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Polymer
wada

1 uni - USEnaaanadines
- wnaeingAUAd Ay IneAias
_ N9 BunZenadmes (Polymer nomenclature)
- sinluanarasmedines

2 TAseRE s ANt RTIRI A 2BINDRINES
- Tassansluanasnanefimes
_ Talenaas (Isomer)
— WHFLANIAINERLNDS
- RN AR BN D AN DS
— ANURABNNAUVBINDALNDS
— psunAnssne Aines

NRIFDNDY
1. aluand Snvand. 2552, waRwed (AT 1). NN, ARINHE.
2. Malcolm P. Stevens. 1999. Polymer Chemistry: an introduction (3™ ed.). New York: Oxford University Press.

3. U510 WA, 2536. Indwes (AniA5efl 8). ngawmny. FInANNHmANENa 8T THATUM.
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Polymer Aaazls?

Polymer #19179INANYINIEINGN poly = many LAY meros = part
Polymer N8I ﬂﬂﬁﬁﬁTNLﬂq@ﬂuﬂmT‘lﬁfymﬂ fisznaufneniagans
TNL@QNLﬁﬂ i Fienn 77 A1 (repeating unit %158 monomer) FALANZANAIE

WUEN AT (WUEelALauE)

polymerisation o)
monomer

nCH,=CH, . [-CH,~CH,-]_

ethylene polyethylene

Hy

polymerisation

styrene polystyrene polymer



Macromolecule
Macromolecule Anansfiflluianawinlng) Mvnnesantanafinaifion usans
Lanalvgjureiia analdlnofmesn

Il
0 o//P\
HO

OH

lipid



Deoxyribonucleic acid (DNA):

HUnaRNes5958188ATe NaualNas289 DNA
A8 nucleotides @AIUFAE nucleotide Usznaufag
1M 5 ANTUBN 11538 deoxyribose

nucleotide M fIHNENBLNESYEY DNA & 4 90im (Fun

A = adenine
G = guanine
C = cytosine

T = thymine




USLLANUDINDALNDS

1. ATMRAATNUARIAN
1.1 waRNass55N2R (Natural polymers) 1unaRinasfinunusssneni w1l (5
sneneAmesmafisnsaulanieldUsylamsd ww Tin dre Ua 10w sinanemwnsn &

1.2 NBRLNBSNILATTIZHA (Synthetic polymers) IHAYIIMNNEANDITITNIF NUFHI0
ADKENITR UAZEIUANS HNWAIR Aaieyedas Fitn1sdamssinefuesTunn 1w
polyvinylchloride (PVC), polystyrene (PS), polyethylene (PE), polypropylene (PP)




2. Suunananumzlassadasluans
a -4 [ . a -4 ‘dgj [t
2.1 waRiuasuULIENASS (linear polymers) lutanaznsnadinasisznniidu
aelgmsesna [HiAsfnuuenesn U siaadnai linear polyethylene

C C C C C
/\/\ e T TN TN TN e T e
~ N H Hy Hy Hy Hy Hp

=

2.2 waﬁmﬁ%uuuﬁqﬁm (branched polymers) TNL@q@*’amwm‘immmﬁqﬁmuﬂﬂ
aanNIanaelEnan suslinesans lZiffiuueneant1@undn branch point
Sodaing : AvfinufugnaantiannaslEranazdess monomer wamAsat el EnAn S
monomer finstfafdldaduiunedmasuuufiofing usezsadndulanefimes

@1 branch
W star

pbranch comb



2.3 WARLNBSUUUSIUA (network or crosslinked polymers) TNL@QN"MNW@@LN
aftszinmiazi@ansanivinFifinlaseadnsuuusneumn fagl

Ho Hy

Ha ! ) H H :
.C_ _CH c._ C C. _CH c. C CH_ .-~
Nl N N e ey e \C/\CH o
| H, H H, | H, H H, | H,
S S S
s % 3
A S\CH (H:2 (l_:| 22 S\C 22 é S\CH
~_ - = = 7 A
P o o S o & o v \C/\CH
0(\\1/ | H2 H 2 | H2 H H2 | H2
R S S S
S—S |
/ AN S S
’ “T' T c: S\CH A c: \CH ¢ _H CH
+ ~N - = ~N - = o
= . : I e N e I ST e
AN / Hz H HZ i H2 H H2 H2
CH3 n S_S !
Poly(isoprene) Sulfur Crosslinked Poly(isoprene)

9/ | |
2.4 WaRWasuuUAULUln (ladder polymers) #uiinnsidansaiinagnsing
1 v 1 1 9/
auaNprasEglingn  d1nistlnnsiuinlladnanesvidandn waRiwesuuunieanlinia

LI (1T

ladder Semi-ladder

(semi-ladder polymers)




3. FTIUUAATNITRINTRAVDINBUDLNDS

3.1 Taluwafiuas (homopolymers) [unaRiNasAtsynausagnausiNassiaLfen

Monomer Polymer

Ethylene CH,=CH, Polyethylene  -(CH,-CH,)

n

Propylene CH,=CH-CH, Polypropylene —(CH(CH,)-CH,) -

CAAAA_A_A_A_A_ Styrene Polystyrene

3.2 lawafuasd (copolymers) GfumﬂiﬁﬂuL@qmmwﬁLm‘j‘ﬁzmwﬁ%ﬂ@u@ﬁmmuﬂLN@%

sl 2 #aInlY  IANeRNESENTLLNATNANE L NITY LS LAY BINENELNDS BRI LU
¥
i

8

3.2.1 ‘[ﬂw'aﬁm@%uumju (random copolymers) {aualues 2 #ia (@usFddn A
way B) Baednaauiuedneiiiusruy dydnueiiFununefimessilnfional#idn poly(A-
ran-B)

—--ABBBAABBABABAAAB--- 10



3.2.2 laNafNasuUUAAU (alternating copolymers) HaualNasEaafaaaLiu
aeiafuszifoy anel¥dydnuvoluuiu poly(A-alt-B) ¥138 poly(A-co-B)
---ABABABABABABABAB---

3.2.3 lawafwasuuuuian (block copolymers) 152naUAILNEHIDINDUBLHDS 2
(diblock) ¥13® 3 (triblock) #im Bassnaauniuegraduszday
---AAAABBBB--- AB diblock copolymer
—--AAABBBAAA--— ABA triblock copolymer

