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Viscoplastic behaviour of polyamides
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Abstract

Thermoplastic is widely used. After heat exposure, the thermoplastic was melted and soft while
becoming rigid when the temperature was cooling down. Thus, the thermoplastic can be transformable.
For industrial usage, thermoplastic was beneficially used in molding the packaging production and product
preservation for export value. However, thermoplastic performed low flexibility according to its strength

and modulus value affecting on industrial re- molding production. This study aimed to investigate the
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factors affecting to the viscoplastic behavior of polyamides such as heating, time exposure, Newtonian flow
and determined the effect of equational difference for evaluating this material capacity. Result suggested
the heat treatment process until reaching the independent re-forming point presented the correlation with
the strain and stress value. The direction flow by different temperature treatment performed different
profile. Heating with 0-100 °C made thermoplastic changeable to modulus led to optic fiber stage that
presented absolute flexibility, while at 350 °C treatment presented the diabatic effect that brought into
material reversion through 4% difference. The viscoplastic behavior turned closely to 0.90 coefficient

deviation suggested Newtonian flow exhibited in linearity.
Keywords: Thermoplastic, stress, strain, newtonian
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gﬂﬁ 2 DSM Xplore Micro 10cc injection Molding Machine
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mﬂﬁﬂmsﬁﬁugﬂim&JTSé’fLLiqﬁuquzywmﬂImmd (Straight vacuum forming) iuwmadiameslunesudiiofigals
Aun1sudsgUTleieag (Male mold) uazidadle (Female mold) wazsadunuumisug (Double clamping
flame) ansnsnagUtunouvesnstugUlnenisldussiuganidlaensald 4 duseudsd 1) SuBauiunanainlng
Twlsudu (Clamping flame) 2) TAu5au (Heating) waga19d1unUs (Positioning) vinlaan1slimusauauLNy
wanafingeuialuied sameslunedy vinrslaufouuduiunataing siegdruvureadi 3) n1sdugy
(Forming) vinlaenslduseduaaainia (Vacuum) Fdduiunanafinfiseusfamusznudh way 4) aonduau
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M19199 4 AUENYULTIANTUIINNITNAGDY

ANEULNITNAADY NIINAADY NUITUAN
gn31n5Ina 18.66 2-2300 [10]
gungiitugy 287.32 264-289 [4]
dan Ta 50-95 % e [10]
AUMUUY 0.916 0.91-0.98 [10]
audnsedanuds 2.6056 82 [10]
RRHEET LI 40.1677 16-65.01 [10]

A15199 5 Amsfiiesfinseyi
o Stress = 1 Mpa
AT
Spring Maxwell Kelvin

Eo 133.7414 158.142 116.3633
Mo 141088.8901 174.5450
W/E 1.500
E, 252.8678
My 3190.3005

Taul 12.616

Chi sq. 1.4638 0.6750 1.0227
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CS.=a+bT +cT2+dT3+eln(t)-5<T <9030 < t <1440)



MsEsinuasAtansuazmalulad | U7 1 atdufl 1 unsiau - Wweeu 2563

A a | ' a ' a = = = =
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CS.= %100 (2)
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Wagugulunne 37.5 Wesidus
C.S.(%) = aln (t) + (30 < t < 1440) (3)
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C(T-Ty)
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31N3UN 6 High temperature test set up NMSNAGBULNDMIAIAIULANATEIINATERN ludow uasned
Wwoidaasy lnudnlanuainiA Compressive Strain 933 25.0% 37.5% way 50.0% Litan duUsEaNSUURIN
gauvad 50 70 war 90 s Al SuAuNsUNTanvilavaaaniu Direct of loading MKW LDVT iaLity

AuRuEugamgiluauTeuvedarYe Jufinteyalaglusunsy Vishay measurements group system 5100
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Direction of loading
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Heating jacket—_|

25 x 50 mm dia. i
foam sample
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brass tube (heat sink) | dbd

