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I Term “polymer”: greek poli (many) + meros (unit) = many units
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Stiffness/Strength
Viscosity

Figure 3.4 Influence of molecular
Molecular weight weight on mechanical properties
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N4 200 g-mol M4 20,000 g/g-mol
Ng 400 g-mol  Mpg 15,000 g/g-mol
Nc 100 g-mol M 10,000 g/g-mol
Np 500 g-mol Mp 50,000 g/g-mol
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Figure 3.8 Effect of molecular weight on the strength-melt flow index interrelationship of
polystyrene for three polydispersity indices
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A quick look at the world consumption of polymers from 2006 to 2016

World Consumption - Polymers Net trade - 2016
(Thousand metric tonnes) (kmt])
Canada 697
2006-2016 us (4 7731
14,231)
Market sector 2006 2016 CAGR, % . o
- Mexico (2,B8E)
Food 47 025 71,774 5.5% Brazil =3
Textiles 32,176 51,630 4.8% e o
Furniture 13,687 22,993 5.3% Argentina (1.307)
o ' ' - Other South & Central America (4,412)
Printing 780 1,220 4.6% , .
: _ Western Europe (406)
Plastic products 43,500 78,361 6.1% Russiz -
Fabricated metals 1,519 2,259 4.0% Ot al: tral & Exxstern E 0 '3?:]
Machinery 2,397 3,658 4.3% nerentral & Eastem Hurope 15375
. . ~ _ China [15,588)
Electricalfelectronic 13,810 25,499 6.3% India Cqum
Other transportation 9,330 16,181 5.7% Japan '155
Vehicles & part 10,746 15,625 3.85% )
EIEEs S parts ' o ~ _J South Korea 5,278
Other equipment 3,852 6,334 5.1% _
: _ N Taiwan 3,679
Other manufacturing 21,238 33,569 4.7% _

_ _ Thailand 1,030
Construction 45 BRG 72919 4.7% . R
Total Jan947 P — Australia New Zealand (1,302)

o ' ' = Other Asia Pacific (3,534)
Middle East 25,251
Africa (3,125)
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If “X"isasingle word the name of polymer is written out

directly , ex. polystyrene -CH,-CH(Ph)-
Pon-X<
If “ X" consists of two or more words parentheses should be

\ used ex, poly (vinyl acetate) -CH,-CH(OCOCH,)-
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PC = Polycarbonat

PPE=  Polyphenylether

SMA = Styrol-Maleinsaureanhydrid

ABS =  Acrylnitril-Butadien-Styrol

PMMA = Polymethylmethacrylat

PS = Polystyrol

SAN =  Styrol-Acrylnitril-Copolymere

PVC= Polyvinylchlorid

PET = Polyethylenterephthalat (PETP)

PBT = Polybutylenterephthalat (PBTP)

PA=  Polyamid

POM = Polyoxymethylen

RF-PP = Resorcin-Formaldehyd-Polypropylen
PE-UHMW = Polyethylen-ultra high molecular weight
PP = Polypropylen

PE-HD = Polyethylen hoher Dichte (High Density)
PE-LD = Polyethylen niedriger Dichte (Low Density)
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- High-density polyethylene (HDPE)

- Low-density polyethylene (LDPE)

- Polypropylene (PP)

- Polystyrene (PS)

- Polyvinyl chloride (PVC)
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- Acetal

- Acrylonitrile butadiene styrene (ABS)
- Nylon
- Polycarbonate (PC)
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Polyethylene Tg = 0°C;
Polystyrene = g7 °C
PMMA (plexiglass) = 105 °C.

Since room temp. is < Tg for PMMA, it is brittle at
room temp.

For rubber bands: Tg = - 73°C....



Salos )5 JSob v youdy Su Ulgie a4 U ulicwl sy v Jgao

Yoo

—
-

zZ

L) 5 Jode

(JK

N

(31 Kl a>5) Les

I I
| I
I I
| |
| |
| I
- | I
ﬁl I
I
I
S5 SVl el :
I
- I
I
|
I\
I
/‘ | i 3
o | I S
| I
Tg
I I
|
| |
I I
. w5 Szl 4t E
| l\\
| I
|
: 'II&MAYL’S..gJ PO i
| mn
T T T 1 T T P
AN _AYe A —fe e e e Y¥r Yie Yoew




Crystallinity gl

L&)‘OSJS-O )'l YT LS\LO/OJOJ DU Ulw,) L o> gSL&_,.o.Lb 5 )9-1*-’ ®

ol ol
B> Gl
(Jgao) (e w3l

J
S,y Sgar LS
J
J

L

s\ bous Coglio il ;9!
S0, 8 JuslS




(s v S yeady J1lin,d) ol )S S oud)

