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Abstract

In the field of industry one method that is used to improve impact property of
Polypropylene is to form copolymer with alfa-olefin such as ethylene; however, it decreased
crystallization rate. In order to deal with this problem , the efficient nucleating agent must be
used; for example, sodium benzoate, adipic acid and carboxymethylcellulose to increase degree
of crystallization. Crystallization rate parameter (CRP) is the easy and convenient method of
studying degree of crystallization. In addition, polarized ﬁght microscope is used to examine
size and figure of crystal to confirm the result. Tensile strength and %extension are two ways
to test physical properties. The studies found that the first three nucleating agents resulted in
increasing degree of crystallization of polypropylene homopolymer. For Polypropylene block
copolymer, the studies found that carboxymethylcellulose had not increased the degree of
crystallization. However, for polypropylene random copolymer, all of three nucleating agents
did not increase the degree of crystallization. |

Furthermore, the studies of physical properties showed that all three nucleating agents
had an effect in physical properties when study polypropylene homopolymer. On the other
hand, they decreased physical properties in every test area both for polypropylene block

copolymer and Poypropylene random copolymer.
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(1000 ) (1000 #iu) {1000 #u) (%)

PP 3000 4450 1450 +8.2

PE-HD 2600 3300 700 +4.9

PE-LD and PE-LLD 5130 5500 370 +1.4

PS and PS-I 1670 1750 ‘ 80 +0.9

PA 350 30 40 22

PA (fibres) 650 650 0 0

SAN, ABS, ASA 600 §60 -40 -14

PVC 4200 5140 240 +1.0
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Some commercial polymers and approximate vear of introduction

Date Material Typical applications
1868 Cellulose nitrate Mirror frames
1909  Phenol-formaldehyde Electrical insulators
1926  Alkvds Electrical insulators
1927-  Cellulose acetate Packaging films
1927 Polyvinyl chioride Flooring
1929 Urea-formaidehvde Electrical switches and parts
1935 Ethyl cellulose Moldings
1936 Polymethyl methacrylate Display signs
1936 Polyvinyl acetate Adhesives
1938 Cellulose acerate Buryrate Sheets
1938 Polystyrene Kitchenware, tovs
1938 Polyamides (nylons) Fibers, films
-1939 Melamine-formaidethyde Tableware
1939 Polyvinylidene chloride Films, paper coatings
1942 Polyesters (cross-linkable) Boat hulls
1942 Polyethylene (low densiry) Squeeze bottles. films
1943 Silicone Rubber goods
1943  Fluoropolymers Industrial gaskets. slip
coatings
1943 Polyurethane Foam goods
1947 Epoxies Molds
1948 Acrylonitrile-butadiene-styrene copolymer  Radio cabinets, luggage
1955 Linear high-density polvethylene Detergent pottles
1956  Acetal resin Auto parts
1957  Polypropylene Carpet fiber, moldings
1957 Polycarbonate Appliance parts
1962 Phenoxy resin Adhesives, coatings
1964 Tonomer resins Moldings
1964  Polyphenylene oxide High-temperature moldings
1965 Polyimides High-temperature films and
wire coatings
1965 Polybutene Films
1965 Polysulfone High-temperature
thermoplastic
1965 Poly(4-methyl-1-pentene) Clear moldings
1968  Phenylene ether sulfone High-temperature films and
moldings .
1970 Ethylene-tetrafinoroethylene copolymer Wire insulation
1970 Ethylene—chlorotrifluoroethylene copolymer Wire insulation
1970 Moldable elastomers Molded rubber goods
1971 Hydrogels (hydroxy acrylates) Contact lenses
1972 Acrylonitrile copolymers Soft drink bottles
1972 Moldable polyesters Engineering thermoplastic
1974 Aromatic polyamides High-strength tire cord

a5 2 naaensdunu Indwesunsiauaznis lddsegnd 1o
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stnlsfawasnedundoaiitils: Tomide Iwames UsznnTndTenfuszdiuas
Uszinn organocarboxylic acid salt ﬁ?ﬂmﬁﬁﬁiﬂﬁﬂg‘lﬂﬁﬁd 80131 “Alternative 1ayer”(7) Wéﬂ
Tassarmaniidssaeudodmdifig 2 dau 18us
dudt 1 lﬂuﬂduﬁﬁ‘ﬁﬁ%’l (Polar group) 7°I’I111f117;lﬁ'11Lliﬁﬁdﬂﬂﬂﬂﬂﬂaﬂlﬂa’ﬂ M ldasne

Hunded luazaeluInawesnasuman
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[} v k4 [ v
dwfl 2 Hunguensililds Nonpolar group) FmthiidiudufiazateluIndwes
¥
waoumad Tagaungiesnguilinilumsniadunsd (Organic substance)
mineiundeaamisautisesnilu 3 ngulvg) 9 1dun
1. 5IANUAITIUNG § (Inorganic additive) (3 AUABWDN (Talc) , FANT (Silica) HiuAY
a ad A -] a 4 an
2. dsdsznounndunid wu infeveslulu nie Ind vesnsaniuendAn (mono poly
carboxylic acid) suDed (Pigment) fe
3. g3 Iwdwed (Polymer) WU 1058w / ozaTan wamed TaTwdwed Sludu

fednszan amussmsneilundodwiiangig q (8) HaAIAIAITINN 3

Relative effectiveness

~ Gomd Intermediate Poor
Aluminum dibenzoute Sodium succinate Alums
Potassium benzoate Sodium glutarate Silica
Sodium 3-naphthoate Sodium caproate TiO.
Lithium benznute Sadium 4+-methylvalerate Ca0, MgO
Sodium cyclohexanecarboxylate Aluminum phenylacetate Carbon black
Sodium eyclohepranecurboxylate Sodium cinnamate Clays