3‘1]‘17; 7 High Temperature Test Set Up
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Coefficient
Compressive Strain
a b C d e
25 % 17.7925 8.2 x 1072 -1.04 x 10* -5.7 x 10 -1.1572
375 % 23.5808 1.1 x 10! -1.5 x 10? -8.9 x 10°® -1.2686
50 % 35.7303 4.2 x 10 -2.08 x 103 -1.7 x 10° -1.7773
asei 7 duUszavsiidenfiansanuuinwanainsaasy
Coefficient
Compressive Strain
a b C d e
25 % 9.1989 1.9 x 10 -4.1 x 10 3.03 x 107 -1.0598
375 % 11.4089 8.3 x 107 -4.2 x 10 8.14 x 10°® -1.0745
50 % 13.5568 1.1 x 10 -2.05 x 10 8.1 x 10° -1.2642
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3UT 8 WsnilnesiAnTuves Thermal gravimetric analyzer
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% & A a & 2 Ao Y A a  aea o @ aal > ! P a
$1vesdunu T, msnnaaindugliluiniSeuiesdndmilsnedvesian Flunsmaaevazldauirluvmsigumgil
Winduagiunisidsunlamwedlassaialegamalinsgyivietan (Hoff and Jacobsson, 1981) lunsnageuazld
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Wasuudadlassadeildsudvinannanuiivesauduiu lutigumgii 109.63 ssriwaidva snsinisiva
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nagouldlaliiguiunsmiueg $a 9ndaszazuenisvrienaunisnduguidlen1uyae 10 Ui inyeaussaugan

19.20 parwalfud (Hoff and Jacobsson, 1981; Han et. al., 2007)

=]

xy 12
10000

Slarages Modulus (MPa)
=]
N

Lost Modulus | MFa)

1

JUT 10 wegSansgadeuazyngaan

2150 =100

1
Uriverssl W 54

v ¥

- N ' 5o as o ) a ! 4:4' a U a =
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Tutsszeznafienaunansuilugadunsigidsguil 11 (Vasile and Pascu, 2005)

10000
=
= 1000
E Glassy Transition Rubbery
é Region Regian Region
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100
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10 T r ]
-150 -100 -50 H 50 100

JUT 11 Fuamsidesuaniiglutensa

Temperature, °C

3UR 11 wudhansideuannglutegiaazisunasioani3iuigiu 10,000 anwurazegluguleuiives

90 Inafvungamaiiinigaaudunndunisiudsuwlaiidngamgiundlugiuesniaiin 100-1,000 Wuiluiuueu

Wleanigfignanuaunseyhuuinn1sasugUeianislugiesni3fiu 100 Wi (Heuvel et al., 1992)

WseRavesianIziian Stress uay Strain agneluiledangnnistin Aves Stress AziiiunTy Strain Lo TangLin

nsiasugudletindedidunyiaeunisis 5 aswanladagun 12
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31Jﬁ 12 ANUEUNUSTENING Stress wag Strain

n3UT 12 Tunsvegeuuseiandsdl 5 aumiulddn nsiasunUasues Stress aglugafinnniigaiiosninnis

= I3 Y aa v ei =Y 1 =
EjﬁyLﬁEJﬂ?ﬂllLL‘U\?LLi\ﬂUIﬂiﬂﬁi'NVlﬂJﬂ']ﬂ'ﬂlla’]lﬂﬂmq@ LLazE‘Uiﬂﬂﬂju&ﬂu%ﬂﬂamwiﬂmqum

lun1smeaauen Stress = 7 ArfidwUdessionsdadivesnaraiinegi 0.2145 Yadenaniian Stress T

dlen1snaaeuldseuigdnsluyis 1.00E-02 fis 1.00E+02 wawrasnUSeuiieuusdazunaudaguil 13 (Lai and

Bakker, 2005)

1.00E+02 -+
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la

Y \

1.00E+01

8
81.00E+00
&

® e e e e Data at 180C
e Maxwell Model

1.00E-01 A% s e Kelvin Modeel
e 3-Parameter Model
e 4-Parameter Model
1.00E-02 & \
0 50 , 100 150 200
Time (s)

JUT 13 Anudumiussendng Strain way Time

mﬂgﬂ‘ﬁ 13 WU Max well, 3-parameter model, 4-parameter model Té#laridu 1.00E+0.1 flafdi strain