3.2.4 lawaAnasuuuns A (graft copolymers) Usznaufitanguuainauaines
2 1in AanglEnanazisznousnanouamaieinfien waziiasldvanguuouainesantiinmi
wenifiufsfinueansn

oo
oo

B
—— —AAAAAAAAA@AAAAAAAAA@AA— ——

oo o
oo



4. FTMHNATHANE DTS LHH
a . A @) . . I 1
4.1 wana@n (plastics) Hemanmiduwasandin (viscous fluid) weszdinglu
= ! @ A v A 1@ a o e v % 2
nazuannIstugl  uazaved uglrssudeiinegl Fidoag dundniosiinianlen warafn
@) ] = N a A Y o v ¥ J
snsaudaiulssinngdes o [Han 2 w8n aungRinssuide Fsuaansdean

4.1.1 wiaslunaa@in (thermoplastics) azazans [Ff Wdvinaraneusda e
{Fsupsdauasnaendninessman sn1sotugidun@ndoeisne o Handiasnis e
[ ol @ a = ) o/ ® o [% 1 1 o
Suasarnasidnaesuds nanafnUsznnilannisasiinduninassuazidasin i@l Taeluvin
WanTPnaeiiUaeull w

~

Q‘Y
(Poly’\alx\nlyiccrlp‘-grg:}

Polyethylene Polystyrene Polyvinylchloride Poly(methyl methacrylate)

(transparent thermoplastic)
12



@ A a © . .
4.1.2 wasdludnfswanafin wia wiasludn (thermosetting plastic or
thermosets) wanafnUszinyilifiedugUudazlannnsninnnasn vl fidasendafaos
SandnlieanfnUfiizennnsidenlasszninemelgluana (crosslinking reaction) inlHnansious

§E
5B

7lFfannawn Walfsuanndengednaimatafinazifananinuasaaigda

Melamine formaldehyde Polyurethane Polyimide
4.2 iuly (fiber) noRwmasNiduaduleannssanen® W My s Us audnd dudu duly
AALAIIINGEINIF 19w 15Eau (rayon) WARAINwaglas uazduladuasnziene o9 Wy
Aa ' a P @ Y = 1 1 o Aa [ A 1 1 -y
Tuaou wadeawmed wadwsaian iwdiu Bsdaulngjaninmwdniiunsosivinuazans

LIEBDU



= 1 A a

Pavguranll ALl agUens

q

4.3 Badlonnas (elastomers) U9ASIEENGN rubber HAnENTTR
THauussngzyin LLﬂzwzﬂzﬁ’uzjﬂﬂﬁwLﬁmﬁ@mﬂﬁuﬁqmzﬁﬁ

S D TR
< >
N P

i ¢19A (FRTamz R (styrene—butadiene rubber, SBR), 814559:%18 (polyisoprene)
£ (5o S Vel T e —
.

SBR Natural rubber rubber band (17917 natural rubber)

g A

4.4 W (foams) iunafiues7ifigngugs Wesandnisfinansfivinlifianes (foaming agents)

THNT2UMRNTHAS YN N ART o7 [FRsTnILA

4.4 113 (adhesives) Aaumiilgaiia lunisfindaqiindaaii nasssnen@fud anamilen
¥ v AP o A v A -4 o o @ Y o/ & 1

299818 N1 Fenn15RRIeE aLENYeIdmd N1utle Wl nnaFamInsit i

cyanoacrylate 1158 superglue, N3 epoxy UG

4.5 N15LARDURT (surface coating agents) FIHUFINTNA(paint) Fiag 17U Poly(vinyl acetate),

poly(methylmethacrylate), Polyurethanes t
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WARIIRAUNRIATY BBINDRINDS

=N o/ o

WASIRYAUNANEMNTUNITHARNDRNDSH 3 unas o Wy Wi (saniefingssauen®) (petroleum)
WRY D11 (coals)

1. WaRNese1InRY lSEIHNTaWEENERANAINEYINes FeeniuealfarnnisnsinfiinvEadan

L‘Vizdmef"gff‘lfﬂdﬂfﬁl,mﬂmﬁﬁﬁLLﬂQLLNt‘L@’]WW@ZE{G Y G0y SRAIULHRY 919lna NIARIRNA §1MELUN
¥ 9ae taqindanudnfinisnenensiriefunfioaglasgs e Wi wedn snEaeniues
Fag AU Barntsnsin s eniiuned e ausa 6

dl v [ = o/ o\ d! dl 2 a a -3 PN 1 =

Ea 5 (Leﬁmﬂ@m L‘]Ju@mmqﬂmﬁmw?ﬁumﬁmmwmmmmqmm L2094 L%@QT@N@%%’L@]G] L%N@JTNN

[~ Y]
Busge g

a % 1 a 1 Aa ) 1 o A o o GE ~ ~ ¥ o = ¢
2. WaRLNE3AINaIUHAK dNATNUNEIIRgAUEIATY INN1SPEENAUES UASHITHLWNNIAY B
au1303n [ Faage A idune Rinadan T BNNANETHA 1EN WBRBANNDS Turen Aludn wed
AU LTIudu



LN RSN AR 7 (Fiann g

Al

WAnu3augs (~1000 °C) Tumniiseainennig
I | | |

ARTITAORLT IV WIRHUD 1AL LeN LNy aulFn
AR
1NN WINHUUNTIN AL WINUATSUDAN
|
| |
v;]mTﬁu LU WEIRN wanlElngs Auaa
| | | |
Buf ey naAeaes Aupan
| | |
NORNINEN | | WEIAS WaIFR e Eas Tiasu
¥ o I ¥ o = a I
WANWLUT 123 WINHLLUUEY (Petrol 158 Gasoline) W15 W (Parafin Snans
158 Kerosene) W& (Benzene) |
UINWIATIN 129 HINLALEa (Diesel) HARNWAaaan (Lubricants) NORNATTUDLLA

WEULeN (Fuel oils) 16



Tauin

VBB NY
H,0 + C—>H, + CO

I
bNVTHBAN

|
NBSHIRF LEF

e

Ca0 + 3 C — CaC, + CO

il (Ca0)

wARLEeNAn3 U (CaC,)

A lulpsian 5

uAaldH e (ue

ARSI

2i5e-Nasnan (36

Naa-Nasuas &6

|
TWANBSHaF e

p=
HRTHY

IHATHU- WBSHAREF LEF

axlnglaulnsd

|
NN EED
|

NSABZBHN

ag larazding

axlAsanWiues

I
axlpslaulnss Sanslndn alssu

|
WNORAAAND (56
|

WNORNARFAUARD(SH

|
NORARD LSNIU

[
NoA Ran=diam
|

NOR MRALEANDIDA




o

a 4 %/ v A 6V a | 1 o a A 1% Gﬁ LA ¥ o
3. NBALHNDIFTINRINUAULISATIATIIHATIG LUHLL%@QQWQ@IUWNqﬂiyLLﬂz WQJV]ZS{W PNT TS HTINR
LLﬂzﬁ)ﬂsﬁﬁ‘i‘imjﬂﬁﬁ‘i?&ﬂﬂuﬁﬁﬂﬂﬁ‘éﬂiﬁﬁﬂ@ﬂfﬁiﬂiﬂﬁ‘ufr:lu@hﬁ GT N’Iﬂﬂﬂﬂ%ﬂwzgmmﬂ@@ﬂuﬂmﬂ
WUAL (crude oil) TREINITNRUARIAUFU (fractional distillation)

