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I In a process for the suppression of backbone halogenation during the bromination of polystyrenes comprising the step of pretreating
a solution of a polystyrene reactant comprising from about 5 to about 20 percent by weight of a polystyrene reactant, in a halogenated |
hydrocarbon solvent with at least about 0.1 percent by weight of an additive to suppress halogenation of the polystyrene backbone prior to
| brominating the polystyrene in the presence of a catalyst; adding a metal halide bromination catalyst to the solution, capable of effecting
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brominating agent, per mole of polystyrene repeating units; reacting the polystyrene reactant with the brominating agent at a reaction
| temperature of from about -20 °C to about 50 °C, and isolating the brominated polystyrene. A brominated polystyrene is also provided
| having a backbone halogen content of less than about 750 ppm and, a AE color as low as about 5.
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BROMINATED POLYSTYRENE HAVING IMPROVED
THERMAL STABILITY AND COLOR
AND PROCESS FOR THE PREPARATION THEREOF

TECHNICAL FIELD

Brominated polystyrene is used as an additive to thermoplastics to
impart flame retardant properties. In addition to thermal stability, it is necessary
and desirable for these additives to impart essentially no color to the
thermoplastic. The evolution of engineering thermoplastics has resulted in
specialty polymers with much higher heat resistance and, as a result, a need to
process these new materials at ever increasing temperatures. Because of higher
and higher processing temperatures, the flame retardant additives used in these
engineering thermoplastics must have a higher order of thermal stability and
better color than that required in the past. Accordingly, this invention generally
relates to a brominated polystyrene having improved color and thermal stability.
More particularly, the invention relates to a process for the bromination of

polystyrene which overcomes the limitations of current technology by use of an

additive to suppress backbone halogenation.

BACKGROUND OF THE INVENTION
Reports of the use of brominated polystyrene as a flame retardant
additive in thermoplastics extend back more than twenty-five years. In 1980,
Ferro Corporation, the Assignee of record herein, introduced brominated

polystyrene as a commercial flame retardant additive under the trade name

PyroChek® 68PB. The process for producing PyroChek® 68PB is described in
U.S. Pat. No. 4,352,909. This product has become a leading flame retardant

additive for use in reinforced engineering thermoplastics. More recently, Great

Lakes Chemical has introduced a second brominated polystyrene product, PDBS-

*
80, to the marketplace. This product also finds its primary application in

engineering thermoplastics.

*Trade—-mark
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Thus, there are currently two different synthetic routes available for
the commercial production of brominated polystyrenes. Each process has certain
advantages and disadvantages which should be noted in order to fully understand
the significance of the present invention.

The process used to produce PDBS-80, the commercial product offered
by Great Lakes Chemical, is described in U.S. Pat. No. 5,369,202. It involves
four chemical steps starting from styrene monomer. The first step involves the
addition of HBr across the double bond of the styrene in order to protect it. In
the second step, this intermediate is brominated on the ring using conventional
technology. Usually an average of two bromines are introduced. The second
intermediate is then reacted with strong inorganic base. This eliminates hydrogen
bromine from the bromoethyl group of the second intermediate, reforming the
double bond to produce brominated styrene monomer. After purification, this
monomer is polymerized to form the brominated polystyrene product. The entire

process may be represented as follows:

CH"CHg CH2CHQBr CHgCHgBr

HBr 2Br2 Br
——— e B
uv -2HBr
Br

Br Br Br

This process has one significant advantage. It produces a brominated

polystyrene which is essentially free of backbone halogen. This results in a

product with very good thermal stability, good color, and good color stability.
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However, the process has two serious limitations which are major disadvantages
when compared to the alternate process.

a. The process involves four distinct chemical reactions as well as several
other unit operations. It is a complex process requiring a complex manufacturing
facility with a high capital cost and the multiplicity of steps results in a long
process. This process is inherently expensive.

b. Brominated styrene monomers are very reactive and difficult to handle.
Ideally, a brominated aromatic flame retardant additive should have a high
bromine content in order to have maximum efficiency and minimum cost. Thus,
it would be preferable to produce and polymerize tribromostyrene monomer.
However, this monomer is a highly reactive solid with low volatility. It is
difficult to handle and polymerize and any residual monomer in the polymer
would be difficult to remove. Consequently, this process tends to be limited to
dibromostyrene as the maximum degree of bromination practical by this process.
This limits the bromine content of the commercial brominated polystyrene (PDBS-
80) to about 60%. Consequently, when used as a flame retardant additive, a
relatively high use level is required to achieve flame retardance. This makes the
product expensive to use. But of even greater concern to the user is the fact that
high use levels cause deterioration of the important physical properties of the
host resin. This result is frequently unacceptable to the user.

