [1:Q@30C), xQ(140°0).
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Fig. 3. Tensile stress-strain curves of as-received and
quenched PVC samples in air and kerosene.
@ ; AR in air, @ ; AR in kerosene, @ ; Q in air,
@ ; Q in kerosene.
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Fig. 4. Tensile deformation after yielding in PVC (a)
AR at nominal strain y = 0.18 and (b) Q samples at
y=031.
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Fig. 5. Stress-strain curves of PET specimens with
different feat treatments. (a) @ ; tested just after Q,
@ ; tested 1day after Q, @ ; tested 7days after Q,
@ ; asreceived, ® ; annealed.
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Fig. 6. Deformation processes of (a) AR and (b) Q
specimens of PET at shear strain of y = 0.09, 0.10
and 0.12.
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Fig. 7. Shear banding in (a) AR and (b) Q samples
under tension. (a) ; straine = 0.06, 0.10, (b) ; & =
0.05, 0.07.
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(a) )

Fig. 8. SEM observation of plastic deformation near
the shear bands in PET AR and Q samples under

tension.

D bOBRED, FEGEES 0 TR OREAEREIZE,
REAIMITHT280D, BLXUCMAMIZRHT2830D &,
Dby 2f@EHHIEFTALD.

36 ERBEEOILFERR

TR IROAEF R EHFEANDIED D EFHRB 72012,
BRI EL A LT U, BT U R IS L
B L= RR BB % Fig. 91589, Wwihd PET
MOEDOTHS., AR B XUV Q HMOEAW B L U51ER
BicIB i 26 N0 — 7 ORIUICHIRT 5. 3¢
AMIEREFIZ DWW TS, AR THE, FEAE L= ND
BE, ERFERETICPOTERBRNES4EBLTHS

¥, REEBIEEINhS (YEES), ARV oR Lk
KO AEEOBIIEPIZE > TREL 2T XD,
HEFNEAREL TS ZLE2ELTWA, BHET
L7elEE T, T RDITE X FAEkE2ES K31k
3. XBLUYHEHZRAUTL, $TX0OHBOHFEL, BAN
HIEZEB 2GR TOEZERTIThr 3.
—FHF QMTIE, o2 D LFRDFIZAD Shikwn,
[ERETRICB VT — VEERIZHIZEARD L LT3
B3, REBEE IS 20 R 2582 — VEICEHA
5, ZOHEIFARY LB S5, IBIIE— 2 EiiCE
W, WEAEZBY > TWE02EMIZOEETIE
ERATE LW, DY —JRIBOERBONIC, 2k
RaEL e D EEbNS,

FEREETIE, TOMEHRORL #E ko e
AMTRIZRIE S 5. AR # T, sREBRF R & 45 EEW
TR OTROFSREHRETREL (YESE), 2
DRZE AN NEFRRT S, PO AN,
TR REREE & % 45° OAE TREFA TR 5
BEL, BBLTTERITabbRELFRUEE %
STHENS, W AW OWERD 5T, Ao
AOEEME & IFRAR X iFmE) ISk L CnL,
—%, QHTIE, BTAPD LRSI R N0
BUIFED o, ZTHO 2 KOOSR LWz 572 Y @i
Bz x FRIOFERROEED, FHEEIROBERIOHIE T

Shear

I Tension

AR

Before Y.P. After Y.D.

b 3

w

Before Y.P.

After Y.D.

After Y.D.

Before Y.P.

Fig. 9. 3D photographs of shear banding in as-received (AR) and quenched (Q) PET samples subjected to
shear and tension. The arrows denote the shear and tensile directions.
Y. P. ; Yield peak, Y. D. ; Yield drop. The planes x, y and z are defined as the ones perpendicular to the

axes X, y and z, respectively.
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