ALABA (°C) | IMUINATUEY FOTUE v (T
/ﬁ\ | <30 C1-C4 fin finzspadiai (LPG)
Arpnira 30 - 110 C5-C7 UBINAY fovinazans lugaaingssias

LE:> (Naphtha)
_"_Il_ll_lLE:> 65 - 170 C6 — C12 AAINAT 1insTUNBY (Gasoline)
_'l_‘n_l'_'l_E 170 - 250 | C10-C14 ABILNAT dnfine sinsmaesdlans
— — ——> (Kerosene or paraffin oil)

- LE:> 250 - 340 | C14-C19 ABINAT yinsfFima (Diesel)

> 350 C19 - C35 ABIUNRIU dntranau

> 400 C35 - C40 289NaINHA ﬁqﬁmm (Fuel oil)

> 400 C40 - C50 Asmanfiouds videuds | Wiesly ansed

> 400 > C50 Asmanfiouds v3euds | answzass

18



Naphtha

Butylene

Butyl rubber Butadiene

Cracking
| | | |
Ethylene Propylene Methane
Polyethylene polypropylene
Polystyrene Polyisobutylene

Polyacrylonitrile

Polymethylmethacrylate

Polyvinylchloride

Polyacrylonitrile

Phenol

SBR

Nitrile rubber

Polybutadiene

19



Cracking:

breaking up large hydrocarbon molecules into smaller and more useful bits.

achieved by using high pressures and temperatures without a catalyst, or lower
temperatures and pressures in the presence of a catalyst.

Zeolites are extensively used as the catalyst.

The source of the large hydrocarbon molecules is often the naphtha fraction or the gas oil
fraction from the fractional distillation of crude oil (petroleum).

Fractions obtained from the distillation process as liquids are re-vaporised before cracking.

"$9990209000000¢-

AN RIS
N

Motice the double bonds fommed.

http://www.chemguide.co.uk/organicprops/alkanes/cracking.html



Natural Gas

Typical Composition of Natural Gas

Methane CH, 70-90%
Ethane C,Hg
Propane CsHg 0-20%
Butane C,Hio
Carbon Dioxide Co, 0-8%
Oxygen 0, 0-0.2%
Nitrogen N, 0-5%
Hydrogen sulphide H,S 0-5%
Rare gases A, He, Ne, Xe trace

Source: www.naturalgas.org

Methane
I I
Acetylene Methanol
I I
Ammonia Formaldehyde
I [
Urea Polyformaldehyde

Phenol - formaldehyde

Melamine-formaldehyde

Urea - formaldehyde

21




a P a o
N5 NABNBALNBS (Polymer nomenclature)

1. Baneunausesiiudaulseney Tagdnangn ‘poly’ dntinteneusiuesa dwiss

monomer polymer Trade name
Ethylene CH,=CH, Polyethylene -
Propylene CH2=CH—CH5 Polypropylene -
Amide ” R Polyamide Nylon, Nylon6

R—C— N
Rl

Vinyl chloride (CH,=CHCI) Polyvinylchloride -
Styrene CH,=CH(C H,) Polystyrene Styrofoam

Vinyl acetate ﬁ
C

H C=C—0—C—H
2" A

Polyvinylacetate

22



2. Baneulaseadewasananafiues

Ethylene glycol + Dimethyl terephthalate THnans i Poly(ethylene terephthalate) (PET)

0) O

CHs3

C—0—C —C—0

I
o
IO
N
—
O
/
\

@) @)
Ethylene glycol Dimethyl terephthalate Poly(ethylene terephthalate) (PET)

3. BYNAINTLUY IUPAC (International Union of Pure and Applied Chemistry)

monomer polymer IUPAC name
Ethylene CH,=CH, Polyethylene Polyethene or Poly(methylene)
Propylene CH,=CH-CH, Polypropylene Polypropene
Styrene CH,=CH(C_H,) Polystyrene poly(1-phenylethene-1,2-diyl)
Vinyl acetate ﬁ Polyvinylacetate | Poly(1-acetyloxiethylene)
H C=C—0—C—H
2 H 23




4.11558NTBULILEN

a2

A
£l

CH,=—=CH—CH=CH,
—CH

1 2 2
Z "}I
i AR N
| / N

CH=CH, H

fHE__

1.2-WaR(1,3-Dm [ndn)

Ga—1,4-WaR(1,3-T09 (adn)

#Raaaslanafinas ANEaN AIBLiNg
Triazy WoR(A-1p-B) | woR(alFEN-1A-1uiia wWa3ian)
LIHADH WOR(A-WIH-B) | noR(eNaU-uwsu-iaszdian)
UABA WORA-UABA-B) | waR(@lpEu-vaan-naddmzlndn)
AN WaR(A-n3YI-B) | waR(lalandu-nsni-nadands)




b
m%un‘f&qmqmmwaﬁm@%

=} | YY) A 1 a oA o/ 1 = v @ o o
NﬂfJ’“INLU‘L&T?JT@H@%IN”ITWWNWEIT%W@NLN@‘E‘V]L‘E’“IZNLﬂ‘i’]%‘if‘i"ﬂuN’WZNWJ’“IN?_I'“I(JLV]’“Iﬂ‘LWN‘MNG] PN
%j o/ =N =N | %/ o/ I .