The process used by Ferro Corporation to produce its brominated
polystyrene flame retardant additive, PyroChek® 68PB is described in the

aforementioned U.S. Pat. No. 4,352,909. This process has many advantages over
the process which involves the production and polymerization of brominated
styrene monomer. Some of these include:

a.  The process involves only a single chemical reaction, the bromination
of commercially available polystyrene dissolved in a commercially available
solvent using a commercially available brominating agent, bromine chioride. The
process can be carried out in a simpler plant with a much lower capital cost.
This process is inherently less expensive than the production of brominated

polystyrene by the preparation and polymerization of brominated styrene

monomer.
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b. Because the process never involves the formation and handling of
brominated styrene monomer, it does not have the limitations of the other
process. It is possible to achieve tribromination and approach bromine contents
of 70%. Since the brominating agent is less expensive than the polystyrene raw
material, this actually reduces the cost of the product. Further, higher bromine
contents result in lower use levels to achieve flame retardance. This reduces
costs. But of even greater importance, reduced use levels result in better
retention of physical properties of the host resin.

c. The process allows the use a wide variety of polystyrenes and this, in
turn, allows for the production of a variety of brominated polystyrenes. Further,
general purpose, crystal polystyrene is produced in very large volumes in every
part of the developed and developing world. This makes it readily available and
inexpensive.

Notwithstanding the many advantages this process has over the process
for making brominated polystyrene from monomer, a disadvantage exists which
is beginning to limit the value and versatility of this product. In particular, while
the process puts most of the bromine on the aromatic ring of the polystyrene, it
also puts a small but significant amount of bromine and chlorine on the
backbone. Typically, the amount of halogen, reported as HBr, on the backbone
is 5000-6000 ppm, as measured by a test procedure described in detail
hereinbelow. This backbone halogen is the direct cause of the limited thermal
stability of brominated polystyrenes produced in this manner and is the direct
cause of both its problems regarding initial color and color stability during
thermal processing. Under the conditions of thermal processing, the backbone
halogen of the current brominated polystyrenes produced in this manner may be
released causing corrosion of processing equipment and degradation of the host
resin. The formation of unsaturation in the backbone of the brominated
polystyrene also leads to a loss of good color during processing. Since the
technology trend in engineering thermoplastics is to higher and higher processing
temperatures, the current brominated polystyrenes produced in this manner are
becoming less acceptable in newer applications.

When brominated polystyrene is employed as a flame retardant

additive in thermoplastics, its color is a property of primary importance to the
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manufacturer of the thermoplastic materials. The thermoplastic manufacturer
desires to produce the thermoplastic articles in a wide range of colors. The more
highly colored an additive, the more difficult it becomes to match (produce) a
broad range of colors. The more lightly colored the additive, the easier it
becomes to produce a wide range of colors. Therefore, in view of the needs of
the manufacturer of thermoplastic parts, and in view of the inadequacy of prior
art processes to produce a highly brominated polystyrene having the desired light
color characteristics, a need exists for a highly brominated polystyrene with an
improved light appearance as manufactured so that the end user can formulate
a wide range of colors and thereby better meet the needs and demands of the

marketplace.

SUMMARY OF INVENTION

It is therefore, an object of the present invention to provide a process
for highly brominating polystyrenes which allows the direct bromination of
polystyrene to produce a product with excellent thermal stability, excellent color,
good color stability, and a minimum of backbone halogen.

It 1s another object of the present invention to provide a process which
can be carried out in the existing facilities for the bromination of polystyrene
without modification, without any additional capital investment, and with an
absolute minimum of increase in raw material cost.

It is yet another object of the present invention to provide a process
which utilizes an additive for the suppression of backbone halogenation, thereby
allowing the operator to obtain highly brominated polystyrenes having improved
thermal stability and color.

It is another object of the present invention to provide a highly
brominated polystyrene having improved color and thermal stability and with less
backbone halogen.

At least one or more of the foregoing objectives, together with the
advantages thereof over existing prior art forms, which shall become apparent

from the specification which follows, are accomplished by the invention as

hereinafter described and claimed.
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In genéral, a process for the suppression of backbone halogenation
during the bromination of polystyrenes comprises pretreating a solution of a
polystyrene reactant comprisiﬁg from about five to about 20 percent by weight
of a polystyrene reactant, in a halogenated hydrocafbon solvent with at least
about 0.1 percent by weight of an additive to suppress halogenation of the
polystyrene backbone, prior to brominating the polystyrene in the presence of a
catalyst; gradually adding a metal halide bromination catalyst to the solution,
capable of effecting bromination of the ring without causing crosslinking of the
polystyrene; adding to the solution from about 1 to about 3.4 moles of a
brominating agent, per mole of polystyrene reactant repeating units; reacting the

polystyrene reactant with the brominating agent at a reaction temperature of

from about -20°C to about 50°C, and isolating the brominated polystyrene.

In a preferred embodiment, the reaction process is carried out for a period
of time ranging from about one to about 20 hours.

In another preferred embodiment, the isolating step of the process is
conducted in an organic, oxygen-containing non-solvent and includes the steps of:

adding the contents of the reaction vessel to the non-solvent with
agttation;

precipitating the bromination polymer; and

recovering and drying the bromination polymer.

A preferred embodiment of the non-solvent is acetone.
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The present invention also provides a brominated polystyrene having

a backbone halogen content of less than about 750 ppm and, a AE color as low

as about 5.