M50 3 AIBENEIs NN UATITTHARI 9

Yo

o
dmdussnoiunaeaiiouihwn 9y Indnsenau @p) wiudungudsdi

1. ENIIPANUALDITUNS  (Inorganic additive) U AUTOWB (Talc) , Fan1 (Silica) ,

o -3 a X ﬂ [} 1 Ayﬂ 1 a a aa
A5UBUNUER (Carbon black) , AUV (Kaolin) Iuau msnguililuasnaiundsaniise
aﬁmw“hjﬁ (Poor nucleating effect)

2. indovevzardn Tuly - nie la- iwdaeda (Salts of aliphatic mono-or di-basic
acid 130 10505aRAUDTA (arylakyl acid) (9Y  TmiRendnFiun (sodium succinate) TariAenng
AUSN (Sodium glutarate) IABNATILUTION (Sodium caproate) lwiAEN 4-WTaIUABIEBN
(Sodium 4-methylvalerate) azgﬁﬁuﬁﬁaazﬁ}mn (Aluminum phenyl acetate) TaRouauun

[ v
N (Sodium cinnamate) (Hudu msnguiliiuasdedundeaniilszaniamihunaie
(medium nucleating effect)
A o oS A o o o A = o o an a

3. indesamlmiviesvgliuveseslsufn wie erdlendinmiuenddnuade

(Alkali or aluminum salts of aromatic or alicyclic carboxylic acid) 1w azgﬁﬁ’umuhww

(aluminum benzoate) TiRenuuTeON (sodium benzoate) TuunenFeuiuulson (potassium
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F4
benzoate) iAoy  WA-UUNINGN (sodium B-napthoate) Hudu asnguiliduasde

Hundvaimuzaungadmsy pp

2.4 IEmsfAnmdanmsanndn
= a’ A o 4
24.1 EnuAnmdannsanwinluanziiguugiiaefl (sothermal crytallization)
ﬂ Y =4 a o =] ¥
WumsdnmdasinsanadnlusseziSuusnveanmsinudasinisansdn  Tagldaunisues

k4
91513 (Avrami’s equation) 937l

] 9 v [
de w, i ihminvesIndmesvasumariinariudu t = o

I :’ o [l 1 a 4 (] [ a

w, duhmfnvesduniduIndwesnasumaiiivdeng . 181 t nawnFuanwan
K Susneiives Aveami
5 [ a
n 114 Avrami exponent Ui quOAFIAVRINGN

242  3AEnsfnydasmsansdnluanizgungi lineh (Non-isothermal
crystallization)

lunszuunswdais 9 11l 9u extrusion , injection moulding 1T AITHARTIAL
o = an v A J¥Y 2 2 9 A
Snvazmaansdnunuuanzamglilinedl  dadunsdamnisenndn  Sedesdinig

3 L) 31 ¥ 13 ° é
nasunlaauiemannsimnzgauiigaoninnldlunssurunsgaamnssy  weldld
A w s =)
HanA N NURUNNA
o & an v ] . A . =4

msfAnusanmsanaanuuugavgl lunedfl (Non-isothermal crystallization) TANINS
Anuvawlt Aredu

n.  saurnaasvesnsAnmanuuguugiilingfl  (Non-isothermal — crystallization
kinetics)

a 4 . .

V. vaumaasurmnveInsanwan uIndwes  (Macrokinetic of  Polymer
crystallization)

A, WiTeesduilszAntusidnsMInnwan  (Crystallization rate  coefficient
parameter , CRC)

1. Msfimesvesasnsannan (Crsytallization rate parameter , CRP)
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9
Tumsilassnufiryilldwilivefuessnsinsanndn  (Crystallization  rate
parameter, CRP) (Hu3TnsdAnydasnsannanvesIndwesminmagey dwmsusess
= ar =4 ] sy [ lﬂy
PoavemsAnusasinsanndnuaaz s itiudail
n.vaumMAnsveINIsANKENUUURUYUYT 1AMl (Non-isothermal  Crystallization
kinetics)
ag g A = a R 4 o
FEnsidlumsmaunsuuiugunguivesIniiu  (Tobin's  theory)  Deafu
) ] 4
vaumaninsaorme (phase transition kinetic) NIVBITUNSHAIH (9)
Heterogeneous nucleation and growth
OLt)/1-0U(t) = kNt~ —oomm- (1)
Homogeneous nucleation and growth
t
OUR/1-0) = kI o /t-w) [1-Ol(w)ldw ~ ——omee @
A ¥
@e ot Wy relative crystallinity a7 ¢
k Lﬁu nucleation and growth parameter
‘3 -4 A V v
n integer YUAUA nucleation mechanism uazgﬂs NUBY nucleation growth
N 11} initial number of heterogeneous nuclei
®
I i rate of homogeneous nucleation
TumsfandnesiNan s il usSHIg homogeneous nucleation 8% heterogeneous nucleation
4
aatiuee ldaunissau
n ot n
OU/1-0Ut) = KNt + Ko Jt-w) [L-O(w)ldw e 3)
o , % o 4 Ve A
vinaun1sh 3 Tawegeeinlumssiuan Sedmuagiuuuaumsyuuning deil
out) = a‘](t) + az(t) """ C))
4 N '
de o W Sanmsankansauiivan t
oL, u dasnsAnkANYBS growth process MNAYIN Heterogeneous nucleation L1
1 -1 2
AU knNE [1-0L®)] 5)
OL(t) Wy damsannanyes growth process han Homogeneous nucleation e
e { ] 2 t n-1
R knl [1-06OT * o/ tw) [1-OUw)ldw - ©)
¥ ]
MIANEINUT crystal growth ek menoglan Tu 3 A duluaunsh 3 e

'Y 1 = 4 *
fMvuammsiwes n = 3 912ldh

k = 43TV
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Tﬂﬂ'ﬁ V = radial growth rate of the spherulite
= Vyexp.(-EdRT)exp.[-P,Tm / T(Tm -T)] - - (8)

Lﬁﬂ v, T4 universal constant for semicrystalline polymer.

