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SUMVARY

In the present work, tri-n~butyltin acrylate {TBTA) and
tri-n~butyltin methacrylate (TBTMA) were preépared %o study
their polymerizaﬁion, bopolymerization and terpolymerization

reactions.

The effect of monomer and initiator concentration on the
polymerization rate of TBTA were studied and showed tﬂat the
order of the reaction with respect to monomer concentration
is unity, while with respect to initiator concentration is

half corder.

Copolymerization reactions of TBTA and TBTMA with methyl
acrylate, ethyl acrylate, n-butyl acrylafe; methyl methacrylate,
n-propyl methacrylate, n~butyl methacrylate, allyl methacrylate,
styrene and acrylonitrile were studied, and the monomer reacti-
vity ratios were determined according to the Fineman-Ross and

Kelen-Tid¥s methods, as illustrated in the following Table:



. Syatem ,_ i Fineman-Ross .metiio'd Kele;l-'l‘ﬁdé’s me thod
My, - B &1,
TBIMA-MA 1,747 0.644 1.730 0.649
TBTHA-EA 1.259 0.606 1.262 0.613
| PBTMA-BA 0.846 0.572 0.855 0.578
TBIMA-MMA G T 0,782 . 1,004 0.790  1.023
RS- DA 0,507 0.900  0.571 0.893
TETH 4Bl 5.623 . 0.646 0.642 0.678
TBTUA--AMA 2.306 1.013 2.380  1.058
TBTMA-5 4 0.256 1,104 0.259 1,108
TRTMA AT 0.455 0.467 0.471 0.474
PBTA-M 0.401 - 2.199 0.395 2.180 -
TBTA-PrilA 0.323 1713 0.314 1.684
TRTA-BMA 0.196 . 1,661 0.197 1,668
TBTA=AMA 0.195 2.575 €.201 2,619
TBUA-St 0.213 1,910 0.219 1,939
TBTA~AN 0,243 1,008 0,240 0.997

ot . " ettt ol .




The determined reactivity ratios indicate that most of
the copolymers should havé random distribution of the monomer
units, while the copolymerization of TBTMA with AMA shows ten-
. dency towards block copoljmerization behaviour. Copolymeriza~
- tion reactions of TBTMA with propyl-methacrylate, n=butyl
methacrylate, n-butyl acrylate and acrylonitrile wag found to
give azeotropic cdpolymers at 19.23:80.77, 48.,43:51.57, 73.53¢
26.47 and 49.91:50.02 molar ratios respéctivély, while the |
studied copolymerization reasctions of TRTA did not show any

azeotropic tehaviour,

The terpolymerization reactions of seven gystems involve
ing the prepared organotin monomers and acrylonitrile with some
acrylic or methacrylic esters were investigated, Thg ternary
copolymerization readtions wefe pefformed at low convérsions
for two different feed compoéiti&nS-for each system, It was
found that the predicted %erpolymer compositions are in good

agreement with the experimental results obtained from tin and

.nitrogen analyses., Algo the variation of both the instantan-~
eous and the average terpolymer compbsition as a function of
conversion were calculated and verified experimentally for the

studied bernary systems, over a wide range of conversion.

The structure of the prepared organotin monomers, copoly-
mers and terpolymers were investigated by infrared spectroscopy.

The prepared copoiymers and terpolymers'were soluble, colouriess,
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transparent and suitable for film formation. Thus, organotin
monomers were implicated in eleven co- and ter-polymer compogi-
tiong and their film properties were inveatigsted on glass and

metal piates.

Three new organotin terpolymers were prepared from poly-.
merization of methyl methacrylate, tri-n-butyl methacrylate
and pubutyl.methacryléte in different molar ratios to produce.
terpolymers with various tin contents as 15, 19 and 24 % in
order to study their antifouling performance in the loecal
marine environment, These organotin polymers, when tested as
unpigmented and pigmented coatings in the eastern harbour of
Alexandria, showed good zmbtifouling efficiency which increased
ﬁith increasing the tin content of the terpolymer. Some
plates are now 15 months immersed in the gea in a testing raft

end the plates are still free from fouling organisms.
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CHAPTER I

INTRODUCTION

T. General Characterization

High polymers (or macromolecules) are substances of very
high molecular welight, which may be natural or synthetic in
origin and which have at least some element of structural
regularity. This definition involves an enormous range of
materials having widely different physical, chemical, and
biological properties, Naturally occurring polymers include
proteins and polysaccharides which form the structure of living
tissues and provide the food supply for many life forms,
Synthetic polymers find useg in almost every field of technology
as structural and decorative materials, electrical and thermal
insulators, paints, varnishes ang adhegiveg, and in the textile
industry, both as synthetic fibers and ag coatings for natural
fibers. Polymers have been synthesized which oifer wide
spectrum of physical properties ranging from hard, infusible
resing to substances displaying rubber elagticity even at very

low temperature.

High polymers are composed of very large molecules,
formed by linking together large numberg of gimple chemical
units (structural units). The gtructural units may be joined

together in a variety of ways; in which eimplest cage the



polymer may be represented by the formula (I} in which a
gimple, straight chain of n structural units (M) is terminated
by two end groups x and y, which may be the same or different

ag:

X —EM%;;r

(1)

The structural units of a polymer chain are normally
clogely related to the structure of the starting material or
monomer Trom which the polymer is prepared., The simplest
linear polymers are those in which all structural units are
identical; such materials are called homopolymers, whilst
polymers incorporating two or more chemically different types
of structural units into the chain ave termed copolymers.,

The majority of synthetic copolymers contain only twe types of

structural units and are therefore fermed binary copolymers.

If, however, some of the monomer molecules are trifunce
tional, i,e. capable of bonding to three other units, then
the polymer may have a non-linear structure which may he

repregented ag follows ¢

Koo M e M e T Moo = Mone X
M
M
1
x (I1I)



A polymer of this form, in which the structural units of the
gide chain are identical to those of the main chain (br back-~
bone), is said to be branched., If the side-chains of a branched
polymer are formed from siructural units which are different
from those of thz backbone, the polymer is termed a graft
copolymer, The presence of trifunctional units in a polymer
chain allows wide variations in molecular geometry, for example
a side chain in a branched polymef may be terminated either
with a monofuncitional end-group, or by reaction with a tri-
functional unit in another chain., In the latter cage two
chains become joined by a crosslink, If crosslinking becomes
extengive, the polymer forms networks which may be two- or
threedimensional, The formation of threedimensional networks
during polymerization results in a cross-linked network which
forms a gel fraction, insoluble in solvents appropriate for the
noﬁcrosslinked material, whilst the remaining soluble, branched
but uncrosslinked material forms a soluble fraction. The
conversion at which gel formation occurs is termed the gel
point. In dealing with highly croaslinked polymers, the
concept of molecular weight becomes increasingly meaningless
and, at high degrees of crosslinking, the entire polymer

gample may be regarded as a single molecule.



2. Clagaification of Polymers

Garothers™ classified ail polymers into two types:
a: Condengation polymers,

b, Addition pelymers.

A condensation polymer is oﬁe whici: does not have the
seme comgosition as the monomer or monomers from which it was
formed oxr tc which it may be degraded by chemical means. Thege
polymers 2re formed from hi- or poly-functional monomers with
the elimination of some smaller mclecules as a by-product,
such ag water, rethancol, hydrcgen chlioride, etec,.. For
example, a polyegter is formed by typical condensation reaction

between bi-funciional monomers, with the elimination of water,

n HO-~ R—0H + n HOOC —-R'—COOH —

HOf-R= 0% CeR'ma CuQmE + (2n-1)H,0

7] it “n

0 0
An addition polymer ig one in which the recurring units
-have the game composition as the monomers from which they are
formed. These polymers are formed from bi- or poly-functional
monomers by the addition of one monomer to another without the
loss of any vortion of the monomer., The polymerisation of

vinyl monomers is an example of this class.

n C‘.H2 = CH e {(}Hg - CH}
| é In



In most vinyl polymerizations, if polymerization is
stopped at any instant and the polymer examined, it is found
that the mixture consists of unchanged monomer and high molec-
ular-weight polymer., This general picture contrasts sharply
with +ha% =xzisting in polycondensation reactions, in which all
of monomers has to be converted to low molecular-weight oligo-
mera before polymerization progresses to give high molecular

weight producta.

3. Free Radical addition polymerization

Free radical addition polymerization is a very powerful
method for the preparztiorn of polymers from a wide variety of
unsaturated vinyl, vinylidene and diene monomers and ig one of
the most widely utsged industrial methods for the manufacture of

additicr »nolymers,

Mechanisms of free 1adical pclymerization

Addition polymerization by mechanisms involving free
radicsls 23 chaln carriers requires the normal sgteps of initia-
tion, propagation, and termination, typical of all chain

reactions.
1., Initiaticn

Initiation of a radical polvmerization requires the



creation of radicals capable of reaction with the monomer:

K.
R* + CH,=CHx -t . R -

m—Q—m
H
txxbtle g

A number of methods are available for this process.
Direct thermal initiation of some monomers (especially styrene)
can be uged, The mechanisms by which thermal initiation occurs
are not very well understood. High energy radiation, iz offen
effective in initiating polymerizetion but these methods are
difficult to control and in many cages lead to ionic rather
than radical reections. In the vast majority of practical
polymerizations, radical production is brought about by thermal
or photochemical breakdown of an added initiator, A wide
variety of substances are employed as initiators but they

mogtly fall into one of the following three groupa:

(a) Peroxides and hydroperoxides

Many orgenic peroxides and hydroperoxides are thermally
unstable and decompbse to produce radicals which are capable
of initiating polymerization, In the temperature range 35-80°C
radicals are easily generated by the thermal breakdown of
benzoyl peroxide, which is one of the most widely used initia-
tors for vinyl polymerization:

0 0

I ol 20 ,
C6H -C—O-O—C-C6H 3 2 CsHSfC\‘O_-—~9- 2 06H5 +2002

5 2



Thig reaction is a two-stage process (Barson and Bevington,
1956)2. Its kinetics are not acourately first order and the
rate of dedomposition varies considerably with the solvent
employed for the reaction, For these reasons, the use of
benzoyl peroxide may create complications in detailad studies
of polymerization kinetics and other initiators are often

preferred,

(b) Azo initiators

Radicals may be generated by the thermal br photochemical
rupture of aliphatic azo-nitriles and related compounds, The
mogt common example of this type of initiators is azo-big-
isobutyronitrile;

My O 3
CH3 ~?-NH=N—-?—-CH3 e T 2 CH3——?' + N2

CN CN CIy

The decomposition of this compound is accurately first
order (Lewis and Matheson 1949)3 and the rate is much less
affected by changes in solvent than is the decomposition of
benzoyl peroxide. Thus, azo-bis-isobutyronitrile is véry
frequently used as an initiator for research studies on

radical polymerization,



{c) Redox initiators

Al low temperatures. free-radicals are cbnveniently
generated by redox initiators (Bacon 1955)4. In such gystems
initiation takes place ag a consequence of an ovxidationsreéduc—
tion reaction between two initiator components. One common

redox gystem is the combination of an alkyl or aryl peroxide

or hydroperoxide with an oxidizable metal ion in its reduced

state:

R-0-0-R + M*—3 w* .+ RO' + RO

Polymerization in aqueous media is readily initiated by

thermal fission of persulphates, e.g, KESEOB’ as follows:

5.0,

»0g —_— 2 SO4

The initiation rates achieved in using persulphates may be
increased by the use of a second catalyst component to provide
a redox syétem. Typical accelerators of persulphate decompo-

sition include metal iong in low oxidation states,

2'}‘ 2"' 3+ 2"' M
Fe + 5,04 —— Pe + SO4 + SO4

and bisulphite ions:

2w - 2= . .
8208 + H803 —_— SO4 + 804 + HSO3



Particularly important are the redox reactions commonly ocecurr-

ing in aqueous media involving electronh transfer processes,

2. Propagation

Pree radical chain propagation proceeds by the rapid

addition of monomer molecules to the active radicals generated

in the initiation step. The process is repeated as many more
monomer molecules are successively added to continuously

propagate the reactive center:

X 515 X
! t
R~CH, - C* + CH.=CH ———— R~CH,~C-CH, -C*
2 e 2 2
H x
+ CH2==CHX
I
R-CHy = § = CHp = ¢ - CHy= ©
H H H

There are two possible points of attachment on monosub-
gtituted (x = H) or l-l~disubstituted monomers for a propaga-

_ting radical either omn carbon 1 or carbon 2 :

x X
I |
R'" + ?:CHz e R"(E"CHé ) (1)
N y
or ¥ <
1 I
R' + C=CH, —> R - CH, - € (2)

J y
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If each succesgive addition of monomer molecules to the
propagating radical occurs in the same manner as equation 2,
the final polymer product will have an arrangement of monomer

units 5n which the subztituents are on alternate carbon atoms:

A SN SR S
WCHZ—'C—CHE—?—CH2“(E“‘CL‘IE"?“Cfiz—'CM
¥ : y ¥y ¥ y

This type ol arrangement is usually referred to as a head-to-

“x/ngme.

tail of mounomer units. 4 inversion of this mode of-addition
of fhe“;;£§ﬁgéwéﬁaiﬁr;ropagating alternatively via equation
2 and 1 would lead to a polymer structure with 1,2- placement
of substituents at one or more places in final polymer chain
which is variously termed head-to-head placement or tail-to-
tail placement. The head-to-tail placemént would be expected

to predominate. _ .
ff/tail-tqatai%/,ﬂ

i 0 TAF — X T
~wwm CHy = G CHy = G- CH,y =C = € = CH, = CH, -G ~CH, - O
y y y ¥ | y y
b~ |

(head-to-head

L“l_ﬁ D e -

3. Termination

Termination of growing poclymer chains may occur in a

number of ways:
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(a) By recombination of two growing chain radicals; resulting

in the formation of "head-to-~head" linkage ast

R ‘tCHZ--ChX:{.—n CH2-CJ:: + XHC'"CHE‘E CHX"CHz:_[Lﬁ B —— |

Tow o —twr
R {(}H2 CHx ooy |G-l R

(b) By disproportionation between two growing chain radicals,
in which a hydrogen atom can be transferred from one radical
to the othsr giving two polymer molecules, one saturated and

the other possessing an olefinic double bond at one end.

R-LCH —CHx— CH.-CHx* 4 H10~CH.. | CHz-CH. L R
T OHpmCHEyy CHy=CHx™ o+ 3OOl T OOl —>

(c) By recombination of growing chain radical with the primary

radical derived from the initiator:
(e (T - _
R—ECH2 Cﬁx] o CH2 CHx®* + R —3 R CH2 CHx T R

Chain trangfer

A prowing chain radical may abstract an atom from another
molecule and thus become gaturated, and the molecule from which
the atom has been absiracted will then become a radical and

gtart a new chain:
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J
] |
~¢~CH2—?H + Rl-y ———-~%~wCH2—?H + Rl
X X |
' i + CH2=CHX
Polymer ‘ Polymsrization Rl—CHE-CHx‘

Chain transfer of this type may cccur with initiator, the
solvent or other compounds which have been added in order to
pronote chain transfer, and with growing or complete polymér
chains. Among the common initiators, the hydroperoxides as
t-butylhycroperoxide or cumene-hydroperoxide are the ones with
a tendency to transfer reactions, whereas benzoyl peroxide,
and egpecially azo-bis-igobutyronitrile, do not take part in

transfer reactions.