Win L@qmmwgmm%ﬁmﬂmmm i34 dnrinlx Lﬂqmﬂfﬁﬁ (average molecular weight)

1. Number average molecular weight ( Ma) AMUI0IINENNTT

N
> NM, .
— = _ Totalweight
ZN: N Number of polymers

i=1

e N A A uauluianauasne Ane3v9nun
N, Aa duauliianavaswefwesaisidmin uanawindu m

-3

M A vsinlanazaswemes |
Example 1: aann1sfnunsastnswafwassilaniionudn & 10 luana Suwminlaana 10,000
7 5 lwana Suminluana 8,000 waz # 5 luana Suminluana 5,000 99u1 M, 28908

v
a A

ANDIA AT

o7 _ (10x10,000) + (5x8,000) + (5x5,000) _ 100,000+ 40,000+25,000 _

(10+5+5) 20




2. Weight average molecular weight ( Mu) ANHIDIANNENAT

N Y o =N -4 3
> fle N A8 9999 AN AYBINS RN DTSN A
E N.M ]
_ i i = o T Aa cA~ & o 4[ 1 o
M, — il N, A8 91UIULHENAIBINe RNesNIRN VN lanawiniy M
N %/ o/ =N -4
Z N.M. M A9 umuﬂfmﬂqmmwmmm |
| |

i=1

111 Example 13911 My 2890 aAINET3HAT

MW _ (10 X (10,000)2) + (5 X (8,000)2) + (5 X (5,000)2) ﬂﬁ@ﬁqgﬂgg MW AT
(10 Xl0,000) + (5 X 8,000) + (5 X 5,000) HUINNIATB LI
~ (10x10°%) +(3.2x10%) +(1.25x10%) M, LaND
100,000 + 40,000 + 25,000
8
_ 14.45><1(l _g 758
1.65x10

Polydispersity Index (PDI) Aadniitsusniunisnszanssinuasiminluianaseswafiues

oD M PDI = 1 monodisperse
Y PDI > 1 polydisperse




Degree of Polymerization (DP)

DP fin sruiunanaiasiafesanisansldluananamadiuns

1. Number average degree of polymerisation (ﬁn ) :

ﬁn: M

0

2. Weight average degree of polymerisation ( DPw) :
— M
DPw = —
0
5o M, fip sosluanasesnausiNes




2
f1I19UTH

%

= o/ 1 a A A ! = ‘dld ° d
9INNITANEIGIDE N IBINaAaAiaunudn Jluanafifdvinin 10,000
T 3 lana Aluanafifiimin 20,000 9149w 3 luana Hluanad
Frimin 30,000 97494 4 THIANE F9ATHIOMN

1. M,

2-Mw [~CH,~CH,-1.
3. PDI

4. DP,

5. DPw



3. Z-average molecular weight ( M: )

ZN:NiM? ZN:NiM?
_ =1

Z =N Mz+1: i;1
2 NM? > NiM;
i=1 i=1

¥ o I i — 1 Gl LA [y o
yrnlianamds M, uay Mya EifluifiantEunnin

M

4. Viscosity-average molecular weight (My) [#9101599aANMiinrasnafiNasuiarinun
AWt e aeae

N 1/a

ZNiMZiHa
Mv = Izl]\'l

N, M,
=1

c&i = ! dlcé 53/ 1 o/ a a -4 a o ©° v
Ha o fa Aieefidedinegiuriinuesnefnesuazafinuasdavinazats aN190wI (Fa1nnis
naang leevialldn a 9zeg521979 0.5 - 1.0 9215iudn Ma < My< My



v
ﬂ’]i‘l’i’]%”l‘i’iuﬂiﬂ L@f}@?l@\‘l‘l/‘l@aLN@%T@]%Iﬂ’ﬁ’Jﬂﬂ’J’]N‘VIﬁW

(Viscosity measurement)

p=|

. . | 1% 1 (% ¥ o A s
® ATTHIAUA (VISCOSIty) Lﬂ%ﬂﬂﬂ’]iﬂ\ﬂﬂﬁ‘iﬁﬂﬂuq‘ﬁ%ﬂiﬂL’NQ’N?.I@QW@@LN@‘i

&

@ ada I o
® 1 {UITYINY NEAIN FIALTT WHULTNWDANATIS

1
A A

o |AsagilafiFie Aaladieas (Viscometer)

N

or

T
P

Reverse flow
Ostwald

Ubbelohde

http://www.adhesivestoolkit.com/Docs/test/Physical%20Analysis%20-%20Viscometry.xtp



Ostwald

* UF59VBINAWNAUHLAE C

* Mgnuvgaansnelanensziley E [Huaswman(iagmile
oAU A

¢ 1 Bunsiivnnzaniunanansda UsNInsaauLs
et A a9lUanufiananuansresnsziie D

* PBunmaiilEnasaazsiaainiu

* FunafiraaralMaenTiu A T93eau B Banian iy
A5 1A flow-time (t)

ATNNHA (1) = APt

A = WY, ENFA NAa9Rn (e
P = ATHAUILLU
t = flow-time

31



a1 VDUARIEHA 1=1, = APt
] VDUARITHA 2 =1, = APt
A9
N _ P,
N, P,t,

dmaudl M,., P, P, t, WaE t, AezAuItmie 1,

?%ﬂ’]‘i‘iﬂﬂ@’ﬂ\‘l:

AIHNHANHNNE (Relative viscosity, M)

n = ANNPHAYBIRITATA _n _pt

A o/ o a c‘{
mqwummmm@wmﬁmqm 770 poto




* Tunstifiansazangi@aarsunneg (Aanudinintioand 2 % wiv) aznaayuld
FIATNAUIHUIBIFITALAY (D) HANYINNUAIINAKILUNIDIFIVINRE AT
USgNE (P,) AU

Relative viscosity, M.: n=—=—

* L HAFITRATYRANHIENIUANTR ANNTRTES AN ANTRATN [UFY a1H19D
WIANNTISANTUIBIAINNISEA LY lagn1swSaudieuAtauniaiaanu uss

4
o/ oA

AT AUAIAINNNHARBIAVINALAIYUFENT  BENANNANANTHIIAINNTHA

N1 (specific viscosity, M) o Aeniinannig i@

Specific viscosity, T]sp:




%

* dazuAiisiunaraIAINElinge wdaResuATA Nne Tz uTlertos

-3

ANTHIANTI (C) FUNAITNANNKG

1 aowniiaannen (reduced viscosity, 1 )

P

Reduced viscosity, ] _: n.,=

A v v GE I o o J 3
LB C = AIMHLIIHNINIBNNTITRERE %%HQHﬂﬁNﬂ@QWQQﬂN%@’]ﬂW@ 100 cm” 28N

198218 (/100 cm® 1138 % wi/v)

* puniania i (Intrinsic viscosity, (1)) ¥ lA9INN19@8UNTINTENI9AI AN

WHARANEH (1], ) NUAIANENDR C AINAMNENNITPEIENTNE (Huggins
equation) wRaFaENNI LA A MENGWInTURNS azlfFn M)

v o PR ] . 775p : 2
NNN19YRIFNAUAN (Huggin’s equation): 7}  =——= [77] + k [77] C
C



® 13891 Intrinsic  viscosity, [N] F1NNTINAINANAUTATNANNITUVDILATNDS
(Kraemer’s equation) BINABATLMINANAINNAHAWSA (Inherent viscosity, n..) fiu
ATAITHIANTU C