Tmo i equilibrium melting temperature.

Ed I activation energy of diffusion of crystallizing segment across the phase
boundary.

¥, 151 Constant relate to the free energy of formation of a critical nucleus.
s 7, 8 aeluaunsit 5 ozl

OL(®) = kexp.(-3E/RTexp.[- 3%, Tm / T(Tm -DI [1-0®] —— (9)
unuaunts 7, 8 aaluaums 6 wazdmuas 17 = I, exp.(EdRT)exp.[-¥,Tm / T(Tm -T)]
wldd
OL(t) = kexp(4EJ/RT)exp.[-GY,~P)Tm [ T(Tm -DI [1-0V] o/ t-w) [1-OUw)ldw

9
A

thammsf 9 wag 10 unuasluaunsd 4 w2 ifaumsqatodmiudinsilfe
o) = 0L + 0L
= kexp(3EJRD)exp.[-3%,Tm / T(Tm DI I1-0®]°  + kexp(4ERT)
exp.[-(3¥, ¥ )Tm / T(Tm -Dt [1-0L)] o/ (t-w) T1-CLw)ldw

v.  saumansunaaveamsanaan W Indmwes  (Macrokinetic  of  polymer
crystallization)
9
a A a
msiidlumamytuunaunsiae AY. Malkin (10) Fseumsi@euluglanide
= v &
SUFEn fail
1] 0
o =0ao - )
. oa .
@ o Wy Sasimsanwan

o i eemanuilunan (degre of crystallinity)

9
nmisinenanlu Indesnasumvad JTuasumsiia
1. Msifailunfen
3
2. YuMsIAL Tnusanan

o

P = 1] t!y
INAUNITN 1 mmmmﬂu”lﬁ“lﬂu AU
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ATy = AT + Ty 0 @
Lﬂﬂ (Xol ({4 rate of variation of degree of crystallinity due to the appearance of primary
nuclei. '

(on i{u rate of variation of the degree of crystallinity due to the crystal growth.

nnaunsi 2 sxflemnnuduiuised
fofo
ofe @)
o, mnsamldlaemsimesdda Idus

oL,(T.0)

oL (T, )

4
1. The rate of formation of primary nuclei , I(T) 44
0 0
I(T) = Lexp.[(ERT) - W1(Tm) /T(Tm -T)] - @)
A ﬂ ° a =t Aa v y ' a
we 1 dludwuilunasaiifaserulsnainsrulsdsuing
I,, ¥, uaz m dlusnsi
E 15 activation energy of transfer of asegment through the nucleus-melt interface.
R L"i‘]‘u gas constant.
4]
Tm l{]u equilibrium melting temperature.
~ =y o~ —y aAas L L é
msefiesaumaasusimsiiaiunes  eTuelulfiTeualiouduvile  (first
order chemical reaction) nazfuivesmanuitunin (degree of crystallinity) CRITEN
Hew
foy=0,-0 ®)
A I = =
e o Wuesmanuiluwin (degree of crystallinity)
o, du equilibrium degree of crystsllinity which depend on the temperature and
molecular mass. '
2. The volume of the critical equilibrium nucleus , Ve(I)
v [] b4
%24 degree of supercooling Uszaa 50 aruafea Ao Vo) 1uminei auiy
a Je 0 o A
gansatewdandu oL (T,00) Al
0 0 0 m
O (TO) = kexp[(-ERT) - ¥ (Tm) /T(Tm-T) JC,, - O) - ©)
o ] ) L4 D o
Tudud 2 dumsdvule gowth) Aanndumsipatiuades s lagunisniluail
01 0 1
G(T) = Ggexp.[(-ERT) - W (Tm) / T(Tm -T) }----—- @)

4 4
e G,, Y, uaz 1 Husnei
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M13051108ATINTAVTAYDINAR (rate of crystal growth) Fusussmauiiundn
(degree of crystallinity) uaziiulfAsesusunile Seluudertuaunsd 5 0l

£,(0) = Oy -0 ——(8)
nnauntsh 2 wwifoulnild &l

QAT = k;'exp[-ERT) - ,(Tm)" / T(Tm -T) IS(OLI(QL, - O) - (9)
e K, e
S(Q) (4 total surface area over which crystal formation occur.
unue o ez o, aeluaunisd 2 diowd o 1218
doU/dt = { [kexp(ERT) - ¥ (Tm)" / T(Tm-T)" | + [k, exp.[-ERT) - .¥,(Tm)" /
T(Tm -T)" 1S(0D] }(Cl, - O) == (10)\

a. winimeddudssAnsvessasnisnnnin (CRO)

SansiiwannTaold Y.pKhanna (1) WilSoudeusasinsansdnvesTnawes 14
nawriia Twawesiifien CRC ga weiidnimsnnadnigedas Tunsmer cRC szond
%’agaﬁugmmnm?m AirlesuiFaaunuilsniaes Tined (DSC) Taovmanudusasns
anuduiuiyedasimsidanubu (cooling rate) Shaunuda uazgangl lumsannan
(Te) fuunuueu degalii 7

\

\,

50 1

&

o
(9]
i

cooling rate (K/min )

0 : .
T340 3S5¢ 36¢ 372 280 39¢C
Te (K)

5171 7 uaaddiimsviaA CRC

CRC = anuFu = sasnsanudy

gamgllunisansdn

26213
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2. mfmefuessasimsansan (Crystallization rate parameter)
9
= -4 L] é ~ -
FEnsiiRanTae Dezhu Ma. wazdsmew (12) Falulassnuinuezdnydns
y \ ; i =
nsanudnTaeld3En1sll msmiar cre vz lddeyannmes Tuunsufildnnnsesaviviesy

