


1- Azo initiator

2-Peroxy initiator
3-Redox initiator




1-Bulk polymerization

2-Solution polymerization

3- Heterogeneous polymerization
4- Suspension polymerization

5-Emulsion polymerization

1-Cationic polymerization
2- Anionic polymerization
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TABLE 19.2 Common Addition Polymers

Monomer name Formula Polymer formula Common name
ethene* CH,=CH, —(CH,—CH,) — polyethylene
vinyl chloride CHCl=CH, (CHCI CH ) polyvinyl chloride
styrene CH(CH,)=CH, —(CH(CH,)—CH,) — polystyrene
acrylonitrile CH(CN)=CH, (CH(CN) H.l.= Orlon, Acrilan
propene* CH(CH,)=CH, —(CH(CH CH ) polypropylene
CH,

methyl methacrylate CH,00CC(CH,)C=CH, G—ICH; Plexiglas, Lucite
C
\OCH3

tetrafluoroethene*

CF,=CF,

—(CF,—CF,),

*The suffix -ene is replaced by -ylene in the common names of these compounds, hence the names of the

corresponding polymers.

IPTFE, polytetrafluoroethylene.

Teflon, PTFE!
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Stereoisomers

Asymmetric
carbons

* |sotactic

+ Syndiotactic

» Atactic
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Redox Initiators Photoinitiators Thermal Initiators



Thermal Initiators 4ulall cliald) : Y

g Ao 5,083 &) yeda 45 ¢%a B
(peroxides) s gl A LS jall o il C ‘

(azo- compounds) 3 3¥) <S5 (hydroperoxide) H‘MJJ-“JJ“GJU

Bas Lusall Jal gadly (oa¥) (lany B ciliold) oda Jia e (dlazo compounds) s ¢y
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CH, CH, CH,
l 120-140° i
e Oy— Oy — > -
{00 ; ¢-o
CH, CH, CH,
O 53S0 2008 5 0
3.
= ‘ 50-70° THs
HC—gN=N—¢—cH, S 2nc-g + N,
CHM CN

CHN CN
e 05 g a0 ea gl g Y
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Redox Initiators J)_HaY! g dawsy) clisly Ak

bMdeMJc(Q 50°C)uuc3\ﬁw;uw\ﬁu,) LR CHIPLIY: .
Bawsy) el (o< B 9 (emulsion polymerization) Adaticall °J-4-U‘ ué 8RSy 3l gal
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(o LS A ke Jal gas

1. ROOR + Fe™" -3 RO+ RO + Fe'"'
" REI‘—D OR + Fe*' ——= RCOO + RO + Fe™

3.0;S-0-0-805 + Fe™ = Fe™ + 80, + S0y



Thermal Initiators

H
N
CN

CN CN

azobisisobutyronitrile, AIBN 1,1'-azobis(1-cyclohexanenitrile)

H;C H;C
HOOCCH,CH,
N~ CH2CH,COOH

CN CN

4,4'-azobis(4-cyanovaleric acid)



Decomposition of Azo Initiators

Nx CH; ,
N or light
CN CN

Cage Recombination ---Side reaction- irreversible coupling of
succinonitrile radicals, efficiency decreases at high conversion

CH
N H;C CHs H;C~ CH; CH; ’
H3C ¢ \ - \ N
CH; <« C C . \
CH \ \ Il
3 CH N N N
c CH; CH,4
\\ CHj/



Hydroperoxides Dialkyl Peroxides Peresters
Td= 155-175C 100-135 C 110-130 C

Moderate temperature initiators
(0] (@)
(u\ o | o)
- O/OW‘/R 0///8\0/ O\g/ o°
/ L o ||

Diacyl Peroxides Persulfates
Td=35-80C 5090 C



Peroxycarbonates

3-bond cleavage process?

0
>< /0\”)‘\ -0 2>< +2CO0,
0 e
; :

Di-t-butyl peroxylate, DBPOX
%o + . CH3

B-cleavage to carbon centered radical



Decomposition of Peroxy Initiators




Reaction of benzoyloxy radicals with styrene

H L]
PhCOz_C_CHz

PhCO, Sty 6%
St
-cozl Y
H2C=CH
Pl 7 14%

1% \

PhCOz/



Redox Initiation

(0)

© g o) CII) o

0/0// \O/ \ﬁ/o N Fe++ @0
(@)

0-5 C in organic/aqueous phase

+ Fe++
OOH — 0.

cumyl hydroperoxide + OH +Fe™*



Retardation and Inhibition

H (}
A H
—e-C Ty e Cx v
R Chain Transfer Agent =
propagation Reinitiation
(k, M (k) M
M., YMe

n+1

(a) without X-Y
(b) k, =k, >k, retardation
rdation P8
retardal (Nitrobenzene)
(c) ky =k, k, =0 ; inhibition
(BHT or quinones)

Convergion

(4]

inhibition

il

———e =

induction period

Time



Inhibitors

- Quinones
Hydroquinone prevents radical-initiated polymerization. This application
exploits the antioxidant properties of hydroquinone.

Hydroquinone can undergo mild oxidation to convert to the compound
parabenzoquinone, often called p-quinone or simply quinone.

o~ Yo oo —

Stabilized by electron delocalization and

reacts with either another inhibitor radical
(by combination or disproportionation) or
with an inhibitor or other radical.

M,

Inert Product



Inhibitors

- Phenols with bulky groups
ex. BHT : phenols with bulky groups ortho to the OH group

HC.  cn, MG chy
PN H il Decomposes,
H;C—Elt H—O CHy —= —HzC—El—H + 0 CHy ———m dnes not
Il ne- reinitiate

CHy Hy

HaC

BHT (butylated hydroxy toluene)
— Such free-radical scavengers often act as antioxidants

Ha

- Oxygen
O, contains two unpaired electrons and is capable of both initiating and
inhibiting polymerization
Mn- + DE — M'D'D-

Polymerization media are usually thoroughly purged with inert gas to
remove O,, otherwise the reaction may not work. EE



RH + 0, —= R + HOO"

RH + HOO-— R+ + HOOH
R-+ O, —= ROO.

