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INFUSIBLE STLAZANE POLYMER AND PROCESS
FCR PRGDUCI.\’G SAME
Robert E. Burks, Jr., Robert E. Lacey, and Charles L.
Christy, ir., =1 of Dirming! mm, Ala,, assignors to South.
em Rcse-vrch Imtitute, Birmingham, Ala., a corpora-
tion of Alabama
No Drawing. Filed Aug. 30, 1965, Ser. No. 483,817
8 Claims. (CL 260—2)

The invention described hercin was made in the per-
formance of wozk under a NASA contract and is subject

.10 the provisions of the National Aeronautics and Space

Act of 1958, Po>iic Law 85-568 (72 Stat. 426; 42 US.CC.
2451), as amendead.

This invention relates 1o an iafusible silazane polymer
and process for craducing the samic and more particulariy
to 2 silazane polvmer resuhing from heating the nca.
crystalline, lirezr. low molecular weight, reaction pred-
uct of diphea; dichlorosilane with a nitrogen-containing
base ;1 a reacticz zone open 1o the atmiosphere.

An object of cur invention is to provide an infusible
silzzane polymer which shail have high thermal znd

* chemical stabilitv and b2 particularly adapted for use as

a coailng agent fer various type materials, such as metals,
giass and the like.

A more specifiz object of czur invention is to provide
an infusibie silazzne polymer of the character designated
which may be iz the form of a thick protective coating
that docs not crack or ceooling.

A further objaxt of our invention is to provide an in-
fustble pruteciiva coating of the character designaied
which s Jess bricle and cne which may be applied with a
minimum of effort.

A still forther object of our invention is to provide an
infusible silazanz polymer of the character designated
which shall havs extramely high thermal endurance after
being cured at r=! '*liwe!y low temperatures.

Herzatofore in the art to which our invention relates,
silvlamine polymers have teea preduced in the form of
therareplastic mazzrials which are viscous liquids or solids
thei are fusible, moisture sensitive and soluble in organic
solvents. Such z thermoplastic polymer is disclosed in
the Groszos and Hall peizat No. 2,885,370, whereir
bexaphenylcyclorisilazane is cenverted into plastic ma-
terials by heating at elevated temperatures in sealed tubes.

Briefly, our improved polyrier is produced by reactin:
diphenyldichlorcsilane with a nitrogen containing base
The non-crystalline
residue is then ksated in a2 rzaction zone open to the
atmosphere at a lzmperatare ranging from approxXimately
250° C. 10 450° C. until :ke infusible polymer is formed.
We thus produce zn infusible polymer which is extremely
stable to heat, a::is, alkali and organic solvents.

In the art to which our invention relates, it is well
known that hexagkenylevelotrisilazane, a solid melting at
approximaicly 2137 C,, may be prepared by the reaction
of diphenyldichlerosiiane with ammonia. A non-crystal-
lire residue is obtained by evapcorating the mother liquozs

after the crystailine hexapheniicyclotrisilazane has been
separated. In actzel practice, we have prepared our im-
proved compaositicn by the foiicwing method:

Example 1

Approximately 3 liters of tenzene and 308 ml. (376 g,
‘of 1.485 moles) of diphenyldichlorosilane were placed i m

2 S-Titer, 3-neck fask fitted with a stirrer, reflux condenser
and a gas inlet tute.  Dry gase2>us ammonia was provided
for the reacticn v allowing it to boil from a flask of
liouid ammonia z3at contained sufficient sodium to pro-
duce a blue coler. The chiorosilane solution in benzene
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was stirred under an auvosphere of ammonia for 4 hours.
The mixture was refluxed for 4 hours and then allowed
to cocl. The Beilstein Test showed that chloride was
absent from the supernatant solution. Ammonium chio-
ride was then filtered off and the occuluded silazanes were
extracted from it by stirring and fiitering several times
with 200 ml. portions of hot benzese. The benzene so-
lutions were distilled until the pot temperature reached
95° C. The undistilled liquid was repeatedly cooled and
filtered to obtain crystailine hexaphenylcyclotrisiazane,
which amounted to 165.6 g. (0.28 mole, 565% of
theory). The mother liquor was set aside for a week,
and an additional quartity of hexaphenylcyclotrisilazane
crystals were formed in that period of time. These cry-
stals were separated by fil:ration and amounted to 49.9

g. (0.084 mole, 17.0% of theory). The non-crystalline,
or resin content of the mother liquor was determined by
evaporating an aliquot of it at 0.05 mm. pressure. The
yield of the non<rystalline resin was 55.2 g. (0.28 mole),
which was 18.8% of theory, if the amino end groups are
disregarded, and the forrmila is assumed to be (CgHs)s
SiNH. Accordingly, the yield of the combined products
was 92.3%. The non-crystailine resin produced was a
pale-yellow sticky gum. Upon heating the non-crystal-
line resin in a reaction zone open to the atmosphere at a
temperature ranging from 250° C. to 450° C. the infusible
polymer is formed.

