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ABSTRACT

Gabrielides has shown, in a previous work in this
laboratory, that the use of strong monoprotic organic
acids had deleterious side effects on the polyesterifilcation
reactlon involved in the preparation of modified alkyd
resins,

The alm of the present study was: first, to confirm
the role of a strong acid on the above mentioned reaction.
Second, to Investigate the possibility of catalyzing
commerclal polycondensation reactions with the idea of
reducing thelr processing time and temperature. Third,
to prove through infrared study the existence of copo-
lymerlzation between an alkyd resin and & silicone Iinter-
mediate. Fourth, to use Infrared spectroscopy in studying
the degradation of the copolymers when heated to different
temperatures and for different time intervals.

Alkyd reslns were prepared by esterifying dibasic
acids (isophthalic and phthalic acids) and benzoic acid
with trimethylol ethane. +*‘he volymerization was run
under an 1lnert atmosphere (COg) with agitation and
azeotrople reflux in diisobutyl ketone until the acid
number dropped below 10.

The effsct of strong orgenic acids on the rate of
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nolymerization was studied by using p-nitrobenzoic acid,
p-toluene sulfonic acid and trichloro-acetic acid in con-
centrations ranging from 1-3% by weight. It was found

that the presence of a strong organic acid, up to about 2%,
catalyzed the polymerization reaction and reduced the
processing time from 4-5 hours to 50 minutes. This fact

is of outstanding commercial importance from an economic
polnt of vlew.

Strong organlc acids, unlike weak organlic acids such
as benzolec, stearlc, lauric etre., served only as catalysts
and were not incorporated as telomers into the polymeric
molecules,

The speed of the polymerizatlon reaction increases
with the Iincrease in the strength and concentration of the
acid up to a fixed value after which further Iincrease resul-
ted in appreciable decomposition and gave polymer meases of
Inferior colour.

Infrared study of the alkyd and silicone resins before
and after processing confirmed the existence of copolymerl-
zation,

Infrared spectra of the cured copolymers after heating
to various temperatures at different time Intervals were 4if-
ficult to interpret wlth reasonable certainty. However, it
was shown that, on heating, the intensity of the phenyl car-
bon-hydrogen absorption band seemed to decrease relative to
the alkyl carbon-hydrogen band., There were also some dif-
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ferences in the intensity of the absorptlion bands of the

phenyl group on heating.

(vii)



INTRODUCTION ..
EQUIPMENT ...

PROCEDURE

EXPERIMENTAL AND RESULTS ...c0ceaes

BIBLIOGRAPHY

LR

*

*

- »

TABLE OF CONTENTS

.« .

L I I B

s a e 0 s

* % 8 9 9 0 s e

* 0B % 8w

(viil)

(IR N R

« &% &SP EAse s

* s s s w0

LN I L I

10
14
46



Table

Table

Table

Table

Table

Table

Table

Table

LIST OF TABLES

I Preparation of alkyd (A) in the

absence of a strong acld ..iiieveencesacns
II Preparation of alkyd (A) in the

nresence of 0,06 equivalents of p-toluene

sulfonic acld s..veienrreroncecsvansannas
IIT Preparation of alkyd (A} in the presence

of 0.03 equlivalents of p-nitrobenzoic

Y e I
IV  Preparation of alkyd (A) in the presence

of 0.04 squivalents of dlchloro-ascetic

8Cld serveerencncsrsrcesnscstercsnnsenans-
v Preparation of alkyd (A) in the presence

of 0.018 eguivalents of p-toluene

sulfonic acid .ieeveiieriieresvecrscncnanse
VI Preparation of alkyd (A) in the @ esence

of 0,05 gquivalents of p-toluene

sulfonic 8cld .e..vcivecorncrtecscsoncans
VII Preparation of alkyd (A) in the presence

of 0,09 egquivalents of p-toluens

sulfonic acld seveenerenrescioesserannans

VIIT Study of distillates....vieercrannsnesonne

(ix)

Page

17

18

1¢

20

27

28

29
33



LIST OF FIGURES

Flg.