Beaaunuiliniaes Tmes (DSC) Azl 8

T (K)
511 8 mad Tuunswi lden Dsc
4 b 3 3 @ dy
MBS LULNTN 9ABIN DY AR
T, (initial crystallization temperature) (HugainglfinsiSuusn AU (base
line)
T, (crystallization temperature) r'i‘luqmwgﬁﬂm exothermic peak
y ¥ [ 3
T,, Wugamgiiiufildnsviiiu 50% aunuds

& e 4 &
mnuummmnmmwuwmmwﬂwﬁﬂ (half crystallization time , t;,) AUANMNT

tp = (Tu-Typ)

F o
we B dlusasimsiiniubu (cooling rate)
Tunsdlidriiavesmsanwdnauuias sehld T,, aaunsonaunudien T, 14 1l

Y
U5 vsaeil
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tlﬂ = ( Tin - Tc)
— —

B

wdnhe 1, wmdundy udninnwasansmiudasins by uazins
winuFuveens M vzldar CRP deaunis
i = Aciny,)
------ —eeee (3)

A
aq ' o d
IEMTHIAT CRP uﬂﬂﬁﬂ\‘izﬂ‘ﬂ 9

5.0C -

0 20 3« %0
cooiing rate (K/min )

<

3% 9 yarsTEnsviA CRP

* . A o 4
NNTITNAADINDIIAT CRP 8311N Bﬂi“lﬂ‘liﬂﬂﬂﬁﬂﬁﬂzqwuﬁw

2.5 dnfnavesmnuilundnfilineautiiiene

FEnsmugqumsifasinuasdnuuzvewanluinduesidnglaun  asadugu
395IM31uF (cooling rate) ves Indmeivasumal milisasimabudtednd q i
1 -y ; . 1 9
Wailogladi Minadulivunlvg waslesnaruuilunin ( degree of crystallinity ) g9 @9

a S a &' - o . R o [~
wa I Indwesrimiulidnuusuiaulsie (ritle) uaz A wsade (modulus) , AWMU

] ¥ 4 ]

@4 (tensile strength) , ATULTS (hardness) 1NTU upanniimsidanuiiundngeesi 1l
' . g a v ¥ ¥ Yo q4 o 1 o o
AUNUAY (density) geUBNA8 Tumeasesdududriidannmntudlednsiag wzi
{a o ' M
Waioglad Aidedulvuiadn Sanwliauugavewinmn ildesnanudiuwdn

1 a d a 3 ] Y o 2 s o J ] 4
mﬂa‘lﬁwamﬂﬁmﬁuuuuaqaﬁ, ANUUNUTIAY  HATANTUHUUIUY  aAAeN umzm“lw
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3 Ed
n158A W.9AY1A (Elongation at break) gatiu AniugmsoagUanuduiuisznine aw

=) A o 2 o« o
Lﬂuﬂﬁﬂ A158A U.JAVIA LAZAITUUYIRTIANY ﬂ\ig'ﬂ“ 10

Tensile strength Elongation at break
75 €8
/ /
Degree of crystallinity

A o 1
51 10 asliemeanuduiuTszniwenuiluwdn asta agamae wazanuuds
=
134A9
1 o o A 3 1 1
st lsinuddithiedu q Alnadegilsis morphology) Hazesmnanuiiundn
veslndwes i Snsmaietinndealnesan (Overall rate of nucleation) 8R035 IAUDS
& 4 1 q’ 3 1 _ ¥ L
ailoglari (spherulite growth rate) Wudn daluilefomariidieneldifenansenudagiss
(morphology) LABIMANMIUNAN (degree of crystallinity) vodinawe; doudanadona

auiaFinaves Inawasaruuiy
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UNnN 8

M WHASMIANTH UYL

8.1 JaquasinilAaai

WawaradnTnanseRaule IuIndwes (PRO-FAX 6331) uStv By By & Iwd

E 4
o

Lo w Lo azey
D7 1NA PNUANUASNU

TYPICAL RESINS PROPERTIES (a) PRO-FAX 6331 ASTM METHOD(b)
Melt flow rate, g/10 min 12 D 1238
Density, g/em 0.903 D 792A-2

Notched Izod impact strength

at 73 °F (23 °C), ft-lbs/in. (J/m) 0.5(25) D 256A
Tensile Strength at yield, psi (Mpa) 5,000(34) D 638
Elongation at yield, % 10 D 638
Flexural modulus, psi (Mpa) 235,000(1,620) D790 B
Rockwell hardness, R Scale 97 D78 A

Deflection temperature
at 66 psi (455kPa), °F (°C) 205(96) D 648
Environmental stress-cracking, hrs >500, no failure D 1693

Wianaadn InanseauIaInawesiuuyden (POLENE 2300k) u5n gaam

9
¥ A

(-3 s & QI
nssutl Tnsintinea lne. $1ie Fellauiaaeil

TYPICAL DATA PROPERTIES POLENE 2300k ASTM METHOD

Melt flow rate, g/10 min 4 DIN 53735
ASTM D 1238
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Tensile strength at yield, N/mm’ 29 DIN 53455

Modulus of elasticity
in tension, N/mm2 1300 DIN 53457

Impact Strength, kJ/rn2
a  0°C n.b. DIN 53453

at -20 °c 90 DIN 53453

Notched impact strength, kJ/m2

a 23°C 9 DIN 53453
at -20 °C 4 DIN 53453
Heat distortion temperature, °c

at 0.46 N/mm~ 85 DIN 53461

at 1.85 N/mm’ 55 ASTM D 648

danaradn InawsenaulnIndwesuuuusuaey (PRO-FAX SW-555) UStn (B9

F4
W @ A

o = = d o w 2 o
U & Inames e gellaulaned

TYPICAL RESINS PROPERTIES (a) PRO-FAX SW-555 ASTM METHOD(b)
Melt flow rate, g/10 min 12 D 1238