In77.
C

=[n]+k[n] c

ANNTI5VBILASLNES (Kraemer’s equation): n. =

ﬂq)/o !
Wi Nhrag
(Inn,)e 2

Huggin’ s equation

v ;
ln] - o rl‘mh

Kraemer’s equation

————G

AMULTNTU ¢

35



1 p=| p=% o/ - a g o/
¢ ﬂ’]ﬂfl’m‘lfiuﬂﬂ’m%& [T]] Nﬂ@’]NNNW%ﬁﬂUNQ@IﬁJL@Qﬂﬂ@QWﬂNLN@‘ﬁ PNANNTTUBN

N15A-1831A (Mark-=Houwink):
[77] = Kk

=] 1 ‘dl o o Aa o o ;gl o
Ha K = Aveefidmsunefmes usavinazanefinnnum
a = frsiauednugUs9reInefiNes BeasiiAufeuilasnaus 0.5 B

= ! 1 a ca o/ T = A

197917UINIDINDALNDIHANBULUALLUNDUFUNTINAN IUDI a JAN
I I 1 a A o/ | I

mniigeniin 1.0 TnefiadnguUssmefimesianyoeiduuis

My = NIALNANAmA Y AN A2 DINe RLNDS

q



q

TNLZQﬂZ\]

M z+1

o

FIUIU

UL L AN ———

?J%mimiilmﬁ’ﬂ%mqmaﬁwmwaﬁmﬁ%
Absolute methods : axnsanmiwiinluanalasllfnsfiaudumesndadaaaunagm
End-group analysis
Light scattering measurement
Colligative properties measurement
Ultracentrifugation
Relative methods: ABYBNEINUAITHINTFN
Viscosity measurement

Gel permeation chromatography
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|
/Al ©

v P=\ 1
Tm\‘imq\mmmﬂmmwmmmﬂmwmLamﬁ
Tassssramnand Juagiy:

v =) e & o
- Tassawnaeflansueuameaifiiivesfilsznay

Tasssdramnennaniw dusgu:
- awasanetulasas NN gnWIeweANe S
- ANFIAELNAINUIBINEUDLNDS
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2.1 Taseas19lu IRNAABINDRINDS S~ Y%‘J/TLI\
—wmmmwumumq(mmu W
/-\/\
— NeANESLLLAIRM

— WRALNDS LUUSILUNA
~ NaRNES LU A \ gﬁm

woRwmasrinReaiu uaH lasesdngluanas1eiu antfassnefimesn
TANNUAE LU

WULLAHAT WuUfenny
= o/ % o/ QI % = o = o/ 1 o/
* TuanaBdeedalndBan | fvim Saonsnenz vinldluanaBaedarinenii
® ATTHNHILEUEN ® ANNHVHIUHNAN
a: < o
* AHITUNANGY * ANHITUNANAN

® IANADHINRIG * IANADHNRINT




2.2 laleinas (Isomer)

A o"cilci c A o/ 1 A v 1 'Y = 1 )
WERNESTR DAL N LT aNH il laseas19ly LANAANNH 92138011
. d! = =\ 1 o/ ‘dy
isomer TNHAUAAN 7 AN
2.2.1 laleinadalinmunis (Position isomers)

~ 4 o . A Do s gt
ARIINITIZON A LA T LA N AT AN DINEUBLNES FINL N EUDLNBS TS
o/ 1 Idl .
WuseAasfivUatsliana (vinyl polymer)
J J 9
CH,=CHR
tail head

NS YANABLUL head-to-tail

H T H
f}\ Vi"lﬁﬁ ﬁﬁ'q H-T o
”WCH2_?H - CH2:$H — > “'WCHQ‘ClH_CHQ'CIH

R R R R
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N5 ABNABLUU head-to-head %58 tail-to-tail

H T

o i T H-H o
"W'CHZ_?H + ClH_CH2 — > "WCHZ'ClH_(%H_CHZ

R R R R

T T H

*1.:1\1‘.\ mqﬁ ;\ﬁq T-T .

WCHz'qH—ClH—CHz + C|—|2:(I‘,|—| — > ’WCHQ'(%H_ClH_CHQ'CHQ_(]:H

R R R R R R

A5 BDNABVDINDUDLNBIDIFIAALUUNFNIDINISIEANFABULY  head-to—head

38 tail-to-tail MULUL head-to-tail WoRWDITIHMYUNWT (head) BWATnay

NAANISARTIN (steric effect) N1S@ANFARAITNAALLL head—to—tail
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woAasrin adu (diene polymer) au1TaLfinnTs@ansiarnsnauaiNes (Finusee

VI9 2 SITLIALNY 123 T
Fonsafinfuaudiunts / | | \
C!I A = 1% a g C C
11,2 198 3,4 LNENATULAEA \ | | /
H (ﬁH N
1T 2 3 4
H,C=C—C=CH, — ] CHa.
H H 1,2-poly(butadiene)
H> Ho
m@m@wwuﬁmmﬂmmu | c—c=c—c
FANZUANAAGT 1 ua 4 H H n

1,4-poly(butadiene)
2.2.2 AlalNVBARLE 1 UNES (Geometrical isomers)

1 o

THN'TEII%W@ﬂ?I@QTNLﬂﬂ@W@Z\]LN@‘iNWHﬁ%@@E VI’”ITWLﬂG’IIﬂ‘NN%’NLﬂu CiS— LR

trans— AW - - -
—lh,c CHy-1--  ==-tHC_  CHg
N c=c
/C—C\ / N
H CHg H CHyy--

cis—1,4-poly(isoprene) trans-1,4-poly(isoprene)



2.3 NUFLLANADINBALNDS

1 1
A A p=\

o/ a . | o/ a ¢ o
Wusz1lgun® (primary bond): HiwWszilinniauluanasssnedimes Wised

= o

m fAtuTigara sz laaanyi (covalent bond) Lim
1AN15 FINaNEBIANATEU (valence electron) 28

m m @ZW@Nﬂ’WEITHINL@QN

®Electron from hydrogen
®Electron from carbon

o

WuseAeagf (secondary bond): aaifinnnelwidasendsluanasasnafines

k1

mﬁ TG%]JLLﬂ' O
o/ o/ || st
> fuselalasiau (hydrogen bond): FON S U H H C/CQCH
3 !
> LL‘Nﬁ\‘i@@TﬂTWN (dipole—dipole interaction): LAAFLMINNDEADN (R,b
A o e Aa $ o _C¥
NIBVY NI TUNTENINTIF19NU HaC” - CHs
> LSILAULABSI1AA (Van de Waals force): L‘ﬁuLLﬁaﬁ\‘i@@ /('é 5