PREFERRED EMBODIMENT FOR CARRYING OUT THE INVENTION
Brominated polystyrene, marketed primarily as PyroChek® 68PB by
Ferro Corpo.ration, the Assignee of record herein, has been a leading flame
retardant additive for engineering thermoplastics for many years. As currently
produced, it can contain anywhere between 3000 to 6000 ppm and typically
contains 5000 to 6000 ppm of backbone halogen, measured as HBr. This latter

factor i1s the primary source of the poor thermal stability of the additive which,
in turn, is a problem at higher processing temperatures. Furthermore, it has a
color AE of 30, measured as a solution in chlorobenzene and compared to the
color of pure chlorobenzene. Total Color Difference (AE) is determined using the

Hunter L, a, b scales, for product solutions in chlorobenzene.

One preferred embodiment of the process of the present invention may

be represented by the following equation, involving two steps:
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+——CHoCHo— +——CH.CH,—}
(1) (2)
EDC BrCl 3 HE
Q BHSA SbCl,
I
i | x ) 3Br |

(Equation 1)

In Equation 1, the term BHSA refers to backbone halogenation
suppressing additive which will be explained later. As Equation | indicates, the
reaction in this embodiment of the invention is generally conducted in a solvent,
preferably a chlorinated hydrocarbon solvent. In step (1) the BHSA, solvent and
polystyrene are combined. Preferred solvents include halogenated hydrocarbons
such as carbon tetrachloride, chloroform, methylene chloride, 1,2-dichloroethane,
1,2-dibromoethane, 1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane and the like.
The preferred solvent is EDC (1,2-dichloroethane). Mixtures of solvents can also
be employed.

The polystyrene reactant that is employed may be either an oligomer
or a polymer. Accordingly, the initial molecular weight of the polystyrene is
from about 500 Mw to about 1,500,000 Mw and preferably from about 500 Mw
to about 500,000 Mw. The process is also effective for the bromination of
substituted polystyrene, the substitution being nuclear. Obviously, nuclear
substituents will affect the position(s) at which the bromination occurs and the
amount of additional bromination that takes place. Examples of the substituted
polystyrenes that may be brominated in accordance with the process of the
invention include halogenated and alkylated polymers such as poly-(bromo-
styrene), poly-(chlorostyrene), poly-(dichlorostyrene), poly-(dibromostyrene), poly-
(chioro-bromo-styrene), poly-(4-methyl styrene) and poly-(mono-lower alkyl
styrene). Halogen substituents include chlorine and bromine and alkyl
substituents include lower alkyl group having from one to about four carbon
atoms. Accordingly, the term polystyrene reactant, or just polystyrene, as used

throughout the specification and claims, shall refer to the foregoing
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homopolystyrene and oligomers as well as substituted polystyrenes within the
scope of this invention.

The reaction is carried out to introduce up to three bromine atoms on
each aromatic nucleus. Hydrogen chloride or hydrogen bromide is produced as
a byproduct of the reaction, depending upon whether bromine chloride or bromine
IS used.

While the invention can be employed, as indicated in Equation 1 above,
for the production of what is essentially tribrominated polystyrene, the process
of the invention is of general utility for the production of brominated polystyrene
products having any desired degree of bromination up to three.

Prior art bromination techniques, applied to styrene polymers or
oligomers, are currently less effective than the present process in producing a
suitably light colored material. Products can be produced by the preferred
process of the invention at any desired level of bromination with very good color
characteristics, 7.e., very light in color, so that the highly brominated products are
desirable flame retardant additives for the plastics industry. Products having a
lower degree of bromination than essentially tribromination are also useful as
flame retardant additives.

U.S. Pat. No. 4,352,909 provides an adequate description of the
current commercial process for brominating polystyrene. Briefly summarized, that
process involves dissolving the polystyrene to be brominated In a suitable solvent
(usually ethylene dichloride) which is reasonably dry (less than 150 ppm of H,0).
A catalyst is added, usually antimony trichloride, and then the brominating agent,
usually bromine chloride, is added gradually while controlling the temperature,
usually between 20 and 40°C. When the reaction is complete, the excess
brominating agent is decomposed by the addition of a reducing agent, usually
aqueous sodium bisulfite. The aqueous phase is separated and the organic phase
is washed with water several times to remove residual acid. While the product
can be isolated using any one of several methods, the normal procedure involves
gradual addition of the solution of product in ethylene dichloride to very hot

water. This causes the solvent to flash distill off, leaving
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the product as a slurry in water. The product is then dewatered by
centrifugation and finally dried by flash and/or rotary vacuum drying.

The present invention requires only one minor but extremely important
change in the above procedure. After the polystyrene is dissolved in the solvent
and before addition of the bromination catalyst and brominating agent, an
additive to suppress halogenation of the polystyrene backbone, or backbone
halogenation suppressing additive (BHSA) is dissolved in the solution and the
mixture is stirred for up to an hour. After this step (1) is completed, the
remainder of the process is carried out in the usual manner, involving the
addition of brominating agent and catalyst, step (2).

