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BROMINATED POLYSTYRENE HAVING 
IMPROVED THERMAL STABILITY AND 

COLOR AND PROCESS FOR THE 
PREPARATION THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a division of application Ser. No. 
08/661,350, ?led Jun. 14, 1996 now US. Pat. No. 5,637,650. 

TECHNICAL FIELD 

Brominated polystyrene is used as an additive to thermo 
plastics to impart ?ame 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 pro 
cessing temperatures, the ?ame 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 bro 
minated 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 ?ame 
retardant additive in thermoplastics extend back more than 
tWenty-?ve years. In 1980, Ferro Corporation, the Assignee 
of record herein, introduced brominated polystyrene as a 
commercial ?ame retardant additive under the trade name 
PyroChek® 68PB. The process for producing PyroChek® 
68PB is described in US. Pat. No. 4,352,909. This product 
has become a leading ?ame retardant additive for use in 
reinforced engineering thermoplastics. More recently, Great 
Lakes Chemical has introduced a second brominated poly 
styrene product, PDBS-80, to the marketplace. This product 
also ?nds its primary application in engineering thermoplas 
tics. 

Thus, there are currently tWo different synthetic routes 
available for the commercial production of brominated 
polystyrenes. Each process has certain advantages and dis 
advantages Which should be noted in order to fully under 
stand the signi?cance of the present invention. 

The process used to produce PDBS-80, the commercial 
product offered by Great Lakes Chemical, is described in 
US. Pat. No. 5,369,202. It involves four chemical steps 
starting from styrene monomer. The ?rst 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. Usu 
ally 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 puri?cation, 
this monomer is polymerized to form the brominated poly 
styrene product. The entire process may be represented as 
folloWs: 
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This process has one signi?cant advantage. It produces a 
brominated polystyrene Which is essentially free of back 
bone halogen. This results in a product With very good 
thermal stability, good color, and good color stability. 
HoWever, the process has tWo serious limitations Which are 
major disadvantages When compared to the alternate pro 
cess. 

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 
di?icult to handle. Ideally, a brominated aromatic ?ame 
retardant additive should have a high bromine content in 
order to have maximum e?iciency and minimum cost. Thus, 
it Would be preferable to produce and polymerize tribro 
mostyrene monomer. HoWever, this monomer is a highly 
reactive solid With loW volatility. It is di?icult to handle and 
polymerize and any residual monomer in the polymer Would 
be di?icult to remove. Consequently, this process tends to be 
limited to dibromostyrene as the maximum degree of bro 
mination practical by this process. This limits the bromine 
content of the commercial brominated polystyrene (PDBS 
80) to about 60%. Consequently, When used as a ?ame 
retardant additive, a relatively high use level is required to 
achieve ?ame 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 unac 
ceptable to the user. 
The process used by Ferro Corporation to produce its 

brominated polystyrene ?ame retardant additive. Pyro 
Chek® 68PB is described in the aforementioned US. 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 dis 
solved in a commercially available solvent using a commer 
cially available brominating agent, bromine chloride. The 
process can be carried out in a simpler plant With a much 



US RE37,902 E 
3 

lower capital cost. This process is inherently less expensive 
than the production of brominated polystyrene by the prepa 
ration and polymeriZation of brominated styrene monomer. 

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 ?ame 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 of 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 vol 
umes 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 signi?cant 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 poly 
styrenes 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 pro 
cessing temperatures, the current brominated polystyrenes 
produced in this manner are becoming less acceptable in 
neWer applications. 
When brominated polystyrene is employed as a ?ame 

retardant additive in thermoplastics, its color is a property of 
primary importance to the manufacturer of the thermoplastic 
materials. The thermoplastic manufacturer desires to pro 
duce the thermoplastic articles in a Wide range of colors. The 
more highly colored an additive, the more dif?cult 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 poly 
styrene 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 market 
place. 

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. 
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4 
It is 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 modi?cation, With 
out 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 speci?cation Which 
folloWs, are accomplished by the invention as hereinafter 
described and claimed. 

In general, a process for the suppression of backbone 
halogenation during the bromination of polystyrenes com 
prises pretreating a solution of a polystyrene reactant com 
prising from about ?ve 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; 
gradually adding a metal halide bromination catalyst to the 
solution, capable of effecting bromination of the ring With 
out causing crosslinking of the polystyrene; adding to the 
solution from about 1 to 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. 