—

Apparatus for preparation of resinsg ..ieeeevecen

oo

Fig. Apparatus for copolymerization ...vevecencnnreane

(5]

Fig. Apparatus for purification of p-toluene
sulfonlc acid s.vevrevceversccsnsscccessosnnsanse
Fig. 4 Preparation of alkyd(A) in the presence of 0,06
equivalents of p-toluene sulfonic acid cvivesses
Fig. 5 Preparation of alkyd (4) in the presence of 0.03
equlvalents of p-nitrobenzole acid e.iveecacass
Fig. 6 Prepasration of alkyd (A) in the presence of 0,04
eguivalents of dichloro-acetic acld ..vevvenenn
Fig. 7 Preparation of alkyd (4) in the absence of a
o < - 0 -
Fig. 8 Preparstion of alkyds using p=-toluene sulfonic
acld at three levels of concentration .........
Fig. 9a Preparatlon of alkyd (A) in the presence of
similar concentrations of two acids having
different K{'8 secseccessrsrsssncssssnncssssnas
Fig. 9 Spectrum of 254 ethoxy phenyl polysiloxane .....
F1g.10 Spectrum of a silicone-alkyd cured for one
hour at 180%C. teviiinrerrsonnsnnsesssnconnanns
Fig.11 Spectrum of an alkyd silicone (formulation 1)
degraded at 250°C, for 50 hours ..... ceraranans
Fig.12 Spectrum of silicone-alkyd (formulation 1)

degraded at 220°C. for 75 hours chesesrescesans
Fig.13 Spectrum of a silicone alkyd (formulation 2)

degraded at 250°C, for 50 hourS ..ieeeecessnsnas

{x)

Page

13

21

22

23

24

30

51

40

41

42

43

44



INTRODUCTION

Theoretlical

Alkyds: Alkyds have been defined as polymerlc
condensation products of polyhydric aleohols and polybasie
aclds. Any polyfunctional aclild or alcohol can be used
as long as cyeclization 1s not the predomlnent trend of the
reactlon.

Bifunctional aclds and alecohols produce linear
resins which are thermoplastic, soft, flexlble and may
possess fibrous character. When the functionality of elther
acid or alcohol exceeds two, three dimensional polymsriza-
tion becomes possible and the products are hard, brittle
and thermosetting. The propertles of the moducts are thus
a function of the average functlonality of the reactants.

One of the alkyds used in the present investigation

has the following structure:

o CHy 0
/_: n - Hz I_I2 " 9 -
Ce0~-C=C=-0=0=20C... H
\”} 1 ( >-—C -0} c°-
CH ,OH '
n

In another formulation the isophthalic acid segmer
was replaced by phthalile acid.

Silicones: Silicones are the hydrolysls products of
alkyl or aryl silicon halides. The high ionic character of

the siloxane chain renders s protective effect on the
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organic group. Methyl and phenyl groups confer best heat
resistance to the sillcone. Increase in the size of the
organic group lowers thermal stabllity.

The silicone used in this study has the following

structure:
;4“7
:-‘, .

- - - 0 - BL -~ OC.Hg

O G H v ,:;W b :\-\\\1
: e L, S n
| 1

Copolymerization: Copolymerization 1ls a co-condensation

reaction between the functional groups of the alkyd and the
silicone. 1In alkyds the functional groups are the hydroxyl
and the carboxyl, whlle in the silicones it is usuelly the

glkoxy group.

Survey of the Literature

A survey of the llterature on silicone-alkyds has
been summarized, up to the end of 1957, by A. Abdul Kariml and
Gabrielidesg.

The present investigation Is closely related to s
previous work done in this laboratory by Gabrielides.

The purpose of Gabrlelides! work was to review and

study the effects and Interactions of various sillicone



alkyd components on the properties of the copolymers,

particularly as they bear on thelr thermal stabllity for

high temperature surface coatings.

A statistically designed experliment was formulated
using the three isomeric phthalic acid lsomers at one level
of concentration, benzolc acld (used as a telomer) at three
levels of concentration, a silicone iIn three levels of
composition and trimethylol ethane (T.M.E.) in stoichiome-
tric quantity to react with the alkyd and silicone component.

It was found that:

(1) The stabllity of the copolymer was independent of the
levels of concentration of benzole acid used.