Angeaugainiuauiisszesnan 200 3uil udlusu Kelvin model laflsiduiidosninauvinliiuladninigins

Tunisneaeudn azlddmanonnuudsgegafiofinnsanusadoud 180 ssrngaidea 7 0.7% Jusaduuas

g13UUDe 100 U9

noAnssuNIsinaveInediues nsdauwifund liauuasamaInusoudinig ArAunila AIN15IN

AINNTOU wazAMIUIKILTBINAERNaRNWEN MiRnTuiuamgTidietnnadaun1sesulenuduiusveIa
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$1u 5 AvemanaRnuaziimasanUsudisuannissiaenisivamussesmsiinaradinivaldluusagiiang
wardnuaizaes Flow front fisvadamindu agldrmannuduiusseninsanuniiaveanedwesiudnsinisdn
o gaumTineg aznifisutiu Fitting curve wuuladuiuidudonmaduulusunsy Math lab faguil 14 wagaz
1a 5 @1 @un1s Cross model A 1) Zero shear viscosity 2) Power law index (n) 3) Time constant (lamda)

4) Temp reference (Tr) 5) Activation energy Fam151971 5

600

PS (sp110) R2= 0.993

\ e T=180C - - cal
400 Y A T=220C —cal
. | T=200C — -cal

viscosity, Pa-s
w
8

.

200 N

il | TTThGe

~N < o

100 S

4 .

B L
" ,
1 10 100 1000 10000

Shear rate, s
JUT 14 anuduiusseninenamilavemediuesiudnsin1sldou i gaumgiineg
suulddanuindlonamginldvindu ShvazdanunidazwansiuwasAusadouazdilndiudionaiu
Tuvilksadaunansan Time constant nasianisas1sanzwanainiuiu (Leech et al,, 1993; Davies et al.,

2000)

A15199 8 FUs Cross Model

R? Zero shear viscosity n lamda Tr Activation energy | Type
0.951 6.15X10* 0.56 1.17 214.99 2514.95 HDPE
0.981 1.42X10° 0.46 2.06X10’ 531.81 7356.93 PP
0.993 1.56X10’ 0.43 0.71 331.31 3978.23 PS

1NA1599 8 NaANAIINITNAABUARRRRBIRUANNTS Cross model Fawandliiuaisedulseansn1sussana

(Coefficient of determination 3@ R?) #1ilfngd 0.90 NNF10E19 WoRes ViaeumaImMUANANYMYNITINaRUY
non-newtonian {18491nA" Power law index ldwiniu 1 uazeglugag 0.4-0.7
NATBININAEBU High temperature test set up Walafnvinsaass NeANIITUNAATULININAUNITTIEUY
' \ v & o P & A a a av v a
winavasludouuandliiiudegun 16 navesn1svaaeuiliioTeuiiiounailaainnisnaaeuases Thermal

gravimetric analyzer masuaamswmaamamé’agﬂ 15
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gﬂﬁ 15 Strain-stress MAATUIINNTVINADIDAAOY High temperature test set up

31n3U7 15 gaumgdinldlunisvaaeuased 50, 70 uaz 90 asrnwaded wavldaudulunisideunanadinda

an8 AgkA 0-500 Alaura@mia WU strain — stress ALNNVUAINUSUIUNSANAUDIANUAUN 345 Alaurdaa
ANWVRIAN strain — stress YN ilAL

ANNTELD

Stress, kPa

1200

I

vifunandliiuiwanafnaiindaassaziingasousiadduninudu

10460

6600

Bt

200

[w]
A

Test @ T0°C
Test @ 907
WLF & 70°C

—a— Test @ 50 °C (reference lemp. )

......