ST bl L@ﬂmﬂwﬁi@m
9 Acetone #°



ATTNETINRELLATNRITH [WNNSHATURUEL T RARTS] 2BINDRLNDS

ABANUEE ATHENINWE WANIRIRNNSEATE
(A) WHEE
(kcal / mol)
Covalent bond 1-2 50-200
Hydrogen bond 2-3 3-7
Dipole-dipole interaction 2-3 1.5-3

Van de Waals force 3-5 0.5-2
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2.4 aaNLLUNAnNaINafLNas (Crystallinity of polymers)
& g o o

msfumq@mn — Winluanann

- finnnssnnan(fdneiioanagounglasiiagantis

v = dl ¢
- AnAnTIRNy 70
- Haoumivasna (melting point) AL9% TNNITIRDNNAILAL

WaRHes — WTinluananin
- el laanasng
~lanadadundnean
A & a e & = ¢ . v
- HYN WARALNDIVIUUNANANL T (perfectly crystalline polymers) (WU TH
a e’dl =3 . . 43! Y 1 41‘ 3|
9INHIN), WBRNBINNWAN  (semi-crystalline polymers) @NuUaznaunasaauiiily
P ) . . ) ¢ e ’ . — (‘il !
WA’ (crystalline region) WAEAIN ‘BADIFIW (amorphous region) Az WERNBST (A
IAANANLAY (amorphous polymers)
@) = .. a s
— ANFIDIAHIIUNAN (degree of crystallinity, 0-100) ABINBRLNDS

%

Tupeliurinuas lnseas1sesluiana



T@ﬂ'}ﬂwugﬂz semi-crystalline polymers &g amorphous polymers

\ b Crystalline region
; \\i J

St g

=

o=

=7

semi-crystalline polymers

. . ) L ' Y I 4
> Crystalline region Winagauiluanadassiaiuagtaiusniay

. 3| 1 I v o I 1
> Amorphous region indanillanaBeedanuedteliifivsnay

I@ﬂ’]ﬂﬂ’]‘iLﬁﬂNﬁﬂﬂ@ﬁWﬂ@LS\I’PJ‘%: LULLAUATS > WUUANNIHE > WUUTNLA



@S, = a 4 a
AITHLLURNRINYBINBRLNDIUNTHA

WNaRNDS Degree of crystallinity
Polyethylene (linear) 95 — 98
Polychlorotrifluoroethylene 90
Polytetrafluoroethylene 88
Polypropylene 80
Polystyrene 50
Nylon © 50
Polyisoprene 30

polyisobutylene 20



1
a A

NeEfgITuNIaiANEN2BINefNesH 2 NG s

1. wquﬁﬂ’%ué—fumaﬁ (Fringed—micelle theory)

a I a L= o cil [t = % | ) A &
@ﬁU"IEIrJ"ITNLNQNW@@LN@‘J’N‘WQN‘J‘LA‘WLﬂuwﬂﬂﬂ‘jﬁﬁ@’m@]flLLWiﬂ@%TuNQHWLﬂMﬂ

o . 1 [ . , : ) Aa
Aougnu (amorphous matrix) TagFanaaudifiunandn ‘crystallite’ BarduuFians

4' a ) & I Aa ¢ A o o/ 1 [ |
VLRI NIHLNN "T ?I’BQNWEIT%TNLNQN?I@QW@@LN@?L?HQ@I‘JT‘I‘LA@HWQLﬂu‘i?.ﬁl,‘]_lﬁ‘i_l

Crystallite
L o
_Jf-"

.:%v

Amorphous matrix

NOEGHWNIZALNIT T U N RLNST
= ) = = o 1 I
SaudunAnUiunanetesn weily

1
oA A

NETias e B LN WA RINE SR AN
Hunangs  wazldaunsnaduienis
dadnaantasluiananadimadifiagn
Fa
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2.V1q1s|§TW@ﬁ — 12U ALNA[1 (Folded—chain lamella theory)
@%mﬂmﬁﬂ’m@fﬂmmﬁwmqmmuﬁ’u@@ﬂfﬂﬁmﬁwL’"%@m ag9wingW 1w
= ° o Tex Y = AAA Y= A o 4 I
sufley way aNLEAND I ERANTIRRIMTN G Yy LATHANE LTINS
1 G 3 1 ng 1 : (]
U9 DEldUTHT WARLEEENIT ‘lamellae’ BeRANNMUNLTEHIDL 100 A

lamellae switchboard
UN9ASINTTHN LD [HIananaRINe 5819 [HanaNe foulHananadn

ABNNI9ZIAFIIBg (MANY T aRIgIW N13TARLULTRIEENTT switchboard model
MafaRANLULINGSR — oW anean Hdanhig)fennasazatanefmessign
FLMAWNRLA1LDDN "



afunan1sdnsasniaslianansfmesiagnis
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nuinas — 1w anuan Wedurenmafiandnuuy silagian (Spherulite) &9
AR INNANTAINERINDSLAANTTUIUNITHIARLELN (nucleation)

> Japdetu  ieenluanarssmedmesinmamassmaaaaeuidinuning
afnussdnufiaasendnelianativ
a @ A A v o I g = 2 P =
> U3noaan g AfinnsandasdraiinsndeuEend Aandsa (nucleus)
! a s o a | o/ o/ 3
> wainzlananafwesiulunfindn lomellae Fandafi arniauInEng
22 I =« @ s .
wanazane edsiivasnannanefivailaslad (spherulite)

Amorphous region Crystal nucleus %_’/ Tie molecule

lamellae

A polymer crystalline sphereulite -



Lamella Amorphous region

Crystal Growth of Poly(ethylene succinate) Spherulites

Source: http://www.op.titech.ac.jp/lab/okui/murayam/index_e.html 52



F§IUBAKRFIM (Amorphous region)

> TuanaraswedwasinsoiuasngWidusadey

> agldraanefimesiisawuiulUan (chain entanglement)

Amorphous polymer Spaghetti
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dl o -4
AL UAY R URINOTRZAYBINDALNDS

(State Transition of Polymers)

A quz v = o GEW © o Aa o a A o
HaFanudenEeyin[Fiudoas  nedweseninn1sl A unladan oeeng
AN Gafin (e 3 annue [Hwn

2 -2 a s @ o/ L% %
AR ARTELAY (Glassy state): waRwaswivFuaziUsnyafnewia
NO1UzeN (Rubbery state): WaRNa5EANLUIF AR
ADTHSHARDNLRT (Melting state): WORNBSAANITNABNINGT LAy (a4

Increase temperature

54



a o o/ A A 4 o/ dl a -4 ¥ ! a dl
gogRandamasadesiunisasuaniuzeamefiwesd [Fud gomgflinas
NOTUTAAIYLNT (Glass transition temperature, T ) WAY GWAGRNITNADHAIYD