While the effect on backbone halogenation suppression occurs merely
upon addition of the BHSA, optimum benefit occurs after some period of
agitation once the BHSA has been added and prior to addition of the bromination
catalyst and the brominating agent. In other words, zero addition time works,
which is defined as adding the BHSA first and immediately proceeding to add the
catalyst and brominating agent. However, in most instances it is preferable to
pretreat the polystyrene in solution in the presence of the BHSA. Pretreatment
can last for as few as 15 minutes, up to several hours. As a practical matter,
while extended periods of pretreatment are not deleterious, after one to several
hours it is considered desirable to proceed with the remaining steps of the
process rather than tie up the reaction vessel and equipment unnecessarily.
During the step of pretreating, the solution with BHSA can be agitated in a
conventional manner. The addition of BHSA and pretreating step may be

conducted at temperatures ranging between about -20° and 50°C. and at

standard pressure.

With respect to catalyst selection, bromination is via Friedel-Crafts
catalysis and thus, metal halides are employed. The catalyst must satisfy two
criterion, first, it must be capable of carrying out the bromination and second,
it must do so without causing concurrent cross-linking of the polystyrene via
Freidel-Crafts alkylation. Recognizing that the system contains aliphatic halogens
either from the polystyrene backbone or the solvent, or both, the catalyst
selected should not effect reaction between the two causing crosslinking. Those

skilled in the art can readily determine suitable catalysts as it is well known first,
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which of the known metal halides can catalyze the reaction and second, those that
will not effect the undesired crosslinking. The literature is replete with such
references, a suitable list being available in Journal of the American_Chemical
Society, Vol. 94, pp 7448-7461, George A. Olah, Shiro Kobayashi and Masashi
Tashiro (1972).

In a preferred embodiment, a suitable bromination catalyst is selected
from the group consisting of antimony trichloride, antimony tribromide, and mixtures
thereof.

In a further preferred embodiment, the step of adding a catalyst includes
the step of selecting a catalytically effective amount of the catalyst on the basis of it
having a strength sufficient to effect bromination of the polystyrene reactant without
inducing alkylation of the polystyrene reactant by the halogenated hydrocarbon
solvent.

Returning to the process of the present invention, while this process
change, involving the use of a BHSA, can be viewed as minimal and having little
economic impact, the effect on the quality of the product is quite profound. The
amount of backbone halogenation is reduced as much as 95% and the color is
improved by as much as 50%. Further, the color stability during thermal processing
Is greatly improved. The product has all of its original advantages without the
disadvantage of high backbone halogen which results in poor color and/or thermal
stability.

Reduction of backbone halogen content can be achieved with the addition
of as little as 0.1% by weight (based on polystyrene charge) of the backbone
halogenation suppressing additive (BHSA). Relatively large amounts of BHSA, on the
order of 15 to 20%, can be added without significant negative consequence.
However, addition beyond the optimum level does not result in further reduction of
backbone halogen content. The best balance of performance and cost is typically
achieved when the BHSA level is between one and five percent, by weight of the
polystyrene charge.

U.S. Patent No. 5,723,549 describes several normal reaction parameters

which, if properly controlled, can enhance the color of brominated polystyrene.
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These include reaction time and temperature, choice of catalyst and brominating
agent, and the method of isolation. The effect of these variables is also observed
when BHSA is employed to reduce backbone halogenation. However, several things
should be kept in mind. First, the variables described in U.S. Patent No. 5,723,549
do not provide any positive control over backbone halogenation. Second, the impact
of these variables on color is diminished when BHSA is employed. For example,
conducting the bromination at lower temperatures will improve product color when
BHSA is employed. However, the improvement is not as great as without the use of

the BHSA.
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When BHSA is employed almost all the color improvement is due to suppression
of backbone halogenation. It should be noted that the use of a BHSA not only
greatly reduces backbone halogenation but its use also results in a much more
forgiving process. This has great practical value in the commercial operation of
a production facility.

Unexpectedly, by the addition of the backbone halogenation
suppressing additive (BHSA) to the solution of the polystyrene reactant in the
chlorinated hydrocarbon solvent, the backbone halogen, measured as HBr, is
reduced by as much as an order of magnitude over conventional processes for
preparing brominated polystyrenes. As an example, backbone halogen can be
lowered from about 3000 to 6000 ppm to about 750 ppm, and preferably at least
about 250 ppm, for a reduction of as much as about 80 to 95%. Moreover, color
Is improved when the additive is employed such that a AE color of less than from
about 6.7 to about 7.8 and as low as 5 is obtainable in comparison to a
conventional AE color of between 13 and 16, a reduction of between about 30
to 60%. Thermal stability of the brominated polystyrene prepared according to
the process of the present invention is also improved due to the lowered
backbone halogen content.