4. Kineticg of radical pelymerization

If we denote a primary radical, derived from the decompo-
sition of the initiator, by R® and a propagating radical having
n monomer units by Pﬁ then we may write the following kinetic

gcheme for radical polymerization in the absence of trangfer

reactiong:
KD
Initiator —_— 2 R‘?
K Initiation
R* + M o *, Pij
KP ]
i_'c”'l' »
Pn + M ———— e Pn+l Propagation
Kt
P 4+ P —-2%  Polymer Termination
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The rate of generation of active centres'Pi ig taken as
I, and Kt is the sum of the rate constamts for termination by
combination and dispropofﬁiohatibn;‘primary radical termination
ig neglected since its effécf is noticeable only at high
initiator or low monomer concentrations. In order to treat
the kinetics of this reaction scheme in any simple way, it is
necessary to assume that the propagation rate may be defined
by one gingle rate-~constant Kp. Por the reaction scheme under

consideration, we may writes

~a[mMl/at = K, [Pi][M] + K, [Ri][m] (1)

If; as in most practical caées, the rate of consumption of
monomer by propagation is very much greater than that by

initiation, the rate equation simplifies to :

- afu]/as = x [P']’[M] (2)

The final assumption which we shall make in this treat-
ment is known as the stationary-state apprdximation. It is
agsumed fhat the rate of change of the concentration of radie
cals in the system is very much lower than the rate of consum-

ption of monomer, i.e.,

. |d [;P'J/dtl << ‘d [M]/dtl (3)
This c£iterion is normally expressed by stating fhat d[?‘}/dt

can be get equal to zero, i.,e, that radicals are created in:
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the initiation step at a rate equal to that with which they

are destroyed by termination. Thus we have :

a [pJrat = 1 - k, [P] 2% = o (4)

-

where I = 2fK '_Initiator |; £ Peing the initiator efficiency.
Hence, _
1
[p] = (k¥

So that by substitution in equation (2) we obtain s
Tl 7 - Y% Y
- dul/ar = K /K" [w]. 1 (5)

Polymerization equation (5) describes the most common case of
radical chain polymerization and should apply to the initial
stages of radical polymerization. It shows that from equation
(5) the order of reaction regpect to the monomer concentration
is & f{first order and one-~half order resgpect to the initiator
concentration. This dependence has been confirmed for many
different monomer-initiator combinations over wide ranges of
monomers and initiatorss"a. Deviation from this behaviour are

found under certain conditionsg.

5. Free-radical copolymerization§§

Free-radical copolymerization may be defined as a process
ittt
whereby two or more monomers are integral parts of a high

polymer via radical chain reaction. A copolymer is the product
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resulting from such a process. . The importance of the frea-
radicel copolymerization, is a method for modifying the
properties of polymers, Hard polymers,'as for example, poly-
vinyl chloride, can be made gofter, by copolymerization with
monomers whose homopolymers are rubber like, such as vinyl
ether or acrylic esteérs. There ig a gerieg of monomers, such
as malelc anhydride, the fumarates, the maleates, and vinyl
ethers, which by themselves do not polymerize, or only slowly
by radical mechanism, are often used as the components of a

copolymerizatior and then copolymerize By a radical mechanism,

Copolymer coupcesition eguation

.The composition of the copolymer molectles which are
forming at a given time in a mixture of two monomers depends
on the relative rates with which the two kinds of monomer
units enter a copolymer molecule, When the rate at which a
monomer adds to the polymer chainﬂggg;nde only on the mgnomer
unit at the end of the chain and not on the next-last monomer
udit (penultimate), the composition of the copolymer is
determired by the molar composition of the mixture of monomers

and by the rate constants of the following four reactiomsiOr3l,

K

M2+ My 1l el M7 (1)
K
by o+ M, 2w (2)



ani. M‘Z‘ + N _____+K22 WMQMé (3}

K
y 21

L > MMy (4)

where K11 ig the rate constant for the reaction in which

'MM-Mé +

monomer Ml adds to a radical chain ending in Ml, K12 is the
rate constant for‘the reaction in which monomer M2 adds to a
radical chain ending in MI eeo etC, The compogition of the
copolymer that ig formed could be related to the concentration

of the two monomers in the feed as follows ¢

From the copolymerization reactions (1-4), M; and M, are used

in the reactiong ag 1

k[ ] + %y [0 ] [, | (5)
al1] ¢ Ry, ] o

The ratio of the amounts of the two monomersgs incorporated

H

-4 [Ml] /at

- alu,)/at

into the copolymer in an infinitieimal period of time is given

by dividing equation (5) by equation (6) to get

aju] il Ky ()7 5] + Koy
ae, ] ] Ky [Mi]/[M5] + Koo

The ratio K,,/K;, and K,,/K,, ave defined by r, and Ty

(7)

respectively, and termed the monomer reactivity ratios which

measure the relative gffinities of different monomers for the



two extremeg of ideal ang alternating behaviour. The altep-
nation tendency ig meagured by the tendency of rl » Product

T e

t0 approach zero, In this_case, when T, and T> are both legg

alw] i

e =

] T

(¢) when T, 5 1, thig ig @ rare case ang ir 44 exists, it
leads to the 8ynthesig of blocks of Copolymers op 8 mixture
of the homopolymers.

Methods of calculati monomer reactivist ratios
Tm—————CL8&’culating mo —25) ratiog
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All procedures depend on copolymerizations carried out td low
degreeg of converéions (Less than 10 %), and the experimental
data can be analyzed in several ways. The more established
procedures involving determination of monomer reactivity ratios

are :

(a) Intergection method  -M0)°

This method, originafed by Mayo and Lewis]l, depends on
the copolymerization equation (equation 8, page 17), which can

be expressed in terms of molar ratios instead of concentration

aslB :
N L
rz/a +1

where a and b are the molar ratios of the comonbmera in the
feed and copolymer respectively. In this method for each
single copolymerization result, ry is allowed to take a selec-
ted value in the copolymerization equation, and r, is plotted
as a function of Ty . The straight lines corresponding to each
experimental result should intersect at a common point giving

the ry and ré values,

(b) PFineman-Rosa method

. : 1
Fineman and Ross 4 were the first who arrange the diffe-

rential copolyner compositiosn equation in the following form:
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a ‘
8~y T 1%
a~-a/b as the ordinate againgt 32/b as -abcissa, the slope of

the straight line is ry and the intercep% is =Ty When the

polymer composition measurements are-précise, this method is
very convenient and frequently used due fb’itS'simplicity and

accuracy. ‘
. _/Sgﬁx
. 15 B
(c¢) Joshi-EKapur method ﬂ

o

This method is published in 1954 with a view to eliminat-

ing subjective error in the location of the best point in the

intergection method of Mayo-Lewis plot. a

(d) Tidwell-Moriimer method ' Y

In detailed critical treatises, Tidwell and Mortimert®
pointed out the defects of the different methods, and suggested
a standard computerized procedure; the noniinear least square
method. This method presumes that there is no possible experi-"
mental error in the independent varlable; the monomer compogi-
fion of the feed; and that the absolute error in the copolymer .

composition is independent of its value or constant,

(e) Yezrielev~Brokhina=Roskin method

Yezrielev, Brokhina and Roskin®’ transformed the linear

eguation of copolymer composition into the symmetrical form as:




a/b%.r1 - b%/a.r2+ fl/b%—— b%)-= 0

where a =.M1/M2(molar ratio of the two monomers in the
comonomer mixiure),
and b = M;l/m2 (molar ratio of of the two monomers in the

¢copolymer,

In this method the theoretical line is situated evenly
- between the experimerial points of positive and negative error

which le2ds to dotermination of reaetivity ratiog more accurate,

(£ Kelen~Phads method

- Thisg is the mogt rascent method published by XKelen ang
Tﬁdgsla for caleulating the morsmer reactivity ratios based

on a new graphiecally evalusble linear equation as follows:

v Teye X2

{ = (I’l + ‘a:‘“)u P
4y a{b-1) a2 8min, ¥ 2max,
here = v 0 b7 i i o - SBin.x Omex
%""‘ i - {bmin. x bmax-

The veriabls ¢, conrct trke any positive value, only those in

interval (0, 1), Thus, plotting the ¥/ values in the function

1
£
£

of €;= Cand &= 1 gives ~ré/a: and r, respectively (both as

intercepts).




zctore affecting monomer reactivity ratios

| With respect to frec-radical éopolymerization, it may be
atated that reactivity ratios are comparatively little influe~
need by st common varisbles such as conversion, solvent and
method of polymerizafionl9. In the range of temperatures from
roum temparature to about 100°C there is little variation in
reactivity raticz in binaxry copolymefizations. Howéver, thefe
is a terndency for the Ty, product to approach 1 as temperature

increases. Copolymerizetion has been affected at temperatures

as -78°C and temperatures as high as 130°C, with large change

in reactivity ratios. With respect to the soivent, numerous
studies have been made which indicate that a change of solvent
has 1little effect on monomer reactivity ratios. Accordingly,

a highly polar or nonpolar golvent, does not appear to influence
the value of resctivity ravios, The effects of dilution on
reactivity ratiog have been gtudied and it hag been concluded

that no subgtantial effect exists. Also, polymerization by

golvent-nonsolvent teﬁhniqaes gives reactivity ratios similar
to those of homogeneous system,'that ig the precipitation of
copolymers durinyg polymerization does not alter reactivity
fatios. Monomer reéctivity ratios have also been found to
vary with prsssure, for example, copolymerization of methyl

methacrylate and acrylonitrilezo, the product of T, inereased




from 0.16 (at atmosphere pressure) to 0.91 (at-1000 atmosphere)
indicating that increagsed pressure increases the tehdency for

this system towards blocks,

Terpolymer composition equation

- Chenigts sometimes polymerize mixture of three {or more)
monomers with the intent of preparing multicomponent polymers
that will have the properties requlred for a specific use,
The commercial importance of multicomponent polymerization
has rapldly increased in the last decade. Incorpofaﬁion of a
third monomer developed gross effects oh the properties of
copolymers such as heat resigtance, tensile gtrength, elagti-
city, tranoparency and solvent resistance. It is desirable
to know the relationghip between the ratio of a given get of
monomers and the corresponding copolymer compegdition, It hag
been shown by Alfery and Goldfinger21 that there are nine

propagation reactions in determination verpolymer compositions

‘ K
L] L KEl -~ e L] 31 - .
e M2 4 _L...M My M, S5 L My M4, -2 5 My Ml
K, Lo K
e} 4, _%.-Ml M |2 10, —25 g b ~US, 25 s
X %23 %33
""’M +M ﬂMl—.t' m B +M3 —_— wM2 —MB NM3+M3 L »-MB-MB

In order to pradict the behavicur of a three- component
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systém (Ml-Mé~M3), it‘is necegsary to know the copolymerization

tion as follows:

MM, M, -1 . M- i
A T P Koo/%p3= 1y, RS AT
ro= K50/%,,

In a manner completely anélogous to that described fopr

21 o7 Ky = vy rs K33/K5y = 1y

two component systems (page 15) the terpolymerization compo—
gition équation, which relates the ingtantanecug terpolymer
Compogition to the feegq of'monomers (uging the assumption of

a stéady gtate); eould be obtained ag.

*21 21732 T3Tp |

[ n MQ“'-MB“ M - M| [u
:[Mg]_l__;] LANNEN MJ+[I [_L]J

| I‘lzrsix‘lersaf%zrnj 2

-

| B i U w1l 0 M, ]
d[Ml}: d[MZJ= d[M3]= [‘Mlﬂﬁgi_] :' [ 2] - LB] [Mll-t» [-2.].. + [Elj

] o] o]
g Jf‘"lar'zfrefi? T13%23 ¥
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Ham 25 proposed a simpler expression for the terpolymer

Comp08+t10ﬁ equatlon when polar and gteiie effects are absent

or when polar effects between the various radicals and mono-'

mers are gimilar so that :

Tle o3 f31 = Ty T3p Tpy.

and the terpolymer composition equation was gimplified in

the form

d Ml] : d[ME

S
£a
LB
| S
i
B
o+
=
Hp“
+
H}jﬂ
bt

May026 reported that Ham'sg equation ig potentially ugeful
for brlnalng out 1nconsisten01es between experimental dats are
theoretlcal correlations and prediction of behaviourg of mono-
mers in copolymerlzatlons. Also, Ham'sg probabilities are

sometimes quite good and sometimes very poor,

Khan and Horowitz27 studied +the terpolymerizatlon of

vinyl acetate~dioctyl fumarate-N—vinyl pyrrolidone system

and programed the dlfferentlal terpolymer comp091t10n equation

on a digital computer in the follrwing form s
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d Ml s d M, : d M =

-

.
N, M1r23132 f Mér31r23 + M3r32r21j#y1r12r13 + M2r13 + Mjriz

-

2

M2¢M1r32r13 + M2r13r31 + Mjr12131];¥érélré3 + er?B + Mjrél.‘

p—

MBHE:r12r23 + M2r13r2l + M3r12rél] ?5151132 + er32 + M’2r31J

Organotin Polymers

Since 1950, systematic investigations have been carried
out on organotin compounds as biccides. There is a current .
trend away from the use of organolead and organomercury com-
pounds due to their high mammalian toxicity and their rela-
tively adverse effects on the environment. Organotin compounds
are even eventually degraded in nature to give non-toxic
inorganic tin residueSZB. The action of organotin compounds

towards fungi, bacteria, marine organisms, parasitic worms,

aguatic snails and insects have been studied. The most
important of these ig undoubtedly the use of organotin comp-
ounds as fungicides in agriculture, application in antifouling

caotings, and wood preservation.

Montemarano and Dyckman29 reported that the incorporation
of such biocidal organotin compounds on polymeric backbones,

such ag polymethacryletes, polystyrenes and polyesters,
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produced long~-lived, low-leaching organotin polymers. This
chemical conservation of the organotin toxin will provide
longer-term biocidal effect, while reducing the pollution
hazard attributed to presently used toxic compounds., Thege
organotin polymers were found to be transparent, nonwettable,
film-forming and effective against bacteria, algae and fouling

organisms.

