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The plastics identification code

Code Letter 1.D. Polymer Name

,q\ PETE Poly(ethylene terephthalate)
o

/2\, HDPE High-density polyethylene
co

/3\, \Y% Poly(vinyl chloride)
o

? LDPE Low-density polyethylene
o

? PP Polypropylene
co

,6\ PS Polystyrene
co

n Other Different polymers
uo

Source: From the Plastic Container Code System, The Plastic Bottle Information Bureau,

Washington. DC.
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Polymerization Reaction

Type Characteristic Linkage
Polyamide —NH-CO— H;N—=R—=NH; + HO;C-R'-CO,H —= H-&xH-—R—NHL‘U-R’-CO}pH + H0
HN=R=NH, + CICO-R'-COCl == H4{NH-R=NHCO-R'-CO}Cl + HCI
H:N—R—CO;H —= H{NH-R-co}nou + H0
Polyester —CO-0- HO-R—0OH + HO,C-R'-CO,H — !If(J-—R—UCO—R’-(‘.‘O}:rDH + Hy0
HO-R—OH + R"0,C=R'=CO,R” —= H-{-O—R—OCO—R’-CO-}IOH + R"OH
HO-R—COH — H{O-R—CO}OH + H0
Polyurethane —0-CO-NH— HO-R—OH + OCN=R'=NCO —>= —GO-R—OCU—NH-R’—.\IH-CO-}:
OH OH
Phenol-formaldehyde —Ar—CH:— CH-
+ CHO ——= + HyO
L
6‘0),:?‘0)
H H H
CHy=CHY I CH,=CHY | [ CH,=CHY
R* ———» R—CH,—C¥ ——> R—CH,—C—CH,—C* ----- -
| | |
Y Y Y
H H o H
| | termination |
R-rCH,—C-TCH,—C* ----- > CH,—C
| | |
Y Y Y 1,

m



Structure Name Where Used
‘{_CHE_TH_)E “Vinyl” class

R
R = —H Polyethylene Plastic
R = —CH, Polypropylene Rope
R = _Q Polystyrene Drinking cups
R = —(1 Poly(vinyl chloride) “Vinyl,” water

pipes
O

R = —U—E‘—L’:H, Poly(vinyl acetate) Latex paints
R = —OH Poly(vinyl alcohol) Fiber

)
4 CH,—C X = —H, acrylics ‘

| X = —CH;, methacrylics

O0=C—0—R
X = —H,R = —C;H, Poly(ethyl acrylate) Latex paints
X = —CHy R =—CH; Poly(methyl methacrylate) Plexiglas®
X = —CH,.R =—C;H;, Poly(ethyl methacrylate) Adhesives
LaF adl> yguul sy youds

RGN
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linear
polymer

random copolymer

regular

copolymer block

copolymer

cross-linked polymer

cross-linked polymer

ladder polymer

Powder

10

Hydrophobic
Associations

Electrostatic
repulsions
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FUNCTIONAL GROUPS IN MONOMERS AND POLYMERS

boxvli
amine carac;:iy e alcohol isocyanate
H 0O
| |
H O O O H
| I1 11 11 |
amide ester carbamate
{urethane)
ol (S s

0 0
HJC_D_H@H_G_CHE * H—O—{H;-CH:—0H

i i
— CH;—G—A—@—A—U—EH;—CH;—DH + H—O—CH,
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CH;, o

| I
HO—@—C@OH + cl-C—cl
|
CH;

|

CH; 0
| 1l
|
CH3 n
0 0
0=C=N__N=C=0 + HO__OH —» LR\ Nor M
R R NH O 0 NH/Y
n
Isocyanate Prepolymer Polyol Polyurethane
"\:‘.“" J'.‘, o
0 a H
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M-4+B-N — M-AB-N+W
MA-M—-A)+n(B~N ~B) — A~(M -AB~N),—B +(tn—\W
b 5 125 sy el ladsSlgs ol o%as BN ~B s A ~M~A yA-M,~ A 3§ clbe bslia 85
-AM \NM\NM NM \NM NM NM NB

nH>N—R—NH> + nHO,C —-R'— CObH —
H-(-NH—R—NHCO—R'—CO-)-"OH + (2n-1)H,0O
nH)N—R—CO,H — H-(—NH—R—CO-);OH + (n=1)HO
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Rate Constants for Esterification (25°C) in
Homologous Compounds”

k = 10* for k > 10* for
Molecular Size (x) H(CH,),CO-H (CH,),(CO,H),

1 22.1

2 15.3 6.0

3 7.5 8.7

4 7.5 8.4

5 7.4 7.8

6 7.3

8 7.5

9 7.4
11 7.6
13 7.5
15 7.7
17 7.7

“Rate constants are in units of L mol™" s7',

gl 595l L Jge 3

ol , sgige Jla da

_—d[4]
dt

Rp ;k'[A]Y

. .
[4] [4).