Thermal stability of brominated polystyrene isimproved for polystyrene
products that are essentially or predominantly ring halogenated versus ring and
backbone halogenated. Accordingly, when brominating polystyrene, the ideal
result is to place 100% of the halogen on the aromatic ring of the polystyrene
and to have no halogen on the backbone of the polymer. By way of explanation,
bonds between benzylic (backbone) carbon atoms and halogen atoms are less
thermodynamically stable than bonds between aromatic ring carbons and halogen
atoms. For example, the bond dissociation energy of a C(benzylic) - Br bond is
51 kcal/mole while that of a C(aromatic) - Br bond is 71 kcal/mole. This means
that a C(benzylic) Br bond will breakdown at a lower temperature than the
C(aromatic) - Br bond. When this occurs, the very corrosive hydrogen bromide
iIs released and a double bond is formed. As the number of double bonds in the
backbone increases, the color quality of the brominated polystyrene will

diminish. Hence backbone halogenation is to be avoided.
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There is a graphic demonstration of the stability of ring bromine vs
backbone bromine. It is possible, on a laboratory scale, to produce poly(tri-
bromostyrene) from tribromostyrene monomer. Brominated polystyrene made
in this way contains no backbone halogen. It contains 70.3% bromine, all of
which is on the ring. On the other hand, brominated polystyrene made
commercially via the process of U.S. 4,352,909 contains backbone halogen.
There is a thermal stability test procedure detailed hereinbelow which involves
heating the brominated polystyrene for 15 minutes at 300°C and measuring the
total amount of hydrogen bromide liberated during the test period. When this
is done on the commercial brominated polystyrene, 3000-6000 ppm of HBr are
liberated. When the same test is carried out on poly (tribromostyrene) made
from monomer no HBr was detected. This shows that aromatic bromines are
100% stable at 300°C while backbone halogen is sufficiently unstable to be
eliminated well below 300°C.

The benefits of the process of the present invention are a result of the
use of titanium tetrachloride as the additive. Other additives that could be
employed include tin tetrachloride and boron trichloride, which are exemplified

hereinbelow.

GENERAL EXPERIMENTAL

All of the data generated and reported herein to define practice of this
invention has been conducted on a laboratory scale. In order to make a fair
comparison, the properties obtained using the process of the present invention
have been compared to those of commercial brominated polystyrene when it is
produced on a laboratory scale. Under these conditions, PyroChek® 68PB has
a color AE of 13 to 16 and a backbone halogen of 3000 to 6000 ppm, with 5000
to 6000 ppm being typical, measured as HBr, evolved while heating a measured
sample for 15 minutes at 300°C.

The invention will now be further described in detail by descriptions
of specific demonstrations thereof. In the following examples and throughout

this application, all parts and percentages are by weight and all temperatures are
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expressed in degrees Celsius, unless expressly stated to be otherwise. All

reactions were conducted at standard pressure.

THERMAL STABILITY TEST

Engineering thermoplastics (ETP’s) have enjoyed tremendous growth
during the past twenty-five years. One reason for this is that this class of
materials, particularly the reinforced grades, have excellent heat resistance which
makes them particularly useful for continuous use at elevated temperatures. In
recent years, the development of new engineering thermoplastics has focused on
materials with every increasing heat resistance. This has been accomplished by
creating new polymers with higher glass transition temperatures (T g) or higher
melting points (Tm). However, the development of these new materials has not
been without complications. As the Tg or Tm increased substantially, the
temperatures required to process these materials also underwent substantial
Increases. Fifteen years ago, ETP’s were rarely processed at melt temperatures
approaching 300°C. Today, that processing temperature is quite common and
new materials may now go as high as 350°C when being processed.

In order to be useful, all the additives used to formulate the newer
ETP’s must have sufficient thermal stability to survive the higher processing
temperatures. This is especially true of the halogen containing additives used to
impart flame retardance to ETP’s. If these additives have inadequate thermal
stability, they will degrade when processed at high temperatures and liberate
hydrogen chloride and/or hydrogen bromide which are very corrosive. If these
materials are released during processing they may degrade the ETP or, at the very
least, cause corrosion of the equipment used to process the thermoplastic. If this
latter process occurred, it could cause serious damage to the equipment. This,
in turn, would result in major expenses to repair the equipment and a loss of
production time on the equipment. Obviously, a user of halogenated flame
retardant additives would be greatly concerned about the thermal stability of the
additives that they use.

As a supplier of halogenated flame retardant additives, Ferro

Corporation felt that is was very important to develop a simple screening test
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which would allow for the evaluation of the relative thermal stability of various
halogenated flame retardants. Conceptually, the procedure is very simple. A
carefully measured sample (2.00 + 0.01g) of additive is exposed to a temperature
of 300°C for fifteen minutes. All of the acidic gases (HCl, HBr) generated during
the period are collected in a standard solution of NaOH. This solution is
acidified to a pH <7 and then is titrated with standardized silver nitrate using a
potentiometric tetrameter. This measures the parts per million of HCl and HBr
that were released during the heating period. In the interest of simplicity, the
ppm of HCI are converted into ppm HBr, this is added to the amount of HBr
already measured, and the resultant number is reported as ppm of HBr
equivalent. The larger the amount of HBr equivalent reported, the less thermally
stable is the given additive. An additive releasing 0 ppm of HBr equivalent would
have the best thermal stability. A detailed description of the test procedure

follows.