The .literature dealing with organotin polymers is not
extensive due to the Secrecy which surrounds its most appli-
cations. Organotin polymers may be classified as éubstances
containing tin atoms, bound to carbon, in the main chain or

pendent in side chaing,

a) Tirn atoms in polymer main chain

Generally, the gynthesis of polymers containing tin atoms
in the polymer backbone are carried out by condensation methods,
For example, organotin polyesters, were prepared directly by
the reaction of organotin dihalides with the sodium salt of

diacids as follows :

RQSnCl2 + R'(COONa)E — —+Sn(R2)OOCR'0001“- + 2NaCl
L Jn

Alternatively, organotin diacetates or dibutyltin oxide can

be reacted with diacids %o form gimilar productsBo, which were
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characterlzed by a lower order of polymerization due in part
to cyclization reactions. Also, the condensation products of
a bisphenol and a mixture of a diorganotin dihalide and acyl
halide of a dicarboxylic acid were reported31 to be linear

chain as follows :

<t i,

Noltes and Van der Kerk32 studied the reactions involving
organotin dihydrides and diolefins to brepare organotin poly-

mers of the type :
RESnH2 + CH?= CH~R~CH = CH2 ——

?_ -
| n
R

Another route to the synthesis of polyesters having tin
in the polymer backbone has been described by Leebrlck33, who
prepared polyurethanes containing tin as follows :

0
HO~CH,~07_ R

0 ~
::Sn

N

R(NCO), +

0
- -
HO~EH, q*o
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o m o9 o B 9 ‘
HIC—N-R-N~C—OumL—C-O«?n*O—Cmﬂ%J)
R? "

b) Tin atoms pendent to polymer chain

Polymers containing organotin groups pendent to a carbon
backbone are generally obtained by free radical initiated
polymerizations of unsaturated organotin ester monomers.,
Montetmoso et al-? prepared a series of monomers through e
reaction of organotin oxides or hydroxides with unsaturated

acide as followa :
(R3Sn)20 + 2 R'CH=CR"~CO0H —— 2 R'CH=CR"COOSnR3 + H,0

where R, R' and R" = H, alkyl or aryl. These unsaturated
organotin monomers could also be prepared by the reaction of
organotin halides35 or tetrarylting with the unsaturated
organic acid. A considerable number of organotin polyacrylates
have been prepared from their respéctive monomers, and poly-
merized using bulk, solution and emulsion polymerizations;

which may find application as films, foils and coating534.

Adrova et a136 prepared poly tributyltin-4t-vinyle-q-
biphenyl carboxylate angd reported it to be eolourless
soluble polymer, stable at 165°C, aas :




)
COOSn(C4H9,3

Similarly, Leebrick 37 prepared an analogous sgeries of
polymers baged upon vinyl benzoic acid ag illustrated below :

e

{C’Hz - cP:I—n

COOSnR3

383

Koechitin~ 39

and Rzaev gtudied a geries of co~ and ter-
polymsrs prepared from the reaction of maleic anhydride,
styrere and organotin diester of maleic enhydride, with the

following gensral structure :

S SR

CH ~ CH ~CH,.-CH -« CH cH
I j 2 | b n
O=C C=0 - C=0 C=0
L ~ 0/ I | A
' 0 0 |

én(Bu)3 Sln(Bu.)B
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These polymers were found %o be resigtant to ultraviolet aging

and have b

Montemarane and Dychman2

erylates b

methacryla

e é Ll ?
) 1
- “'HB SnPr, J n

actericidal and genersl anti-microbisl behaviour,

Q
” prepared organotin polymetha-
aged on tributyltin mevhacrylate ond tripropyltin

e with the following general gtrusture

s

!‘ :%:}13 “”'
CH,_ - - -

L 1]

They studied the toxin release of such copolymers and reported

that tributyltin nethacrylate-methyl methacrylate

copolymer

relcased 45 % less organotin ions $han polytributyltin methg-

crylate, iadicating that the degree of leaching frcm an organo-

metallic p

ite polyme

olymer may be contiolled by chemical modification of

r matriz, Therefore, the optimal cffective material

exhibiting 2 minimal amount of leaching can be produced'by

varying the ratio ol vrganometallic monomner to inert comonomezy

along the copolymer backbone,

Evans et al,

28, working on the same subject, reported that

the incorporation of two RBSn groups guch as tributylé and

tripropylting, into a polymeri¢ mnetwork widens

.the spectrum
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of effectiveness but would otherw1se prove too toxie for

genercl uge. .

F“jitun14o prepored emulesicns of orgonotin polymers,for
Lwee es antifouling peints,by terpolyﬁerization of triphsn&l—

tin nethaerylote ynethyl methecrylate and o hyl acrylate;

Alsoﬂuntifoul irg pointa formulations based on- 6llyl 2«4 -~
dichlorcpliencsy ucetalbee butyl acxylates. trlbuujltin

acrylate terpolymar were prepared and tested by Metsude et &145

Atherton and oonworkers42 examined copolymars prepargd
from tributyltin methacrylate with methyl methacrylate,
gtyrene cnd butyl acryldte,fdr the rate of toxin relense and
£ilm eroslon,und concludod that bettesr conirol of toxin
relonse 13 possidls by the coirect choice of the ccpolymer

constituenta,

Yo much work Los been dore to study tae kinetics and
copclymerization parameters of organotin monomers to 1lluse
trate fhe composition and distribution of the orgonotin
moiety within *Hercopolymar chaing.However ,in o comparison
study Xo= on4 notod that triphonyltin nethacrylate polymerlzes

more ropidly tici methyl mothocrylate,

Copolymérs off p-triphenyltin styrene and styrens or
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vinyl toluene,were prepoared and studied kinetieally Sy
sondler et al44,who reported that the rate of addition of
p-triphenyltin styrene mqn@mer to its own radicel is gracter
_than the addition of styrens or vinyl toluene monomafs‘ '
suggesting that small blockas of the tiﬁ monomer units should

be present in the polymer network,.

Zobotin and Maiysheva45 studied the copolymerizations

PSRRI

of tributyltin ccrylate with alkyl aerylates in solublon,
end roported that the redctivity ratios of alkyl ocrylate with
tributyl¥in acrylate decreased with increasing length of the |
alkyl chain, |

The monomer reactivity rotios of tributyltin methacrylate
with glypidyi methacrylate were determined by Subramonion et
a146 who reported that the copolymer produced could be self-

cured to & crosslinked product by heating;

Mode of action of erganoting .
It may be stated that only very fsw orgonotin compoundé4z

0.8+ triethyltin salts are highly toxic and the aconomically

important tributyle,dibutyl~,and triphenyltin compounds are

known which cre hardly toxic at all,

The main site of action of these compounds appears to be
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the outflow from the polymer is governmed by the chemical
hydrolysis of the polymer-pesticide bond, not simply the

‘dissolution of the toxicant.

5. The toxiec surface itself which prevents fouling by giving
the fouling organisms a "bad taste" wher. they attempt to -

settle on the surface.
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Aim of thé Present Work

Organotin compounds find widespread applications as
biocides against‘bacteria, fungi, aquatic snails, marine
organisms and insects. The incorporation of organotin com-
pouﬁds onto polyacrylates or polymethacrylates pfoduces long-
lived effective organotin poiymers that reduces the pollution
hazards attributed to toxins., It is evident that thé physical
properties of organotin polymers and-.copolymers is greatly:
affected by the orgénotin moiety in the polymer chain. Also,
the biocidal efficiency of sBuch organotin polymers is influen-
ced by the composition and distribution of the organctin
monomer in the copolymer matrix. VIn gpite of {the great
practical interest of polymefs and .copolymers containing tin,
no much work has been done concerning the kinetics and copoly-
merization behaviours of organotin monomers. Thus, in the
present work tri-n-butyltin acrylate and tri-n-butyltin
methecrylate monomers were prepared through the reaction of
tri-n~butyltin oxide %ith acrylib er methacrylic acids,
respectively. It was aimed to determine the copolymerization
parametérs and to discover any azeotropy df these orgénotin
monomers with alkyl methacrylates and aslkyl acrylates as well
as acrylonitrile and styrene, also to calculate the disfribu—

tion of the organotin monomer in the copolymers showing



azeotropic béhaviour. It was also aimed ‘{0 prepare terpoly-
merg involving organotin monomers as well as acrylonitrile to
illustrate the variation of both instantanecus and aférage
terpolymer cbmpositions'with:conversion on the basis of
determined reactivity ratios. These vaiues are expected to -
be very useful in selecting a suitable copolymer or terpolymer
with a regular distribution of monomer units for'bbtaining
optimum physical propértieslas well as increasing its bio-

cidal efficiency.

The bltimate aim of this work which will be continued
further to the present work is to reach such copolymer and
terpolymer compositions which satisfy all practicai require~
 ments.of molecular weight, épplication viscoslity, Uniform
distribution of the toxlc constituent, stability upon storage

and longterm effective functioning in the desired application.



MATERTIALS AND METHODS
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CHAPTER II

MATERTATS AND METHNODS

A. Materials

Acrylate and methacrylafe monomers, namnely, methyl
methacrylate (MMA), éllyl methacrylate (AMA), methyl acrylate
(MA), ethyl acrylate (EA), and n-butyl acrylate .(B4) ﬁere
E. Marck Darmstadt, products and were freed from inhibitors
bj distillation under reduced pressure and the centre cuts
Were retained for use. Acrylonitrile (4F) and styrene (St)

monomers were also purified by wvacuitm dis+illztion,

The bis(tri-n~butyltin) oxide (TET0) was obtained firom
M & T Chemicals, Rshway, New Jerbey, and the free radical
initiator, azo-bis~isobutyronitrile (AIBN) from Eastman Kodak

co., was recrystallized from absolute ethanol, m.p. 102°C,

411 solvents used were of reagent grade and were purified

by distillation bafore use.

B~ Methods

1. Preparation of n-butyl methacrylate (BMA)

n-Butyl methacrylate monomer was prepared according to
the method of Munch-Petersensl through esterification of

methacrylic acid with n-butyl aleohol. . Thus, to a solution
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- of methacrylic acid (258 gm, 3 moles) in 300 ml benzene, in a
1 L flask, butanol (370 gm, 5 moles) was added and about 8 ul

concentrated sulphuric acid was added dropwige to the reaction
mixture., Also, 10 gm of hydroquinone was added to.the reaction
mixture ag inhibitor. The flask was placed over a boiling
watér bath and provided with an azeotropic separator connected
to a reflux condenser. The reaction mixture was heated under

reflux for about 6 hours or until no separation of aqueous

phase occurred. The coocled reaction mixtufe wag diluted with
200 ml ether, washed with dilute sodium bicarvonate solution
until neutral to litmus and dried over anhydrous sodium gul-
phate. The solvent was distilled off and the n-butyl methac-
rylate ester was purified from excesg butanol by fractional

distillation, b,p. 160°C,

2., Preparation of n-propyl methacrylate (Prd)

n~-Propyl methacrylate monomer was preparaed according to

o1 uging the same procedure described before,

MunchmPeteréen
based on the esterification of methacrylic acid with n-propyl
alcohol. The prepared n-propyl methacrylate monomer was

purified by fractional distillation, b.p. 140°C.
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3. Preparation of tri-n-butyltin acrylate (TBTA)

The tri-nmbutyltin acrylate monomer was prepared according -

52

to a modified method by Cummins and Dunn’S, based on the

esterification of acrylic acid with tri-n-butyltin oxide as

follows :
’,H. (C4H9)3Sn\ E

2 CHQ_C\\ + {O — 2 CH2—7. f H2O |
. COCH (C4H9)38n g:o

: i
Y. ~8n
(()4}]29,3 7

Thus, tri-n-butyltin oxide (100 gm, 0,167 mole) was added to
300 ml light petroleum in a 500 ml conical fiask and the
golution was stirred with a magrnetic gtirrer. Acrylic acid
(24.16 gm, 0.335 mole) was added very slowly in a period of

2 hours at room temperature. After all the acid was added the
reaction mixture was dried over'anhydrous sodium sulphate and
‘filtered, The resulting solution was left overnight in a
refrigerator and the tri-n-butyltin acrylate monomer separated
out as colourless needlelike crystals; it was collected by
filtration and purified by recrystgllizatioﬁ from petroleum
ether, m,p. 75°C., The tin content of the monomer was found to
be 32.71 % against a calculated value of 32,96 %. The yield

was almost quaniitative.
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4. Preparation of tri-n-butyltin methaeryviate (TBTMA)

The tri-n-butyliin methacrylate monomer was prepared
according to a modified method by Cummins and Dunn52, through
the esterification of metihacrylic 2cid with tri-n-butyltin
oxide as followa :

CH
2 CH,=C-CO0H + 0 — 2 CH =
2 -
(C4H9)38n

Thus, tri~n-butyltin oxide (100 gm, 0,167 mole) was added *o
300 ml light petroleum in a flask equiped with a mechanical
gtirrer. Then, methacrylic acid (28.8 gm, 0.335 mole) wasd
added slowly to the solutidn while cooling down the flask to
-maintain the reaction mixture temperature below 30°C., All
the aocid was added dropwise in a period of 2 hours and the
reaction mixture was left overnight in a refrigerator. The
reaction mixture was poured over dilute sodium bicarbonate
golution, washed with water in a geparating funnel and the
organic layer was collected and dried over anhydrous sodium
sulphate, then filtered. The resulting solution was left
overnight at ~15°C to produce triwn—butyltin methacrylate as

colourless needles; it wag collected by decantation of the



supernatent liquid. ihe producf was recrystallized from
light petroleum af§ -15°C, and excess of the solvent was
removed by vacuum evaporation. The tri-n~butyltin methacry-
late monomer produced melted at 18°C, and its tin content was
found to be 31.30 % against a calenlated value of 31.73 %.

The yield was almosgt quantitative.

5. Polymerizaticn of ftri-n-butyltin acrylate

Polymerization of tri-n-butyltin écrylate was carried out
by solution polymerization in toluene %o study the effect of
both monomer anc initiator concentration on the rate of poly-
merization. Thus, the required amounts of the %in monomer
in toluene (0.77=1.,61 mole/l) were charged in pyrex glass
tubes. Azo~bis-isobutyronitrile was used as a free radical
initiator and the calculated amount (0,0077~0.031 mole/l) was
added to each tube. The ftubes were flughed with oxygen-free
nitrogen, and each tube was capped with aluminium foil, and
placed in a thermostatically contfolled waterbath at 70°C,

After poiymerization for a given time (20-80 min.) the cbn—
tenfs of each tube were poured on large amount of 85 % methanol-
water mixture. The precipitated polymer was purified by washing
several times with 90 % methanol solution, then each sample
was dried till cbnstant weight, The pércent conversidn-of

each gample was calculated as the weight of polymer produced

with'respect to the weight of monomer.
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6. Binary copolymerization reactions

The copolymers were obtained by the solution polymerizg-
tion method in presence of azo-big~isobutyronitrile as a free-
radical initiator, fThus, the pre~determined amounts of the
comonomers were placed in a smsll glass tubes, and diluted
with toluene so that the total monowes concentration wés
about 3 meles/litre. The copolymerizatinn waa commenced by
adding ATBN in i1 concentration of 1 mcle/100 moles monomers
to each fube, the tubss were flushed with oxvgen-free nitro-
gen for 10 minutes, capped and thermostated &% 70°C for 15-60
minutes depending on the comonomer pair ard the initial
composition: The copolymers were obtained by precipitation
from 85 % methanol—watér mixture, and purified by reprecipi=~
tation by 90 % methanol, and washing several times, dried
and Weighed. Conversions were limited within 7-10 %, since
the calculations of the monomer reactivity ratios depend on
the differential form of the copolymer composition equation,
The percent conversion of each sample was evaluated as the
welght of the copolymer produced with respect to the total

weight of comonomers.

T. Ternary copolymerization reactions

Polymerization of the threc component systems were

carried out by solution polymerization uging toluene as a
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golvent in presence of AIBN as a free radical initiator at
70°C according to the method described before for binary

copolymerization reactions,

8, Determination of tin content

The tin content of the prepared monomers, copolymers
snc terpolymsrs was determined through oxidation of the
sample %o tin oxide according to the method cf %ilman and
RosenbergSB. Thug, approximately C.2 gm of 4he tin-containing
sample was placed in a 30 ml crucible, To this were added,
with daution,'B ml of concentrated sulfuric acid and 3=5 drops
of nitric acid. The crucible was heated slowly over a flame
until the sample turned black, and then cautious heating was
maintained until the excess acid was Yemoved. Subsequently, .
the carbonaceous material formed by the action of the acid
was completely caleined for 1 hr over high heat, leaving the

gtannic dxide &9 @ pale yellow golid residue. From the weight

of this residuc, the tin content oi tha sewple was calculated
as follows ¢

‘weight of tin oxide x 119 x 100
weight of sample x 151

Sn % =
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9. Determingtion of nitrogen content .