ROO'+ RH —= ROOH +R -

ROOH —— RO- + °‘OH May be metal catalyzed

Oxygen centered radicals stopped by hydrogen transfer

Carbon centered radicals stopped by addition



Inhibitors

- Most commercial monomers are packaged with traces of inhibitor
to prevent premature polymerization.

- The inhibitor can be removed prior to polymerization by distillation
chromatography, or extraction.

- Inhibitors are added in minute quantities to interrupt radical chain
reactions that lead to decomposition.

- They are also used in foods to slow oxidation that leads to
spoilage.



OCH; OH

Monomethylhydroquinone, MEHQ HQ
3,5-ditert-butyl catechol

Cl Cl

0= =0
O O

Benzoquinone Chloranil
Cl Cl

02 FCC13 CUC12 S
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Triphenylverdazyl
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Galvanoxyl
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Kinetic of Free Radical Addition Polymerization
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Chain Transfer Reactions 4Ll dluleal) JUt) edle s (¥
Cra at LS gadd oo dladis ) o) cudall i ja A o) e gige A ) Al dladlid) Jasis o8
M_" + N —ESL SN N o | P EN | R IR

T+ y S SN[, + S . :
Y I S (solvent) —=—— N _ sl gl s Jias f Cam
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el Jeldd de Hu:Rj
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R, — { d[M']] — > i, [1]
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Polymerization Conditions

Ldlaiall & 3 yaldl) Ldlatial) 3 yaldl)
Heterogeneous Homogeneous
Polymerization Polymerization

Jllaal) 5 yaly A0t 5 yaly
Solution bulk
Polymerization polymerization
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Heterogeneous
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Precipitation J st 40
S : Suspension
Polymerization Interfacial S
S Polymerization
Polymerization
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g ) Glalatieal)

Gas Phase Emulsion
Polymerization Polymerization




Homogeneous Polymerization #wdlaial 5l ; ¥

bulk polymerization 4L} 3 sl (|
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Suspension Polymerization () & 5 ol ()
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Protonic Acids
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Lewis Acids
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1. Single Cation Initiatior

Y'Z + M

k;

YM" Z°

R; = k; [M] [Y'Z]

2. Cation Initiator Complex
I +2Y = Y12y
Ri = ki [M] [complex]
BF,; + H,O — H*'BF;0H-

K = [H+BF30H-]/[BE3] [H20]
therefore: complex = [H+BF30H-] =K [BF3] [H20]

R, = k [M] {K [BF3] [H20]}
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Nu EXY —— Nu + E* R, = ky [Nu E™]
Initiation R; = k; [M] [Nu ]
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[Nu E | [E ]
k; K [Nu E'] [M]
Ri == +
[E1
Propagation [NuM] + [M] [NuMM']

R, = k, [M] [NuM]

Termination: [NuM'] + [H5O] [NuMH] + OH

Ry = k [HO] [NuM']
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k; K [Nu"E"] [M]

k. [H>O] [E"]
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[NuM] =
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P k, [FHLO] [E"]
Degree of Polymerization DP = R, /R, = R, /Ri
k, k; K [Nu E7] [M]* k; K [Nu E"] [M]
- k, [H,O] [E'] [E7]
k, [M]
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Ziegler Natta Catalyst

AR, + TiCl, —> ARCI +

A1R3 + TIRC13 e AIR2C1 + T1R2C12

TiRCl, — Tic,  + R°}
TiRCl, —> TiCl, + RCI



Mechanism of Ziegler Natta Polymerizations:
Initiation and Propagation

\\\\\\\\\

/Ti“‘ CH,CH3

W\

-~ Ti“—CH,CHj,

Catalyst accepts =
ethylene as a ligand

Migratory insertion *
Ethyl (alkyl) migration =

Polymer

Y
CH,
N — H,C CH,
\ \)
Ti‘\ \4_ - \\\\\\\ |
- /Tl CH,CHs




Mechanism of Ziegler Natta Polymerizations:

Termination

Polymer
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Kinetics of coordination

polymerization

A case of heterogeneous polymerization.
It is defined : M is the surface of the transition-metal compound,

AR is the metal alkyl,
M is the monomer,

M, is the polymer.

Adsormption of metal alkyl from solution to form the active site

E-I
N - AR — . AR

Adsorption of M from solution

Ky
- - M — M.




Initiation
k,
M~ —— AR — A M-—-R

Propagation

M—_—A—-ﬂ—M:—R i‘ -—-I'!'L—Mhl—ﬂ.
Termination
(transfer)

M- - A—M.—R — A MR+ M,

Termination
(monomer forms an inactive site)

M_ = A M, R — _mmm A_M— + M.R




It is assumed that the process occurs in Langmuir isotherm condition

and it is defined that :
B, and 6, are the fractions of the available surface covered by AR

and M respectively,
[C*] is the concentration of growing chains,

Then the overall rate can be determined.

8 — K, [AR] 6. — K .[M]
A 1+ K, [AR]+ K, [M] M 1+ K, [AR]+ K, [M]
The overall rate: E =—dIM[ =(k_+k_»,[C*]
. dt a o

Assume that [C*] reaches steady state so that the initiation rate is similar
to the termination rate.

k0,0, =Kk, [C*]0,

CdM[_(k +k Ok KK [AR]IM]
dt k, (1+KJAR]+K [M])

L

The overall rate: K_=
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