Ju> @ 1)) o8> 9 )i pSiawio ©
>ugd Sl LiuiSod

> Uiy S39J99,90 > @y 2 piaian

g 95 paai Gus Juds @ 1) Ole ©
b Jloww,S

2L ol ©
el )S Sl ,ouls S3ele9,90

L) 5l =0 :(Spherulite) wudg e wl e
el Selll )y S¢S sla



S, 0l S ouls 5> S, s bw Wil awlw

(Unit Cell) a>lg Jglw

i S o

o PR P S 30 P3SN Sy S 25 5y S LS 22l 0218208
(Lamella) Wyl

W olieo ¥
Og? ' ' ey S ‘,y”;v (Spherulite) Q.,_Jg)s'z_wlu

\,0.492 nm - 7

- ) }\ 05l %*

- -
| »” , / 8o dg.azpu
- )
s o 0.736 nm = ) f

£~
P
bg

20 to 60 nm



ol oy pole> 1 sel Oliao 550

¥ ol S b J&
(gr/cm®) J&> /AN /AYD AR /450
(;Q.JQ-L‘) Jekd ey FY-OY FF_A
(°C) Sldwe sk \ARERAE VWY
(MPa) Jiis Jsow \V-Y§ FA-\YF
(MPa) iis plxia! \ABSTZ YA-YA




ol sy B9, 9 58l Ul 0 JoSgo W9 5uils

/——""_\
// \\
S-S .52 ot 1
ML 5 3,5 oGk Yo J& sl L
ol S |
/




> r0udy sold Olsao 5 yigo Jolge

Fol o ABl Fesle ey JiSUse slae i) e p ey sl (S
b IS b Il sl ol ey 851 b bl L e s ST
ede oS5 5 astls sy Llul 5,8 o IS 0T 0T 0dd o3 key S AL
ol S o S e LOT 0l ol S RS sy p Loyl 042
AL b sl ol s s e AT 5 ey oSl 5 ke (S
S )3 48 Vb JEs b I b oSl & Sl ey Sl S ek
el ol J& b sl L oSl I s 03,15 glas L

W i 55 g 1z 0Lej OT 53 o8 )T 05,57 35 103,87 3 oo
g g0 O 0l STALT By B o (Sl

Sl 3 sles 5 s S ksl bk 4 s Syl 105 STY
3l o e LOT Ao 5 s S G5l 612 1) e U1~

sske Sl dian SV b slae ou ) Jolh ST ol ks 10 sl ey 4o 0¥
L (o s )

Rt s osd el o sl 3 ek bt e b S b 1SS a0
S oosba had g 1 O el S e o) 055 e b Al e slall

.-LSCSJ:—PAIJ‘.LJ'I}JLSAU&&]::.JJ



S o Ao Ve \ Jlws ;S Lo s Voo Il S aad
\Y
}
=T —=T | == I
- (8]
I I -
L o
"
—=T —T — |
" ’/ -
o K
Y
—7 —T =1
Y
3
31
A \
"y
—T —T —T
InG ﬂ
y T
3
—T % —T T —=r T &




] (<)
) oo | S et .
] = ‘r'nﬂ.l-ntw'
o :13
v s
L
5 6 7 8

oA

VU a9 (F) eaadl (1) 35 Moo (&l (55 57— i Hkdy (L) Fr—y <s
Ol 9 cCowdl pouls &5 (Sl o - il o 3 Sl (<) 9 (1) (<CawY)
[A] (S 3 s (Sl PSR! 018




v rouly Sy Ulgie a4 PMMA (5Sw6S0 )8 0 Los 1506

4°C (40°F)

20°C (68°F)

/)

30°C (86°F)

40°C (104°F)

50°C (122°F)

S T6:1:30,

607C (140°F)

—

0.1

5555

0.2

0.3



sk A youly SO Ulgic @ awol sy SIS ,LS,

()
— —
(<)
R ) Ee
JL;S (&h.'..a' l
f...l_f (Li,s‘.J \ oA S

il S : e
g2 s S U TR 1
LN -~ l
\ Salden S (‘_,._'.K sboul) Al S5U
e

\ M e i

s 'YI & =5 2 e P R el — ;
P JLJ-_-AJ L2 .J.K..J:.u T 227
g SN 2 // Jab slizel s o J8 L2351, 25,
! I ! — . -
100 200 300 — §
(1) gutign (25,5 S— p— -
| gpsess
— P —




Jols (1) 0T ol sl &7 Jbiws 5 dowd poudy <O KO T CS
b (9) Wadon I 90 3 IS0 Slopmi) o7 b & I &7 SlagY
6 (Sl 5085 il KD () oNig o b 0o 5283 057 9 o0 38 Y i Jlos
Olelad 4 LY (8) s 0 Fbad b pox)os god s & 1) BaY 48 ould
0 el 33 B33 G & Frgs I 5 Sl () § WD 0 (S g