Density, g/cm 0.903 D 792A-2
Notched Izod impact strength

at 73 °F (23 °C), ft-Ibs/in. (J/m) 0.6(33) D 256A

Tensile Strength at yield, psi (Mpa) 4,000(27.6) D 638

Elongation at yield, % 13 D 638

Flexural modulus, psi (Mpa) 170,000(1,200) D 790

Rockwell hardness, R Scale 88 D785 A

Deflection temperature
at 66 psi (455kPa), °F (°C) 177(80) D 648
Environmental stress-cracking, hrs - D 1693



23

TwReuu Tsen nsadNs1eY (Fluka Chemic AG, CH-9470 Buchs)

oe lafinueda 1n5AAATIZH ( Fluka Chemic AG, CH-9470 Buchs)

ﬂ1§neﬂe‘?ﬂu?ammqiammumﬁﬂmﬁw 1N5AATIZH ( Fluka Chemic AG, CH-9470
Buchs)

3.2 m?mﬁauazqﬂnmﬂumﬁ%’u
m?'muﬂwﬁnamqnﬂ?:a (LAB-TECH Engineering copapy LTD MODEL LPM 200)
in§osdeswaadin
indasdaounazifu (LAB-TECH Engineering copapy LTD MODEL LP 20)
m?mﬁ’ﬂﬁugﬂaﬁmm ( CEAST TYPE 6052 SERIAL 13308)
wifaivun 1 Jadwas
wseasaiminven (A&D CO.LTD MODEL PG-150K)
desaiminaziBon (A&D CO.LTD MODEL HR-200)
inseaniosuFsagunuiiaass ines (Shimadzu C-R4A CHROMATOPAC)
ndpamen e Twanlsd (Nikhon Model AFX-IA)
A5 0INATOUITIAY (LLOYD Instrument Ltd. Model LR 30K)
infosduvisaalalas I Taiined (Japan Spectroscopic CO.LTD Model IR-810)

3.3 MIAUHUMS
33.1 MINaunazMses sulanaraani ldnageou
o & Y 1Y) v o " A 3 w o
. fmssulianaradn 500 ndu wieududansnalluaded 0.5% lasvimiinga

waaAn famsNaIunause 11l
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¥ilaueq asneiiundea  Snunle
wa AN (N5W)
1§1nﬂ'ﬂqm§ qasfi 1 qasii 2 qasii 3 qnsfi 4
500 N3U laiwuesne Tan@en ozlafinueda | msuendwia
Hunded iy Tyen ivag laa
PP
Homopolymer - 25 25 25
PP
Blockcopolymer - 2.5 2.5 25
PP Random
copolymer - 2.5 25 25

) 4 -4 i 4
. MINSHANLUINTBINENADIQANAY (Two-roll mill) Taedsgaimglignaasmii 190
0w 9 a &
wag 180 evralsaauady Tmsuasumanaaan ldalszunel 10-15 Wil e
waaAnNMReNazaeviNe WiAanasneiundeaasly sinsuanaylddhiu ldnedssu
) 2 9
23 Wil hoennninTewandsgnnas e lithiEu
° 1 Qy [~} A U ~a ~ i1 1 1
a. thindesliiliudud@n las MnTesdosnanadn wmaaniigesudautially 2 dwu
o Fd ] y & 4 3 A 1
aadl daufl 1 @ssuno 80% veswanadni a) iy idwmTusimsdiugl dawudl 2 alssunu
20% veawaaani 18 wulidwmiunaasumsannanuasanyaizuewan
b4 of ¥
332 msAuglFunuinihumasge
o o A @ 3 @ . '
n. dullawana@nildannitade 3.3.18 udugilTaonsdafou(Compressive) duai
R 1 Tadwas ganglilumsdadou 190 ssrnwaBed w10 i
o ta o [ o o o 9/ a & o o
v duaiduininds n unihnsdaeu  Teeldgungliveuniesdalu 1S 09N
4 . 2 \ 2
waldee W 4 i Weasuimuanar Ieeaduauesnnutuy ﬂz"lé'wamaﬂugﬂﬁ
=y
RYGRE
9 o g ﬂ ny o e & 9 A o Qy
a. dundadugiiliusuaudmiunaasuauiasinalaslansewaglyuau o2
4
TéFuaudiugilduad

3.3.3 MInagaUauLiAn1N 9
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fl. MINATOUNIANHANUDLENHBISVDINAN
manageusannsannin lasldindosanmenudsamnuiiiansiined  Taude
anmemslfiuvoundossdl hnslianudoudiesan 15 esnwaduaroui
QUNIUDN 230 o uvaTod uaz“h’s'é’m1ﬂm§uﬁ"fluu¢iazqeﬁﬁ'ﬁf fio 5, 10 , 20 uaz 40
AT AU
waft 1dnnsesaniesuSoaaunuiisnaes fmed hinweswnanuilundn
wagdasmsannanlagdTmsmamisiiwesvesdnsinisanwiin (CRP)
msastedevsnyaasvnavewdn  ldlaeerdundesaronwuasIwanlsd
(Polarized light microscope) Taeldanmzindossss hmslianudoudassan 15 s
aiFeadoundl audgavgl 190 esruwaiBed | 198asmaduda 5 ssrusaiFeadouni
wazhinstufinnmein iegunglanawmie 130 125 uaz 120 esruraiFed
¥, NINATRUANLAYNNG
Asnaaeuln3eMABLLSIAS (LLOYD Instrument Ltd. Model IR 30K) Tagld
anne dede il A lumsamarey 20 Saawasdeunil
_viinventasu 30 Al 9y
- ANUBTITNNATOY (Gauge length) 25 UaAAT
mmageuauiaGnaluusagasdesldfumednlen 8 Fuam
A. MINAABYANTABY 9
ASNATOLANUNU LY
shsueiiumsnaseulude 3332 wwhmsnedeLMIAMNMIIIY