THERMAL STABILITY TEST PROCEDURE

The apparatus is assembled in a fume hood. A 2.00 + 0.01g sample
is weighed in a 20 x 150mm tared test tube. Three 250mLl sidearm filter flasks
are filled with 150-170mL of 0.1N NaOH (enough to completely cover the frit)

containing phenolphthalein (2% w/v solution in 3A EtOH), and are connected
with Viton® tubing. This allows the acidic gases generated by a sample in the

test tube to be passed through the aqueous NaOH, thus trapping the HBr and/or
HCI (HX). The test tube containing the sample is fitted with a no. 2 neoprene

stopper with a 1/16" inlet and a 7mm outlet for Teflon® tubing. The sample is

purged with N2g) (flow rate = 0.5 SCFH) for five minutes, then placed in the salt
bath deep enough to surround the entire sample for 15 minutes. The sample is
WEthdrawn from the bath and purged for another five minutes. The test tube
containing the pyrolysed sample is removed and replaced with a clean empty test
tube. This test tube with the Ng purge is submerged in the salt bath for five
minutes to flush out any residual HX.

After the test tube is rinsed, the gas dispersion tubes are carefully

removed and rinsed with deionized (di) H0, keeping N2(g) flow through the test
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tube during the rinse. Begin with the last collection flask and work back to the

first. After all dispersion tubes are out, the empty test tube is removed. The
Viton® tubing connecting each of the flasks is also rinsed with di H50. The

contents of the flasks are combined and quantitatively transferred to bottles,
rinsing with di H70, until the operator is ready to do titrations (described below).
The solutions can be stored in these bottles with caps if the solution is kept
alkaline. Two or three test tubes containing no sample are run as blanks before
the first sample each day of testing in order to verify that there is no residual HX

in the system.

Once the samples have been pyrolysed and the HX gases collected, the

X
bottled solutions are titrated in the analytical lab using a Metrohm 670

titroprocessor with an Ag combination electrode. Each sample solution is
acidified with a 1:2 solution of HNO3; DI H90, to a pH <7, and then filtrated
with standardized AgNO03 to a potentiometric equivalence point. The parameters
for the filtration are those which are recommended in the manual for the
titroprocessor. Variations of those parameters are left to the discretion of the

operator. The results are reported in duplicate as ppm HBr HCl, and ppm HBr

Equivalents.

Calculations:

ppm HBr = (Ep1 mL * Ngjtrant * molecular wt. HBr * 1,000,000) / (wt. of
Sample * 1000)11

ppm HCl = [(Ep2 mL - Ep1 mL) * Ngjtrant * molecular wt. HCl * 1,000,000] /
(wt. Sample * 1000)

ppm HBr Eq = {[Ep2 mL - Ep1 ml) * Ngjtrant * molecular wt. of HBr *
1,000,000] / (wt. Sample * 1000)} + ppm HBr

where Ep = end point volume in mL

and Ntijtrant = Normality of AgNO7

*Trade-mark
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EXPERIMENTAL PROCEDURE

PyroChek® PB68 was produced in the laboratory by dissolving general
purpose polystyrene in ethylene dichloride (EDC). Antimony trichloride (5% by
weight based on polystyrene charged) was added as a catalyst. Then the
brominating agent, bromine chloride, containing 10% EDC, was added gradually
while maintaining the reaction temperature at 20°C. The total reaction time was
five hours to produce the product described hereinabove.

In the present invention, the process is identical to the general process
above, with one important exception and that is, prior to the addition of the
catalyst and the initiation of bromination, the backbone halogenation suppression
additive was added to the solution of EDC and polystyrene and the solution was
agitated for 30 minutes. Thereafter, the general process was followed.

In the first series of experiments the level of BHSA employed was
varied to determine the effect on product quality. All experiments were carried
out at 20°C with a 5 hour reaction time. The solvent was ethylene dichloride.
The bromination catalyst was SbCl3 used at a level of 0.023 moles per mole of
polystyrene. The polystyrene solution containing the BHSA was agitated for 30
minutes before adding the bromination catalyst and initiating BrCl addition.
Example No. 1 was a Control, made according to U.S. Pat. No. 4,352,909,
without any BHSA. Color was determined as Total Color Difference (AE), using
the Hunter L, a, b scales, for product solutions in chlorobenzene, 10 percent by

weight concentration versus chlorobenzene, according to the formula:

AE =,/ (AL)? + (Aa, )2 + (Ab, )?

Results are reported in Table I.
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TABLE |

EFFECT OF BHSA LEVEL ON PRODUCT QUALITY

Ex. No. BHSA Level W Color (AF) @ HBr Equivalent
(Moles/Mole PS) (ppm)3
1 0 14.5 6000
2 0.0055 9.6 912
3 0.027 6.8 531
4 0.055 7.3 673
5 0.082 8.5 568

(1) BHSA i1s TiClg in all experiments.
(2) Color was measured as a 10% solution in chlorobenzene. The AE was

determined by comparison with the color of pure chlorobenzene.

(3) Amount released in 15 minutes at 300°C.

It will be noted that backbone halogenation was decreased as the
amount of BHSA was increased and, that the content of backbone halogen was
decreased by an order of magnitude over the Control. Color was also improved
over the Control by the use of a BHSA.