WAN (crystalline melting temperature, T )

. AN RIUAENAAINZ AN (Glass transition temperature, T )

p )

19N 71TuU ReuLLag e RAeNinangns Usenin 5-15 °C

AARNYHANTN T

> ansldnaninannd [

> muz%m ?JmTNL@Q@Lﬁqﬁuﬁé’qmﬁ'@uﬁfﬁ

> waRmesEHAsue N zeniinan e Ad



2. @qmwga’imswa@uﬁwmwﬁﬂ (crystalline melting temperature, T )
| L a £ o a A =\ L= o/ 1 @) =}
ﬂ’“l‘jLU@EHNﬂ’]%%LLUUHLﬂﬂﬂ‘MﬂUUiL"Jm‘V]INLﬂﬂ@ﬂﬂq‘j@ﬂL‘jENGIfJﬂEI’Nﬂu‘jZLUEI‘LI

(NAN) AWNNITNRBNNRIVBINANNE ~ 50 °C

p=\ [P adl a
Amorphous polymers: HiRW1e Ty Toisd T B8AJHYT amorphous polymer LANIS
naaNAazEendt goungInaanna (melt flow temperature, T)

. . A o .
Semi-crystalline polymers: 113 Tyuae T | |
A5 H A HEBULAN D RN ESTUTNANTUNINNEA T2V INAgRNUsZ LA aWY  B9fi
=K o a -3 o v LF7=N a -4 cil =\
ynnafionisvinandlianarssedmes  vinlianiFueswefwesifewll 15Een

aomnRAMininedmesiinnisaanssiafidn ‘DUNY ARG’ (degradation

temperature, T )
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Nmmqmvzga‘i AANNL AVITNATHATNADINBALNDS

* 9NANANITARDMA o famszlunanfanin © fdaszlunismdeulnanin
* 1N156UYBIBERBY * N15AUYBIBEABNIANTY  ® AN1TANLAZNITNYHNIN
® & ' A & ® & ° 1‘ R Pt = \'E

NN UIBINYUNUIIAN  ® JN199131YBY segments aeldnaninisiadauing

(3-10 atoms) (40-50 atoms) * 29RIniA

@ o @ = = 1
* 2a9udld Wz umnindny  © 289ud9 el Sangi
Tmen (4
Tg T

Increase temperature
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UaqaNANAfa T, YAINDRLNDS

IEEH
| ' ® &
NLUUT — wBaLNS9 (CH,)
[
- iuage
- ney, 1nene
ANHITIHAN
pg |
SR RETIEREF VL ERIFIT YR

An9@aNles (cross—link)

WATIN AN A g

anuosluanarasneafines

y

ARDW I8N

UBHIRSLANTY, LARDY (1097
y

ARDW I8N

v A Y =

SlaIGHENG IS GFANIERT

luanandBarin

g
ARDW YN

Tuanalng), iwndeulnaan
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9
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Poly(cis-Butadiene)
Poly(trans-Butadiene)
Poly(cis-Isoprene)

Poly(trans-Isoprene)
Poly(dimethylsiloxane)
Poly(formaldehyde)

Nylon 6 (caprolactam)

Poly(methyl methacrylate), atactic
Poly(methyl methacrylate), syndiotactic

Source: http://www.sigmaaldrich.com

-102
-58
-63
-66
-127
-82
52
105

115

1

148

128

65

181
225
120

200
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A1SKHIAN T, waz T ABINBALNDS

Dilatometry: 21AgNSIURERUUANLUENIRNTINUNTE  (specific volume) ABINBR
weafidegomgRuasull dseuamiildmoomn T uaz T 1

Differential Thermal Analysis (DTA): anasiaangf (AT) 2snwefinesiu
M981989 MaAsuTozInINeAINe YN IR ANas e TaIg g RE Y

ADRTARTSLAT ) FOTHEARTHLN

A ¢ Endothermic process
NAN EE NARALNDILART P

A

T

m

Endotherm a AT # Exotherm

v

Sample temperature



Differential Scanning Calorimetry (DSC): DSC consists of two pans, i.e. sample pan
and the reference pan. These two pans are located on top of a heater. The computer assembly
will turn on the heaters and the heating (about 10 C per minute). The heating rate stays exactly
the same through out the experiment. The DSC experiment is all about the measurement of how

much heat that the sample pan heater has to put out as compared to the reference pan heater.

Sample pan =

. Reference pan - & S
. o _ ® g «
- @ e g
=
polymer =
sample sample reference
N ™

y
\ILII L_|

I f I I

& Standard DSC Pans: aluminium,
heaters —f’/ copper, gold, platinum, graphite

computer to monitor temperature
and regulate heat flow http://www.gmehling.chemie.uni-oldenburg.de



In DSC experiments, the data of temperature increase (T) are plotted against the difference in

heat output of the two heaters at a given temperature.

Heat flow

a®
_¢"-
— o o o o R
— e o e o o s Em e

T

g

T

Temperature ‘

Above Ty polymers have a lot of mobility. When they reach the right temperature, they will

C 'm

have gained enough energy to move into very ordered arrangements, which we call crystals.
When polymers fall into these crystalline arrangements, they give off heat. We can see this
drop in the heat flow as a big dip in the plot of heat flow versus temperature. The temperature

at the lowest point of the dip is called ‘crystallization temperature (T.)". v



How to use differential scanning calorimeter (DSC)

Source: http://www.youtube.com/watch?v=7HSET2DmkG]



AHURALTINRVDINDRALHBS (Mechanical Properties of Polymers)

NNUALZINA VMHIETY ATHAIHITORATUNIULTIAN ATTHARATUABLIINTZUAN  LAZAITH
=4 = 1 o o A 1 49/ o -y,
WINMFBAITHHNBITER TN ALAZ 1L TN A BI AN BB N AR5 mmmmfm?ugﬂ
789 AIHLAY (stress) AIHLAGEA (strain) uazlugaawss (Young's modulus)

o ~ y NV Ny X o 4
ANLAW (Stress) Manetiy wseditwume lufladanidseussnieuaniininszyinseniis
| A A | | A va o ¢ = o
pdogiui usifasannanlHvnzaameUfiR uazaueniuntstamiend 1508einas
wataaFulusanswsneuenfinnssyindaniioaaefiugl  Famauadidn usenazyii

o/ [ Y 1 Y G PN I
AeuanHAHENAAT LTI le AeaEs wisFdn 3 wuu anrfieessuseiis
N9 A Tensile stress AYTHLAUTILAAAINUTIAY