The nitrogen content of the prepared ternary copolymers
containing AN, was determined according to = modified micro-
Kjeldahl procedure. Thug, about 0.3 gm of the sample was
digested with concentréted sulphuric ecid in preéence of
hydrogen peroxide, A solution of 50 % sodium hydroxide was
added to the sample solution in the Kjeldahl apparatus snd
‘the ammonia was distilled and collected in boric acid solution.
The nitrogen content of each sampie was calculated by titra- |
tion ageinst a Btandard hydrochloric acid solution (0.0IN?

using mixed indicator of bromocresol and metHyl red.

10, Viscosity measurements

A 1 % solution of each sample of the purified and diied
polymers ih toluene. was preparéd fof viscosity measurements
using Ubbelohde viscometer, in thermostatically controlled
water bath at 30°C, The efflux time of the solvent was of
the order of 180 seconds. The specific viscosity of each

sample was calculated asg

v .t~
{ Sp =2

where t and %, are the efflux time of the polymer solution

and the pure solvent, respectively,
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11. Infrared spectroscopy

The prepared organotin monomers, copolymers and terpoly-
mers were examined by infrared spectrophotometry using the

thin-film technique on Beckman 4220 infrared spectrophotometer.

- 12, Determination of the monomer riactivity ratios

The monomer reactivity ratios of the binarj copolyﬁeriza-
tion systems involving organotin monomers were determined on
the basis of the comonomer. compesition-copolymer composition
relationship., The copolymef composition of edch sampie was

calculated through its tin content as follows :

Sn of copolymer _ __ mol. wt. of Mp
%n % of My - mol, Wt of Wy + mol, wh, of N,/b

where Mllis the organotin monomer and b (= ml/mz) is the molar
ratio of copolymer composition, the molar fraction of Ml

monomer (Fi) in the copolymer could be calculated as i

F _ b
1 - I+
The monomer reactivity ratios of each system was calculated
according to the method of Fineman-Ross'* (page 20) and also
by the method recently proposed by Kelen_and TﬁdﬁslB (page 22),
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13, Preparation &nd prqperfies of Organotin Polymer Films

a-— Preparation of Orgapotin Polymer Filmg

Films were made byrpouring the solution of orghnotin
polymer {50 % in toluene) on the clean dry glass and metal
-plates. Each run was performed in duplicate or triplicate.
The plétes were left to dry in suitable supports near the

vertical position for two days at room temperature.

b= Determination of the Dry Film Thickness

An BErichsen mechanical thickness gauge Was uged to

determine the film fhickness.‘

c~ Determination of the Film HardneSSs4

The film hardness was measured at the abovestated
thickness ueing the standard Konig pendulum. The time (in
geconds) required to damp the oscillation from the initial
outwards portion marked by 6° to half amplitude marked by 3°
was taken as the hardness indication, the time for uncoated

glass is 210 sgec.

d- Impact Resistanc_e55

The G8rdner impact tester was used. The weight of

steel impact rod is 1810 grams,



e~ Determination of Water Resistanc656

In the‘present work, the films were prepared on clean
glass ﬁlates. The plates were immersed to half the lengthrin
2 litre beakers containing distilled water for 24 hours at
~room.temperature. In the case of hot water,'the immersion
period ranged from 15 minutes to geveral hours. The panels
were geﬁtly dried and left for one .hour after removal from

water;'and then examined from any defect,

f- Determinatibn of Alkali Resistag3357

The'test.panelé were coated by the resin material to
be tested end allowed to dry. The edges were coated by N
dipping in molten paraffin wax. The coated panels were then
immerged in an aqueous solution containing 5 gm of sodium
hydroxide or anhydrous sodium carbonate per 100 ml of water

for 4 hours,

The panels were removed, washed and the immersed portion
of the f1ilm was examined immediately after drying for one

1

hour for any defects,

58

g~ Acid Resistance

The panels were prepared in the same'way as in the

test for alkali resigtance and immersed to half the length
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in a solution containing 5 gm of sulphuric ecid (Sp. Gr. 1.84)
per 100 ml of water and allowed to-sfand for 24 hours at room
temperature. The panels were fhen removed and washed thorou-
ghly with cold water and allowed to dry in vertical position
for 2 hours at room temperature and the immerséd portion of

the film wds exanined for any defects.

h- Croga-~cut Adhesion Test59

A very simple method for estimating adhesion consists
in making a gérics of parallel cuts through the film in one
direction and a second seriea at right aﬁglés to the first.,
To make the,fest quaﬁtitatiVe, eleven cuita 1/32 inch apart in

each direction, forming 100 squares. The number of squares

remain intact gives a measure of the adhesion.

Applying adhesive tape to the cross-~cut area to aid in

removal of loogse film may be helpful;



RESUTLTS AND DISCUSSION
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CHAPTER III

Polymerization Reactions

1. Tri-n-butyltin acrylate and tri-n-butyltin methacrylate

monomers

The structure of the prepared tri-n-buityltin acrylate
and tri-n-butyltin methacrylate monomers were investigated
by their I.R. spectra as shown ih Fig. (1). It can be shown
that the I.R. spectra of the two tin~containing monomers are
quite similar in the region 400-1400 cmfl and are characteri-

1 due to the

192

zed by the presence of a strong band at 1640 cm”
carboxylate carbonyl groups of -C00Sn< . Cumnmins et a
reported that the tributyltin carboxylates exhibit only the
;640 cm_1 bands which are typical of a carbonyl rather than

a carboxylate group due to the influence of the metal atom, -
which suggests that organotin esters are covalent and chelated
in character rather than ionic compounds, The bands at 2970

cm are due to the C~H gtretching vibrations of —CH2 and

-CH3 groups.

2. Polymerization of tri-n~butyltin acrylate (TBTA)

The polymerization of TBTA initiated by AIBN was carried
out in toluene at 70°C, Two series of rate studies of the
polymerization of TBTA were carried out in which the initial
concentration of AIBN and tLat of TBTA was varied, while the

other was maintained effectively constant, as follows :-
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a) Effect of AIBN concentration on the rate of TBTA

polymerization

To study the effect of the initiator concentration on
the rate of TBTA polymerizatioh, four polymerization rea§t~
ions were cérried out in which the concentration of TBTA was
kept constant at 0.7777 mole/l and the AIBN at concentrations
Yarying over 0,0077-0,0311 mole/l. The reaction conditions
and results are summarized in Table (1), The time-conversion
curves of the four polymerization reactions studied are shown
in Pig. (28}, from which the rate of polymerization at each

level of initiator concentration was calculated (Table 1).

B) Effect of monomer concentration on the polymerization

rate of TBTA

Three polymerization reactions were carried out in which
the AIBN concentration wasg kept at 0.0077 mole/l and the
monomer concentration was varied over 0,7777-1.6163 mole/1.
The results and experimental conditions are illustrated in
Table (2). The time~conversion curves of the polymerization

reactions studied are shown in Fig. (3a).

The relation between the rate of the reaction (Rp) as a

function of initiator concentration (I), is illustrated
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logarithmically in Fig. (2b), from which the slope of the
obtained straight line is equal to 0.5. This indicates that
the order of the readtion with rcapect o the initiator con-
centration is a half-order reaction. Also, from Fig. (3b),
it is clear that the order of reaction with respect to monomer
concentration is equal to one. Accordingly, the rate eguation
for the radical polymerization of TBTA in toluene at T0°cC,
ugsing AIBN as initiator could be obtainad in the form of ideal

polymerization behaviour as follows :
. - %
= kx /o N
R, | 784 | [AIB i

Deb and Samui®® gtudied the kinetics of the polymeriza-
tion of tri-n-butyltin methacrylate and reported that the
polymerization showed deviations from ideal behaviour in that
the initiator exponent fell below 0.5 at higher initiator
concentrations, which may be due to the high viscogity of the

menomer,



~ K

Table (1)

Effect of AIBN concentration on the rate of poly~
merization of TBT4A (0.7777 mole/l, in toluene, at 70°C),.

b

"LAIBN| Time Conversion

5 3
mole/l  min. % 1n(RpxlO ) In({AIBN}Ix10”)
20 9,2
40 17.00
0.0077 6o 28.1 1.,7889 2.0412
80 35.94
15 10.0
20 12,5
0.0155 30 20,0 2,1456 2.7408
40 26.0
50 33.0
10 8.5
18 16.0
0,0226 2.408 .11
28 24,1 + 2+ L1173
40 32.5
8 8.5
15 14.5 ‘ ‘
0,0311 20 £1.2 2.5688 344372
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Table (2)

Effect of monomser concentration on the rate of poly-
merization of TBTA (in toluene, at 70°C, in presence
of 0.0077 mole/1 AIBN)

Ry Time Conversgion
LA 1n(Rpx105) 1n([TBIAk 10 )

mole/1  min. %
20 9,2
40 17.0

0. . .

TT77 60 8.1 1,7889 22,0412

80 35.94
27 13.11

l,0725 47 23.08 2,3448 2. 5436
62 30.6
77 38.13
25 13.98

1.6163 10 a4.37 2.6966 2.7827
60 32,53 '
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(Q) ---—-¢ 0.0077 Mole/L
S ——o 0.0155 Mole/L
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O 20
- 1 i 1 1 | 1
20 40 60 80 100 120
Time (min.)
3 - (Db)
m'-O: 2 i
x(l
(0
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C
—J
1 | ! 1
1.2 3 ,34
~ Ln([AIBN]x10)
Fig. (2). Effect of AIBN concentration
‘the R, of TBTA.

on p



_____ o 0.7777 Mole [ L

Fig.{ 3 ). Effect of TBTA concentration  on
its rate of polymerization .
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CHAPTER IV

Copolymerization Reactions

The copolymerization reactions of triQn-butyltin metha-
crylate or acrylate with methacrylate esters, acrylate esters,
styrene or acrylonitrile, were carried out by solution poly-
merization in toluene at 70°C in presence of 1 mole % AIBN
as described earlier (page 45). The copolymers were prepared
at low conversions and the copolymer composition of each
gample was calcvlated from its tin content, The monomer

reactivity ratins (ry and r2) of each system were calculated
according to Fineman and Ross14 (page 20) and also by the
method recently developed by Kelen and THAEsTC (page 22).

Monomer reactivity ratiog for copolymerizations of

tri-n-butyltin methacrylate (TBTMA) with methyl meth~

acrylate (MMA), n-~propyl methacrylate (PrMA), n-butyl

methacrylate (BMA) and allyl methacryvlate (AMA),

The copolymerization reactions of TBTMA with MMA, PrMA, BMA

and AMA were gtudied and the reactions can be represented as:

CH i CH, | T CH. ]

?H3 |3 |3 3
CH2=? : + CH2=? e CHE-? CHZ_? N

C‘-'-:O C-"’O ?20 (‘.}:O

a |

; 9 9 9

Sn(C4H9)3 R (C4H9)38n v R .

L. - 1 L " 2




- 58 =

where R = ~CH3 R n~03H7 , n~C4H9 or ~CH,-CH=CH,,

The experimental conditions and the results of the

copolymerization reactiong are #lluvstrated in Tablea (3~56).

Pig. (4) shows the Fineman-Ross plots of a-a/b ag a fun-
ction of az/b for the copolymerizations of TBTMA with MMA,
PriA, BMA, and AMA. The slope of the straight line of each

~system is equal to r, and the intercept gives -r,. Also, Fig.

1 2
(5) illustrates the Kelen~TNdos plots of the four systems

which give r amd“—r2/a: both as intercepts.

1

From the exrperimental data tabulated in Tables (3-~6) and
figures (4 and 5) for the copolymerization of the four systems
studied, the mcuomer reactivity ratios calculated by both
Fineman-Ross and Kelen-Tldds methods are summarized in TPable
(7). The data illustrated in Table (7) show that there ig a
good agreement between the monomer reactivity ratios calcula-.
ted by the two methods, Also, the range of experimental error
in ry and_r2 is quite small and can be considered as within

the experimental error..

From the reactivity ratios of the four systems studied and
tabulated in Table (7), it is clear that the copolymer should
have random distribution of the monomer units in the copolymer

molecules., The copolymerization of TBTMA with MMA shows almost
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Fig.

—-— 0 TBTMA-MMA-
A TBTMA —-PrMA
-------A TBTMA—BMA .
— —o TBTMA-AMA

(4)

. Fineman—Ross plols for the

copolymerization of: TBTMA—-MMA,
TBTMA-—PrMA , TBTMA-BMA , and
TBTMA-AMA.
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Fig. ( 5 ). Kelen—Tudds plots for the copolymerization
of: TBTMA— MMA, TBTMA— PrMA, TBTMA—-BMA

and TBTMA-A MA.
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ideal behaviour (r1r2 = 0.792, while copolymgrization of TBTMA
with AMA shows almost block copolymerization_behéviour (rl) 1,
s, Y 1 and rir, = 2,336), DTable (7) also shows that the
monomer reactivity zatios determined for the éopolymerization
of TBTMA with PrMA and BMA are less than unity and should have
azeotropic copolymerization behaviour. The azeotfopic compao-
gition of TBTMA-PrMA system was calculated from the mbnomer
reactivity ratios and was found to be at 19.23 : 80.77 mole
ratio. Similarly the azeotropic composition of TBTMA-BMA
gsystem was foung %o be 48.43 : 51.57 mole ratio. . Thésé data
are in agreement with the composition curves shown in Fig. (6)
illustréting the relation between Fl (mole fraction of TBTMA
in copolymer) vcrsus fl (mole fraction of TBTMA in comonomer
feed). ¥rom figures 6b and 6c it is clear that the curves
cross the line represgsenting Fl = fl at 0.19 and at 0.43 mole
fractions for copolymerizations of TBTMA with PrMA and BMA,
respectively., These points of intersection correspond to the
azeotropic compositions yielding homogeneous copolymers regard-

less of conversion.

.Thé azeotrppic comonomer composition of TBTMA=-PrMA and
TBTMA-BMA gystems were polymerized; by solution copolymeriza-
~tion in toluene in presence of 1 mole % AIBN at 70°C tb gseveral
conﬁeréions covering a wide range. Tables 8 and 9 illustrate

the experimental conditions and the results for both systems.



1;0 1'0
(a)
0.8 |- 0.8
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0_8 — 08
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E R
0.4 | 0.4
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Composition curves

Fig. (6 ).

(b)

1.0 0.8 0.6 0.4 0.2 0
f

(d)

1 ] I i

10 0.8 0.6 0.4 0.2 O
fi

for the CO-—

polymerization of:(a) TBTMA—-MMA,
(b) TBTMA_PrMA , (c) TBTMA_ BMA,
and (d) TBTMA-AMA.

f,= mole fraction

of M,in feed and

f= mole fraction of M,in copolymer.
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Fig, (7) shows the change of the conversion with time for
both azeotropic copolymerizations, Fig. (8) shows Fl (mole
fraction of TBTMA in copolymer) against the conversion and
that the experimental points - calculated from the tin content
of each sample - are in good agreement with the points of
inflection on the 1ines'representing the azeotropic composi-~ -

tion in both systems.

