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yet whether this result is in agreement
with x-ray data, Mr. Lentz says.

While the other polysilicate min-
erals , gave significant amounts of
lower sih'cate species (because of acid
cleavage of the siloxane bond), only
trace quantities of a lower silicate were
produced with laumontite. Therefore,
.Mr. Lentz believe.? that the s/l/cate
ring structure c-ontaining four silicon
atoms is probably less vulnerable to
acid attack than are linear silicate
structures.

Sodium Silicate. Studies on aque-
ous solutions of sodium silicate show
that sodium orthosilicate solutions con-
tain a variety of silicate structures. In
fact, only 43.57c of the silicate was
recovered as the orthosilicate deriva-
tive in a IA/ sodium orthosilicate solu-
tion. This fact, together with other
experimental observations, indicates
that some of the silicate solution is
polymeric.

Sodium silicate solutions having
sodium-to-silicon ratios ranging from
4:1 to 0.6:1 were studied. They were
found to .contain Si0o4, Sio0?, SiaOjo,
(Si0a)®, and polysilicate structures.
Other specific species have also been
indicated by gas-liquid chromato-
graphic analysis, but have not yet been
isolated and identified.

The monomer is always found in
greater quantity than the dimer, which
is always found in greater quantity
than the trimer. The relative amounts
of all of these species generally de-
crease as the sodium-to-silicon ratio
decreases. An exception to the other
.species, the cyciic terramers yield s
nearly as great at a sodium-to-silicon
ratio of 1:1 as it is at a sodium-to-
silicon ratio of 4:1.

A solution of sodium metasilicate
contained 25.7% monomer, 12.0%
dimer, 6.9% trimer, 10.0% cyclic tetra-
mer, and 23.3% of a polysilicate struc-
ture. Thus nsodium metasilicate solu-
tion also contain.? a variety of silicate
structures, even though its sodium salt
is a crystalline compound.

Portland Cement. Silicate structure
changes occurring in a hydrated Port-
land cement paste were al.w studied.
Rapid formation of n pyrosilicate to-
gether with a slow rate of polysilicate
formation were obser\'ed during the
early stages of hydration. Structure
analyses on concrete samples up to 15
years old indicate that the pyrosilicate
is an intermediate product. Thus the
polysilicate could I>e the end product
of the hydration reaction, Mr. Lentz
says.
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Fluorothiocarbonyl Polymer Prepared

Mechanism proposed by Du Pont team points to
lonic intermediate, fluoride ions as chain initiators

145TH ACS NATIONAL MEETING

Industrial and
Engineering Chemistry

Thiocarbonyl  fluoride polymerizes
readily at low temperatures to form
a resilient, high-molecular-weight
product, according to workers at Du
Fonts Central Research Laboratory,
Wilmington, Del. Details of the poly-
mer’s mechanical properties and a pro-
posed mechanism for its polymeriza-
tion have been put forth by Dr. W. H.
Sharkey, who carried out the research
along with Dr. W. J. Middleton, Dr.
H. W. Jacobson, D. S. Acker, and Dr.
H. C. Walter. The work is part of
Du Fonts exploratory fluorine chem-
istry program.

Thiocarbonyl fluoride itself has pre-
viously been synthesized [/. Gen.
Chem. V.SS.R. (Eng. transcy, 29,
3754 (1959)]; [/. Cliem. Soc., 3516
(1960)]. For the present study, Dr.

Sharkey and his co-worker.s used the
method previou.sly dcvcloix’d at Du
Pont by Dr. W. J. Middleton, Dr. E.
G. Howard, and Dr. W. Il. Sharkev
[MCS. 83, 2589 (1961].

Dithietane, obtained by ultraviolet
irradiation of thiophosgene, is reactctl
with antimony trifiuoride to produce
tetrafluorodithietane. This compound
breaks doxvn into thiocarbonyl fluori<le
when pyrolyzed at 500® C.

Polymerization. Some early sam-
ples of thiocarbonyl fluoride prepared
by Dr. Sharkey’s group polymerized
spontaneously when stored in sealed
glass tubes or stainless steel cylinders.
The resultijig polymers were greases
and waxes \vith molecular weights
ranging from about 2000 to 5000, Dr.
Sharkey says.