The present invention also provides a brominated poly 
styrene 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 Pyro 
Chek® 68PB by Ferro Corporation, the Assignee of record 
herein, has been a leading ?ame 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 is 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] AE color of 30, measured 
as a solution in chlorobenZene and compared to the color of 
pure chlorobenZene. Total Color Difference (AE) is deter 
mined 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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In Equation I, the term BHSA refers to backbone halo 
genation suppressing additive Which Will be explained later. 
As Equation I 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 bromina 
tion 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 accor 
dance With the process of the invention include halogenated 
and alkylated polymers such as poly-(bromo-styrene), poly 
(chlorostyrene), poly-(dichlorostyrene), poly 
(dibromostyrene), poly-(chloro-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 speci 
?cation and claims, shall refer to the foregoing homopoly 
styrene 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 chlo 
ride or hydrogen bromide is produced as a byproduct of the 
reaction, depending upon Whether bromine chloride or bro 
mine is used. 

While the invention can be employed, as indicated in 
Equation I 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 poly 
mers or oligomers, are currently less effective than the 
present process in producing a suitably light colored mate 
rial. Products can be produced by the preferred process of 
the invention at any desired level of bromination With very 
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6 
good color characteristics, i.e., very light in color, so that the 
highly brominated products are desirable ?ame retardant 
additives for the plastics industry. Products having a loWer 
degree of bromination than essentially tribromination are 
also useful as ?ame retardant additives. 

U.S. Pat. No. 4,352,909 provides an adequate description 
of the current commercial process for brominating polysty 
rene and accordingly, the subject matter of this patent is 
incorporated herein by reference. Brie?y summariZed, that 
process involves dissolving the polystyrene to be bromi 
nated in a suitable solvent (usually ethylene dichloride) 
Which is reasonably dry (less than 150 ppm of H20). 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 bisul?te. 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 solu 
tion of product in ethylene dichloride to very hot Water. This 
causes the solvent to ?ash distill off, leaving the product as 
a slurry in Water. The product is then deWatered by centrifu 
gation and ?nally dried by ?ash 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 

While the effect on backbone halogenation suppression 
occurs merely upon addition of the BHSA, optimum bene?t 
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 de?ned as adding the BHSA ?rst 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, ?rst, 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 poly 
styrene 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 
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suitable catalysts as it is Well known ?rst, 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). 

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 suppress 
ing additive (BHSA). Relatively large amounts of BHSA, on 
the order of 15 to 20%, can be added Without signi?cant 
negative consequence. HoWever, addition beyond the opti 
mum 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 ?ve percent, by Weight of the polystyrene charge. 

Our co-pending application, [Ser. No. 08/663,657] now 
US. Pat. No. 5,723,549, ?led contemporaneously hereWith, 
describes several normal reaction parameters Which, if prop 
erly controlled, can enhance the color of brominated poly 
styrene. These include reaction time and temperature, choice 
of catalyst and brominating agent, and the method of isola 
tion. 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 [Ser. No. 08/663,657 ] US. Pat. 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, con 
ducting 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. 
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 greatly reduces backbone 
halogenation but its use also results in a much more forgiv 
ing 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 bro 
minated 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 is improved 
for polystyrene products that are essentially or predomi 
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8 
nantly ring halogenated versus ring and backbone haloge 
nated. 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 is 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. 

There is a graphic demonstration of the stability of ring 
bromine vs backbone bromine. It is possible, on a laboratory 
scale, to produce poly (tribromostyrene) from tribromosty 
rene 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 US. Pat. 
No. 4,352,909 contains backbone halogen. There is a ther 
mal 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 suf?ciently 
unstable to be eliminated Well beloW 300° C. 

The bene?ts 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 tetra 
chloride and boron trichloride, Which are exempli?ed here 
inbeloW. 

GENERAL EXPERIMENTAL 

All of the data generated and reported herein to de?ne 
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 polysty 
rene 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 speci?c demonstrations thereof. In the fol 
loWing examples and throughout this application, all parts 
and percentages are by Weight and all temperatures are 
expressed in degrees Celsius, unless expressly stated to be 
otherWise. All reactions Were conducted at standard pres 
sure. 

Thermal Stability Test 

Engineering thermoplastics (ETP’s) have enjoyed tre 
mendous groWth during the past tWenty-?ve 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 
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elevated temperatures. In recent years, the development of 
neW engineering thermoplastics has focused on materials 
With [every] ever increasing heat resistance. This has been 
accomplished by creating neW polymers With higher glass 

transition temperatures (Tg) or higher melting points 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 suf?cient thermal stability to 
survive the higher processing temperatures. This is espe 
cially true of the halogen containing additives used to impart 
?ame retardance to EPT’s. If these additives have inad 
equate thermal stability, they Will degrade When processed at 
high temperatures and liberate hydrogen chloride and/or 
hydrogen bromide Which are very corrosive. If these mate 
rials 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 ?ame retardant additives 
Would be greatly concerned about the thermal stability of the 
additives that they use. 
As a supplier of halogenated ?ame retardant additives, 

Ferro Corporation felt that is Was very important to develop 
a simple screening test Which Would alloW for the evaluation 
of the relative thermal stability of various halogenated ?ame 
retardants. Conceptually, the procedure is very simple. A 
carefully measured sample (2.00:0.01 g) of additive is 
exposed to a temperature of 300° C. for ?fteen minutes. All 
of the acidic gases (HCl, HBr) generated during the period 
are collected in a standard solution of NaOH. This solution 
is acidi?ed to a pH<7 and then is titrated With standardiZed 
silver nitrate using a potentiometric tetrameter. This mea 
sures the parts per million of HCl and HBr that Were released 
during the heating period. In the interest of simplicity, the 
ppm of HCl 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 equiva 
lent Would have the best thermal stability. Adetailed descrip 
tion of the test procedure folloWs. 