(2) Of the isomeric phthalic acids, isophthalic acid pro-
duced the more stable copolymer.

(3) Of the three sllicone intermedlates studied, the aryl
silicone, phenyl ethoxy polysiloxane (25% ethoxy) and
the alkyl-aryl silicone, phenyl dimethyl ethoxy poly-
siloxane, showed no significant differentiation at
temperatures below 250°C, At temperatures above 250°C,'ﬂﬁ
aryl sillicone showed superior thermal stability, good
gloss and colour retentlion, Sylkyd-50 wes the least
stable of the threse.

(4) Of the different polyols used (1,2,6-hexanetriol, trime-
thylol propane, trimethylol ethane (T.M.E.), pentaery-
thritol, neopentyl glyecol and 1,5~-pentane diol) it was

found that T.M.E. produced resins of overall superior



propertles.

(5) Of the monobasic acids used, (benzoic acid, p-tertiary
butyl benzolic acid, caproic acid and trichloro-acetle
acid) benzoic acid produced the more stable copolymers.

(6) In processing alkyds containing strong acids, such as
trichloro~acetic and p-nltrobenzolc acid, side
reactions other than esterification resulted in excesslve

decomposlition and the liberation of a yellow distillate.

The alm of the present study is: First, to confirm
the role of a strong organlic acid in the polymerization
reaction involved in the preparation of an alkyd, Second,
to investigate the possibility of catalyzing commercisl
polymerizations with the 1ldea of reducing the processing
time, and temperature of the reaction. Third, to prove,
through the use of Infrared spectroscopy, the exlstence of
copolymerization between an alkyd resin and a silicone
intermediate, Fourth, to use Infrared spectroscopy in
studying the degradation of the silicone-alkyd copolymer
heated at different temperatures and for different time
intervals.

Though a large number of patents were Issued and
articles published on silicones and alkyds during the
years 1958 and 1959, practically nothing has been published
on silicone-alkyds. The only patent related to the subject
was ilssued to Mldland Silicones Ltd.s concerning a method

for the preparation of alkyd copolymers with diphenyl and



phenyl methyl slloxane.

Information regarding the absorption bands of sillcon
compounds have appesared in many artlicles. N. Wright and
Mede Hunter4 examined open chain compounds ranging from
hexamethyl dislloxane to octadecamethyl occetasiloxane. J.F.
Hyde, L.K. Frevel, H.S. Nutting, P.S. Petrie and M.A.
Pur09115 showed that polymorphic crystalline forms of alkyl
sllanes and slloxanes can exlst and thls would be expected
to have a considerable influence on the absorption pattern.
C.W. Young, P.C. Servals, C.C. Currie and M.J. Hunter6
carried extensive studies in the silicon fleld. They
employed solutions 1n carbon disulfide and carbon tetra-
chloride. R.E. Richards and H.W. Thompsonv studied siloxy
methyl silanes. In ten compounds examined as liquids, in
which the methyl group is directly attached to sillcon they
find strong bands in the range 1269 - 1256 cm™', whereas
in those containing ethyl groups the frequency falls to
1250 - 1239 em~>. H. A. Clark, A.F. Gordon and C. W, Young
examined the spectra of twelve aryl trimethyl silanes in
solutions. All show absorption bands close to 840 em™?,

It 1s Interesting to note that at least three books
(9,10,11) in the English language have been published
describing the Chemistry, properties, technology, and uses
of silicones and their copolymers. Post's "Silicones and
other Organic Silicon Compounds" i1s the oldest of the three.

It emphasizes the chemistry and academic growth of the
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silicones and orgsasno-silicon compounds and contains an
excellent bibliography of the publlshed and patent
literatures to 1947. Rochow's "An Introduction to the
Chemistry of the Silicones" has been revised and includes
a comprehensive survey of the fleld, making the new
edltion a suitable textbook on the subject. McGregor's
"Silicones and Thelr Uses" is written in non-technical
language and gives an over-all plcture of what silicones

are and the wide flelds of uses to which they are applied.