[4]. -[4]
[4].
I[A] d[4]
Wk par

Yn =1 +[A]0k’t
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i 0
Alcoholysis R—C—0—R; + HO—R; === R,—C—O0—R,; + HO—R;
i i i T
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i i i T
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Free Radical (Addition) Polymerization

H H
"gw . ||
— Initiation Re + C=C - R-C-Ce
H H H H
Hii'i HH }Tif‘-iHH
— Propagation  R-§¢** §=¢ — R4y
HH HOH HHHH

H H H H H H H H

H H H H
— Termination  R-§-G-¢-¢% +&-¢-G¢-R—> RGCLCCCGCR
H H H

H H H H HHHMH

~ombination
.LEIH&E!-.:JH JJ-"_J'nl?HHJ}Fhr—__IIﬂMg{.ﬁﬁg%:;djhlffng
.L—ul;_fm:f -J—f_;f_bﬂj,..d_;.,l:.:ﬁ .-.L-..J";:‘_f_‘,.ﬂf o e dims J_j-_,-..ﬂf.l-_;.lb’..‘ L
-E"ft.l‘m"{" th-_ru:r L L.!-f.__.uLi_pﬂ_-LJ_;_; U&JMJ.LJJEULAJJI!‘,L&,;

foa . )
At e ks | St L

a -
&ord elgl
CH; (|JH3 CH; C|3H3
HyC— —CH; — HzC + + N=N + +C—CH;
N 3 ﬂ/‘| I b
2-2'-azo-bis- 1snhutyrylmtrile
(ATBI)

A0 i I
I |
& —c@ — (Opteo 10t

henzoyl peroxide
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¢CO0—C00CH =—= [2¢CCO-]

[26COO0*] —— [PCOOH + ¢CO,]

2OCO0] + M —=  ¢COy + 9COOM>
[26C00-] —= 2¢6CO0-

¢CO0+ + M —= $COOM-

Q0 . _ ¢CO0+ —— ¢+ + CO
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Half-Lives of Initiators

Half-Life at

Initiator 50°C 70°C 85°C 100°C 130°C 175°C
Azobisisobutyronitrile 74h 48h — 7.2 min — —
Benzoyl peroxide — 73h 1.4h 20 min — —
Acetyl peroxide 158h 8.1h I.1h — — —
t-Butyl peracetate — — 88 h 13h 18 min —
Cumy] peroxide — — — — 1.7h —
t-Butyl peroxide — — — 218h 6.4h —
t-Butyl hydroperoxide — — — 338h — 481h
i . 0.693
—— = kg4l 1) = [[,e" t1/2 = R; = 2fk,[1]
ek W=, =
plasl g o, clsd
1/2
_ frall]
R, = ki) ()
1
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Classification by Monomer Composition

Homopolymer Copolymer

\4

Block Graft Alternating Statistical
Homopolymer
Consist of only one type of constitutional repeating unit (A)
AAAAAAAAAAAAAAA
copolymer

Consists of two or more constitutional repeating units (A.B )

»Radical copolymerization

Regular copolymer

Random copolymer

Block copolymer C

Graft copolymer jg( Ig(
:Jogcx .x>§< e S,
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JV\NV\MI‘M: + M2 ﬂ) JWWWV‘M; Y R12= k12[ M:][MZ]

wava; + My ﬁ» WA M’; y R21=k21[ M;_][M1]

MAMM/‘M; + M> ﬁ) MW M; s R22= kgz[ M;][MZ]

M >
_d[dtl] =R,,+R,, =k, ,[M, 1M, ]1+k,,[M,]M,]

dM * *
ALl R, R, = KM IM, T+ K, MM,

dt l
d[Ml] - _d[M1]/dt - kll[M:][Ml]_*_kz][M;][Ml]
dM,] —dM,Vdt k,[M[]M,]+k,,[M,]M,]

ks k, _ monomer reactivity
* Ry k, ratio

Another form of Mayo-Lewis Equation
o M1 o dM] F__ B4
COMIIMLT M 1AM, R f R 2 f f L
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Ideal Copolymerization
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At these crossover points the copolymer and feed compositions are the same
and copolymerization occurs without a change in the feed composition

Such copolymerizaions are termed Azeotropic copolymeriztions.

Condition of Azeotropic copolymeriztion

_diM) M)
'dIM,|]+dM,] [M,]+[M,]

dM,] M) M1 _(-D)
am,] M, ™ M1 (-1

=i

] — —_—
Lidm—2 2-R—n
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A Mechanism for Ziegler-Natta Catalysis
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