Further study of the polymeriza-
bility of this fluorothioacid fluoride re-
vealed that when the reaction is car-
ried out at temperatures about
—80° C., a white, spongy polymer

il

RESILIENT. Dr. William J. Middleton, Dr. Robert E. Putnam, Dr. William H. Sharkey.
Dr. H. W. Jacobson, and Dr. Henry C. Walter (left to right) of Du Pont demonstrates

the resiliency of the fluorothiocarbonyl polymer.

lonic polymerization of thiocar-

t)onyl fluoride gives the high molecular weight polythiocarbonyl fluoride



ri‘sulljs.  Its molecular weight is esti-
uj.itetl from osmotic pressure measure-
meiiLs at more than 500,000. Dimeth-
)1£#rmamicle (DMF) wasihe most ef-
fective initiator found, though such
compounds as triethylamine, diiso-
propylamine, triisopropoxyaluminum,
and tetracthylammonium  chloride
also act as polymerization catalysts.

DMF does not seem to be a primary
initiator, according to Dr. Sharkey,
since it isn't bound in the pt)lymer.
The Du Pont workers propose a
incchanism involving two series of re-
actions. In the Brst series, DMF
reacts with monomer or traces of im-
purities to form the real initiator.
Polymer from this initiator forms
stable end groups by losing fluoride
ions, which initiate additional chains,
ultimately yielding polythiocarbonyl
fluoride and more fluoride ions.

In a typical polymerization, a flask
containing four drops of DMF in 50
ml. of dry ether is cooled in a solid car-
bon dioxidc-acetone bath. Then 17
ml. of thiocarbonyl fluoride is distilled
into the flask and the contents stirred.
Over about two hours, polymer forms
and separates from the ether in a
spongy mass. Nitric acid (50%) is
added to destroy the DMF, and the

flask is returned to room tempera-
ture. The polymer is boiled in
water, rinsed in acetone, and dried.

About 22 grams of polymer is ob-
tained.

Resilient. Amorphous polythiocar-
Iwnyl fluoride has a Yerzley resilience
of 95%—a value equaled among elas-
tomers only by tiie best grades of
gum rubber, Dr. Sharkey says. The
polymer has a crystalline melting
point of C. At room tempera-
ture, it crystallizes slowly, developing
the appearance ajid fee] of Teflon. As
it is cooled further, it becomes stiff
but is not embrittled until the tem-
perature drops below —100® C. Its
glass  transition  temperature is
-118° C.

Like other fluorocarbon polymers,
polythiocarbonyl fluoride resists chem-
ical attack. Samples boiled in fum-
ing nitric acid and in aqueous alkali
show no detectable damage. Dr.
Sharkey says. It is rapidly degraded
by amines, however. Chloroform and
son)c other chlorinated solvents dis-
swlve the polymer, as docs tetrahydro-
fiuan.

Curing. The chemical inertness of
polythiocarbonyl fluoride has pre-
Ncnted its being cured by cross-linking
of the polymeric chains. The Du

Proposed Mechanism Leads to Polythiocarbonyl Fluoride

In one series of reactions, dimethylformamide (DMF) reacts with
monomer or traces of impurities to form a base initiator:

DMF + monomer or impurities
B- + CF.=S-> BCF.S-

BCF.S -f nCF2=S-> BCF.S-(-CF.S).. iCF.S

Tlie ciiain is stabilized by loss of fluoride ion:

BCF2S(CF=S-)» 1-CF.S-

BCF.S-(-CF.-S-)»-.-CF = S + F"

In another series of reactions, fluoride ions react with thiocarbonyl
fJuoride, utimately forming polythiocarbonyl fluoride:

F- + CFa=S CF.*S-
CF.S- + nCF.AS
CFaS-(~CF.S-)r.-i-CF.S- A

CFHS-(-CF.S-)n-i-CF=S +

CF3S-(-CF2S-)n-i-CF=S-

F-

B is presumably removed by hydrolysis during workup leading to
—SCFO end groups and fluoride ions

Pont group succeeded, however, m
polymerizing divinylbenzene and tri-
vinylbenzene in and around the poly-
meric chains, using ct,a'-azodiiso-
butyronitrile as an initiator. A stiff
matrix is formed around the polythio-
carbonyl fluoride chains, with some
attachment of the divinylbenzene
polymer to the fluoride polymer, Dr.
Sharkey says. He attributes the at-
tachment to a reaction of divinylben-
zene with the —SCF=S end group of
the fluoride polymer.