From Tables (8) and (9), and Fig. (8), it is clear that
the azeotropic copdlymer composition of TBTMA-PrMA and TBTMA-
BMA systems remain constant up to 90 % conversion, and the
tin content of the copolymers gave a mean value of 13,0 percent
against a calculated value of 12,9 percent for the azeotropid
composition of TBTMA~P+MA system, while for the azeotropic
copolymerization of TBTMA with BMA gave a mean value of 22,62 %

tin against a colculated value of 22.6 %,

Izu and O’Driscoll61 proposed a normograph for calculating
the sequence distribution of the monomers in the copolymer
chain based on the feed compogition and the monomer reactivity
ratiog. Thus, the triad fractions of ''BTMA (Ml) for the azeo=-
tropic compositions of TBTMA-PrMA and TBTMA-BMA systems were

calculated and found to be ag follows :
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Table (8) -
Azeotropic copolymerization of TBTMA (M)
with Priif (M,)

mole fraction gram
TBTMA : 0.192 10.8
PriA s 0,808 15.51
AIBN : (1 mole %) 0.246

Solution polymerization in toluene (3 moles/1,
total volume 50 ml), at 70°C,

Time Conversion

(minutec) % Sn % Ty
40 14.75 13.02 0.1919
50 18.23 13.78 0.2076
60 27.01 13.62 0.2043
90 48.06 12.73 0.1861

120 61.82 12.77 0.1869

180 90,03 12.89 0.,1893
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Table (9)
Azeotropic copolymerization of TRTMA (Ml)
with BMA (MZ)

~ Mole fraction Gram
TBTMA 0.4543 27 .24
BMA ¢ 0.5157 10,984
AIBN (1 mole %) 0.246

Selution polymérization in toluene (3 moles/1,
total volume 50 ml) at 70°C.

Time Conversion
(minutes) % Sn % Py
Q0 4.37 22 .42 0.4770
120 19.7 22,67 0.48565
150 26.83 22,39 0.4758
180 _ 37.27 22.73 0.4889
200 42,24 22.84 0.4931
230 50,25 22.58 0.4831
290 75.13 22.86 0.4939

360 90,27 22,45 0.4781
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P £112 21 To12
TBTMA - Prii 0.0022 0.017% 0.0356 0.1502
TBTMA - BMA 0.0622 0.1105 0.1717 0.1928

which indicates that the alternating behaviour of TBTMA-BMA

sygtem is greater than that of TBTMA-Pr¥i system.

The structure of the prepared copolymers of tributyltin
methacrylate with the a2lkyl esters of methacrylic acid as
well as allyl methacrylate was investigated by infrared
spectroscopy and were found to be quite similar in the region

L 46 1400 em™. A4lso, the I.R. spectra of

between 400 cm
these copolymers are characterized by the presence of two
gtrong bands at 1640 em™L and at 1730 em ' due to the stretch-
ing frequencies of the . C=0 groups of tributyltin carboxylates
and the methacrylic esters, respectively. The bands at 2850~
3000 cm’l are due to the symmetrical and assymetrical stretch-
ing frequencies of the C~H bond due to —CH2 and —CH3 groups.
Fig. (9) illustrates the I.R., spectrum of the TBTLA~AMA

copolymer as an example of the studied copolymerizations of

TBTMA with methacrylic acid esters.
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'Copolymers prepared from the peaction of TBTMA with
alkyl methacrylates are ¢lear, transpareni and soluble in
mogt owrgunic solvents even g% higher conversions, except
methanol, while the ccpolymer of TBTMA with ALlA gave an
insoluble gel product at higher convercions, Alsgo, copoly-
mers produced from TBINA with MMA were .lsar solids suitable
for film formation while those fyom TPTMA with both PrMA and

BMA were rubbery products and gave tacky films.
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Fig. ( 7 ). Variation in percent azeotropic
copolymers produced with time
for: TBTMA-BMA and TBTMA-PrMA.
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CHAPTER V

Monomer reactivity ratios for copolymerizations of tri-n—

buﬁyltin methacrylate (TBTMA) with methyl acrylate (MA),

ethyl acrylate (EA) and n-bﬁtyl acrylate (BA)

‘The copolymerization reactions of TBTMA with alkyl esters.

of acrylic acid can be répresented as

.- | . - .CH iy - -
3 | 3
-
C=0 gzo C=0 C=0
] . i 1
. 0 0 9
[}
Sn(C4H9)3 R b(C4H9)BSn _ Fl " B J'F2
where R = —CHB' —02H5 or n—C4H9.

' The experimental conditions and the results of the coe

polymerization reactions are illustrated in Tables 10-12.

Fig. (10) shows the Fineman-Rosg plots of é-a/b as a fun~
ction of a°/b for the copolymerization of TBTMA with MA, EA and

BA, The glope of the straight line of each gystem is equal to
ry and the intercept gives ~Ty5e

Also, Fig. (11) illustrates the Kelen~Tido§ plots of the

three systems which give r, and ~ré/a> both as intercepts.

From the experimental data tabulated in tables 10~12 and



figures 10, 11 for the copolymerization of TBTMA with MA, EA

and B4, the moﬁomer reactivity ratios ca1¢ﬁlated by both Fineman-
Rogs and Keien—Tﬁdgﬁ methods are summarized in table‘CIB). It

ig clear that there is a good agreement between the mbnomef
reactivity ratios calculated by the two metﬁods, and the experi-

mental errors in rl and_r2 are guite smsll.
b .

| From-the'readtivity ratios of the three systems fo? the
copolymerization of TBTMA with the alkyl esters of acfylic'acid
given in Table (13), it is clear that the copolymefe_should havel
random distribution of the monomer units in the copolymer
molecules,Aand the tendancy towards alternetion inereases with
increasing the alkyl chain length of acrylic acid esters. Tabie
(13) also shows that the monomer reactivity patios determined
for the copolymerization of TBTMA with BA is less than unity
and ghould have azeotropic copolymerization behaviogr while
the copolymerization of TBTMA with MA and EA zave no azeobropic
copolymers, The azeotropic compogsition of TBTMA-BA system was
calculated from the monomer reactivity retios aﬁd vas found to
be at 73.53:26.47 mole ratio. These data are in agreement with
the composition ecurves (Pig. 12) which shows the relation bet-
ween Fi (mole fraction of TBTMA in copolymer) versus_fl'(mole
fraction of TBTMA in comonomer feed), From Fig. 12¢, it is
clear that the curve crossed the line representing F., = fl at

1
0.74 mole fraction for copolymerization of TBTMA with BA.
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copolymerization of: TBTMA-MA,
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Fig. (11 ). kelen— Tidos plots for the c opolymerization
of: TBIMAMA , TBTMA—EA ;and TBTMA—BA.
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Fig. (12 ). Composition curves for the
copolymerization of (a) TBTMA-MA;
(b)TBTMA—- EA, and (¢)TBTMA-BA.
f,= mole fraction of M, in feed and
F= mole fraction of M, in copolymer.
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This point of intersection corresponds to the azeotropié com-
position yielding homogeneous copolymer regardless of conver—

sion,

The azeotropic comonomer composition of TBTMA-BA system was
polymerized; by solution copolymerization in toluene ih presence
of 1 mole % AIBN at 70°C to several conversions covering a wide
range. Table (14) illustrates the experimental conditions and
the results for azeotropic copolymerization of TBTMA with BA,
(Fig. (13) shows the relation between percent conversion versus
time for the azeotropic mixture of TBTMA and BA., Fig. (14)
ghows Fl (mole fraction of TBTHA inrcopolmyer) ageinst % con~
version and indicates that the experimental points, calculated
from the tin content of each sample, are in good agreement with
the line repregenting the azeotropic composition. From Table
(14), and Fig. (14), 1t ia clear that the azeotropic copolymer
compogltion of TBTMA-BA remaing constant up to 90 % conversion,
and the tin content of the copolymer gave a mean value of
28,28 % against a calculated value of 28,26 % for the azeotropic

composition,

The gequence disgtribution of the monomers at the azecotropic -
compogition of the TBTMA~BA aystem Wés calculated from the nor-
mograph of Izu and O'Driscol61. Thus, the triad fractiones for
the azeotropic copolymer of TBTMA~BA was found to be as follows:

L 110 fypp fa10

0.3818 0,1522 0.1794 0.0606
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Table (14)

Azeotropic copolymerization of TBIWA (Ml)

with Bi (M2)

Tole fraction gran
TBTMA = 0.7353 ' - 27,5733
BA . = 0,2647 ' 3.3882
AIBY = (1 mole %) | 0.1640

Solution polymerization in toluene €3 Moles/L, total

volume 33.73 ml).

o i

Time Conversion Sn % F

- (minutes) % '
5 15,02 28.17  0.7398
10 37.04 28,02  0.7205
20 65.83 28.35 07437

40 77.98 28.49 0.7501

60 89,96  28.31 - 0.7386
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The gtructure of the prepared cppolymers of tri-n-butyl-
tin methacrylate with the alkyi esters of acrylic acid was
investigated by infrared épecﬁroscopy aid was Tound to be‘
quite similar in the region between 40C on b fo 1400 em™.
Also, the IR spectra of thege copolymers are characterized by
the pregcnce of two stfong bands at 1645 cm“l and at 1738 cm.-1
due to the‘stretching frequencies of the >C=O groups of the
tri-n-butyltin carbdxylates and the acrylic ésters, respecti-~ .
vely. Tae bands at 2860-2970 em™ L are due to the symmetrical
and cssymetrical stretching frequencies of the C-H bonds due
to ~CH, and ~CH3 groups, Mfig. (15) illustrates the IR gpectrum
of TBTMA-BA azeotropic copolymer as an example of the studied

copolymerizations of TBTMA with alkyl acrylates.

Copolymers preﬁared from the reaction of TBTMA with alkyl
serylates are clear, transparent and gsoluble in most organic
solvents even at high conversions except the alcohols methanol
and ethanole Films‘prepared from the copolymers of TBTHA-MA,
TBTMA-EA and TBTMA;BA exerted some tackiness which might limit
their use as binders fofrantifouling coatings. To improve the
film propertieas, the copolymers.were prepared at various lower
initiator concentrations ranging from 0.25 to 0,05 mole/lOO
moleg moﬁomers, but the tackiness df the films wag only a

little improved. The vigcosity measurements of the azeotropic
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copolymer are iilustrated in Table (15) which showé that the
reduced vigeogity of the ameotropic copolymer (TBTMA=BA), 1 %
solutioﬁ in toluene.at 30°C, increases with decreasing the

initiator concentration. The tackiness of the copolymer and
the relafively low reduced viscosgity Vélues may be due to a

chain ftransfer effect with the zolveni (Loluene)§2 _

Table (15)
Initiator coﬁcentration Vsp/c
1l mrmle % ' . 0.1989
.25 mole % 0.,2159
0.1 n 0.2381

0,05 n : : 0.3115
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of TBTMA—BA .
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CHAPTER VI

Monomer rcactivity ratios for copolymerizations of tri-n-

butyltin acrylate (TBTA) with me thyl methacrylate (MMA),
nfprdpyi methacryvlate (PrMa), n-butyl methécrylate (BMA )
~and allyl methacrylate (AMA)

The copolymerization reactions of TBTA with the alkyl
esters of methacrylic acid and allyl methacrylate ecan be.

repreaented ag 1

. _ |
o H | s
CH,=CH + CH,=C .~ CH_~CH CH,~C e
C=0 c=0 ; ¢=0 C=0
| | ) {
v ? I |
(CyHg)48n R 50459)3$n J g R v

1 2
where R = --CH3 y n-03H7 ’ n~CSH9 and ~CH,=CH=CH,, .

The experimental cohditiong and the results of the copoly= -

merization reactions are illustrated in Tables (16~19)..

#g, (16) shows the Fineman~Ross plots of z-~a/b as é'
function of 32/b for the copolymerizations of.TBTA with MM4,
PriA, BMA and AMA. The slope of the straight line of each
system is equal to fl and the intercept gives'-rz. Also; Fig.
(17)-i11ustrateé the KeleanHdos plots of the four systems

which give ry and‘-ré/oc both as intercepts,
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From the experimental data tabulated in Tables (16-19)
and Figs, 16 and 17) for the copolymerization of TBTA with
MIA, PrMA, BMA and AMA, the monomer reactivity ratios caleu~
lated by both Fineman-Rc¢ss and Kelen-Tudos methods are'summan
rized in Table (20), The data illustrated in Table (20) show
that there is é good égreement between the monomer reactivity
ratios calculated by the two methods, and the experimental
errors in r, and r, are in a gmall range within the experi-

mental error.

From the reactivity fatios of the four systems for the
copolymerization of TBTA with the alkyl egters of methacrylic
acid and allyl wethacrylate tabulated in Table (20), it isg.
clear that the copolymers should have rendom distribution of
the monomer units in the cbpolymer meleculeg, and the tendency-
towards alternation increases with increasing the alkyl chain
length of methacrylic acid esters, This behaviour is in
agreement with the data obtained oﬁ copolymerization of TBTMA
with alkyl mefhacrylates and alkyl acrylates, and with the
work of Zabotin and Malysheva45 on emulgion copoiymerization
of TBTA with alkyl acrylates using K,8,04 as‘initiatqr; Table
(20) also shows that the copolymerization of TBTA with MMA,
Prid, BMA and AMA gave'no azeotropic copolymers (r2 vélues are
always greater than umity). Also, the composition curves
illustrated in Fig; (18) show that the four systems gave no

azeotropic copolymers,
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Fig. (16 }.

Fineman— Ross plots for the
copolymerization of:

TBTA-MMA ,; TBTA—-PrMA , TBTA-BMA ’
and TBTA-AMA.
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Fig. (17 ) Kelen—T{jdés plots for the copolymerization
of . TBTA—-MMA ,TBTA—PrMA ,TBTA—-BMA , and
TBTA-AMA.
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Fig. (18 ). Composition curves tor the
copolymerization of:{(a)TBTA-MMA,
(b) TBTA—PrMA, (c) TBTA-BMA, and
(d) TBTA-AMA. |
fi= mole fraction of M, in feed and
R = mole fraction of M,'in copolymer,
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The correctness of the determined reactivity ratios was
checked by studying the variation of copolymer composition with
conversion., Thus, a feed composition cf 30:70 mole % for TBTA-
MMA and TBTA-BMA systems was polymerized over a wide range of
conversion. Each sample at each level of conversion was ana-
lyzed for its tin content, from which the copolymer composi-
tion was calculated. Tablesg (21) and (22) illustrate the
experimental conditions and results of both systems and Fig.
(19) shows the conversion as a function of time for both sys-
tems, From the feed composition (30:70) and the determined
reactivity ratios of these systems (Table 20), the variation
of average copolymer composition with conversion was calculated
by integration of *the copolymer compositicn equation (page 17)
according to the method described by Skeistlz, agguming that
the copolymer compogition within 10 % interval is constant.
Fig. (20) shows good agreement between the calculated curves
and the experimnental points over a wide range of conversion
indicating the correctness of the determined reactivity ratios

of both gystems.

The structure of the prepared copolymers of tri-n-butyl-
tin acrylate with the alkyl esters of methacrylic acid as well
ag allyl methacrylate was investigated by infrared speciroscopy

and the diagrams were found to be quite gsimilar in the region
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Table (21)

Variation of sverage copolymer composition for

copolymerization of TBTA with BMA.