Thermal Stability Test Procedure 

The apparatus is assembled in a fume hood. A 2.00:0.01 
g sample is Weighed in a 20><150 mm tared test tube. Three 
250 mL sidearm ?lter ?asks are ?lled 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 HCl The test tube containing the sample is ?lled With a no. 2 

neoprene stopper With a l/loAIIllCt and a 7 mm outlet for 
Te?on® tubing. The sample is purged With [N2g)] N2(g) 
(?oW rate=0.5 SCFH) for ?ve minutes, then placed in the 
salt bath deep enough to surround the entire sample for 15 
minutes. The sample is WithdraWn from the bath and purged 
for another ?ve minutes. The test tube containing the pyroly 
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10 
sed sample is removed and replaced With a clean empty test 
tube. This test tube With the [Nzg] N2(g) purge is submerged 
in the salt bath for ?ve minutes to ?ush out any residual HX. 

After the test tube is rinsed, the gas dispersion tubes are 
carefully removed and rinsed With deioniZed (di) H2O, 
keeping N2(g) ?oW through the test tube during the rinse. 
Begin With the last collection ?ask and Work back to the ?rst. 
After all dispersion tubes are out, the empty test tube is 
removed. The Viton® tubing connecting each of the ?asks 
is also rinsed With di H2O. The contents of the ?asks are 
combined and quantitatively transferred to bottles, rinsing 
With di H2O, 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 
lest tubes containing no sample are run as blanks before the 
?rst 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 bottled solutions are titrated in the analytical 
lab using a Metrohm 670 titroprocessor With an Ag combi 
nation electrode. Each sample solution is acidi?ed With a 1:2 
solution of HNO3; [Dl] a'i H2O, to a pH <7, and then 
[?ltrated] titrated With standardiZed AgNO3 to a potentio 
metric equivalence point. The parameters for the [?ltration] 
titration 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 

PPIII HBY=(EP 1 IIIL * Nil-[mm * 
1,000,000)/(Wt. of Sample * 1000)11 
ppm * Ntitrant 

HCl * 1,000,000]/ (Wt. Sample * 1000) 
ppm HBr Eq={[Ep2 mL-Epl mL) * Nil-[mm * molecular 

Wt. of HBr * 1,000,000]/ (Wt. Sample * 1000)}+ppm HBr 
Where Ep=end point volume in mL and N =Normality of 
AgNO3 

molecular Wt, HBr * 

* molecular Wt. 

titrant 

Experimental Procedure 

PyroChek® PB68 Was produced in the laboratory by 
dissolving general purpose polystyrene in ethylene dichlo 
ride (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 tem 
perature at 20° C. The total reaction time Was ?ve 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 ?rst 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 US. Pat. 
No. 4,352,909, Without any BHSA. Color Was determined as 
Total Color Difference (AE), using the Hunter L, a, b scales, 
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for product solution in chlorobenZene, 10 percent by Weight 
concentration versus chlorobenZene, according to the for 
mula: 

Results are reported in Table I. 

TABLE I 

EFFECT OF BHSA LEVEL ON PRODUCT QUALITY 

BHSA Level(1) HBr Equivalent 
Ex. No. (Moles/Mole PS) Color (AE)(2) (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 

(DBHSA is TiCl4 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 magni 
tude 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 SbCl3 used at a level of 
0.023 moles/mole of polystyrene. The solvent Was ethylene 
dichloride. 

TABLE II 

EFFECT OF AGITATION TIME 

BHSA 
Level(1) Agitation HBr 
(Moles/ Time(2) Color(3) Equivalent“) 

Ex. No. Mole PS) (Minutes) (AE) (ppm) 

1 None 0 14.5 6000 
6 0.082 0 15.2 1002 
7 0.082 30 8.5 [ 658] 568 

(DBHSA is TiCl4 in all experiments. 
(2)Time between addition of BHSA and addition of bromination catalyst 
and initialation of BrCl addition. 
)Color Was measured as a 10% solution in chlorobenzene. The AE Was 

determined by comparison With pure chlorobenzene. 
(4)Amount released in 15 minutes at 300° C. 