This treatment effectively cures
polythiocarbonyl fluoride. At 100® C.,
the tensile strength of the product is
rated about 1000 p.s.i. at 500 to 600%
elongation at break. The uncured
polymer has no strength above 35® C.
Chlorinated solvents won’t dissolve the
cured polymer, although they produce
a swelling effect.

The cured polymer is somewhat less
resilient than untreated polymer, hav-
ing'a Yerzley resilience of 80 to 84%.

Its tear resistance, in Du Pont tests,
was as high as 91 pounds per inch,
compared to a typical value of 62
pounds per inch for natural rubber,
Dr. Sharkey points out.

Copolymers. A number of fluoro-
thioacid fluorides were found to co-
polymerize with thiocarbonyl fluoride.
Chlorofluoi-othioacetyl fluoride, for ex-
ample, copolymerizes in the low-tem-
perature DMF system, forming about
3% of the product. This small amount
of comonomer reduces the melting
point of the copolymer to about 15® C.
Dr. Sharkey suggests that the polymer
may contain blocks of comonomer, or
that the comonomer forms sites for
development of giant chain branches.

Copolymers with difluorothioacetyl
fluoride, some containing considerable
amounts of comonomer, were also
made, Dr. Sharkey adds. These prod-
ucts were of relatively low molccular
weight and were weaker than the
homopolymer.
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Approachesto Three New Polymers Worked Out

* A ttereospecific iynthe»i»
of ciS’l,4”~hloroprene.

» An approach to a futed cy~
clohexane tadrfer tfolymer.

¢ A frte radical proceu for making
thiocarbonylfluoride polymer.

Thcte tcere the three develop-
mentn made public (COEN” Dec. 2,
itaRe 37) hy Du Pont chemiats
at a $ymito9ium honoring the late Dr.
Wallace If. Carother$, Du Pont™*
pioneer polymer chemist. Dr.
Carothern becomes the tenth member
of the International Rubber Science
Hall of Fame. The $ympotium was
sponsored by the institute of Rubber
Research” University of Alcron, and
held at the university.

cis-1,4-Polychloroprene
Is a stereospecific
elastomer made

by an indirect approach
from butadiene

A new stereospecific elastomer, cis-
1.4-polychloroprene, has been synthe-
sized by Dr. Carl Aufdermarsh and Dr.
Raymond C. Ferguson of Du Fonts
elastomers department. They believe
the synthesis, although impractical for
commercial use, is a useful, even nec-
essar>', step toward making cia-1,4-
polychloroprene by direct polymeriza-
tion of chloroprene (2-chloro-1,3-bu-
tndiene).

The Du Pont workers obtain ci«-
1.4-polychloroprene as a soft, amor-
phous, soluble gum. Molecular
weiglits of fractions range up to 150,-
000. The cis-1,4-polychloroprenc has
a greater density and a lower degree
of crystallinity than does the ordinary
polycliioroprene in uhich the trans-
1,4 structure predominates. The cis
isomer’s glass transition temperature,
—20'~ C., is higher than that of the
trans, -~45® C. The ci#-1,4-polychlo-

Grienard Reagent Used to Synthesize Linear Polymer

CHi = CH-C=C-H

CHo
CMx

C1CH2-C-H=

CH

MgCl

Monomer has metal tionded to olefinic carbon

d

C=CH
/ \
cH

Cl,

CHi CHj;

Polymertzation in (xjlk witti an azo catalyst gives

soluMe, linear polymarwHhcJt-1,4 structure

roprene can be milled and vulcanized
by standard procedures, according to
Dr. Aufdermarsh.

The few grams of cfa*l,4-polychlo-
roprene laboriously synthesized to date
won't have an immediate impact on
elastomer markets. Direct polymer-
ization of chloroprene into cfc-1,4*poly-
chloroprene might, however.
polymer made from chloroprene was a
milestone in polymer chemistry. It

became the basis for neoprene, the .

first commercial synthetic elastomer.
In 1962, U.S. production of polychlo-
n~ene totaled about 283 million
pounds.