Compressive stress ATMNLAUTILAATINILINNANIDDEA
Shear stress AYMHLAUTLAATINLIIRDN

+—F

Tensile stress Compressive stress Shear stress

Y F - .
ANTHLAN (Stress, O) = — {8 F = 159092911 (N)

A A = AP A5 URTINTZYI (cm?) »



AALAZEA  (Strain) Aan1aiUAsnuLasgidnenesdan (Deformation) LiHafllsanieunny
nagyin nalfsuglresisgilifunasnainianieuiinnebuiledan Segmnsoudeliidn 2
1o [

1. m‘iLﬂzﬁiﬂug‘ﬂLLUUﬁmﬂﬁﬂ‘lﬁ%@mmLﬂ%ﬂml,‘l_li_lﬁu’gﬂ (Elastic deformation or elastic strain) Lil14
maulsnguludnuosifongaliuanssin  azmenfundaulmiiaseinuaraananuiiies
RpundudsumiaRy v lidanagannAnlETE daatnatu ansdin, alas

2. m‘ﬁmfﬁlﬂugﬂLLUUW@WN@WM‘%@WJWLﬂ%ﬂmmumgﬂ (Plastic deformation or plastic strain) L{u
naulfsnguiitaudiasnyausnssiniueanudadanfidmnganeaiignideullsu - Tag

9 U

araanTAAeui g naulldnuwisiagis

S
(@)
. L - LO A a W E L
strain, € = —— LNB LO = AITHYTITHAIU @, LO
% v o/ o )
0 L = ﬂ@’]ﬁJEI’]Q‘ViﬂQTWEULL‘Nﬂ‘iZ‘V]"I 3

Tensile specimen

Source:http://www.rmutphysics.com/charud/metal/1/Mechanical % 20Properties.htm



FBIANNURLTINA
= Qy o/ 1 (% [~ 1

> wasnguieg e dugUsuar I ANIATg I

=K & a/ 1 . . 1 £§I 1 =K £
> FaTusfianng (tensile experiment) Tmmm AnATLSNanTes [Uxin

(%3 = % Y o 1 1 csl % =l
> TIN5 Asr89BHG 188198 BT AY DI LI I [WN15E A
> 1109 MNTZATNAIHIEU (Stress, O) WaZNITEAR2aN3HAaL19BaABYNIIAINHIAS YA (strain, €)
> fR91dmszndne G uay € Bandn lugaawassy (Young's modulus) Bsvn(fenndnaanuduansnsu

LOAD CELL
MOVING
CROSSHEAD

L HOLDING

GRIPS

SPECIMEN

Gauge length
—

HOLDING
GRIPS

=
Q.
Nt
|
()
=
(%)
o)
!
~
=)
e}
K
>
mv
)
=
(o)}
=
s
3
3
=
e
Q.
+
+—
45

Tensile specimen | |
STATIONARY BASE

http://www.engineeringarchives.

com/les_mom_tensiletest.html

Gauge length: the distance along the specimen upon which extension calculations are made.

F | L-L,
Strain, € = ———

Stress, O) = —
A L,

66



Tensile Testing of HDPE

http://www.youtube.com/watch?v=128m4FZzgro&feature=related




Hooke’s Law: [u#asnasianfininniasiififin elastic mnuan (G) axfiulinalaenss

AUAIHLATEA (E)

AITNLAY (G) OL ANTHLAZER (€)

0)
E

E-E
O/ €

o E ueneed ﬁL%ﬂﬂfiﬁTN@ﬁﬂmwﬁmﬁiqiu (Elastic modulus) %158 ngﬁﬂﬂﬂﬂﬁ/ﬂ (Young’s

modulus) &1 [Fa1NATANHEUEBINTINTEWINANHLEN (O) TUAIINIASYA (

) lmanis

ANAUATITNTEYABHLINIDIANLAS B9Bndn initial tangent modulus

A

A

(Stress)

2
AITHLAY

/ Elongation at break

A

Slope = Young’s modulus

= Ay/ Ax

\ 4

ANLASEA (Strain) 63



f«vqﬂﬂ'fﬂu@é’v’mLméﬁ’mﬂmmmﬂﬁﬂw ATHITRIUUNNEANES TN 4 ¥Rie [Fun
a a < < . . . A o Py A A Y A A == 1
> WaaAnYRaudan5e (Rigid plastic): Sadalftiaslaiansadi wasioiiuusaiam

N PRI EF Tl
> iuly (Fiber): Bnsia(ftiasiflainusadu uiazusadnliunniniagwanafnyilinus

in5evintAns i lFigendn

> waraAnziatianel (Flexible plastic): TdnausnazdndaFaautneios o innsd
£ = A @ A o/ 1 & A = o/ [% [% o/ = (% v A <

ufs izl dsududasaagnesansallafieuiuusain wdandunndafalfansseymils

NeuAFeL199:27A
> Japdianew (Elastomer): Sadinagneing Wainusaduluizes wazarndalfuiniige

1 dlay % 1
NAUVIBRATIBDYINFSUTIA

A

-

)
Q
L

O
-—
(%]
o
(OX
9
je)
[ag

(Stress)

j-
AITHLAU

Stress = WIINTZNVNWA (N-cm™2)

\ 4

AINLASEA (Strain)

Strain = NM58AFEaFIaE1 ((NErHIY)
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ATHANNUTILNTIWNAITHARTILARIINLIIFN (tensile stress) NUNTTEARA (elongation 3138 strain)

LKA ATTINLER (O ) — ATTHLASERA (E)

a ¢ A 1 £ w o/ v o 1 g
ABINBNLHNBDIVHAFITN ST N’]N’]‘iﬂﬂﬂﬂﬂ\‘iﬂ'}"mLL?IQLL‘:?Q?_IEIQ’JNG’!\E@ G’T\‘igﬂ@]ﬂ\tﬂu

Stress, O

Soft and weak

L~

A 4

Strain, €

Stress, O

Hard and brittle

Stress, O

Strain, €

Stress, O

Hard and strong

\ 4

Soft and tough

Stress, O

A 4

Strain, €

Hard and tough

Strain, €

Strain, €



a

Elongation at break >

N\ ),

Stress, O

Yield point

v

Strain, €

L1l

. . =) A a ' = =) = A A o 1 @
Yield point (3mAs1n) Aagafinefiwesgniveudneentegeil nisdeda (€) (Hidu
o/ 1 o/ % dl a = dy a -4 =) = QI czj !
FARIUNUAIMNARTITAAINNUIAN (O) B 9aH waRlnedaziiminuiesen (€) [WANTW us
ArAaLA (O) Tlaan dusmegaldnisnssinuinefimesfiqail wafmesezanisn

padaRngan AN uidnFusonszinsde (Unefinasazifinnisdasaatninias
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