The resinous, non-crystaline product produczd m 2c-
cordance with Example I was freed of solvest and an-
alyzed with the following results:

ANALYSIS OF RESINQUS NON.CRYSTALLINE PRODUCT
PRODUCED IN EXAMPLE 1

Found Theoretical
percent | (CsH):SINH,
pereent
Carbon. .. e 72.74 B
Hydrogen.._ 5. 60 56
Nitragen - 564 .n
Silicon... 12.80 14.24
Oxygen 2.64 ]
Total e cecmnes 99.42 102 %%

Molecular weight. 980 592

Example 11

To form coatings, the nor crystalline reacticn prodoct
produced in Example I was appiied to aluminom panels
from a 10% solution in benzene. An application of 0.2
nil. of the 10% solution over an area of 15 square centi-
meters followed by heating in air at 250-450° C. pro-
duced an infusiblc coating that was approximately 0.25
ml. thick.

Coatings of the non-crystalline reaction prodnct of &-

phenyidichlorosilanc with ammonia were also apphied to -
.aluminum panels to produce coatings of 0.75, and 1.25

mils in thickness. Little or no difficulty was enconntered
with cracking of the coatings during exposures to heat
cxcept at 500° C. and above. Even after an hour at
500° C., none of the coatings cracked when cocled.
The integrity of the coatings was evaluated by placing
the panels in boiling water for an hour and then in 19%
hydrochloric acid until the urcoated part of the panel
become black. Coatings that were not cured &g not
withstand the boiling water and zcid treatment. For
example, coatings cured for one hour at 110° C. became
slightly cloudy when immersed in boiling water for one
hour, but they still afforded some protection from the
acid. On the other hand, coatings of the ncn-crystalfine
product cured for one hour at 200° C. were visiby un-
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“aluminum from the acid until ths uncoated areas were
black and deeply etched. In actual practice, we have
found that the non-crystalline reaciisn product of dxphcn-
yldichlorosilane with ammonia should be cured in a re-
action zone open to the atmosphere at a temperature
ranging from approximately 256° C. to 450° C. Pref-
erably, the non-crystalline reaction product is cured in a
reaction zone open 10 the atmosphzare at a temperature of
approximalei" 350° C.

When pantly coated aluminum pancls were heated &t
550° C. the aluminum became discolored except under the
coating. Coziings were also applied to stajnless steel
panels with essentially the same results as those obtained
with aluminum.

To provide a COa.!.J]g which is more flexible, we add
ethylenedxamme silazane (which may be prepared by
the reactica of ethylenediamine with dimethyldichloro-
silane) to the non-crystalline reaction product of di-
phenyldichlorosilane with ammonia. Preferably, ap-
proxnmately 10%% by weight of ethylenediamine silazane
is added to the non-crystalline reaction product; how-
ever, we have found that the amount of ethylenediamine
silazane can vary from approximately 5% to 25% by
weight. The following example illustrates the manner
in which the coating is prepared and the properiies of
the coating thas produced.

Excmple 11

Ten percent soluticas of the non-crystalline reaction
product of diphenyidichlorosilane with ammonia and
ethylenediamine silazane were prepared in benzene. The
elhylenedxam.oc silazane comprised approximately 10%
by weight of the mixture of the ron<rystalline reaction
product and ethylenediamine silazane. An area of 15
square centimeters was marked on each of two 0.033-
inch aluminum panels, and 0.4 and 0.6 ml. portions of
the mixture were applied to the marked areas of the
panels. The soivent was zallowed to evaporate for 3 to

4 minutes, an3 the panels were placed in an oven at 135°

C. for 30 minwses. The applied film weighed 0.0341 and

. 0.0544 g. While the films were smooth, shiny, colorless,
transparent ard fiexible, they were relatively soft in that
they could be scratched with a fingernail. The panels
were then hezted in air at approximately 370° C. for
18 bours. There was no visible change in the coating,
but the ceating could no longer be scratched with a finger-
naijl. The finz] film weights were 0.0132 and 0.0201 g.
The panels were bent repeatedly, and no signs of crazing
were observed at the point of greatest curvature which had
a radius of approximately 3 mm. The bent panel with
the thinner coziing was placed in 19% hydrochloric acid
for about § minutes where deep etching occurred in all
uncoated areas, while the coated areas remained bright
and shiny. )

The coating set forth in Example Il was also applied
to mild stee! 2nd cured to produce products which are
satisfactory in every respect.