The first .

-Frt neoprene, trans-1,4 units make
up 70 to 95% of the polymer; the re-
mainder is mostly cis-1,4 units. Tem-
perature of the free radical polymer-
ization has a limited effect on the
structure of the polymer, according to
earlier work by Du Font's Dr. J. T.
Maynard and Dr. W. E. Mockel [J.
Polymer Sd., 13, 251 (1954)]. Con-
tent of cis-1,4 units is less than 30%
at the high”~t operable temperatures.
There are only traces of 1,2 and 3,4
units.

Success of ci«-polybutadiene and
d9-polyisoprene preparations made the
preparation of d«-l,4-polychloroprcnc



nn interesting challenge. Dr. Aufder-
marsh says. However, the organo-
mctallic catalysts, so successful in mak<
ing other cis polymers, yield poly-
chioroprenes which are indistinguish-
able from high-trans polymers avail-
able through free radical polymeriza-
tion.

Thus, the Du Pont workers decided
on an indirect approach. They pre-
pared a butadiene monomer with a
large, bulky group at C-2 which inter,
acts with the hydrogen on C-4. Al-
though butadienes normally exist in
the planar S-trans (transoid) con-
formation, the interaction forces the
butadiene to assume the planar S-cis
conformation, according to Dr. D.
Craig, Dr. |. J. Shipman, and Dr. R
B. Fowler at B. F. Goodrich Research
Center, Brecksville, Ohio [/ACS, 83,
2885 (1961)]. In the S-cis conforma-
tion (single bond between C-2 and
C-3), there is less steric interaction
with the bulky group, Dr. Aufder-
marsh says.

Polymerization of the S-cis monomer
yields a cis polymer. Replacement of
the bulky group with chlorine converts
the polymer to cf#-1,4-polychloro-
prene.

Dr. Aufdermarsh had to synthesize
n butadiene monomer suitably substi-
tuted at C-2. The substituent has to
be one that is readily replaceable by
chlorine, does not inhibit polymeriza-
tion, and is bulky enou” to favor the
S-cis configuration. The Du Pont
group chose an organometallic group
in which the metal is bonded directly
to the olefinic carbon.

First Steps. They first made the
Grignard reagent of chloroprene, a 2-
butndienylmagnesiuro chloride. To
get it, they allow isochloroprene (4-
chloro-1,2-butadiene) to react with
may;nesium in ether. With proper
initiation, the desired Grignard rea-
gent of chloroprene is produced in
high  vyields. The isochloroprene
comes from addition of hydrochloric
acid to monovinylacetylene in the ab-
sence of copper salts, the Du Pont
workers explain.

The Grignard reagent synthesized
by Dr. Aufdermarsh and Dr. Ferguson
reacts with bis(tri-n-butyltin)-I,3-bu-
tadiene. This is the butadiene mono-
mer that exists in the S-cis form. The
Dti Pont workers polymerize it in btilk
with an azo catalyst to yield a soluble,
linear polymer of cis-1,4 structure. It
is a clear, colorless sirup or gum,
with inherent viscosities (obtained by
fractionation) ashi”™ asO0.7.

Chlorinolysis under mild conditions
(dilute solution of dilorine in carbon
tetrachlpride added to a dilute solu-
tion of polymer at 0® C.) removes the
tributyltin side chains. Chlorine re-
places tin groups with high selectivity
and retention of configuration. Dr.
Aufdermarsh says. He then obtains a
soluble, nearly colorless amorphous
gum in quantitative yield. That this
gum is essentially d«-l,4-polychloro-
prene is shown by its elemental analy-
sis and cleavage with ozone, together
\vith infrared and nuclear magnetic
resonance spectra, the Du Pont work-
ers say.

Elemental analyses for carbon, hy-
drogen, and chlorine show that the
polymer can contain as much as 97%
polychloroprene. The remainder is
residua] tributyltin units and trichlo-
robutane units resulting from addition
of chlorine to the double bond, accord-
ing to the Du Pont Chemists.