) F)
Tagldmsdaimiinlums1uoa (Methanol) AINFURUTUBIANUHUMLUUUTAIAITUATT

¥ [ 4 I d
ANUHUMUUIBITUNUNAITAN =  NINUNVSITUNUFANUNU WU UYBUNTIUDE

9 9 14 9 ()
ThndnvesFua-hmiinvesruaIuia luwsuea

pInaaeuryiland
™ ay & A =y ) 4
hFunuiiduRduuaunaaeu lasldnsewdulusaanalas W ladines

A Y @ -1
TaglHavnaumiifiu 4000.00 cm
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3.3.4 BHUNNATAWHUIINIY

Fudanaradnuazasneilinaen

-] v é ‘:
mnmsuananliidduuuniswaudegnnas

b4
o 1 a A * =
‘I’I'lﬂ’lifl’f]ﬁllﬂu“]mlﬁﬂiﬂﬁlﬂiﬂﬁﬂﬂﬂ‘ﬂﬁ1ﬁ9‘lﬂ

2 (]
gl laslfinsesdadounasiiu

MumaTsUMIANRANLAL
Snvazvawwanlaeld Dsc

iay PLM

o o f] @ 4 ° v do
anuanuiluglduias dnnmageunyendu lae

é =Y ~y
nsewurusaanalas T ladines

i magauaNliaena

A
TaeldinTaanaaauuseds

[ 4 ]
WFuUARUMSNATDY

AVLVAFINANIMIANUHUUIUY
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N 4

NI Y

4.1 Indnseonaulslulndmed
S 2
f. naaevandAnaNuiouLaznIsANKAN

= A T Al
- TnanseRaule Ty Inawesn lumuarsnetiuadea

8a51 | guv | uug | gavg | was | was de- de-

mabu | g | Tma | G [ ewlu | owlu | gree | gree | T,T

) @ | weou |enw@n [ n1s | msan | of of — | 1, | CRP
[+ M @
c/min | WABW | p o, | oo | MEOW | WAN | crystal- | crystal- | @1
m C
=3
line line My
T, °¢ An_ | An, :
10 i M
Yg J/g
o
C
An_ | AH,

5 126.7 | 1740 | 1216 | -87.31 | 92.05 | 41.77 | 4404 | 1.02 0.98
10 124.6 | 177.3 | 1182 | -96.69 | 93.92 | -46.26 | 44.94 | 0.64 1.56
120 126.0 | 1727 | 1204 | -99.19 { 99.79 | -47.46 | 47.75 | 0.28 3.57

40 125.1 | 1777 | 1189 | -98.38 | 101.2 | -47.07 | 4843 | 0.16 645 | 0.161
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Y a o a .
“IwansonauleTuIndmes i Imbouwu lyen

o031 | gy | guvng | gumg | wae | WAl de- de- | t,=

amdu | gff | fns | G | owlu | onlu | gree | gree | TT

m ¢

i 9 | vaow |aaw@n | ms | asen | of of | — |, | crP
o : - o
c/min |Waeu | ¢ o, | 1 o |WEEW | mAR | crystal- | crystal- | §a7)
m [ o
line | line | A5I8U
T, % An_ | AH,
) 10 ¢
Ve Ve n
Au_ | A" N
[

5 129.2 | 177.1 | 1255 {-69.42 | 61.67 | -33.22 | 29.51 | 0.74 1.35
10 128.6 | 1734 | 1253 | -7893 | 74.11 | -37.76 | 3546 | 0.33 3.03
20 128.6 | 176.1 | 1258 | -84.49 | 78.94 | -4043 { 37.77 | 0.14 7.14
40 129.2 | 1768 | 1255 | -90.82 | 86.80 | -43.46 | 41.53 | 0.09 | 10.81 | 0.309

-IndwseaulaTuIndwes Aduasuenduiawagloa

da31 | quu | gumg | guug | Wy | Wl de- de- | t,=

g | gl | dms | s | ey | owlu | gree | gree | T,
@ @ | vaew |@nwan | ms | awen | of of | —— |1, | CRP

*o/min | iAo T_° | T, % |"oou #an | crystal- | crystal- | 8031

T, % " An. | Am, | line | fine iy

Ve Ve 1N | N i

Au, |An, | %

5 126.7 | 173.7 | 119.8 | -82.82 | 97.65 | -39.63 | 46.72 | 1.38 0.72
10 129.2 | 1719 | 1259 | -85.16 | 96.80 | 40.75 | 46.32 | 0.33 3.03
20 1282 | 1735 | 1250 | - 160.0 99.60 | -47.85 | 47.65 | 0.16 6.25
40 127.1 | 1735 | 122.0 | -9343 | 101.5 | -44.71 | 48.60 | 0.13 769 | 0.218
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a ~eat a ¢ A a . A ~
Iwansenauls TuIndmed ninues laRaueda

o931 | Quv | gumg | quug | Was | was de- de- | t,=
madu | g | Gons | G | onlu | omlu | gree | gree | TT,
] ¥ Eﬂ vioow | anwan | 05 | aven | of of | — | t,) | CRP
¢/min | tAeu T_% | T,% |1oen Wn | crystal- | crystal- | Sas1
T % Au, | Au, | ftine | line 3y
Ve Ve v | N 2
Aw, |An, | "
5 140.2 | 1747 | 1379 | -132.6 { 133.3 | -63.43 | 63.80 | 046 2.17
10 1399 | 182.1 | 138.0 | -103.9 | 1055 | -49.75 | 50.50 | 0.19 5.26
20 139.1 | 176.2 | 136.0 | -108.9 | 104.1 | -52.14 | 49.81 | 0.16 645
40 1334 | 1796 | 1284 | -117.8 | 1070 | -5542 [ 51.21 | 0.12 8.00 | 0262
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FUAVDY

