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2.2 laleinas (Isomer)

A o"cilci c A o/ 1 A v 1 'Y = 1 )
WERNESTR DAL N LT aNH il laseas19ly LANAANIN 98FenI N
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isomer B9ilainsing o A9l
2.2.1 laleinadalinmunis (Position isomers)
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N5 ABNABLUU head-to-head %58 tail-to-tail
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woAasrin adu (diene polymer) au1TaLfinnTs@ansiarnsnauaiNes (Finusee
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1,4-poly(butadiene)
2.2.2 AlalNVBARLE 1 UNES (Geometrical isomers)
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2.2.3 MLAD3 a8 lHuas (Stereo isomers)

Stereo isomers: Two molecules with the same structural formula (same
connectivity) but different three-dimensional arrangements of atoms.
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counterclockwise) Wae LU dextrorotatory (d) (right, clockwise)
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UNNBTH (tacticity) HANHULALANANAU 3 WUU
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Fudlaunnfin (Syndiotactic) NgunuiimnizagunazapNIBIASUaA
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2.3 NUFLLANADINBALNDS

1 1
A A p=\
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m fAtyigafe Wuozlaaawd (covalent bond) 1fim
1AN15 FINaNEBIANATEU (valence electron) 28

m m @ZW@Nﬂ’WEITHINL@QN
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ATTNETINUELLATNRISTH [WNSHATUR UGB RARTS] DBINDRLNDS

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
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T@mawug\«:: semi-crystalline polymers &g amorphous polymers

j maorpng
< N
é P Crystalline region

Amorphous

region

semi-crystalline polymers
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» Crystalline region \iudaudiluianamesdanuedaiusadean

. | 1 ' o o 1 1 &
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1anNENISAANANYBINERLNDS: WULLERASS > LUUANATN > WUUSI9WA

: stereoreqgular polymers > atactic polymers
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@3, = a 4 a
AITHLLURNRINYBINBRLNDIUNTHA

WaNNas Degree of crystallinity
Polyethylene (linear) 95 — 98
Polychlorotrifluoroethylene 90
Polytetrafluoroethylene 38
Polypropylene 80
Polystyrene 50
Nylon © 50
Polyisoprene 30
Polyisobutylene 20
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1. wquﬁﬂ‘%ué—fm%@ﬁ (Fringed—micelle theory)
Aa 1 a L= o 41| 3| = % 1 1 dl 3 Y
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2.qu1sl§‘l:1/\l@ﬁ — 1% R1LHART (Folded—chain lamella theory)
a o/ o/ v Y I I o/ I |
afunan1sRLe [Unnaaslianasuuiuesn(UfmdneSess wing dusdiain
= ° o Tgﬁtw = _Aaa v A A o/ ) I
ooy way aEIEND N RNANTIERmTINGYY uasianyostduuNuuLY 9
1 @) & 1 & 1 4! o
U9 DELTUTNT WARTEEENIT lamellae’ BelANNMUNLTTHDE 100 A

lamellae switchboard
UNASINTTRLSDTDI [HIanaNaRINe 51 [HaHaNe foulsananafdn

AINNI9ZINFIBE (HANYITBNIgIW N1TTARLULTIEENTT switchboard model
nmafiandnuuunas — w aunan SdwmlnglFenasazarawafinaifign
o/ o 1 & 07 v o v a & A © o I Y
srefainazateenn uARANFannsvinnefimesnvassidugaasasnedng
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nquinas - ww annan Eesureniaifend@nuuuailagian (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 o



Lamella Amorphous region

Crystal Growth of Poly(ethylene succinate) Spherulites

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



F§IUBAKRFIM (Amorphous region)

> TuanaraswedwasinsoiuasngWidusadey

> agldraanefimesiisawuiulUan (chain entanglement)

Amorphous polymer Spaghetti
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(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
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gogRandamasadesiunisasuaniuzeamefiwesd [Fud gomgflinas
NOTUTAAIYLNT (Glass transition temperature, T ) WAY GWAGRNITNADHAIYD