Cleavage %ith ozone yields 62%
succinic acid, as opposed to 90%
succinic acid for trfln«-polychloro-
prene. Each mole % of residual
tributyltin units, trichlorobutane units,
or 1,2 or 3,4 units reduces the yield of
succinic acid by 2 mole %. Because
extraneous units have this twofold
effect on the yield of acid, the ozonoly-
sis results indicate that a minimum of
81% of the product is 1,4-polychloro-
prene. Dr. Aufdermarsh says. Spec-
troscopic data were used to establish
the cis configuration of the product,
he notes.

Spectral Data. Spectra of Dr. Auf-
dermarsh s product differ in the ex-
pected way from those of tran«-poly-
chloroprene. The C=C stretching fre-
guency near 1650 cd).~* was analyzed
by high resolution IR. The cis poly-
mer shows a peak at 1652 cm.** Or-
dinary high-trans polymer shows a
peak at 1660 cm.™* The s-cm~*
shift is the same size and in the same
direction as observed in the model
compounds cis- and «fflns-2-chloro-2 -
butene and cis~ and tran«-4-chloro-4-
octene.

Differences between the cte-1,4-
polychloroprenes are seen in their
NMR spectra at 100 megacycles.
Resonances of the olefinic protons at
infinite dilution are located at 535 cps.
and 551 cps. downfield (k>wer fre-
quency) from tetramethylsilane. The
relative positions are in excellent
agreement with the infinite dilution
values (542 and 552 cps.) of trans-
and c<o-2-chk>robutene. Dr. Ferguson
says.

rPolymer contains
double-chain or ladder
segments; cyclization
of poly-3,4-isoprene

is approach used

Cyclization of poly-3,4-isoprene is an
approach that can lead to a high
polymer consisting of a linearly-fused
pwlycyclic structure. Dr. R. J. Angelo
of Du Pdnt's film department told the
symposium. The cationic cyclization
uses boron trifluoride or phosphorus
dxychloride, and leads to a polyhydro-
carbon that contains double-chain or
ladder segments.

Ring closure through pendant non-
conjugated 1,6 unsaturation yields
enough of a fused structure to provide
a polymer with properties significandy
different from those of the elastomeric
poly-3,4-isoprene precursor, Dr. An-
gelo says. The cyclized polymer forms
clear and reasonably fiexible films by
melt-pressing at 150® C,, or by solvent-
casting. Thin films exhibit initial
modulus of elasticity of about 300,000
p.s.i., tensile strength of about 3000
p.s.i., and elongation of about 2 %.
Rubbery uncured films of poly-3,4-
isoprene show an initial modulus and
tensile strength of abotit 500 p.s.i.
and elongation of about 500%.

The powdery, fusible polymer is
off-white. It is soluble in a variety of
solvents, including  hydrocarbons,
tetrahydrofuran, and carbon disulfide.
Number average molecular weight is
about 40,000, and inherent viscosity
is about 0.5. Density is 0.96 to 0.97
gram per cubic centimeter; the x-ray
pattern is amorphous. Softening point
is 140®" C. By contrast, poly-3,4-
isoprene is soft at 25® C. and has a
density of 0.91 gram per cubic centi-
meter.

Ladder polymers are of interest be-
cause of their potential stability and
rigidity at high temperatures. A nota-
ble success in synthesis of ladder
materials is the double-chain poly-
phenylsilsesquioxane reported by Dr.
John F. Brown and co-workers of
General Electric in 1960.

Dr. Angelos approach toward syn-
thesis of a polyhydrocarbon with
Uneariy fused structure is to form
condensed, six-membered rings from



Polycyclization Gives Ladder Polymer
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pendant nonconjMgated 1,6 unsatura-
tion along the chain of a macromole-
cule. Pendant isopropeny] unsatura*
tion of po}y~3,4 isoprene was expected
to be readily susceptible to cationic
ring closure, and Dr. Angelo believes
he has achieved polycyclic segments
of from three to seven fused rings. |If
the cationic ring closure involving
successive cyclizations should occur
along the whole length of the precur-
sor chain, the desired polycyclic struc-
ture would result.