Mole percent gram
TBTA 30 10.3300
BLA e 70 9.9400
AIBN : (1 mole %) 0.1640

o2

oiuticn pelymerization in toluene (3 mole/l,

total volume 33,33 ml),.

- - -l b

Time Conversion

Cbpolymer
(hour) % Sn % compogition
mole %
TBTA  BMA

0.5 22.20 12.30 18,96 81.04
1.0 43,22 12,80 19.97 80.03
2.0 65.96 13.81 22,09 77.91
3.0 74,92 13.97 22,40 77.60
4.0 85.32 14,24 23.01 76.99

5.0 92.40 15.11 24.90 75.10
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Table (22)-
Variation of average copolymef compoaition

for copolymerization of TBTA with A

Mcle percent o sram
TBTA s .30 10,8300
MMA i 70 7.0009
AIBN (1 mole %) 0.1640

Snlution polymerization in toluene (3 mole/l,

total volume 33.33 ml).

Time Copolyrmer composition
(hour) Convergsion Sn % nole %
7 MmO
TBTA VA
0.5 _18.90 13.9C 16.79 83.21
1.0 35.70 14,56 17.9  82.04
2.0 62,50 15.24 19.23 80.77
3,0 75440 16.38 21.47 78.53
4.0 81.90 17,20 23,20 76,80

5.0 95.5 17.70 24,30 75.70
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1 1

between 400 em T to 1400 cm . Fig. (21) illustrates the IR
spectrum of TBTA-PrMA copolymer as an example of this group
and shows that these copolymers are characterized by the pre-

e due

gence of two strong bands at 1650 cm™ Tt and at 1730 cm”
-~ to the stretching frequencies of the > =0 grdups of the tri-
butyltin carboxylates and the methacrylic esters, respecti-
vely. The bands at 2880-2970 em™T are dﬁe to the symmetrical
and assymmetrical stretching frequencies of the C-H bonds- due
and =CH

.to the CH groups.

2 3

Copolymers prepared from the reacfion of TBTA with alkyl
methacrylates are cléar, trangparent, and goluble in most
organic solvents even at higher conversions, while the copoly-
mer of TBTA with AMA gave an insoluble gel product at higher
conversions., Also, éopoiymers produced from TBTA with MMA
were clear solids guitable-for film formation while those from

TBTA with both PrMA and BMA were rubbery and tacky products.
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'Fig. (19 ). Variation in percent copolymers

produced with time for :
TBTA-MMA and TBTA-BMA .
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(b) TBTA-BMA , lines represent calculated

copolymer composition and (e ) from
tin analysis .
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CHAPTER VII

Monomey reactivity ratios for copolymerizations of tri-n-

butyltin acrylate and methacrylate‘yifh acrylonitrile (AN)

and_styrene (S%).

The copolymerization reactions of both TBTMA and TBTA

with St and AN can be repregented as :

ff o
. i
CH2=? + GH2=?H —_— e CH2~$ - CHEf?H e s
G=0 X 0=0 X
9 | ;
1 : ' H,
1 2

where R = H ox -CHB, and X = _CGHS or -~C=N.

The experimental conditions and the results of the copoly-

merization reactions are illustrated in Tables (23-26).

Fig. (22) ghows the Fineman-Ross plots for the copolymer-
igations of TBTMA and TBTA with AN. and St. Also Fig. (23)

illustrates the Kelen—Tﬁdos'piots of the four systems.

From the experimental data tabﬁlafed in Tables (23-26)
and figures (22 & 23) for the copolymerization of TBTMA
and TBTA with AN and St, the nonomer reactivity ratios calcu-
1éted by both Fineman~Ross and Kelen-Tlidos methods are summa-

rized in Table (27).
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Fig. (22). Fineman—Ross plots for the copolymerization
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The data illustrated in Table (27) show that there is a
good agreecment between the monomer reactivity ratios calcula-

ted by the two methods.

From the reactivity ratios of the four systems for the
copolymerization of TBIMA and TBTA with AN and St given in
Table (27), it is clear that the copolymers should have random
distribution of the monomer units in the copolymer molecules.
Table (27) ahso ghows that ry and'r2 determined for the copoly-
werization of TBIMA with AN is less than unity and should have
azeotropic copolymerization vehaviour. The azeotropic compo-
sition of TBTMA-AN system was calculated from the monomer |
reactivity ratios and was found to be at 49,91:50.02 mole
ratio. Thig data is in agreement with the composition curves
(Fig. 24) which shows the relation between Fl (mole fraction
of TBTY¥A or TRTA in copolymer) versus'fl (mole fraction of
TRIMA or TBTA in comonomer feed). From Fig. (24a), it is
clear that the curve crosses the line representing Flrfl at
0.50 mole fraction for copolymerization of TBTMA with AN. This
point of intersection corresponds to the azeotropic compogit-

ion yielding homogeneous copolymer regardless of conversion.

Trne azeotropic comonomer mixture of TBTMA and AN was poly-
merized, by solution copolymerization in toluene in presence

of 1 mole o AIBN at 70°C, to several conversionsg covering a
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Fig. (24 ). Composition curves for the
copolymerization  of : (a) TBTMA-AN , (b)
TBTA —5St, (c) TBTA-AN , and (d) TBIMA_St
where f=mole fraction of M, in feed
and f=mole fraction of M, in  copolymer.
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wide range, Table féB) illustrates the experimental condit-
ions and the results for the azeotropic copolymerization of
TBIMA with AN, Pig. (25) shows the relation between percent
converaion vereus time for the azeotropic copolymerization of
TBTMA-AN. Fig. (26) shows F, (mole fraction of TBTMA in co-
polymer) against % conversion and indicates that the experi-
mental points, calculated from thgltin content of each sample,
are in good agreement with the line repreéenting the azeotro-
pic composition of TBTMA-AN system, From Table (28) and Fig.
(26), it ig clear that the azeotropic copolymer composition |
of TBTMA-AN remains congtant up to 90 % conversion, and the
tin content of the COpolymérs gave'a mean value of 27,52 %
against a calculated value of 27.801% for the az€b¢répic com=-

position of T3THMA-AN system,

The sequence éistribution of the monomer units at the
ézeotropic composition of the TBTMA-AN system was calculated -
from the normograph of Tzu and O'Driscoll6l. Thus, the triad
fractions for the a%eotropic copolymer of TBTMA-AK was found
to be asg :

f111 110 -t o120
0.0480 0.1069 - 0,2380 0.2380
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Ta

ble t28)

Azeotropic copolymerization of TBTMA (Ml)

TBTMA
AN
AIBN

with AN (Mz)

0.4

Mole fraction

998

0.5002

(1 mole %)

gram

18.7425
2.6511
0.1640

Solution polymerization in toluene (3 moles/l,

total volume 33.33 ml) at 70°C.

Time

Conversion Sn %

(minutes) % .
30 13.87 26.69  0.4281
50 21.55 27.64  0.4885
70 29.50 27.91  0.5080
100 36,89 | - 27.75 0.4963
120 45.46- 26,51 00,4178
150 53,79 27.88  0.5058
180 62.06 27.79 0.4992
240 78.39 27,77  0.4978
190,23 27.75

290

0.4963




100 |-

60 |-

Conversion

°lo

40 |

20 |-

Time / hour

Fig.( 25 ). Variation in percent azeotropic
copolymer  produced with time
for azeotropic copolymerization
of TBTMA— AN.




in copolymer )
O

0.8

0.6}

0.2

F(Mole fraction of TBTMA

0.0 ] 1 ! I
0 20 40 60 80 100

°/s Conversion

Fig. (26 ). F as a function of conversion
for azeotropic copolymerization
of TBTMA—AN.
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The structure of the ﬁrepared copolymers of TBTMA and
TBTA with AN and St'.was'inveetjgated by infrared spectroscopy.
The infrared spectra of TBTMA-AN and TBTA-AN copolymers are
found to be quite similar and are characterized by the presence
of one carboxyl carbdn&l band at 1640 cm“l due to the tributyls

tin carboxylates and a band at 2240 om™+

due to the ~CEN group,
ag shown in Fig. (27) which illustrates the IR spectrum of
TBTMA~AN copolymer. Also the IR spectra of TBTMA-St and TBTA-
St copblymers are quite similar and were characterized by the

1 1 due to

presence of two strong bands at 700 em ~ and 750 cm
the mono-substituted benzene ring of styrene and a strong band
at 1640 cm,”:L due to the triﬁutyltin carboxylates and also show
bands at 3050-3100 cm— L due to the stretching frequencies of
the =C~H bonds., Fig. (28) illustrateé the IR spectrum of

TBTMA=-St copolymer.

Copolymers prepared fyom the reactions of TBTMA~and TBTA
with AN and St are clear, transparént and soluble in several
organic solvents even atb higher convergions. Films pfepared
fyrom the azeotrnpic copolymer of TBTMA-AN exerted some tacki~
ness which mbght limit its use as binders for antifouling
coatings. To improve its film ﬁroperties, the azeotropic co-
polymer was prepared at various 1ower-initiator concentrations

ranging from 0,25 to 0.05 mole/100 moles MONOMETS, but the
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tackiness of the_films-wasJonl&“a 1little improved. The vis-
cogity meagurements of fthe aze~tropiec nopnlyﬁer (TBTMA-AN)
are illustrated in Table (29) which shows that the reduced
vigcosity of -the azeotropic copolymer, 1 % solution in %ol-
uene at 30°C, increases with.decreasing the initiator concen-

tration, The tackiness of the azeotropic copolymers and the

relatively low reduced viscosity:values may be due to a chain

trangfer aeffect with the solvent (toluene)s62

Table (29)
Reduced viscoslity for the'azeotfopiC'copoly~

merization of TBTMA-AN

Initiat?r 'ng/c
concentration

1,00 mole % 0.129

0.25 " I 0.1593

0.10 - - 0,2113

0.05 * : : 0.2740

Copolymers prepared from the reaction of styrene with
TBTMA aﬁd TBTA were clear, transparent solids suitable for

film formation.
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CHAPTER VIIT

Terpolymerization Reactions

Ternary copolymerization reaction of tae system involving
tri-n-butyltin acfylate or méthacrylate and‘acrylonitrile with
the alkyl egters of acrylic.or methacrylic.acids ag well as
styrene were prepared by solution poiymerization in toluene
(3 mole/L) in prcsence of 1 mole % AIBW initiator at 70°C in
the way dessecribed before (page 45), ~Four terpolymer systems
involving TBTMA and AN with EA, BA, Mﬁ;:wor Bid, and also
three terpolymer systems iﬁVolﬁing TBTA a;d AN with MMA, BMA

. or St were preparcd,

ke terpoljuers prepared in the pregent study can be

represenisd by the following general formule as &

- . - - - -
i .:A‘fl. I;I ?
R CH2-Ci)' ”Hz-(l: CHE—? i tfantan
C=( C X
| i
;
(C,Hy) S0
H 47973 L d® ) AT
- -JFl rQ - 53

where R = -H or -CH3 and

-
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To study the instantaneous terpolymer compositioﬁ of
each system, the terpolymers were polymerized to lcw converw
gions (legs than 10 %) and the terpolymers produced were
gnalyvzed for tin and nitrogen. From the tin content and the
nitrogeﬁ content of each sample, the fterpolymer composition
could be calculated. The initially formed terpolymer compo;
gsition of each system-could be calculated by using the ter-
polymer composition equation in the fora Pxoposed by Kbﬁ? and
Horowi1227 (page 27). The prediction of the terpolyoo;fzompo-
gition requires *:e monqge%/yeaetivity ratios of the indivi—
dual two-~component system;: Phus, the reactivity ratios used
for calculated the terpolymer composition of each syatem,
determined previously from the binary ccpolymerization reaot-
ions of organotin monomers, as well as the literature vaiues

for EA-AN, BA-AY, IMA-AN, BMA-AN and Si-4¥ systems, are illus-

trated in Table {30).

Te check the correctness of the reactivity ratios tabu-
lated in Table (30), iwo feed compositions for each system
were selected; polymerized at low conversions, and analeed

for tin and nitrogen. Table (31) illustrates the feed compo-
gition and the results of the analysis of the prepared fourteen

terpolymer compositions, Also, Table (31) shows good agreement
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between the found terpolymer composition (based on tin and
nitrogen snalysis), and the calculated terpolymer composition
for each feed, which indicates the correctness of monomer

reactivity ratios.

Table (30)

Reactivity ratios in terpolymer svstems

Reactivity ratios deter- Reactivity
ratios cited

Ml"Mz"M3 nined in this work from literature
. Ten EN r13 r31 .; r¢j r32 Relsg.
TRTMA- 4T~EA 0,455 0,467 1.25% 0,606 1,12 0.9 63
TBTMA-AN-BA 0.465 0.467 0.846. 0,572 ~ 1,003 1.005 64
TBTMA-AN-MMA  C.465 0.467 0.789 1.004 0,15 1,20 65
TBTMA-AH-BMA 0,465 0.567 0.623 0,646 0,31 1.08 66

b

TRTA-AN-MIA  0.243 1,008 0.401 2.199 0.15 1.20 65
PRTA~AN-BMA  0.243  1.008 0.196 1.661 ©.31 1.08 66
TBDA=AN-St 0.243 1.008 0.213 1.91  0.03 0.52 67




.'...]_05..