EQUIPMENT

The alkyds were prepared in a 500 mls, round bottom
flask with four ground glass necks. To these were fitted
a filling tube, an inert gas (CO.) delivery tube, a
thermometer, a glass stirrer or collapsable double bladed
stainless steel stirrer both of which were sealed with an
ad justable graphlte packing and driven by a varlable spesd
motor, and a reflux condenser with a Stark and Dean trap,
Heating was accomplished through the use of a heating
mantle controlled by a Variac auto transformer. A flowmeter
was Inserted In the Inert gas line to measure the rate of
input of carbon dioxide (Fig. 1).

For copolymerlzation, a fractionating column was
substituted for the reflux condenser and the Stark and Dean
trap. A condenser was connectéd to the top of the column
and the alcohol liberated was collected in a graduated
cylinder fixed to the outlet of the condenser(Fig. 2).

Infrared spectra of the different polymeric compounds
were taken using the single beam Perkin-Elmer Infrared
Spectrometer (Model 112, Series 44) as well as the double
beam Perkin-Elmer Infracord (Model 137).
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PROCEDURE

The required quantities of polyol, dibasic and
monobasic acld were welighed and introduced into the reaction
flask. Through the filling tube a quantlity of solvent,
amounting to 10 - 15% of the welght of the reactants, was
added. The mixture was heated to a steady reflux at a
temperature varying betwesen 180 - 230°C,

Simultaneocusly the stirrer was started and a moderate
rate of carbon dioxlde was allowed to bubble through the
molten mass at the rate of 100-200 cc/min. Once the mixture
melted and hecame homogeneous, the stirring was adjusted to
600«900 r.p.m.

The water given off was collected in the Stark and
Dean trap. In the case of acid é%alyzed polymerization the
temperature was allowed to reach a maximum of 210°C. In the
cage of the uncatalyzed polymerizations, a temperature of
230°C., was attained.

When the water collected was within 1.0 ml of the
theoretically calculated wvalue, a sample of the resin was
wlthdrawn and tltrasted against alcoholic potassium
hydroxide. When the acld number dropped below 10, the
heating mantle was disconnected and the desired amount of
solvent added to stop the reactlon. In the cases where the
silicone copolymer was to be prepared the temperature was
lowered to 170°C., and the reflux condenser replaced by a
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fractionating column. fhe desired amount of silicone was
then added to the alkyd resin. An additional weight of
solvent equal to 10-20% of the welght of the reactants was
added, stirring resumed at 900 r.,p.m. and the temperature
ralsed and kept between 185 = IQO?Ci‘QThe thermometer at
the top reglstered a temperature—éiﬁitilower than the
bolling point of the specific alcohol liberated.

After 50-40 minutes, the reaction mixture, which
seemed incompatible at the start, became clear and homo-
geneous., The reaction was allowed to proceed until imminent
gelation, At this stage the reaction was stopped by lower-
Ing the heating mantle and enough solvent was added to make
the total solid content of the copolymer 60-70%.

In alkyd preparations where & strong organic acld
was used as a catalyst, the aclds used were reagent grade
chemicals., However, in the case of p-toluene sulfonlc acld,
the technical grade reagent was puriflied prior to its use
according to the followlng procedure:

Preliminary study showed that an aqueous solution
of p-toluene sulfonic aclid containing 204 gms of the acid
per hundred mllliliters of water, gave the best yield of the
pure crystallline acid on saturation with hydrogen chloride
gas. Hence 204 gms of the commercial reagent was dissolved
in water, the mlxture flltered to remove suspended impuri-
ties and the filtrate decolorized wlth activated charcoal

for rfifteen minutes. The filtrate which was sti1ll slightly
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coloured was saturated wifh hydrogen chloride gas. The
apparatus used for saturation 1s given in fig. 3, and has
been adopted from a procedure given by Fieserlg.

Dry hydrogen chloride gas bubbled through the solutlon.
Crystals of the p-toluene sulfonic acld were immediately
precinitated. The hydrogen chloride gas continued to be
bubbled through until no further preciplitation was seen. The
flask was disconnected from the generator and the contents
allowsd to cool to room temperature. These were then put
for a few hours in the refrigerator. The acid was filtered
by suctlion and the crystals washed with cold concentrated
hydrochloric acid., The acid produced was further purifiled
by two more recrystallizations. The pure erystals were put
in & vacuum desiccator charged with potassium hydroxide and
allowed to dry.