In the next series of experiments, the level of BHSA employed was
constant and the effect of agitation time was varied to determine the effect on
product quality. Example No. 1 was the Control from Table I, without any BHSA.
All experiments were carried out at 20°C with a 5 hour reaction time. The
bromination catalyst was ShCl3 used at a level of 0.023 moles/mole of

polystyrene. The solvent was ethylene dichloride.
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TABLE I

EFFECT OF AGITATION TIME

Ex. No. BHSA Level (1) Agitation  Color (3) HBr Equivalent®)

(1)
(2)

(3)

(4)

backbone halogenation.

(Moles/Mole PS) Time (2) (AE) (ppm)
(Minutes)
1 None 0 14.5 6000
6 0.082 0 15.2 1002
7 0.082 30 8.5 658

BHSA was TiClg in all experiments.
Time between addition of BHSA and addition of bromination catalyst

and initiation of BrCl addition.

Color was measured as a 10% solution in chlorobenzene. The AE was
determined by comparison with pure chlorobenzene.

Amount released in 15 minutes at 300°C.

The use of a BHSA without prior agitation greatly reduced the level of

However, the best results were obtained where the

solution of polystyrene and BHSA was stirred together for at least 30 minutes.

In the next series of experiments, the brominating agent bromine was

employed. Example No. 8 was another Control from Table |, without any BHSA.

All experiments were carried out at 20°C with a 5 hour reaction time. The

bromination catalyst was SbCly used at a level of 0.023 moles/mole of

polystyrene. In the experiment with the BHSA, the solution of polystyrene and

BHSA was agitated for 30 minutes before initiation of bromination. The solvent

was ethylene dichloride.
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TABLE I}

WITH BROMINE AS THE BROMINATING AGENT

Ex. No. BHSA Level Color (AF)2 HBr Equivalent
(Moles/Mole PS)1 | (ppm)3
- o PP
8 0 21.2 5939
9 0.082 10.5 750

(1) BHSA is TiClg
(2) Color was measured as a 10% solution in chlorobenzene. The AF was

determined by comparison with pure chlorobenzene.

(3) Amount released in 15 minutes at 300°C.

As evident from the foregoing results, the use of a BHSA is effective
when bromine is used as the brominating agent.

In the next series of experiments, the effect of different solvents was
considered, using the same amount of BHSA. Example No. 1 was the Control
from Table I, without any BHSA. All experiments were carried out at 20°C with
a 5 hour reaction time. The bromination catalyst was SbCi3 used at a level of

0.023 moles/mole of polystyrene. The polystyrene solution containing the BHSA

was agitated for thirty minutes before adding the bromination catalyst and

initiating BrCl addition.
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TABLE IV

EFFECT OF SOLVENT

Ex. No. BHSA Levell Solvent Color (AF)Z HBr
(Moles/Mole PS) Equivalent
(ppm)3
10 0.082 CICH2CH»(lI 8.6 602
11 0.082 CICH9oCHoCl 8.5 568
12 0.082 CH»Cl 11.7 624
13 0.082 CH-Cly 11.5 658
1 None CICHoCH»Cl 14.5 6000

(1) BHSA is TiClg in all experiments.
(2) Color was measured as a 10% solution in chlorobenzene. The AE was

determined by comparison with the color of pure chlorobenzene.

(3) Amount released in 15 minutes at 300°C.

In the next series of experiments, two other materials were employed
as the BHSA and compared against titanium tetrachloride and the Control,
Example No. 1 from Table I, without any BHSA. All experiments were carried
out at 20°C with a 5 hour reaction time. The bromination catalyst in each
experiment was SbClg at a use level of 0.023 moles per mole of polystyrene. The
level of BHSA was 0.082 moles per mole of polystyrene. The solvent was
ethylene dichloride. The polystyrene solution containing the BHSA was stirred
for 0.5 hours before adding the bromination catalyst and initiating the addition

of BrCl.
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TABLE V

REPRESENTATIVE ADDITIVES PROVIDING SUPPRESSION OF
BACKBONE HALOGENATION

Ex. No. BHSA Color (AP HBr Equivalent
(PPM)2
1 None 14.5 6000
14 TiCly 8.5 568
15 SnCly 9.7 262
16 BCly 13.7 267

(1) Color was measured as a 10% solution in chlorobenzene. The AE was
determined by comparison with the color of pure chlorobenzene.

(2) Amount released in 15 minutes at 300°C.

It will be noted that backbone halogenation was decreased and color
was also improved over the Control by the use of all three BHSA materials.
Again, the content of backbone halogenation was decreased by an order of
magnitude over the Control when a BHSA was employed.

In view of the foregoing results, the brominated polystyrene of the
present invention provides a bromine content of at least about 66 percent by
weight; backbone halogen, conventionally between 3000 to 6000 ppm, is reduced
by as much as 95% and preferably 80 to 95% to less than about 750 ppm and
preferably 250 ppm, and, a AE color conventionally between 13 and 16, is
reduced by as much as 60% and preferably 40 to 60% to less than about 7 and
as low as about 5. Thermal stability of the brominated polystyrene is assured and
Is increased because the backbone halogenation is so much lowered compared
to conventional brominated polystyrenes.