LAY

mmu%«m
TS

(kgf/mm )

alesiug

IR (%)

Work done
(kgf/mm’)

Modulus
2
(kgf/mm )

AMNIIUHUN

(Y (g/mm’)

Tnansen
dulelulna
:ld' Y
wesn limy
#1508

Hundea

15.99

179.5

3739

365.1

0.8999

Tnanson
aulaluing
dd' o
wesma
TR

Tasion

17.06

6.509

226.7

3139

0.9086

Twansen
aulaluna
(d‘ a
wasmau
o =1
A UDNHIY

Sawrag laa

17.46

8.779

328.0

275.1

0.9096

Twansen
aulaluing
Jd' o
WesNA
oz lain

LeER

19.8

6.112

247.6

407.7

0.9096
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Modulus
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4.2 Tnansefidunsuaoulnlnanes (SW-555)
fl. NAFPUAULANNANNSDULAZMSANHAN

- TwanseRauususenlnlnawes A luwuasneilunded

o7 | quv | quwg | Quwug | WAl | wal de- de- | t,,=

madu | gl | Gms | S | oy | eowlu | gree | gree | TT

p] 9@ | vaou |aaw@n | s | nsen | of of — | U, | CRP
Q =‘ < o
cmin | WaeU | ¢ o, | 7 o, | V@O | HAA | crystal- | crystal- | 9T
m C
o
line line MU
T,, °c AH_ | An,
10 9N @
J/g Jg
o
C
An_ | An,

5 127.6 | 156.0 | 1242 | -50.28 { 35.55 | -24.06 | 17.01 | 0.68 1.47
10 128.0 | 1555 | 1244 | -61.66 | 47.25 | -29.48 | 22.61 | 0.36 2.78
20 128.2 | 155.1 | 1244 | -46.19 | 39.77 | -22.10 | 19.82 | 0.19 5.26

40 128.5 | 1509 | 1244 | -57.10 | 44.03 | -27.32 | 21.07 | 0.10 9.71 | 0.233

- Tnawsonauusunou TaTnawes naula@auu Jgen

o031 | quv | gamy | gung | was | was de- de- | t,=
=9 a a a
msu | g | ms | Uns | awlu | oy | gree | gree | T,oT,
@ 9 | waoy |anwdn | ms | msen | of of | —— |1ty | cpp
° A = @
cmin | WAeu | 7 o, | T oo | ¥@BY | AR | crystal- | crystal- [ 83
m <
. 3 o
T % Au_ | Au, | lime | line | Moy
210 A !
Yg g
AH_ | AH e
C

5 128.2 | 154.5 | 1243 | -46.31 | 37.66 | -22.16 | 17.01 | 0.78 1.28
10 127.8 | 1564 | 124.1 | -53.83 | 43.05 | -25.75 | 20.60 | 0.37 2.70
20 128.6 | 1543 | 124.8 | -46.32 | 41.56 | -22.16 | 19.88 | 0.19 5.26

40 128.5 | 1549 | 1244 | -4596 | 37.99 | -21.99 | 18.18 | 0.12 833 | 0.189




- Tndwsoauusuneu InIndwes MAumsusnduiawaglad

8031 | qun | qQuug |Quwng | way | was de- de- | t,=
madu | gl | Gns | dms | owdu | owlu | gree | gree | T,T,
] @ 3@1 viaou | aawan | M3 | msan | of of | — | ., | cre
cfmin | 1WAOU | ¢ o, | T o |WABY | WAR | crystal- | crystal- | @3
m c .
T, % Au_ | Am | line | tine | msdy
Ve n MM | M i
Aw, [An, |
5 1284 | 157.6 | 124.6 '—5 1.86 | 42.19 | -24.81 | 20.19 | 0.76 1.32
10 128.3 | 154.3 | 124.5 | -54.62 | 40.87 | -26.13 | 19.56 | 0.38 2.63
20 128.6 | 154.7 | 1248 | -41.10 { 36.24 | -19.67 | 17.34 | 0.19 5.26
40 129.2 | 155.8 | 1245 | -58.65 | 48.87 | -28.06 | 23.38 | 0.12 8.33 | 0.198
- TndwsefiauusunouTnTnines Adveslafiaueda
031 | QU | guvg | quug | WAL | Wad de- de- | t,=
madu | g | Sms | dns | owlu | oulu | gree | gree | T,T,
o @ Eﬂ viaoy | anwan | A3 ms:m of of = Ut | cpp
c/min | t1lasu T_o | T, °c | MaeN | nan crystal- | crystal- em:
T, % Au_ | Am | line | line | mibu
Ve Ve nn | N o}
Aw, |Au, | e
5 116.9 | 153.1 | 1132 | -51.09 | 4474 | -2445 | 2141 | 0.74 1.35
10 127.2 | 1515 | 1232 | -43.54 | 39.44 | -20.83 | 18.87 | 0.40 2.50
20 128.2 | 159.7 | 1243 | -50.74 | 40.39 | -24.28 | 19.32 | 0.20 5.00
40 1165 | 1546 | 112.6 | -51.59 | 42.58 | -24.69 | 20.38 | 0.10 10.00 | 0.254
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A4 TS

(kgf/mm )

3 o
1Wosiyua

A
N138A (%)

Work done

(kgf/mmz)

Modulus

(kgf/mmz)

AWK

Uy ( g/mmz)

Tnansen
r=|
Auusuany

a 4 4
Talwawesn
Tueuesne

a =
winayd

17.55

1164.5

30667.5

264.2

0.8804

Tnanson
=S
AUUTUADY

Talnawosn
=Y =

i TaRey

Wi laen

14.37

1038.6

226.4

0.8956

Tnanson
= |
AULTUADY

a c’t!'
Talnawesn
a o =
UM UDNT
wsa

iag lad

14.04

749.4

17733.8

216.1

0.8962
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=
AULIUADY

Talnamesn
wuey lana
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15.96
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262.0