Infrared spectra of the solvents used, alkyds,
silicones and the sillcone-alkyd copolymers were then taken
using both spectrophotometers.

Thin films of the different copolymers prepared, were
spread on thin aluminum foil by the dip method. The films
were cured at 180°C. for one hour and then heated for specli -
fic intervals at different temperatures. The aluminum foil
was then dissolved in hydrochloric acid and the film produced
repeatedly washed with distilled water. After drying in a
vacuum desiccator, (at a pressure of thirty millimeters of

mercury) the spectrum of the film was taken.
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EXPERIMENTAL AND RESULTS

I~ (A) The effect of strong organic acids on the polymeri-

zation reaction involved in the preparatlion of an

alkyd.

The effect of strong acids on the polymerization

reactlon Involved in the preparation of an alkyd was studied
with a view to find out whether the acid acted catalytlcally
(as 1t would in ordinary polyesterification reactions) or
incorporated itself into the polymerlc mass as a telomer
(monobasic acids act as terminating blocks for polymeric
macro molecules).

That the organic acid acted catalytically was proved
by two different approaches:

1) Kinetic Approach: An alkyd was prepared using

trimethylol ethane, benzolc acid and isophthalic acid in the
proportions given below. This alkyd wlll henceforth be
called alkyd A.

No. of Bguivt. Total welght

equivts, welght in grams
Benzoic acid 0.535 122 65.4
Isophthalic acid 0.855 83 71
Trimethylol ethane (T.M.E.) 1,39 40 55.6

Solvent: diisobutyl ketone (75 cc.)

The rate of polymerization was kinetically determined
by the amount of water that distilled off at regular
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intervals. Four polymerization reectlons containing the
above components were run. The first served as a control
and contained no strong organic acid. The other three
polymerizations were run using 0.06 eguivalents of pure
p-toluene sulfonic acid, (Kjy determined by pH measurement
and found to be 2.134 x 10™%) 0,03 equivalents of p-nitro-
benzolc acld (Ky determined by pH measurement and found to
be 4 x 10'4) and 0.04 equivalents of dlichloro-acetic acid

(K4 1s 5 x 10"2)15.

According to Floryl4

catalyzed polyesteriflicatlons
are second-order reactions.

If in a polyesterification [COOH| = [oH] = o
one can write -dc¢/dt = Ke=.

Where the concentration of the catalyst is included
in the second-order rate constant K.

It is convenlent here, and for many other purposes
to Introduce a pasrameter called the extent of the reasction
and designated by P, which represents the fraction of the
functional groups initially present that have undergone
reaction at time t., In the polyesterificaetlon process P
represents the ratio of the volume of the water liberated
at any time t to the theoretlcal volume expected when cross
linking 1s complete (This is given in column six in all

subsequent tables). Now ¢ = ¢, (1=P) where ¢, is the

initlal concentration of the functional groups.
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1P

Therefore, coKt = - constant

Thus the plot of ;%; versus time for catalyzed poly-
esterifications should give a linear curve.

The results of the three polymerizatlionsrun In the
presence of the strong organic acld are summarlized in
tables IT, III and IV, The plots of I%; versus time for
these three cases are given in figures 4, 5 and 6. The
linear nature of the curves obtained confirm the bellefl
that the strong organlc acids acted catalytically.

In the case of the uncatalyzed polyesterification

I~ - E _
-d Lc—:g-%@ =x {coon) * (o] .

If the hydroxyl and carbonyl group concentratlons
are equal, both given by ¢, the above equation may be
replaced by the standard integrated expression for a

third-order reaction.