WLEF @ 90 "2

04

Strain

gﬂﬁ 16 Strain — stress MAnTUINAITVIAABIIUADY High temperature test set up

NFUN 16 aaumiinldlun1smeaeuasadt 50, 70 uag 90 ssrwaldea warldmnudulunisdananadinluaeu
AU 0-1,200 AlauUrania wuine strain - stress 119 Yregunginazyng Yrsvesanudulunisideuddnue

YOI strain — stress n°) Faamgifianwiniu uandidiuiwanafnvialudeuliiianisivas uudand
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yoamavaaeumnginsanfiiuAsuluy wiesdioniednsasnmamaaounisiidanumandeuagil 0.2 Wby
diolianmezmislnavestagasiiian wazilemnuiafivsvesmanismnaesimsdnuanzdanudousnunanatn
Wemandnuarnsinauaznsiemeaieutidlag uuuuleq uandiifiuiaafinanainiAnanuuanda 1ia

30317 ¥3eN13AUIY
unagy

defiasantudiunisivauuy Newtonian visenisimuamauviaaildmungauiunisdiasinisivazes
wodluesnasumadluwifind wsiziliiAnAiauianaingsds 38 Wesidud nsdnasmgfnssudaiunse

ONWUULLNNILA d1ndunisiravesnediwes PS fanuAanainlidosnda 12 wWaesidus HDPE way PP 9l

s a % o a

AUAANa1ANINGe 20 Weosdud Feenadanisasauyfgiudunisiemanudeuiiivualindsdigungdiiaed
wagsndnNsangamniluusiiam
WOANTINIINNTLUIUNT Thermal gravimetric analyzer UaUaNHINITAUFUAIUAYIT 350 DIANTALTEE

o a

Wuduly wasiflafanuinszyiasiinnisnaguil 109.63 esrngailded sio 1.1 U135 vibilAnewdouufniiud
AN Stress wag Strain axdiAndlndnunsfiaunisihldldvageuuansiaiuanudenuuazedi 4 Wosdud uazidle
WIHANIENU Stress WAy 7 azfidnwasnisegdvemarainiazasfidieldiialunslianuseusas 100 Fud

Juduly wandiiiuimginssunsnevausssanisnseiidena udniswisuudanivasdounduidiganiizn

fuleLaEue

LNE15919D4

Chailleux E. and Davies P. (2003). Modelling the non-linear viscoelastic and viscoplastic behaviour
ofaramid fibre yarns. Mechanics of Time Dependent materials. 7: 291-303.

Davies P., Huard G., Grosjean F and Francois M. (2000). Creep and relaxation of polyester mooring
Lines. In Proceedings of the offshore technology conference. Paper OTC. 12176. 1-12.

Ghoreishi S.R., Messager T., Cartraud P. and Davies P. (2004). Assessment of cable models for
synthetic synthetic mooring lines. In Proceedings ISOPE conference. Toulon. JSC-301.

Han Y.C,, Lee S., Ahn B.H., Oh S.W. and Kang Y.S. (2007). Preparation of anti-fogging low density polyethylene
film by using irradiation. Sensors and Actuator B: Chemical. 126(1): 266-270.



MsEsinuasAtansuazmalulad | U7 1 atdufl 1 unsiau - Wweeu 2563

Heuvel H.M., Lucas L.J., van den Heuvel C.J.M. and Weijer A.P. (1992). Experimental relations between
physical structure and mechanical properties of a huge number of drawn poly (ethylene
terephthalate) yamns. Journal of Applied Polymer Science. 45: 1649-1660.

Hoff A. and Jacobsson S. (1981). Thermo-oxidative degradation of low densitypolyethylene close to
industrial processing conditions. Journal of Applied Polymer Science. 26(10): 3409-3423.

Lai J. and Bakker A. (1995). An integral constitutive equation for nonlinear plasto-viscoelastic behaviour of
high-density polyethylene. Polymer Engineering and Science. 35(17): 1339-1347.

Leech C.M., Hearle J.W.S., Overington M.S. and Banfield S.J. (1993). Modelling tension and torque
properties of fibre roopes and splices. In Proceeding ISOPE conference. Singapore. 370- 376.

Schapery R.A. (1997). Non-linear viscoelastic and viscoplastic constitutive equations based on
thermodynamics. Mechanics of time dependent materials. 1:209-240.

Vasile C. and Pascu M. (2005). Practical Guide to Polyethylene. Rapra Technology Limited. Shawbury. UK