WAN (crystalline melting temperature, T )

1. aanaiilaauaa1ue AR 8L (Glass transition temperature, T))
ReaanisulAenudasgoangiiireninondng dssain 5-15 °C

AANUNNHINDG T NN HINDS T

1 g [} : v g 1
> ang L anupae i s > luianarasna a5 5w
> G0uEUT 289l HLanNA iARaRAATDsan A5y
WinuAs LA Re W (4 WAITHAITHE DI
> NORNDS BHURYNIINADTHEH > NaANS SN AS NI INANINY

T % Y v Y} [
L RADIREARTLILLNT AR LN WA DIHE ST



2. @qmwgﬁmswmuﬁwmwﬁﬂ (crystalline melting temperature, T )
py L a £ o a ~ = o A o/ 1 @) ~ =
ﬂ’]‘iLU@EIHN‘Q’“IH%LLU‘LIHLTIﬂ?luﬂ‘l_l‘i_l‘EL'Jm‘V]TNL@Q’Nﬂﬂ’]‘jﬁﬁL‘jﬂﬁmﬁﬂﬂwﬂu‘jzmﬂu (WNAT)

ANITURBNIARIVDINANNANG ~ 50 °C

Amorphous polymers: fiaw1y T (18 T_ 9011089 amorphous polymer 1ianNT9vaas
g m 9 @
o/ = 1 PN
FILLIENIT qm%gmﬁ@@ﬂ‘m (melt flow temperature, T))
: . o 5
Semi-crystalline polymers: 413 Ty uwae T
= % v 1 Aa I'd =1 (% dl [ (%4 s : &
ﬂ’]Nﬂ’]‘iT‘ifiﬂfJ"IN‘jﬂuLLﬂW’ﬂﬂLN‘EI‘:?“V‘LAN‘Wﬂ\‘I\‘i’]‘HN’]ﬂ‘Wﬂ‘W@%‘W‘I@’m‘W‘LAﬁ‘éﬁTﬂ’]’]LNHW 31
= o a g © 4 v a -3 Ail =
‘ViN’]EIﬂQﬂ’]‘SVI"Iﬂ"IEITNLNQN?IQQWQNLN@‘:I WWT%Z‘INUWH@QW@NLN@‘ELUNEI‘LAT‘U LIILIE

4
a

le o 2/ a g a o/ ¢ a Y ., .
@qm%QNWWWTﬁW@NLN@‘ELﬂﬂﬂ’]‘jﬂﬂ’Tﬁlﬁ]’J 1 PFOUVINTNTE AT (degradation

temperature, T )
26



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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(o) (o)
Polymer Tg /| ~C T /| °C

Poly(cis-Butadiene) -102 1
Poly(trans—Butadiene) -58 148
Poly(cis-Isoprene) -63 128
Poly(trans—Isoprene) -66 65
Poly(dimethylsiloxane) -127 -40
Poly(ethyl acrylate) -24 -
Poly(ethyl cellulose) 43 -
Poly(ethyl methacrylate) 65 -
Poly(formaldehyde) -82 181
Nylon 6 (caprolactam) 52 225
Poly(methyl methacrylate), atactic 105 120
Poly(methyl methacrylate), syndiotactic 115 200

Source: http://www.sigmaaldrich.com



A1SKHIAN T, waz T ABINBALNDS

Dilatometry: a1AgNSIURAERLUANLUENIMTINUNTE  (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.)". .