LT] N5 g0 1 8




o3linal g1 pdyollanil 5 4o 4 pslie STk Sl Ade A 8 G (1Y) U

Wl Sy a8 e Sl p S /A0 5 UM o S L STL s Ol e

ol oo Bl 0 8 AV spds s 5 (Gl S sl S
LS b Sl ol A e S ) s A

J,.
e 335 g0 Iy S S 3 IS Gl sy e S 5 ol A5 s
(Jogib) 4T Sl sl sl s 7 5L 2k

ap =0-741 b, =0-495 ¢, =0-255 (G54 ) Sns 535 ST

e u:‘"'f"“ 9 UM._[Y R u754’,'15 Slaasl aden f.u;!tm; (_gLth.a:lg: B D
U;J.jﬁ -L.d_;.ﬁ i (t_ji;}nT) J,g.'&u;; JLE:JM_;LM?US;;)\; 2> 9 Lh&:jﬁjé.wi
35 o el ) S8 45 ek B L5 il Jl S5 S L

%Crystalline = Pe(p = Pa) X 100

pP(Pc — Pa)




Ay & P 5 (C)0T) JSiig sk S8 Pa oy S p OT 2 8

sl Jo8 Sl S
A
e 40)(12-L) + 81 (1-L) _
(741 X 10-8cm) (255 x 10-%cm) (6.022 x 1023 Z20E)
=0-9942 9/

ﬂdﬂbﬁr;'IQ‘aj -KAACJ'-‘-J.&.';]&#’-:' ﬁpa:087 g/(j'mg “S‘-L‘A_J"I:;dn
d-.q*t:.«w"g_..ag.n
Crvstalline - (0799420088 -0-87)
— X — Q.
LS = 0 88)(0-9942 — 0- 87)
(0-9942)(0-915 — 0 - 87)

%Crystalline = % 100 = 39 - 4
flrystalline = T e0-9942 —0- 87)

5 Ao Y ooy o b S e b ATl e 0B sl Bk

.-L::-’b‘ -L.d_)ﬁ T"‘;;’F




NS e 9 JSoi ssv dlge aunlés

(Il 55 4o 3190 JS s Olge

Acetal, Nylon, PE, PP, PET, PBT ABS, PC, PS, PVC D9 0 Slgo

g Plde cl> o LJgSge (Bolai s pScar | )0 e ldslge (Bolal s S | LSy,
sols cdlo o YW JE b gl s sols o2 g Slie s

8 (05,105 yaseine gd abais ) | ©ol> 21200

olo b Gladaes - Vgors) Blas - | Oluoguas
S olbord Cooglie - rd (ool Coglio - (SO POE
S rSIB o Vb pozm> LN - S rSIB 55 05 (o> Sl -
"V gane) Y plSoxtnl - (Vgane) oy plSoxtal (sl s -
(Ygaxe) Gmly Slde aly 98 - Vb Clie 98 g -

s S sl ¥ B2 Y e S byl - 565 otle S byl -
(oyoss




Jlewl wulld

S5y Jlsisl caross Sl aS slole s Jleiiil L6 S 0.l sleo S| ®
va>la au aS wowl (LOI) UiwwS| 2> UQ.>‘LUJ )Q_JuJ Q\o ODLQMJJl L&)A&LJ

3,80 W39, b o oS,y WSl e (o> 20,5 ,_J.9|.x> )|.L9.o ol ®
2B S o e Jwbosl v | jeuly pisgw 5l wldlee iy b
.Zowl ASTMD 2863 b_)l_).JL_.uul uuuLqu

LOI U csulyonly L il OS] oo %21 SLls lod aS csylseil 51 ©
o S ugols 393 0.21 51 8,0

9,5 i)y sSugw Jugols 393 a> Ulgie @ 0.27 51 ,iS,0L01 Joc 5> ©

D9 (5\0




Table 3.5 LOI Values for Selected Polymers

Polymer LOI
Polyformaldehyde 0.15
Polyethylene oxide 0.15
Polymethyl methacrylate 0.17
Polyacrylonitrile 0.18
Polyethylene 0.18
Polypropylene 0.18
Polyisoprene 0.185
Polybutadiene 0.185
Polystyrene 0.185
Cellulose 0.19
Polyethylene terephthalate 0.21
Polyvinyl alcohol 0.22
Polyamide 66 0.23
Epoxy 0.23
Polycarbonate 0.27
Aramid fibers 0.285
Polyphenylene oxide 0.29
Polysulfone 0.30
Phenolic resins 0.35
Polychloroprene 0.40
Polyvinyl chloride 0.42
Polyvinylidene fluoride 0.44
Polyvinylidene chloride 0.60
Carbon 0.60
Polytetrafluoroethylene 0.95
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DSC

a

The power-compensation principle

With power-compensation DSC, the sample and the reference matenal are placed in independent furnaces. When the

temperature rises or falls in the sample material, power (energy) is applied to or removed from the calorimeter to compensate
for the sample ensrgy. As a result, the system is maintained at a "themal null” state at all times. The amount of power

required to maintain system equilibrium is directly proportional to the energy changes occurring in the sample. Mo complex
heat-flux equations are necessary with a power-compensation D5C because the system directly measures energy flow to

and from the sample.
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