1
2Kt = ¥ =~ constant,

however ¢ = co,(1=P),
1

(1-p)"
Thus the plot of

therefore 2c§Kt = -~ constant,

, versus time for uncatalyzed

polyesteriflicatlions should give linear curves.
Tre results obtained for the polymerigation run in

the absence of the strong acid are summarized 1ln Table I.
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The plot of T—l—YE versus time (Fig. 7) gave a linear curve.
1-P
The non~linear nature of some of the curves over the
15

earlier portion of the reaction has been attributed by Flory
to pronounced changes in the characteristics of the medium
with the disappearance of so many hydroxyl and carboxyl
roups.
g p (1
2) End-group analysis approach: Alkyds--ef—warious

wWas
fermutetions were prepared in the normal way uslng different

concentrations of p-toluene sulfonic acid. The polymers were
dried and each was puriflied by repeated extraction with
water. p-toluene sulfonle acld is water soluble and would
be expected to be washed away unless 1t reacted as a telomer
with the constituents of the alkyd. The purified polymer
was tested for the presence of sulfur by different qualita-
tive tests. These were all negative,

Hence, end-group analysls adds another conclusive
evlidence that p-toluene sulfonic acid acted In a catalytic

capacity.

(B) Effect of acid concentration on the speed of the poly-

merlzatlon reaction involved in the preparation of an

alkyd.
The effect of the acld concentration on the speed of

the polymerization reactlon was studied using p-~toluene
sulfonic acid at four levels of concentratlon, namely 0,018,

0,03, 0,06 and 0.09 equlvalents. The results obtained are
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tabulated Iin Tables V, VI, IY and VII respectively.

The plot of 1/1-P versus time for the first three
cases are given in fig. 8. The results show that the
speed of the polymerization, incresses with the increase of
the catalyst concentration. Thils is true until a certain
l1imit after which further increase 1n concentration results
in side reactions whlch are characterized by sppreclable
decomposition and discoloration of the polymeric mass, This
was clearly shown in the case where 0,09 equivalents of the
acid was used, hence, the reason for the absence of a fourth
curve.,

(C) Effect of the strength of an acld on the speed of the

polymerization reaction involved in the preparation of

an alkyd.
Two 8imiler formulations were polymerized, the first

catglyzed with 0.05 equlvalents of p-nitrobenzoic acid and
the second with 0,03 equivelents of p=-toluene sulfonic acid.
The results are glven in fig. 9@ »p-toluene sulfonic acid

1s stronger than p-nitrobenzoic acid. The difference in
slope between the two curves justifles the belief, that
stronger acids are more effective 1in so far as the speed of
the polymerization 1s concerned.

(D) 3ide effect of strong organlc aclds on the alkyd

polymerization reaction.

Strong organic acids when used in cstalyzing alkyd

preparations, in concentrations above certain fixed values,
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result in side reactions. These manifest themselves in
appreclable discoloration of the polymeric mass and the
appearance of coloured distillate by-products.

A mechanism explalning the polymer decomposition,
with the appearance of unsaturated by-products, has been
suggested In a previous work by GabrielideslG.

It is known that compounds containing the following
configuration

CH,OH
CH, = ¢~
“CH,CH

Reduce KMn0, but do not add free bromine. The

mechanism given for the formation of the unsaturated dlol

{refer to Table VIII) is as follows:

H
CHy = C'= CHROH -—---w- » CHg - G/~ CHY ---3 CHaCH,-C'
. —H20 .
2OH H,0H CH,OH
CHzOH
CHaCH = ¢
‘CH,0H

This partly decomposes, partly polymerizes by additlion and
partly by condensation.
(E) Summary.

It was found possible to catalyze the polymerization
reaction Involved in the preparation of an alkyd through the

use of strong organic acids,
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The addition of p-toluene sulfonic acid in small
amounts (2.1% by weight) to a reaction mixture, reduced
the time required for polymerization from 4«5 hours (in
the case of the uncatalyzed polymerization to 50 minutes.

In the polyesteriflcatlion reaction involved in
the preparation of alkyds, the temperature was continual-

ly changing within a range of 50°C, The fact that the plot of

1 :
or
1-P k (1~P)

2) versus time remains linear, insplte of

these temperature variatlons strongly suggests that the
activation energy of the polyesterification reaction 1s

very close to zero.

II- Infrared study of sillicone~alkyd copolymers.

Infrared study of silicone-alkyd copolymers aimed at:
A) Proving the existence of copolymerization between the
alkyd resin and sllicone Intermediate.
B) Finding out which of the components of the silicone=-alkyd
macromolecules 13 responsible for degradatlon at different
service temperatures.