Table (31)

Terpolymer compositionsusing tin and

aitrogen analysce

LpEEs e i ks e . b e, ' T R WL —

o

e A Peed Terpolymer composition
To. ‘M, Composition Sn % N % (Mole %)
My (Mole %) Found Calculated
TBTMA 19,97 27,93 27.87
Ta AN 50. 07 21065 4’:4‘8 4’9023 7 50992
B 29,96 22,80 21.21
rETMA 52.11 | 54,51 53.63
Ib AN 283,67 27.83 2.15 35,78 34.59
A 19.22 9.71 11.78
TBTMA 19,95 27 .86 27.37
ITa AX 40,03° 19,70 3,16 37.99 39.78
3 40,02 34.14 32.95
THEMA 36,17 45,64 43,34
Tih A% 4%.53 25.87 2.74 41,08 42 .34
BL 15.30 13.27 14.32
TBTMA  19.95 17499 17.32
TITa AN 50,02 16.19 3.88 36,63 38,06
WEMLA 35.03 45.37 AL T2
TBTMA 22,93 26,89 25,18
IITb AN 40,10 20.23 2.97 332.54 33.36
E“‘E\IL[} 29097 39-55 "jrl 946




Table (31), continued.
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Exp. M

Feed

Terpolymer composition

1 ‘ ‘
Yo. M, composition Sn % N % (mole %)
Mé {nole %) Found calcuiated
TRTMA 20,00 | 24,36 23.24
IVa AN 60:35 18,71 4.45 49,23 48,96
BMA 19.65 26.39 27.80
TBTMA 30.03 29.77. 30.88
IVb AN 39.94 19,69 2.75 35.32 34,31
B 3¢,03 ' 34,9C 34.81
TBTA 19.64 10,24 8,87
Te LA 39,90 10.2  3.71  29.86 32,65
MELA 40.46 59.89 58.48 °
TRTA 61.90 36.63 36.56
Vb 4% 23.48 24,10 2.40 31,06 32.11
MRA 14,62 32,25 31.33
TRTA 29,99 , 16.77 15.54
VIa AN 40.50 13.30 3.00 32.15 32.74
BMA 29.51 51.07 51.72
PBIA 55,21 26,50 27,09
VIb AN 24,90 17,51 1,74 22.45 23.37
BMA 19.89 51.05 49,54
TBTi, 20,13 6.67 7.10
ViIa AN 20.34 8,26 3.25 27,68 25.85
St 59«53 - 66.64‘ 67-06 °
TBTA 36,22 12,68 11,91
ViTh AW 40,36 12.91 4.60 38,44 40,11
St 20,42 48,86 47.98
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It is well knowﬁ that molecular heterogenity has a direct
effect on the vhysical properties of polymers, and the co~ or
terpolymer composition varies with conversion except for the
eystems having azeotropic behaviour. On the basis of the
determined reactivity ratios determined from the binary co-
polymerization reactions of TBTMA and TBT4 (Tables 7, 13, 20
and 27) and the literature values, if was found that any ter-
polyner system involving organotin moiety with azeotropic
composition could be prepared. Thus, terpolymer systems
illustrated in Table (31) with feed compositions Ia~VIIa, were
polymerized to different extents of conversion as shown in
Figs. (29 and 30) which illustrate the percent conversion as
a function of time for éach system. THen, each sample &t each
extent of conversion was analyzed for its tin and nitrogen
contents, from which the terpolymer composition of each sample

- was calculated,

Tables (32-38), illugtrate the experimental conditiong

and results of the gerpolymerization reactions,

Prediction of both the instantaneous ang average terpoly-
mer composition at each extent of conversion was calculated
for each terpolymer system on the basig of the feed compogi-
tion gnd the monomer reactivity ratios of each system tabulated

in Table (30) by integration of ‘the terpolymer composition
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equation proposed by Khan and Hordwi+527

(page 27), assuming.
that the terpolymer composition is constant within 10 % in- |
tervals., The variations of the célculated instantaneous ter-
polymer composition (Mole %) and average terpolymer composi-

~tion (wh. %) as a function of conversion for the geven ter-

polymer systems studied are illustrated 1n Figs. (31-37).

From the conversion-composition curves of TRTMA-AN-EA
and TBTMA--AN-BA systems (Figs. 31 and 32), it ig clear thet
TBTMA is completely consumed at 95 % conversicn in the both
systens, after which a copolymers of AN-EA d4nd AN-BA afe

formed, and that AN content of the two terpolymers remain

almogst congtant 'ip to 90 % conversion,

From Figs., (33 and 34) which illustrate the conversion-
composition curveg for TBTMA-AN-NMMA aﬁd TBTMA--AN-BMA systems,
it is clear that both MMA and BMA decrease continuously with
conversion and were completely consumed at 86 % and 90 % con-
versions, respectively. Also, TBTMA in the both systems was
completely disappeared at 95 % confersion, while acrylonitrile

content increase continuously with conversion for both aystems.,

Figs., (35 and 36) illustrate the conversion-composition
curves for TBTA-AN-MMA and TBTA~AN-BMA sysfems, which ghow

that MMA and BMA contents were decreased continuougly with
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convergion and were completely disappeared at 85 % and at 77 %
conversions, respectively. Also AN was consumed at 97 % and
96 % conversions, respectively, while TBTA content for both

systems increase continuously up to 100 % conversiom,

From Fig. (37), which illustrates the conversion-compcsi-
tion curve for TBTA-iN-St system, it is clear that both AU and
St decrease continuously with conversion and wore consumed at
93 % and at 95 % conversichg, after which & homopolymer of

TBTL: was only formed.

Tables (32-38) indicate that the results obtained from
the analysis of the geven terpolymer systems studied at diffe-
fent levels cf conversions, calculated as average terpolymer
compogition (wt. %) are in good agreement with the procdicted
curves as illustrated in Figes. (31-37). 4les, from Figs.
(31-37), it is clear that terpolymerization of ihe systems
gtudied give a wide sgpectrum of polymer compositions with
conversion and obviously when uwniformity of polymer compogi-
tion is desired, proper amounts of the more reactive monomers

must be continuously added.

Terpolymers obtained from the seven gystems studied were
pale yellowish rubbery products, except terpolymers containing
MMA or St which were solids, and soluble in orgénic gsolvents

even at higher conversions.
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The gtructure of the prepared terpolymers was investi~
gated hy IR'spectfoscopy and were found to show as expected
two strong bands at 1640 cmﬂl and at 1720 cm_l due to the
carboxylate carbonyl groups and the carbonyl groups of the

alkyl acrylates or methacrylates, respectively, and also the
1

L3

bands due to the -C=¥ of acrylonitrile appearcd at 2240 cm
Pig. (38) illustrates the IR spectra for the TBTML-AN-BMA and

TBTA-AN-St systems, as examples for the prepared terpolymers.
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Table (32)

Average terpolymer composition for terpolymerization

of TBTMA, AN and EA

Mole percent gram
BA ¢ 29.96 o 5,992
TBTMA E 19.97 14.9775
AN : 50,07 5.3074
ATBN ; (1 mole %) 0.3280

Solution polymerization in toluene (3 mole/l, total

volume G6,.,67 ml) at 70°C,

Time Conversion Terpolymer
(hour) 7 Sn% N composition wt.%

R

TBTNMA AN BA

0.41 12,7 21,65 4,48 68,22 16,96 14.82
0.916 34.1 21,48 4,68 - 67.63 17.71 14.51
1.75  49.4 21,12 4,80 66,55 18.17 15,28
3.25 65,4 20,38 4.83 64,22 18,28 17.50
5,25 73,9  20.31 4.94 64,00 18.7 17.30
7.55 82,1  19.16 4,89 60.37 18,51 21.12




Average

BA
TBTMA
AN
- ATBN
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Table (33)

terpolymer composition for terpolymerization

of TBTMA, AN and BA

Mole percent

40,02
19.95
40.03

(1 mole %)

gram

10.2451
14,9625
4.2432
- 0,3280

Solution polymerization in toluene (3 mole/l, total

volume 66,67 ml) at 70°

wh

Time Conversion Sn % W % Terpolymer
(hotr) % composition wt %,
TBTMA AN BA

0.41 15.80 20,70 3,16 65.23 11.96 22,81
0.916 37.80 20,02 3.14 63,08 11,88 25.04
1.75 54,80 18,92 3,33 59.62 12,60 27,78
3.25 71.00 18,22 3.28 57.41 12,41 30,18
5.25 79.30 17.%6 3.53 55.96 13.36 30.68
.75 84,00 17.38 3,65 54.76 13.81 31.43
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Table (34)

Average terpolymex compésition for terpblymerization"

of TBTMA, AN and MMA

_Mole percent gram
MMA 3 30,03 6.,0060
TBTMA ; 19.55 : 14,9625
AN 50.02 | | 5.3021
AIBN ; | (1 mole %) ' 0.3280

Solution polyrzerization in toluene (Bﬁmole/l, total
volume 66,67 ml) at 70°C

Time Conversion Sn % N % Terpolymer
(hour) % | compogition wt, %
TBTMA AN MMA

0.41 12,18  16.90 3.88 51,02 14.68 34,29
0.916 37.40 16.32 3.95 51,42 14,95 33.62
1.75 54,10 16443 4.33 51,77 - 16.39 31.83
3.25 70,50  16.82 4.48 53.00 16.96 30.04
5.25 78,40  17.80 4,58 56.09 17.33 26.57
7075 85.40 18,00 4.58 56.72  17.33 25.94
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Table (35)

Average terpolymer composition fof terpolymeriéation

of TBTMA, AN and BMA

Mole percent gram
BMA o+ 19.65 5.5806
TRTWA s 20.00 o 15,0000
Ao 60.35 6.3971
ATBy (1 mole %) 0.3280

Solution polymerization in $oluene (3 male/l, total
volume 66,67 ml) at 70°C

P

Pime Conversion Sn% N % - Terpolymer

(hour) % composition wt. %
TBTHA AT BMA

C.41 9,76 18,71 4.45 58,96 16.84 24,20

0,91  25.80  18.83 4.45 59.33 16,34 23.83
1,91 43.50 18,71 4.23 58.96 16.01 25.03
3.41  59.90  18.23 4.38 57.40 16.58 26.02
5.41 66,60  18.38 4.88 57,92 18.47 23.61
8,00 73,30  18.40 4,96 57.98 18,72 23,30




Tabhle (36)

Average terpolymer composition for ternolvmerization

of TBTA, AN end MMA

Mole percent gram
MAA 2 A0,.46 8,0920
TBETA 19,64 14.1501
AN : 39.90 4.2294
AIBN (1 mole %) 0.2280

Solution polymerization in toluene (3 mole/l,; total

volume 66,67) at 70°C,

Time Convergion Sn % N % Ternolymer
(hour) % scaposition wh, %
TRTA AT LA

1.0 10,9 10.82 3.71 32.81 14.04 53,15
1.5 18,9  10.85 4,03 32,91 15.25 51.84
2.25 30.7  10.85 3,90 32.91 14.70 52.39
3.0 36,8  11.28 4,11 34,21 15,50 50.29
4.5 49,5 11.28 4.11 34.21 15,50 50,29
5.5  57.5  11.89 3.93 36.07 14.80 49.13
6,5 65.5 12,50 3,90 37.90 14,70 47.40
8.0 79.5  13.50 4,00 40.90 15.14 43.95
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Table (37)

Average terpolymer composition for terpolymerization

of TBTA, AN and BMA

NMole percent gram.
BMA : 29.51 8.3808
TBTA 29,99 | 21,6528
A : 40,50 4,293
ATBYN (1 mole %) 043280

Solution polymerization in toluene (3 mole/l, total

Time Conversion Sn % N % Terpolymer

(hour) % . composition wt. %
TBMA ALY BMA
0.5 9.50C 13.30 3,00 40,34 11.35 48,31

0.83 16,00 13,30 3.00 40.34 11.35 48.31

1,5 29,50  13.80 3.10 41.86 11,73 46.41
2.0 36,80 14,30 3,19 43,38 12.07 44.55
3.0 44,50  14.80 3.15 44.80 11,92 43.28
4.5 55.00 15.09 3.26  45.77 12,34 41,89
6.5 74.00  16.47 3.28 . 49,90 12.41 37,69

8,0 85,00 17,20 3.30 52,17 12.49 35.34




- 117 -

-Table (38)

Average terpolymer ceompoaition for terpolymerization

of TRTA, AN and St

Mole percent gram
St 3 59.53 12.3822
TBTA 20,13 ' 14.5339
AN : 20,34 2.1560
AIBN (1 mole %) 043280

Solution polymerization in toluene (3 mole/l, total

volume 66,67 ml) at 70°C,

Time Conversion Sn % W % Terpolymer

(hour) % © compogition wt, %
TBTA AN St

1.08 11.17 8,26 3.25 25,05 12,30 62.65

1.66 18,31  8.30 3.20 25,17 12,11 62.72

3.00 31,60 9.04 3,19 27.42 12,07 60.51
4.50 39.90 8,73 3.15 26.48 11.92 61,60
5.50 49.30  9.60 3,00 29,12 11.35 59,53
6.50 60.90 10.09 3.00 30.60 11.35 58,05
8.00 72,50 10.90 2,90 33.06 10,97 55.97
9.00 85.00 11.98 2.85 36.34 10,78 52.88
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CHAPTER IX

Preparation and Properties of Some

Film—Forming‘Organotin Polymers

A get of co- and terpolymer compositions were selécted,
according to the behaviour of different monomers in co~ and
terpolymerization reactiong which were degcribed in chapters
IV-VIII, The aim was to prepare co- and terpolymers having
suitable film properties. Three copolymer and eight fterpoly-
niers were prepared according to the method described ip_page

(45 ) at high conversions of about 90 %.

The films were prepared by pouring the solution of co-
and terpolymers on glass, tin, and PVC plafes to obtain auitable
films for testing and evaluation. Film hardness, cold and hot
water resistance, gynthetic sea water resistance, impact
gtrength and elasticity were performed aceording to the speci-
Tications detailed in Chapter IT. The experimental conditions

and results are summarized in Tables (39-49).
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Table (39)

Preparation of fri-n-butyltin methacrylate-methyl meth-

acrylate copolymer

¢+ MMA =

TBTNMA
Reaction time = 5 hours
Conversion = 88 %

Tin content =

30270 mole %

18,72%(cale. 19,56 %, at 100 %

conversion).

Film properties of TBTMA-MMA copolymer

Tegt Result
Thicknessg 100 jam
Hardness (pendulum) 101,3 seconds
Adhesion good
Elagticity good

Cold water regigtance
Hot water resigtance

Alkali resistance: _
5 % KaOH solution
5 % Na2003 golution

Lecid resistance:

5 % H2804

Synthetic sea water resistance

Impact registence

not affected

not zffected

damaged
not affected

not affected
not affected

not affected at 0.25 foot
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- Teble (40)
Preparation of tri-n~butyltin methacrvlate-methyl

methacrylate~n-butyl mcthasrylate terpolymer

TSTVA;MMA:BMA = 30:50:20 mole %
Reaction time - = 5 hours
. Conversion = 97 %

¥

Tin content 18.5%/ (calc, 18.70% at 100 conversion),

Film properties of TBTMA-MMA-BMA terpolymer

Tegt : ‘ Regult
Thicknees - 95 pm
Herdness (pendul.um) - 81,67 seconds
Adhegion good
Blasticity | | good
Cold waver resistance not affecwad
Hot water resistance not affected

Alkali regigtance:

5 % NaOH solution - damaged
5 % N52003 solution not affected
- Acid resistanée: :
5% H2804 _ not affected
Synthetic sea water resistance - not affected
Impact resistance . not affected at 0.25

foot
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Pable (41)

Preparation of tri-n-brkyltin methacrylate-methyl

methacrylate-acrylonitrile terpolymer

TBTHA : 1A 1 AN

= 30:50:20 mole %
Reaction time = 5 hours '
Convergion = = 82 %

19.98%(20,62% ealc,,at 100 % conversion)

1l

Tin content

Pilm properties of TBTMA-MMA-AN terpolymer

Test Regult
Thickness 85 pm
Hardness (pendulum) ' 95,67 peconds
Adhesgion A good
BElagticity good
Colé@ water resisténce not affected
Hot water resistance not affected

Alkali resistance:

5 % NaOH golution damaged

5 % H32003 golution damaged
Acid resistance: : |

5 % H?SO4 not affected
Synthetic sea water resistance not affected
Impact resistance ‘ not affected at 0.25

foot
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Table (42)
Preparation of tri-n-butyltin methacrylate-methyl
/

methacrylate—tri~n~butyi£in acrylate terpolymer

!

TBTMAMMA:TBTA = 20:70:10 mole %

Reaction time = 5 hours
Conversion ~ 96 %
Tin content = 18,94%(calec., 19.71%,at 100 % conversion).