Thus it should be evident that the process of the present invention is

highly effective in preparing a brominated polystyrene having improved thermal

stability and color.
Based upon the foregoing disclosure, it should now be apparent that
the use of the process described herein will achieve the objectives set forth

hereinabove. It is, therefore, to be understood that any variations evident fall
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within the scope of the claimed invention and thus, the selection of specific
component elements can be determined without departing from the spirit of the
invention herein disclosed and described. In particular, the brominating agent,
catalysts and reaction temperatures and times and other reaction conditions
according to the present invention are not necessarily limited to those discussed
herein. Nor, is practice of the present invention necessarily limited to the use
of titanium tetrachloride, tin tetrachloride or boron trichloride as the additive to
suppress backbone halogenation during the bromination of polystyrenes. Thus,

the scope of the invention shall include all modifications and variations that may

fall within the scope of the attached claims.
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CLAIMS

1. A process for the suppression of backbone halogenation during the
bromination of polystyrenes comprising:

pretreating a solution of a polystyrene reactant comprising from about five to
about 20 percent by weight of said polystyrene reactant, in a halogenated
hydrocarbon solvent with at least about 0.1 percent by weight of an additive to
suppress halogenation of the polystyrene backbone, prior to brominating the
polystyrene in the presence of a catalyst;

subsequently adding a metal halide bromination catalyst to said solution,
capable of effecting bromination of the ring without causing crosslinking of the
polystyrene;

adding to said solution from about 1 to about 3.4 moles of a brominating
agent, per mole of polystyrene repeating units;

reacting said polystyrene with said brominating agent at a temperature of from
about -20°C to about 50°C; and

isolating the brominated polystyrene.

2. A process as in claim 1, wherein said hydrocarbon solvent is selected from the
group consisting of carbon tetrachloride, chloroform, methylene chloride,
1,2-dichloroethane, 1,1,2-trichloroethane, 1,1,2,2-tetra-chloroethane,

1,2-dibromoethane and mixtures thereof.

3. A process as in claim 2, wherein said hydrocarbon solvent is

1,2-dichloroethane.

4, A process as in claim 1, wherein said additive to suppress backbone
halogenation is selected from the group consisting of titanium tetrachloride, tin

tetrachloride and boron trichloride.

5. A process as in claim 1, further comprising the step of quenching said reaction

with an aqueous solution of an alkali metal bisulfite.
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6. A process as in claim 1, wherein said catalyst is selected from the group

consisting of antimony trichloride and antimony tribromide and mixtures thereof.

7. A process as in claim 1, wherein said step of reacting is conducted for a

period of time ranging from about one to 20 hours.

8. A process as in claim 1, wherein said step of pretreating is conducted for at

least 15 minutes.

9. A process as in claim 1, wherein said step of pretreating includes the step of

agitating said solution for at least 15 minutes.

10. A process as in claim 1, wherein said step of isolating is conducted in an
organic, oxygen-containing non-solvent and includes the steps of :
adding the contents of the reaction vessel to said non-solvent with agitation;
precipitating said brominated polymer; and

recovering, and drying said brominated polymer.

11. A process as in claim 10, wherein said non-solvent is acetone.

12. A process as in claim 1 wherein the brominated polystyrene is isolated by
adding the reaction product resulting from the reaction of the polystyrene with the
brominating agent to boiling water with agitation and flashing off said solvent

resulting in a slurry of the brominated polystyrene in water.

13. A process as in claim 1, wherein said pretreating step includes the step of
selecting said polystyrene reactant having a weight average molecular weight of from

about 500 to about 1,500,000.
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14. A proCess as in claim 13, wherein said polystyrene reactant is selected from

the group consisting of homopolystyrene, polystyrene oligomers, halogenated

polystyrenes and alkylated polystyrenes.

15. A process as in claim 1T wherein said brominating agent is selected from

bromine chloride and bromine.

16. A process as in claim 1, wherein said step of adding a catalyst includes the
step of selecting a catalytically effective amount of said catalyst on the basis of having
a strength sufficient to effect bromination of said polystyrene reactant without

inducing alkylation of said polystyrene reactant by said halogenated hydrocarbon

solvent.

17. A brominated polystyrene having a backbone halogen content of less than

750ppm, a AE color in the range of from 5 to 13.7, and a bromine content of at least

66 percent by weight.

18. A brominated polystyrene according to claim 17 wherein said brominated

polystyrene is produced from a polystyrene having a weight average molecular

weight of from about 500 to about 1,500,000.

19. A brominated polystyrene according to claim 18 wherein said brominated
polystyrene is selected from the group consisting of homopolystyrene, polystyrene

oligomers, halogenated polystyrenes and alkylated polystyrenes.

20. A brominated polystyrene according to claim 17 wherein said brominated

polystyrene has a backbone halogen content which is 580 ppm.

21.  Abrominated polystyrene according to claim 17 wherein the AE colour is 8.5.

22.  Aflame retardant additive comprising the brominated polystyrene as claimed
in claim 17.
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