Experimental Conditions

® Start — end temperature

® Reference Pan: aluminium, copper, gold, platinum, graphite
® Heating Rate: 10°C/min, 20°C/min

® Sample size: 10 — 15 mg

® Experimental atmosphere: N,, O,, air



Heat flow

Peak area = AH

(mid point) (mid point)

DSC thermogram

34



AH_ . a %Crystallinity

%Crystallinity = AH_, x 100

AH_

AH_" is theoretical heat of melting of 100% crystalline sample.

m



Heat flow Endo up (mW)

12

melting
CH, O CHs G
1 wormfO Ko oo T =168.8 °C, AH_=42 J/g
O CH; 0
8 -
PLA

4 -

] glass transition Stress relaxation

T =60 °C
4 - cold crystallizaton
T =98.0 °C, AH =21 Jig
— T T T T T T T T T T T T T ;

0 20 40 60 80 100 120
Temperature (°C)

140

Source: http://www.intechopen.com/source/html|/42247/media/image4.png

|
160

18C



15t heating scan

2"d heating scan

Cooling scan

DSC thermogram

PP (AH_* =207.1)/g)




AHUANTISRERTYVBINBALNDS

(Dissolution property of polymer)

NORNDIAZAIHAINNIIENT WA ARG L
= 1
> Tuanafdzwalig) 919 aalUan

) N1 Ly L@qmméff;ﬁmzmﬂ
=N =\ % 1 =] 1
> UnariailaseaEadiuansunviaasnniy

wisndadnUean

> fussdeanifenszndsanalgluanags

% |
=3 p=|

NsazaasnaRINesIfinwils ussRigaszndluanasessavinazatsiv
NORNDS HINNILIIFIRATEnIneans [daswafines

Good solvent Poor solvent



FNURANITREANEVBINE RN A Ay ae9 (57

> nsfnenantiiuwlsenisusanefimed By namdmsinluana fiaoin
Tugtansansazans

> AN ABNIHARMYIN AT A8 BIRITARD URILATNNT

» ANTHENNERNDS 2 Windauriu (polymer blend)

A5 ATHIKATNISASRIYUTINDRLNDS (O):

Sla O. = solubility parameter [(MPa)"?]

E F. = Molar interaction consrtant [(MPa)"?+cm®+mol ™)
|
5. = =1 V. = Molar volume [cm® mol™)]

LV

|
AN RZANYYBIAINA AL FaI N AL ALIAUAINISAZAIYUTINERLNES 99y

AHTOREAN T3 (6



A1 Molar interaction constant

ABINY NI THHANS o

A1 Solubility parameter

m;ll'ﬂs‘iﬁ"ffu Molar interaction constant, F.
[(MPa)"2-cm®mol™"]

-CH, 438
-CH,- 272
>CH< 57
>C< -190
~CH(CH,),- 495
-0- 149
-CO-(ether) 563
-COO- (ester) 634

WORLNDS solubility parameter (MPa)"?
wad((fianaalss) 20.3
WA HTH 21.5
WORDLAS A MU (VISH 25.3
WaRTA N 20.3
UDSHDR-LTNLYN 14.9
ATSUBRIINSEARD LSS 17.8
LU 18.6
ARDlsNasH 19.0
winsz lalasRausu 19.4
2zl 20.1
INITHER 29.7
‘5’] 47.9

40




Example: 99111A1 Solubility parameter 289 poly(methyl methacrylate) #1 25 °C
FIAMNARILUKY DINBRNBSHANYINAL 1.188 g/cm® 71 25 °C

CHs;

PMMA CH,——C

In
C—

OCH,



® 911V, INAITHAUIUNY

HE D AB ATTHMKRILNHUIEY PMMA
7 fD HOA AN AISHEUBLINDS
A a
v A8 UaN1e15

°*yw1 O

Questions: 1. PMMA azang ieilid solvent tating
2. tagalatiaTidNafan1aa Y aINEALNES
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NNUBIAINNYBINBALHBST

(Mechanical Properties of Polymers)

FNUALZING NPT ANINATHITOATUNIRUTIFN  ATINVIENINSBLTINTZUNN
uazauudsvEamnaniensian  TnensdpuazanenmnaasanRidanamant
aH30vin [$lugilaes

® ANHLAN (stress)

® ANTNLAEYA (strain)

. Tu@zﬁ’mmﬁ’a (Young’s modulus)