The use of a BHSA Without prior agitation greatly 
reduced the level of backbone halogenation. 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 I, Without any BHSA. All experiments Were 
carried out at 20° C. With a 5 hour reaction time. The 
bromination catalyst Was SbCl3 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 III 

WITH BROMINE AS THE BROMINATING AGENT 

BHSA Level HBr Equivalent 
Ex. No. (Moles/Mole PS)1 Color (AE)2 (ppm)3 

8 0 21.2 5939 
9 0.082 10.5 750 

lBHSA is TiCl4 
2Color Was measured as a 10% solution in chlorobenzene. The AE Was 
determined by comparison With pure chlorobenzene. 
3Amount 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 SbCl3 used 
at a level of 0.023 moles/mole of polystyrene. The polysty 
rene solution containing the BHSA Was agitated for thirty 
minutes before adding the bromination catalyst and initiat 
ing BrCl addition. 

TABLE IV 

EFFECT OF SOLVENT 

HBr 
BHSA Level1 Equivalent 

Ex. No. (Moles/Mole PS) Solvent Color (AE)2 (ppm)3 

10 0.082 ClCHZCHZCl 8.6 602 
11 0.082 ClCHZCHZCl 8.5 568 
12 0.082 CH2Cl2 11.7 624 
13 0.082 CH2Cl2 11.5 658 
1 None ClCHZCHZCl 14.5 6000 

1BHSA is TiCl4 in all experiments. 
2Color Was measured as a 10% solution in chlorobenzenz. The AE Was 
determined by comparison With the color of pure chlorobenzene. 
3Amount 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 SbCl3 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 dichlo 
ride. The polystyrene solution containing the BHSA Was 
stirred for 0.5 hours before adding the bromination catalyst 
and initiating the addition of BrCl. 

TABLE V 

REPRESENTATIVE ADDITIVES PROVIDING SUPPRESSION OF 
BACKBONE HALOGENATION 

HBr Equivalent 
EX. NO. BHSA Color (AE)1 (PPM)2 

1 None 14.5 6000 
14 TiCl4 8.5 568 
15 sncl4 9.7 262 
16 Bcl3 13.7 267 

1Color Was measured as a 10% solution in chlorobenzene. The AE Was 

determined by comparison With the color of pure chlorobenzene. 
2Amount 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 
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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 polysty 
rene of the present invention provides a bromine content of 5 
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 conven 
tionally 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 Within the 
scope of the claimed invention and thus, the selection of 
speci?c 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 nec 
essarily 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 inven 
tion shall include all modi?cations and variations that may 
fall Within the scope of the attached claims. 
What is claimed is: 
[1. Abrominated polystyrene product made by the process 

comprising: 
pretreating a solution of a polystyrene reactant comprising 

from about ?ve 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; 
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14 
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. Abrominated polystyrene having a backbone halogen 
content of less than about 750 ppm and, a AE color as loW 
as about 5 

[3. A brominated polystyrene, as in claim 2, having a 
bromine content of at least about 66 percent by Weight.] 

[4. Abrominated polystyrene, as in claim 2, Wherein said 
brominated polystyrene reactant is produced from a poly 
styrene having a Weight average molecular Weight of from 
about 500 to about 1,500,000.] 

[5. Abrominated polystyrene, as in claim 4, Wherein said 
polystyrene reactant is selected from the group consisting of 
homopolystyrene, polystyrene oligomers, halogenated poly 
styrenes and alkylated polystyrene.] 

[6. A brominated polystyrene process as in claim 2, 
Wherein said a backbone halogen content is 580 ppm.] 

[7. A brominated polystyrene process as in claim 2, 
Wherein said AE color is 8.5.] 

[8. A ?ame retardant additive comprising the brominated 
polystyrene, as in claim 2.] 

9. A brominated polystyrene ?ame retardant which is a 
derivative of polystyrene and which has a bromine content 
of at least about 66 wt % and a AE color of less than about 
7.8 to as low as 5. 

10. The brominated polystyrene ?ame retardant of claim 
9 wherein the AE color is less than about 6.8 to as low as 
about 5. 

11. The brominated polystyrene ?ame retardant of claim 
9 wherein the AE color is less than about 7 to as low as 
about 5. 

12. A brominated polystyrene ?ame retardant which is a 
derivative of polystyrene and which has a bromine content 
of at least about 66 wt %, a AE color of less than about 7.8 
to as low as 5 and a backbone halogen content from about 
250 to about 750 ppm. 

13. The brominated polystyrene ?ame retardant of claim 
12 wherein the AE color is less than about 6.8 to as low as 
about 5. 

14. The brominated polystyrene ?ame retardant of claim 
12 wherein the AE color is less than about 7 to as low as 
about 5. 
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