0.8925




s

work done

41

18
16 ﬂ\—*—/
14 -

12
10 4
8 4
6 -
4 4
2 4
0 T T ]
UN SBA CcMC APA

¥ I~4 = 2
ASMUERIAIANNUAAULTIAY TS (kgf/mm:)

1200

3

UN SBA cmMC APA

nsanes oS d U a(%)

o L A
UN SBA CMC APA

A5 LLAR9AT work done (kgf/mmz)



42

300
250-1\\/

200 -
150 4

Modulus

100 4
50-4

0 ¥ | 3 L
UN SBA CMC APA

arirereran Modulus (kgf/mm )

ot

MinpaetaudaFmanyauif@naved Inansenauisuaou Inlndwesni
MsIANTIs AN andoadpsnin Twansafauisuaey lnInamssn ll@uarineiundoa
) 4 o -3 ar v A v o
£199L1119981910 6 A IMTIEUAMAZVINAVRINT To T anded lumnsm  dmSuaurun

] = - = ld‘ o )y = = i a (- '
wiuveslndwsonduusuaey Inlndmes MiAudsnedl UG vdqnd liRumsne

~ = & ’ ' -
HAAQYA  (UBIWINANUHU W ULUDITITABHAARY IO



43

4.3 TndnseRauvdenlnlndmes (2300K)
a. nagevaviAnANNBUAEMSANKEN

Y =3 a i 1 a 't A
- IwanseRauvdonlnIndmes 7 lu@uasnetiundoa

@

9037 | guv | gung | guwng | wal | wal de- de- | t,=

=4 a - a
Msu | gul Ums | s | owlu | amlu | gree gree | T,-T

i @ | vieow | eawdn | M3 | asen | of of | — |t | gp
“chmin | nlfou T_% | T, ° | 1Moo Wan | crystal- | crystal- | @31
T, % An_ | Am, | lie | fine sy
Vi o un | 9n #
Aw, |An, |
5 1214 | 1726 | 116.1 | -51.39 | 40.99 | -24.59 | 19.61 1.06 0.94
10 1248 | 172.7 | 120.0 | -64.94 | 61.63 | -31.07 | 2949 | 048 2.08
20 1244 | 1734 | 118.8 | -47.58 | 53.82 | -22.77 | 25.75 0.28 3.57
40 1223 | 171.1 | 118.1 | -3592 | 36.18 | -17.19{ 17.31 | 0.11 952 | 0221
ndwseRauuienlalndued fRyTsdouylsen
8931 | Quv | guwg | gumng | Was | wal de- de- | t,=
mabu | g | fas | dins | owlu | oulu | gree | gree | T,T,
0] @ | vaoy |anw@n | ms | msen | of of | — |, | CRP
min | nlAew T_ % | T, % | Moeu Wan | crystal- | crystal- 5@111
T, % An_ | Aw, | lme | dive | muly
Ve Ve un | 9N i
Aw, |An, |
5 1294 | 174.1 | 1209 | -54.27 | 43.10 | -25.97 | 20.62 1.70 0.59
10 1279 | 168.1 | 1220 | -68.25 | 66.42 | -32.65 | 31.78 | 0.59 1.69
20 1299 | 1752 | 126.5 | -66.77 | 62.89 | -31.95 | 30.09 | 0.17 5.88
40 128.1 | 1740 | 125.1 | -5594 | 56.96 | -26.76 | 27.25 | 0.08 13.33 | 0.378




I 2 act o a S A a 4 a8 -
“IndnsenauudonInlndwes Minumsvendusawaglaa

on31 | quv | quvng | gumg | was | was de- de- | t,=

psily | g | G | @ms | ewlu | ewlu | ogree | gee | T.T,
! @ | weow [anwdn | A3 | msen | of of | —— | Uty | pp

*efmin | nlaeu T_% | T, ° | MAeu Wan | crystal- | crystal- | 6891

T, % An_ | Am, | lie | line sl

Ve Ve un | 9n i

o

5 138.7 | 172.1 | 135.6 | -53.26 | 38.73 | -2548 | 18.53 | 0.62 1.61
10 1247 | 1743 | 1194 | -58.74 | 55.18 | -28.10 [ 2640 | 0.53 1.89
20 1239 | 1702 | 118.8 | -53.56 | 55.18 | -25.63 | 26.40 | 0.26 3.85
40 1244 | 173.6 | 118.8 | -46.70 | 49.52 | -22.34 | 23.69 | 0.14 7.14 | 0.161

o, o a i a = ~
Inansenwauvaonlnlndwes naveslainuede

Sas1 | qum |quug [qumg | WAy | WA | de- | de- | t,=

iy | g | Ims | fms | owdu | omlu | gree | gree | T,T,
i @ | vieew |anwdn | ms | nsen | of of | —— |1/, | CRP

-] pu @

cfmin | 1a8U | 1 oo | 1 oo |WABN | WAD | crystal- | crystal- | @57

m c =

T, °c AHm AHc line line | M3SIEOY

Jg Ve N0 LRY) M

A, | AH e

[

5 139.0 | 1724 | 1369 | -48.84 | 41.24 | -23.37 | 19.73 | 042 2.38
10 128.3 | 1726 | 122.6 | -85.23 | 82.62 | -40.78 | 39.53 | 0.57 1.75
20 1245 | 1724 | 119.6 | -65.94 | 62.69 | -31.55 | 29.99 | 0.25 4.00

40 1386 | 1739 | 136.0 | -55.62 | 60.51 | -26.61 | 2895 | 0.07 | 1538 | 0521
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