The two formulations mentioned below were used for
all the infrared studies undertaken.

The following is a sample calculation showing how

these formulations were obtailned:
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No. of equivts. Zquivt.Wt. Total weight

in grams
Benzole acid 0.5 122 61
Isophthallic acld 0.66 83 5044
Trimethylol ethane 1.16 40 _46.4

less of 1.16 moles of water lliberated ........ce00ev 20.8
welght of alkyd component ......c.civvivenneneensnn . 142,0

welght of sillcone component in the product = 142 x &5 = 173.5g.
45

equivalents of silicone needed = 1%73.5 = 0,96
180

Hence total number of egulvalents of T,M,E., nesded =
0.96 + 1,16 = 2,12 equivalents.
welght of T.M.E. needed = 2,12 x 40 = 84.8 grams,
FCRMULATION 1.

No, of Equivts. Lotal Wt.
Benzolc acld 0.5 61 grs.
Isophthalic acid 0.66 55.4 grs.
T.M.E, 2,12 85 grs.
Phenyl ethoxy (25%)
polyslloxane 0.96 173.5 grs.

FORMULATION 2.

No. of Eguivts, Total Wt.
Benzoic acid 0.5 61.0 grs.
Phthalic anhydride 0.66 49.4 grs.
T.M.E. 1.69 70.3 grs.

Phenyl ethoxy (25%)
polysiloxane 0.87 1568.0 grs.
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In the next section, a proposal of the way in which
copolymers are synthesized 1s glven. The silicone inter-
mediate i1s phenyl ethoxy (25%) polysiloxane, the polyol is
trimethylol ethane, the dibasic acid is 1sophthalic acld and the

monobasic acid is benzolc.

0C oH,
e s
¢ ' )
~ “f
0 -« 81 - 0 - 381 - 0 - Si - 0 -
.-"'\
1 k_ﬂ 1
B — s
{OCoHg | !OGQHE
: a Lo
CHOF CHa0H
0

1 " O t O
CHy ~C = CHy ~ 0O =C-._ " "o
. ;>c - CHg-C = CHp - 0 =-C -$_>
1 — i

1
CH , OH CH,

{A) Confirmation of the fact that copolymerization does take

nlace between an alkyd resin and a silicone Intermedlate

through infrared studles,

Infrared spectra of the alkyd resin and the sllicone
intermedlate were taken separately for both formulatlons
using both infrared instruments, The alkyd and silicone were
then allowed to react together until imminent gelation.
Spectra of the resulting resin in solutlon as well as in
film form were taken. The changes in the bands characteris-

tic of alkyd resin and the silicone intermediate were noted,.



In the case of the two formulations under dlscussion,
it is expected that copolymerlzation of the alkyd with the
silicone 18 a co-condensation between the hydroxyl group
of the alkyd and the ethoxy group of the silicone,

The evolution of ethyl alcohol during the co-condensa-
tion coupled with the fact that the hydroxyl band (3400 cm™>)
which was very dlstinct in the spectrum of the alkyd and which
was markedly decreased in intensity in the spectrum of the
cured silicone-alkyd (fig. 11, 12 and 13) lent strong
evidence that co~condensation involves the hydroxyl group of
the alkyd and the ethoxy group of the silicone. The changes
in the ethoxy band could not bs detected as this group
absorbs in a region of complete absorption (due to the
influence of other groups which absorb in this same region).

Thus through the aid of chemical as well as instru-
mental methods, the belief that copolymerization 1s a co-
condensation between the hydroxyl group of the alkyd and
the alkoxy group of the silicone, was confirmed.

{(B) Degradation of the silicone-alkyd copolymers.

Thin films of the copolymers made from the two
previously mentioned formulations, were made by the dip
method on glass panels covered with thin aluminum foil,

These films were degraded at 220°C for 25 hours, 50
hours and 75 hours; and at 250°C for 25 and 50 hours. To
act as references films of the alkyd-slilicones were given

the less rigorous treatment of curing at 180°C for 1 hour.
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After curing at the different temperatures the alumi-
num foll with the film was peeled off the glass panel and
put on a Buchner funnel. Hydrochloric acld was added to
dissolve the aluminum foll. After the alumlnum was completely
dlssolved, the remaining film was repeatedly washed with
distilled water, The film was then dried in a vacuum
desiccator for twenty four hours at & pressure of 30 rms.
of mercury.