Coatings wizh excellent thermal and chemical stability
can also be made from bis(methyviamino)diphenylsilane
by boiling it crtil it undergoes some polymerization by
end group ccndensation to increase its boiling point.
The material with reduced volatility is then applied as a
coating and cured in a reaction zone open to the atmos-
phere at a temperature ranginz from approximately
250° C. to 450° C. until an infusicle polymer is formed.

Example IV

Bis(methylamino) diphenylsilane was prepared by a
conventional method wherein dipkenyldichlorosilane is
reacted with methylamine (E. Larsson and L. Bjellerup,

3. Am. Chem. Soc. 75 995-997 (1953). The bis(meth- .

ylamino) diphenylsilane thus prepared was refluxed at
315-320° C. for two hours.  On cooling, crystals formed
and were remcved by centrifugation. The residual non-
crystalline residue was employed i0 make coatings on
aluminum and stainless steel. A small amount of the

15

20

25

30

35

40

4

coating material thus prepared was placed on a stain-
less steel spatula and heated slowly to red heat over a
gas flame. At first the fiim smoked, and tlien it becams
solid. Red heat for about a minute did not destroy it
and the film remaincd intact. A similar film was applied
to an aluminum panel and was heated to approximately
600° C. whereupon the aluminum began to soften. After
being cooled in a stream of water, the aluminum panel
was badly warped, and it had a few cracks. Howe\er,
the presence and Conhv\n-t}v of the invisible coating was

......... SLaang

confirmed by placing the panel in 19° hydrochloric
acid for 10 minutes. The uncoated areas were deeply
etched, but the coated areas remained shiny except where
the metal had cracked during heating. A similar coat-
ing was applied to an aluminum panel aud after being
heated in a furnace at 500° C for 45 minutes, the alumi-
num appearcd to be unchanged. Also, a similar coat-
ing was applied to a stainless steel panel. The coating

did not crack when the panel was bent repeatedly after

being held at 500° C. for an hour.

The reaction of diphenyldichlorosilane with ammonia
in benzene normally produces appreximately 75% yield
of hexaphenylcyclotrisilazane and a 17% yield of the non-
crystalline residue. We have found that by including
triethylamine in the reaction mixture, the yield of non-
crystalline residue is increased to 90% and above. Ac-
cordingly, where a coating agent is desired, it is more
economical to use triethylamine. By carrying out the re-
action between diphenyldichlorosilane with ammonia in
the presence of triethylomine, we not only increase ihe
yield of the non-crystalline residue, but it is not neces-
sary to remove any hexaphenylcyclotrisilazane that may
be present.

We have also found that similar results are sbtained
by carrying out the reaction of diphenyldichlorosilane
with methylamine in the presence of tricthylamine, whkich
produces an increased yield of the linear, polymeric, non-
crystalline residue.

To form more flexible coatings, the non-crystalline
residue formed in the presence of tricthylamine is also

" heated with approximatsly 5% to 25% by weight of

ethylenediamine silizane.

- curing in a reaction zone open to the atmosphere at a

temperature ranging from approxvmately 250° C. to

_450°C.
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The number of moles of triethylamine employed to
facilitate formation of the coating agent is at least equal
to the aumber of moles of diphenyldichlorosilane em-
ployed to react with the ammonia or methylamine.

The iollowing is an example of the reaction between
diphenyldizhlorosilane with ammonia in the presence of
t-iethylamine.

Example V

In a 500 m!. 3-neck round-bottom flask fitted with a
stirrer, dropping furnel, a reflux coadenser, and gas in-
let tube were placed 300 ml. of benzene and 39.05 ml
(28.23 g., 0.279 mole) of triecthylamine that had been
purified by distillation from phthalic anhvdride and then
from potassium hydroxide. Then 28.90 ml. (35.32 g,
0.139 mole) of diphenyldichlorosilane was added drop-
wise with stirring. Ammonia was passed over the surface

" of the mixture thus formed for 2.5 hours as the mixture

was stirred. The temperature rose to 40° C. and then
returned to toom temperature. After the mixture had
stood overnight, a test for halogens was positive. Ac-
cordingly, ammonia was introduced for an additional two
hours. The mixture was next heated while stirring to
80° C. and then allowed to cool. The salts were re-
moved by centrifugation, and the solid was washed with
benzene. The solvent was removed by distillation at re-
duced pressure. The final pot temperature was 87° C.
The cloudy, tan viscous liquid product weighed 25.9 g.,
which was 94.1% of the theoretical yield when

—Si(PH) ,NH—
was assumed as the formula of the product.