Ladder Polymer. Cyclization of
poly-3,4-isopreiie under proper condi-
tions yielded enough cyclized polymer
For evaluation of its physical proper-
ties. Dr. Angelo carries out the cycli-
/ation of 10 grams of poly-3,4-isoprene
with 5 ml. of benzene for 20 hours at
80° C. Addition of 5 to 10 liters of
ethanol gives recoveries of 70 to 90%.
The dilute solution (0.25%) Umits re-
covery but is essential to avoid cross-
linking. Cross-linking, or intermolecu-
lar reaction, becomes competitive at
concentrations of 1 to 5%.

Problems abound in achieving a
complete ladder polyhydrocarbon by™
this approach. But the segments of
fused stnicture in the Du Pont mate-
rial give hope that such polymers may
eventtially be synthe.sized. Stmchiral
imperfections can result from isolated
tmreacted groups (18.4%, as predicted
by theory), from alternative cycliza-
tions or i.somerizations, and from cross-
linking and chain scission reactions,
Dr. Angelo suggests.

BF| or POCIt Dlluto Solution

14
poty-3,4"»»<"dw IMId«r or
doubl*-cha)n polyhydrocart>on

Cross-linking can be avoided by
high dilution, but chain scission seems
to take place in all cases. A poly-3,4*
isoprene that starts at a number aver-
age molecular weight of 163,000 yields
a cyclized polymer with a molecular
weight of 39,600.

Dr. Angelo suspects small amounts
of 1,4 structural units in the polyiso-
prene may be responsible for chain
scission.  The poly-3,4-isoprene he
used contains up to 10% of the 1,4
stnicture. It was prepared with a
triethylaluminum/titanium tetraiso-
propoxide catalyst system in heptane,
as worked out by Nobel Laureate Dr.
Giulio Natta and his co-workers
(French Patent 1,154,938).

Junctions between 3,4 and 1,4 units
are perhaps the chain links most sus-
ceptible to scission during cati<mic
treatment, Dr. Angelo says. Cycliza-
tion of polyisoprenes of different iso*
meric composition reveals that when
either 1,4 or 3,4 content in polyiso-
prene is low, molecular weight is re-
duced during the cyclization reaction
to from one third to one sixth of the
original value. But for an approxi-
mately equimolar composition (poly-
3,4/1,4-isoprene, prepared via Ziegler-
Natta catalysis), the molecular weight
is reduced to 1/128th of the original
value.

The cyclization leaves about 15%
of the original poly-3,4-isoprene un-
saturation (RjObOHs measured at
ggs cm.-*) after one hour at 80® C,
and reaches a 5% level after 20 hours

. Producers

at 25° C. (about L50 hours are re-
quired to reach the residual 5% level).
These results suggest that the isolated
unreacted isopropenyl groups may take
part in further cyclization with ad-
jacent chain segments containing a
double bond from terminal deprotona-
tion. A similar interpretation for the
cyclization of natural rubber has I>een
made by BEx. W. F. Watson and Dr.
v of the Rubber and Plastics
and D. F. of the \.itiona] RnW>er
Research Association in
England (C&EN, June 17, page 44).

Dr. Angelo uses infrared spectra,
nuclear magnetic re.sonance spectra,
and dehydrogenation to proN’ide struc-
tural e%id«iuse tiuit the cyeli/ed pol/*
mer is polycych’c rather than tmmo-
cyclic. IR and NMR spectra uf the
poly-3,4-isoprene  starting material
show that about 10% of the strtiii>{
material has the 1,4 configuration. U
data on the cyclized poly>3,4>isoprcnc
show that some cyclization has oc*
curred (but not what kind) by loss
of original tmsaturation.

Dr. Angelo does not consider llic
NMR spectrum of the cyclize<l jwly-
mer to be in accord with a monocyclic
repeating unit. The original olcfinic
proton peak disappears and two broad
peaks centered at 0.9 and 1.0 ppm.
appear. There is no sharp and dis-
tinct peak at 2.0 ppm. From estimatei
of the area (s to 18% of the total) dtic
to allylic methylene proton at ni>out
2.0 ppm., he calculates that, on the
average, from three to .seven fused
rings exist per polycyclic segment.