L = U cﬁj o/ cildl cs'
ATTHLAY (Stress) NN LLﬁﬁ@ﬂ%WﬁuﬂﬂﬁTuLuﬂ'}N@WNGI@LL‘NST’]EI‘L:L@?W]N”]
AN NEIAUILANUN LL@iLﬁmmﬂmmTaJmmmwwﬁﬁﬁﬁ LAZATITNEIN
N153ArIAnG L‘sﬁaﬁﬂ%wﬁﬁqmmLﬁusfugﬂﬂmLL‘jx‘imﬂu@ﬂﬁmﬂizﬁﬁ@i@
NHINHINUTT AEARNATIIN  WSINTEVINTYRBNTAINNNARALUTIATUNIU

Y] 1 U @ a dl o o/ dy
Ao AuLAY e 3wy ensinaegwssinnnssyin Al
Tensile stress ATTNLANTILAATINLLTIF
Compressive stress ATHLAUTILAAINULIINANZTDEA
Shear stress AYHNLATHATILAAFIALTILEDN
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AAINNLASYA (Strain) ABNITUALUNLLRIFUT19289940 (Deformation) LBH LSS
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2. MaUReusduuUNATEFinuIaANIATEALUUALS (Plastic deformation
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Original form...
cececees

Force applied...

Return to original form after force removed...

ceccecce

Elastic deformation

Original form...
cocecees

Force applied...

Deform after force removed...

ﬁ&: o

o

Plastic deformation



AIMHLASEA (Strain):

L-L,

strain, € =
0

L NP L, = ATTNENUTHAU

L = AANHYIIVAS BSULSINTEYIN

Gauge length
—

Tensile specimen

VDO: http://www.youtube.com/watch?v=0z8fWG8RY0I
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Gauge length: the distance along the specimen upon which extension calculations

LOAD CELL
MOVING
CROSSHEAD

are made.

HOLDING
GRIPS

SPECIMEN

HOLDING
GRIPS

~
>
Q
=
> |
2 |
=
w
o)
!
=
=)
e}
.
P
e
=)
=
(o)}
=
o
s
-
3
e
Q.
-
+—
=

STATIONARY BASE
http://www.engineeringarchives.

com/les_mom_tensiletest.html 48



ABTRANUALZINALR TR (§1D)

4

> Fafudaging (tensile experiment) Tagdase RNAMIAITian it
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L Strain, € =
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Tensile Testing of HDPE

http://www.youtube.com/watch?v=128m4FZzgro&feature=related
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Hooke’s Law: Tugasuasianfidaniasifidiu elastic Asudu () avfiuliaa
lngmseriumanaAzen (€)
ATINLAN (T) O ANNLAREA (E)

c = E&

E = O/€
e £ ifusnasi ABendrlugaaaanadane (Elastic modulus) wia Tuadanad
(Young's  modulus) BasinlaneAtAs Ndteaensnszndnanudiu (G) fiu
AINLASHA (E) Tmmﬁmﬂw’iumqﬁuﬁmméuLLﬁﬂﬂMLé’iuTﬁq Fadendn initial

tangent modulus 1 A

/ Elongation at break B

A

Slope = Young’s modulus

= Ay/ Ax

(Stress)

-2
AITHLAY

A 4
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— Rigid plastic
Fiber

(Stress)

ATHLAN

v

AIMHLASEIA (Strain)

Stress = USINTZVNUA (N-cm™2)
Strain = N158afPavdIad ((NEWHae)
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LKA ATTINLER (O ) — ATTHLASERA (E)

ANTNANNUTTENITN AN LARTILAAF1NLSIAY (tensile  stress)  AUNTSEARAA

. . a g A J =2 w
(elongation %34 strain) 2ENNBANBSATAGN o FINITAUBNTIAIINUIIUTIVDN
Fan (s Asgisials

A

Soft and weak

Stress, O

L~

Hard and brittle

Stress, O

Strain, €

Stress, O

\ 4

Strain, €

Stress, O

Hard and strong

v

Soft and tough

—

Strain, €

Stress, O

Hard and tough

Strain, €

Strain, €



Elongation at break >

N\ ),

Stress, O

Yield point
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Strain, €
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