The spectrum of the dried film was then taken using
the double beam Perkin-Elmer Infracord.

The interpretatlon of the spectra of the cured and
degraded films did not provide any conclusive information
about the groups responaible for early degradation of the
silicone~alkyd copolymers, at the different service temperan
ture. The complexity of the molecular structure, resulting
in an overlsp of many bands, made the assignment of certain
bands to specific groups difficult. Many of the regions of
the spectra were regions of complete absorption where inter-
pretation was not possible. Attempts at working with
thinner films failed. Films made from very dilute solutions
broke on subsequent curing and treatment. Thus, only
regions where absorption was not 1ntense could be studiled.

Another of the problems confronting the tackling
of this problem was the fact that the films made were not
uniform in thickness. Thus, differences in the intensity

of the absorption of certaln bands, could not be used as a
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conclusive criterion of changes in molecular structure, but
could be attributed in some cases to differences in fllm
thickness.

Fig. 9 is the spectrum of 25% ethoxy phenyl poly=
siloxane. Flg. 10, 11 and 12 show the spectra of silicone~
alkyd films made from formulation 1. Fig. 10 shows the
spectrum of the fllm cured for one hour at 180°C.; fig. 11
that of the film degraded at 250°C. for 50 hours and fig. 12
1s the spectrum of the film degraded at 220°C. for 75 hours.
Fig. 13 13 the spectrum of a slllcone alkyd film made from
formulation 2. This film was degraded at 250°C, for 50
hours.,

The only band which undergoes change and could be
assigned to a defilnite group, 1s the hand due to the hydroxyl

group (3400 em™*),

This can be seen iIn the spectrum of the
£11m cured at 180°C. for one hour, (fig. 10). This is
within expectatlon as In this case the resin still has free
hydroxyl groups. However, on curing at higher temperatures
for longer time intervals, further cross linking takes place
as witnesgsed by the practical disappearance of this band in
the spectra glven in fig. 11, 12 and 13. This has been
used as one of the arguments for conflrming the existance
of copolymerlization.

In the reglon between 3000 - 2700 cm’l, changes
could be detected on degradation of resins at 250°C, The

intensity of the sharp band near 3000 em~* seemed to
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decrease relative to the other two bands in this region
(refer to fig. 10 and 13). The sharp band 1s attributed
to aryl carbon-hydrogen vibrations (from the phenyl groups
in the silicone), while the other two are alkyl carbon-
hydrogen absorption bandslv. The only conclusion one can
draw 1s that on degradation at 250°C., the intensity of the
phenyl carbon-hydrogen absorptlon band decreases relative
to the alkyl carbon-hydrogen absorption band.

In the case of films made from formulation 1, another
change was noted on degradation. The band at 1429 em™ which
was distinet in the spectrum of the film cured at 180°C. for
one hour (flg. 10) seemed to decrease in Intensity (relative
to the sharp band at 1600 c¢cm™) on degradation at higher
temperatures and for longer intervals of time (fig. 11 and
12), This band was not found Iin the spectrum of the silicone
and could be attributed to the meta substituted phenyl group
present in the alkydlg.

Another band which appeared to be changing in inten-
sity on degradation was the one at 850 cm™  (refer to fi. 10

and 11}. Thils could be the phenyl group absorption bandlg.
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RAW MATERIALS

Benzoic Acid: CePs, Merck.

Isophthalic Acid: Technical, Oronite Chemical Company.
Phthalic Anhydride: Technical, Monsanto Chemical and

Plastics.,

p=-Nitrobenzolc Acid: CeP. Merck.
Dichloro-acetic Acid: C,P. fisher Scientific Company.
T, M. E.: Technical, Hayden Chemical Corporation.
Phenyl-ethoxy-poly- .

siloxane (25% ethoxy):Union Carbide and Carbon Corporation.
Diisobutyl Ketone: Technical, Fastman Kodak.
p-Toluene sulfonic

Acid: , Technical, Eastman Kodak.
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