Chromatographic fractions obtained
from dehydrogenated cyclized poly-3.-
4-isoprene have fluorescent emission
spectra of anthracene and naphtha*
cene. Partial aromatization of oy
clized poly-3,4-isoprene was carried
out with rhodium-on-alumina at 30()°
to 340® C. The reaction gave a 20%
~yield of fluorescent liquid (boiling at
52® to 185® C. at 0.7 mm.) from the
dehydrogenation residue. No fraction
boiling at less than 52® C., correspond’
ing to monocyclic fragments, wax
isolated.

The distillate, a mixture of degra<ip<l
chain fragments of varying degrees of
aromatization, has ultraviolet maxima
in the .same region as naphthalene,
anthracene, and naphthacene. Tlic
detection of linearly flised ammatic
compounds supports the view of the
cyclized polymer as consisting of 5J*
ments of fused polycyclic structures,
Dr. Angelo says.
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Free radicals used to
polymerize CFiS;
alkyl radicals made in
trialkylborane/oxygen

initiator at—80° C. /

Thiocarbonyl”™uoride (CFjS) can be
polymerized in free radical systems to
high-molecular'Weight elastomers.
These elastomers resemble the earlier
thiocarbonylfluoride polymers made at
Du Pont by anionic polymerization
(C&EN, Sept 24, page 46). In the
more recent work, homo- and copoly-
mers of CFgS have been made by a
free radical polymerization in which
the radicals are generated in a reaction
between trialkylboranes with oxygen,
according to Dr. William H. Sharkey
and his co-workers at Du Font’s cen-
tral research laboratory.

The basic discovery involved here.
Dr. Sharkey explains, is the generation
of free radicals using a trialkylborane/
oxygen (R3B/O2) initiator at low tem-
perature (as low as —100® C.). The
Du Pont workers generally use a dry-
ice-in-acetone bath at —80® C. The
Du Pont group includes Dr. Sharkey,
Dr. W. J. Middleton, Dr. H. W.
Jacobson, Dr. D. S, Acker, Dr. H. C.
Walter, Dr. R. E. Putnam, Dr. A. L.
Uaniey, Dr. J. M. Bruce, Dr. J. N.
Coker, and Dr. D. G. Pye.

In the free radical polymerization,
CFjS is polymerized by the RgB/O"™
initiator in dichlorodifluoromethane at
—80° C. The first step in this reaction
is the formation of a peroxide from the
trialkylborane and oxygen. But this
peroxide isn’t the catalyst; it reacts
with more trialkylborane to produce
alkyl radicals. These radicals, in
turn, initiate the polymeHzation. Tri-
ethylborane and tri(n-butyl)borane
are the boranes usually used by the
Du Pont chemists. Long-chain alkyls
(for instance, tridodecylborane) won’t
work in this system.

However, the peroxide made by re<
acting tridodecylborane with oxygen
will generate free radicals if it’s
allowed to react with another borane
such as triethylborane. What prob-
ably happens during the free radical
fonnation stage is generation of the
radical from the trialkyl borane rather

than fit>m the peroxide. The reaction
is;

RjBoor
Us'Booii

2R« +17"2 BoBT?;

Dry. In an actual polymerisation,
great care is taken to keep the system
dry. Anhydrous materials are used,
and the polymerization carried out in a
dry helium atmosphere.

Polythiocarbonylfluoride itself has u
relatively high crystallization point,
about 35® C. The homopolymer crys-
tallizes to a nonrubbery plastic over
several days at room temperature. Its
glass transition temperature of —118®
C. is low enough, though, to keep it
from becoming brittle.

But crystallization is, as a nile, un-
desirable in an elastomer, Dr. Sharkey
notes. So the Du Pont chemists hiive
also made copolymers via the free rad-
ical system. Copolymers have luwtr
melting points than do homopolymers
because the chain regularity is inter-
rupted. Moreover, copolymers lend
themselves more readily to cross-link-
ing, since they may contain cross-link-
ing sites.

The same R;,B/Oy initiator servcs
in copolymerization of CFAS with a
variety of compounds:

e Thioacid  fluorides such as
CFj,CF=S, HCFCICF=S, and CF,-
C1CF==S.

« Ethylene, propylene, and higher
terminally unsaturated olefins.

« Vinyl compoimds such as vinyl
acetate and vinyl chloride.

« Allylic compounds, including allyl
chloride, acetate, and cMoroformate.

e Acrylic esters.