Film properties of TBTMA~MMA-TBTA berpolymer

Test Result

Thicknegs 120 pm
Hardness (pendulum) 97.9 seconds
Aghegion fair
Elasticity. | good

Cold water resistance not affected

Hot water resistance not affected

Alkali resistance:

5 % NaOH solution damaged
5 % NaECO3 golution not affected

Acid resistance:

5 % HZSO4 not affected
Synthetic sea water regigtance not affected
Tmpact resistance not affected at 0.25

foot
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Table (43)
Preparation of tri;nQQutyltin acrylate-methyl

methacrylate copolymer

TBTA s MMA

= 30:70 mole %
Reaction time = 6 hours
Conversion = 9% %
Tin content = 19,14%(Calc, 20,02%,at 106 % conversion)

Film properties of TBTA-MMA copolymer

Test Result
Thicknesgs 140 pm'
Hardness (pendulum) ‘  31.7 seconds
Adhesion | fair
Elasticity good
0ld water resisiance not affected

Hot water resistance not affected

Alkali resistance:

5 % NaCH solution damaged

5 % Na2003 golution not affected
Acid resistance: |

5 % H2804 not affected
Synthetic sea.water resgigtance not affected
Impact registance not affected at 0.25

foot
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Table (44)
Preparation of tri-n~butyltin acrylate-methyl

methacryiate—aCrylonitrile terpolymexr

TBTA:MMA:AN = 30:50:20 mole %
Reaction time= 6 hours

gonversion = 90 %

19,92%(Calc. 21.14%,at 100 % conversion)

H

Tin content

Film properties of TBTA-MMA~AN terpolymer

i

Test Result
Thickness ' 105 pm
Hardness (pendulum) 29,5 seconds
Adhesgion : good
Blasticity good
Cold water resistahcs not affected
Hot water resiztance | not affected

Alkall resistance:

5 % NaOHd solution _ damaged

5 % Na2003 solution danaged
Acid resistance:

5 % H2804 ~ not affected
Synthetic sea water regigtance | not affected
Impact resistance not affected at 1.3

foot
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Table (45)

 Preparation of tri-n-butyltin acrylate-methyl
methacrylate-n-butyl methacrylate terpolymer

TETA :MMA :BMA | 30150320 mole %

Reaction time = 6 hours
Conversion = 97 %

Tin tcontent

]

19404%(Cale, 19.12%,8t 100 % conversion)

Film properties of TBTA~MMA~BMA terpolymer

b

~ Test ' ' Resgul’
Tricknegs - 95 pm
flarduness (pendulum) 17 seconds
Adhresion - fair
Blasticity . good
Cold waeter resistance not affecfed
Hot water resistance _ not affected

Alrali reaistsnce:

5 % NaCH solﬁtion damagzed

5 %% Na2003 golution not affected
Acid resistance:

5 % stO4 not affected
Syniheticisea water resigtance not affected
Impact resistance | not affected at 1.25

foot
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Toble (46)

Preparation of tri-n-butyliin methacrylate~
gtyrene copolymer

TBTMA:St = 40:60 mole %
10 hours

N

Regction time
Convaergion = 70 %

Tin content = 20,85 % (Calc. 22.41%, at 100 % conversion)

Film properfies of TBTHA-St copolymer

Tegt | Resgult
Thicknegs : 90 jan
Hardness (pendulum) 1,73 seconds
Adhegion good
Elasticity' good
Cold water resistance : not affected
Hot water resistance : not affected

Alkali resistance:

5 % NaCE sgolution . damaged

5 % Na,CO4 solution ~ not affected
Abid resigtance:

5 % H,y50, not affected
Synshetic sea water resistance not affected
Impact resigtance | | not affected at 1.25

foot
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Table (47 )

Preparation of tri-n-butyltin methacrviate-
strrene-n-butyl rathacsylets terpolyuer

TRTHA:ST:2MA = 40:10:20 mole %

Eecaction time= 10 hours

Conversion 82 %

Tin content 20.54% (Calc. 21,64%, at 100 % conversion)

1

Film properties of TBPTMA-St~BMA terpolymer

Teat - : Result
Thnickness ' 100 pnm
Hardneess (pendulum) 2 scconds
Adhesion _ ‘ good
Elagticity ' good
0old water registance ' not affected
Hdot water resistance : not atffected

Alkzli registance:
5 % TaCH solution . damaged
5 % N32003 golntion not affected

Acid registance:

5 % HESO4 not affected
Synthetic sca water resgsistance rnot affected
Tupact resistance not affected at 1,5

foot




- 128 -~

Table (48)

Preparatibn of tri-n~butyltin methacrylate-

gtyrene-tri-n-butyltin acrylate terpolymer

TBTMA:StE:TBTA = 20:60:20 mole %

Reaction time 10 hours

B

Conversion = T5 %

i

Tin content

21.70 % (Cale, 22,70%, at 100%
conversion) '

Film properties of TBTMAw=St«TBTA terpclymer

Teat Regult
Thitkners 90 pm
Hatdness (pendulum) 1.8 seconds
Acdhegion good
Elagticity good

Cold weter resistance
Hot water regsistance

Alkali resistance:
' 5 9 WaOH solution
5 % Ba2003 golution
Acid resigtance:
o
5% H2504
Synthetic sea water resistance

Impact resistance

not affected

not affected

démaged
not affected

not affected
not affected

not affected at 1.3
foot
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Table (49)

Preparation of tri;nnbutyltin methacryvlate-

styrene-scrylonitrile terpolymer

TBTMA:ST: AN

Reaction time = 10 hours
Cohversion , = 90 %

40240220 mole . %

- Tin content = 22,38 % (Calc. 23.54 %, at 100 %

convergion).

Film properties of TBTMA—StmﬂN terpolymer

Tegt Result
Thickness 100 pm
Hardness (pendulum) 20 seconds
Adhesion good
Elastigity good

Cold water resistance
Hot water resistance

Alkali resistance:
5 % NaOH golution

5 % Na2603 golution

Acid remgistances

5 % H2804

Synthetic sea water resistance

Impact resisgtance

. not affected

not affected

damaged
not affected

not affected
hot affected
not affected af 1 foot
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From Tables (39-49), it is clear that all films prepared
from copolymers and terpolymers involving'methyl.methécrylate
with either tri—n—butyltin acrylate or tri-n-butyltin meth-
acrylate possess good film properties as adhegion, hardness

and resistance towards dilute acid and alkaline sow.ctions.

However, organotin copolymers and terpolymers involving
styrene (Tables 46-49) showed good adhesion and elastic
propertieg with slight tackiness which may be due fto its high

organotin moieties (40 mole %),

A11 films showed sensitivity towards dilute sodium
hydroxide solution while they were not affected by dilute
sodium cartonate solutions. 4lso the films showed gcod
resistance towards cold water, hot ﬁater and synthetic sea

water and remained unaffected for prolonged periods of time,

The purpoge of this study ﬁas to gselect copolymers and

terpolymers suitable for practical, and eventually, indus-

trialnapplications.
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CHAPTER X

Terpolymers with Pendent Organotin Moieties
ag Antifouling Coatings

Three new organotin polymers with built«in-orgenotin
moieties were prepared from solution polymerization {page 45)
of methyl methacrylate, tri-n~butyltin methacrylate and butyl
methasrylate, in various molar ratiecs to produce terpolymers
with tin content of 15, 19 and 24 %, which can be repragented
by the following general structure:

—_— — y - -y
S T3 T3
—tem-¢c -} ——tom c . . i, P
%y 2 | Mz |
(;J.::Q '=O ?80
0 ] P
L CH3 - Fl b Sn(C4H9)3, F2 e C4H9 - F3

Table (50), illustrates the terpolymer composition, the

regults of tin analysis and the intrinsic viscosity data for

the prepared three terpolymers.
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Table (50)

Terpolymer “Eerpolymer gomposition Pin c??tegﬁ [%Bp/e]
1MA s TBTMA : BZA ‘Found Calc. -C=0
I 0,250 :0.25030.500 15,97 15.7 0,150
IT 0.333 $0.333:0.,333 19.14 19.3 0.145
IIT 2.250 30,500:0.250 23.95 24,04 0,115

e i ptian e [PERRL S

The prepared terpolymers were soluble, colourless ranging
from transparent solids to hard rubbery materizls and were
guitable for film formation, Terpolymer - solutions with
applicable viscozity were obtained from 50 % solutions in
xylene., Unpigmented filins were prepared from such fterpolymer .
solutiong, on glass and metal plates, and were left to complete
drying for several days at room temperature, The filmsg were
found to have good elasticity and adhesion properties. ¥Films
prepared from terpolymers I and II (Table 50), 15 and 19 %
tin content, respectively) were hard enough and tack-free,
while films from terpolymer III (24 % tin content} were
glightly tacky and did not reach complete dryness even after
prolonged pericds of time, These results are in agreement
with the intrinsic viscoeity measurements illustrated in Table

(50), which indi~nic thal the terpolymer intringic viscosity
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decreases ag the tributyltin moiety in the terpolymer backbone
inecresgses. Unpigmented films from such tewpolymers, when
irmersed in slightly alkaline salt solution (pH 8.,2), did not
develop turbidity or milkiness in the depih of the films, and

-~

remained unaffected after 3 weeks of immersion,

Rafi Tesving:

Test panels'were cut to 200x150x3 mm fromrimpact PVC
gheets, then the surfaces and edges were roughened by sand-
paper., The panels were commected to the testing stand with
PYC threads through holes in the panels. After washing and
cleaning with methanol, the panels were coated by two succe-
asive coatg with the unpigmented and pigmented terpolymer
formulations. The sverage film thickness was hetween 60-90 Pe
The testing stand was left at room temperature for one week %o
ensure complete drying of the films; then submerged in the |
flonting raft launched in the eastern harbour of Alexandria, at
a depth of 150 cm from the water surface. Periodic visual and
biological examination and photographic recording of the panels
were performed, The film éonditions like adhegion, cracks,

blisters, erosion, ... etc, were also recorded.

Panel immergion in sea water is still an important method
for evaluating new snhifouling coating devices. In the present

work, the prepared organstin polymars (r, IT, III, Table 50)
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were used in seven formulations as unpigmented and pigmented
coatings es shown in Table (51) which illustrates the dry film

composition of the seven formulations:

Table (51)
Dry Film(x) Composition in Weight percent

i

Formulation No.

Group 4 Group B Group C

s

1 2 3 4 5 6 7

Consituents

Terpslymer I 100 60  mwm e e mem eww
Terpolymer II mme mmm 100 60 mem mee ewe
Terpolymer IIX e mmm == w-w 100 60 60

Titanium Dioxide(xx) o 53‘ w—w 40 ==~ 40 33

TPTF pom T mmm emm e e 7
Total pigment - 40 e 40 === 40 40
Total binder 100 60 100 60 100 60 60
Pigment/binder . wam 2/3 == 2/3 === 2/3 2/3

(x) Solvent xylene
(xx) Rutile type

Tt is well known that pigmentation may improve the film
properties and may have a role in inecreasing the permeability

of the film, which permits continuous contact between sea water
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and the toxin centres in the polymer chains 1eading-to simul-
taneoug releage of the hydrolyzed toxic groups. Thus, the
prepared terpolymers were pigmented essentially with titanium
dioxide and in some formulations triphenyltin fiuoride (TPTF)
was added as an extermal toxin along with the prepared organo-
tin pclymers (Table 51). TPTF is considered to be a strong
antifouling agent and less soluble in sea water than tributyl-

tin oxide or flucride,

In the present investigation, fourteen FVC panels were
coated on both gides wifh the seven formulations (Table S51) in
duplicates and were arranged on the testing stand as shown in
Fig. (39), i.e. each formulation is represented by four

gurfaces.

1 2 6 7 6 2 1

3 4 5 7 5 4 3

Tig. (39). Diagram of the testing stand
showing the pogitions of the
geven tested formulations.

The advantage of using plastic panels is to eliminate
corrogion and rust problems and te avoid the probable prcblems

of incomplete compatibility between the anticorrosive and the

top coat. The testing stand was submerged in the sea, in

Alexandria eastern harbours on August 17, 1978. This region is
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known for its high fertility for most serious fouling organisms

all the year round. The physicowchemical and biological con-

68

ditions near the tegting raft were previously reported —,

Testing Resgulta:

The seven urpigmented and pigmented formulations &re .

classified into three groups, A, B and C{:according to the

terpclymer composition uged in each formulation as illustrated

in Table (51). The following results were derived from the

perindical inspections throughout 15 months of immersion in

gea water:

1.

A1l the fourteen test panels were covered with a heavy
slime ©ilm., Slime usually occurs to any painted surface
subtmerged in the sea goon after a few days of immersion.

It ig uwsually composed of bacteria, diatoms and considerable
amounts of organic and inorganic detritus materials. Brown
and green algae were the primary foulers detected after 3
weeks of immersion, The rate of algal growth increased
rapidly and some panels were covered completely after two
months, as shown from Fig. (40b). The rate of slime and
algal growth on the penels can be arranged as follows:
group A}} Bi;? C , i.e. the rate is indirectly proportional
to the tin content of the organotin polymer. This result
agreeg with the conclusions previously reported by Ghanem

& Abd El-Malek69, that antifouling composgitions prepared
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with organotin compounds could not prevent plant fouling.

Attachment of animal foulers started by & few number of
brenacles on some panels during the first month of immersion
(Fig, 40a). The attachment began at the edges and spread

gradually to the inside of the panels' as follows:

e~ For group A formulatione (1 and 2, Table 51) signs of
failure appearsd on the fourth month by slight to moderate
attachment of some branacles, after heavy accumulation of
algae. In the period between the fifth and seventh month,
the panels arecs were almost completely covered by heavy
fouling of branacles, bryozoans and ascidians (Fig. 404)
and only 30 % of the panels areas of group A were left free
of fouling. It was observed that the unpigmented terpoly-
mér I (formulation 1) is more efficient than the pigmented

one.

b- The antifculing efficiency of group B (formulations (3,
4, Table 51) extended only one month longer than group 4.
At the end of the 8th month, 40 % of the panels areas of
the unpigmented terpolymer IT (formulation 3) was sfill
clean, while thnese of the pigmented ones were completely

fouled.
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¢~ Group € formulations (5,6 and 7, Table 51) possessed good
antifouling properiies against animal fouling foxr eleven
months and all the panels were clean except for a little
attack of the sdges of the panels (Fig. 40e). After thir-
tasn mouths, the pigmented formulations 6 and 7 began fo
frol ané about 50 % of the panels areas were heavily fouled,
it +the end of fiftcen months only panels coated with
mpigmented terpolymer III (formulation 5) were relatively
more successful with about 70 % fouling-free areas, while
the pigmented formulations 6 and 7 were almost completely
covered with hsavy fouling and only small areas were still

clean,

Tt geems that all tested organotin polymer formulations
posasessed better antifouling resistance against tube worms
than branacles, which was clearly demonstrated by the-early
attack of the panels by some branacles which continued
through the first six monthe of immersion, although the
ribg of the testing stand (teken ag a blank), were heavily
fouled with intensive quantities of tube worms reaching
10-12 cm thickness, along with few amounts of branacles as
ghown in Fig. (40c). The only attack of tube worms on the
panels wag found at the edges accumulating over an older

layer of branacles.
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4, A1l pigmentations showed different degrees of chalking
(self polishing) during the inspection period. On passing
a finger on the films, some of the pigment with part of the
binder was ruibbed off., Thig behaviosur was clearly demons-
tpoted for formulationd 6 end 7, which may be due to the
type of the nature of terpoiymer III being softer than

terpolymer I and 1T,



Figure (40). Photographic recording of the testing stand

submerged in the eastern harbour of Alexandria

for: (a) 21 days, (b) 2 months, (c¢) 4 months,
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