Such coatings also require -
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In the following example triethylamine was employed
as tae solvent.
Example V1

Diphenyldichloresilane, 35.32 g.(0.140 mole) was
added :0 300 ml.(C16. 9 g., 2.14 moles) of triethylamine,
and the nammonia was introduced as set forth in Ex-
ample V. The yizid was 25.8 g, $3.7% of the theoreti-
cal when —Si(Ph)aNH— was assumed as the formula
of the product. .

In iix following example the molar ratios of triethyla-
mine and diphenyvidichlorcsilane were 1:1.

Example VII

Diphenyldichlorosilane, 35.32 g.(0.140 mole) was
added to 19.52 mi (14.11 g., 0.120 mole) of triethyla-
mine in 300 ml. of benzene, and then ammonia was in-
troduced as set forn in Example V. The yield was 27.1
g., 98.4% of theoseiical when —Si(PH),NH— was as-
sumed as the formu:ia of the product. )

From the foregaing, it will be seen that we have pro-
duced improved. izfusible silazzre polymers which can
be used as coatings of high thermal and chemical sta-
bility on metals, ceramics, glasses and the like. In
actual practice, we §nd that coatings embodying our im-
proved compositions are superior to the partially poly-
merized hexaphenyicyclotrisilazane products disclosed in
copending patent zpplication, Ser. No. 280,609, filed
May 15, 1965, no= U.S. Patent 3,228,895 and entitled
Infusible Silylamine Poiymer and Process for Producing
Same, in that our imprcved coztings can be formed in
thicker layers and they are less brittle, Also, our im-
proved coating bas equal or greater thermal endurance
after being cured at lower temperatures.

We wish it to &= understood that we do not desire
to be limited to the precise examples, proportions or
embodiments hercia disclosed for obvious modifications
will occur to a person skilled in the art,

What we claim is:

1. The process of producing an infusible silazane
polymer having imprcved thermal and chemical stability.
from diplienyldichiorosilane which comprises:

(a) reacting diptenyldichlorosilane in the presence of
tricthylamine with a nitrogen containing base se-
Jected from the group consisting of ammonia and
methylamipe o form a polymeric, non-crystailine
reaction prodect, and

(b) heating said noc-crystalline reaction product in a
reaction zone open to the atmosphere at a tempera-
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ture ranging from approximately 250° C. 10 450° C.
until the infusible polymer is formed.
2. A process of producing a polymer as defined in

claim 1 in which at lcast one mole of triethylamine is

used for each mole of diphenyldichlorosilane used. ~
3. The process of producing a polymer as defined ia

claim 1 which includes the step of mixing ethylenedia-

mine silazane with said non-crystalline reaction prodoct
prior to heating.

4. The prccess of producing a polymer as defined m
claim 1 which includes, prior to heating at 250° C. to
450° C., the step of mixing ethylenediamine silazane pro-
duced by the reaction of ethylenediamine with dimethyd-
dichlorosilane with said polymeric, non-crystalline re-
acticn product.

5. The process of producing a polymer as defined
claim 4 in which ethylenediamine silazane comprises
from 5% to 25% by weight of the mixture of ethylene~
diamine silazane and said reaction product.

6. A composition comprising an infusible silazane poly-
mer resulting from heating in a reaction zone open 1o the
atmosphere at a temperature ranging from approximately
250° C. to 450° C. until the infusible polymer is formed
the polymeric, non-orystalline, low molecular weight, re-
action product of diphenyldichlorgsilane with a nitro-
gen containing base selected from the group consisting
of ammonia and methylamine in the presence of tri
ethylamine.

7. A composition as defined in claim 6 made from a
mixture of said polymeric, non-crystalline reaction pro-
duct with the ethylenediamine siiazane produced by the
reaction of ethlyenediamine with dimethyldichlorosilane.

8. A composition as defined in c¢laim 7 in which the
ethylenediamine silazane comprises from 5% to 25%
by weight of the mixture of ethylenediamine silazane
and said reactica product.
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