Special. The propylene copolymer
rates special mention. Dr. Sharkey
says. Propylene copolymerizes to give
products that contain as little as two
CF~ molecules for every propylene
molecule.  Nuclear magnetic reso-
nance studies show the copolymer to
be:

CHij
CFj-S-CH-Chi'CFi-S K

a &

4c.F2-S-cht-cri-cf2-S)v



| "pie copolymcr lins good flexibility
nt*"bclow —50® C., as shown by the
Clash-Derg test (which is us”™ to
show low-temperature serviceability of
elastomers.

Of the copolymers made so far, the
product from CFaS and allyl chloro-
formate is the easiest to cure, Dr.
Sharkey and his co-workers find. The
two materials copolymerize rapidly,
and the products can be made to
contain as much as 25 mole % allyl
chloroformate. But most of the studies
involved copolymers containing from 1
to 5 mole % allyl chloroformate.
These copolymers melt as low as —15®
C. They have molecular weights
ranging from 300,000 to 500,000
(by osmotic pressure), and are
highly resilient, the Du Pont chemist
adds.

The allyl chloroformate copolymer
cures readily with zinc oxide. Mech-
anical properties of the cured copoly-
mer come close to those of the homo-
polymer made in the earlier anionic
polymerizations. Products containing
1.5 to 3.5 mole % allyl chloroformate
(molecular weight of about 400,000)
and cured with 4 to 5% zinc oxide
have tensile strengths of 2000 p.s.i.
or higher at elongations of at least
*500%. Resilience values of the cured
copolymer also approach those of the
homopoiymer, with Yerzley values up
to 88%. The curing of the allyl
chloroformate copolymer with zinc
oxide seems to involve the active halo-
gen, although the curing mechanism
isn’t known.

Incorporating zinc oxide into the
copolymer posed some problems at
first. The thiocarbonyl fluoride poly-
mers do not mill well. Dr. Sharkey
says. So a mixing method differing
from that used with diene elastomers
had to be devised.

The first—and fairly good—method
\ised was mixing finely ground copoly-
mer with zinc oxide in a Wiley mill.'
But homogeneity wasn’t easy to ob-
tain.  Uniform distribution was then
obtained by dissolving the copolymer
in chloroform, adding zinc oxide, then
reprecipitating the polymer with
petroleum ether.

Probably the most effective mixing
method is to add zinc oxide to die
polymerization mixture; zinc oxide
doesnt interfere with the reaction, the
Du Pont workers find. When isolated,
the copolymer has zinc oxide uni-
formly mixed in it. Curing is don6 in
a positive pressure mold at 135" C.
and 3000 p.s.i. for several hours.

Hydrazine plant start-up
November, 1965, left, and
Sodium Hypochlorite PlatU
start-up October, 1962, b~ow,
completes Fairmounfs
hydrazine expansion

Basic Producer of Hydrazine
NEW AND iMPROVED PLANT ON STREAItl

Faiimount Chemical, since 1939 a leading producer of hydrazine and
its salts, has started up its new facilities, a most modem and fully auto-
mated plant. Advantage is taken of the nearness of the raw material
supplies in northern New Jersey and of the many important nearby
hydrazine consumers.

Hydrazine is available in aqueous solutions of various concentra-
tions and in the form of a number of salts and intermediates. These are
used in the agricultural, phannaceutical, plastic and rubber industries.
Hydrazine is further used as a protective agent in the oil, power, and
marine services, and as a flux in metal fabricating.

Falrmount

CHEMICAL CO.. INC.
Iftwty SI, N Y, « N V/
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CENTRAL RESEARCH DEPARTMENT
EXPERIMENTAL STATION

July 23, 1964

Dr. K, T. Jacob, Director

The Rubber Research Institute
of India

Rubber Board P 0, Kottayam

Kerala, India

Dear Dr. Jacob:

Your request for copies of reports® on polythiocarbonyl
fluoride has been referred to me. The articles in which this
polymer was discussed appeared in Chemical and Engineerin”Hews.
I am sure these articles are the source for the Information "
given in Rubber World, SS (1965)*

I am enclosing reprints of the original Chemical
and Engineering News articles.

Sincerely yours,

W, H. Sharkey

mac
7*
Enclosures
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