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with respect to its chemical and physical properties thereby affecting its performance
compared to virgin material. Each time a plastic is exposed to thermal processing,
the properties thereof can become degraded such as impact resistance, deformation
under load and temperature, tensile strength, flexural strength, elongation, flow
behavior, etc. As more and more thermoplastic resins are employed in preparing
consumer products, the plastic scrap dilemma becomes ever increasing. Clearly, a
method of recovering scrap plastics and converting them into useful chemical
constituents would be an asset to the public and the plastics industry.

US. Patent 4,885,407 describes a process of recovering a dihydric phenol
from scrap or otherwise abandoned aromatic polyesters such as polycarbonates.
The process involves contacting the polycarbonate with an aqueous ammoniacal
solution and a solvent for the polycarbonate such as methylene chloride to form two
liquid phases, with the top phase being aqueous and the bottom phase being
methylene chloride phase. The phases are separated and the methylene chioride
evaporated from the liquid phase. Obviously, methylene chloride presents
environmental issues,

SUMMARY OF THE INVENTION

It has now been surprisingly discovered and in accordance with the instant

invention, a process has beeri developed to effectively separate and selectively sever




met hyl ene chl ori de phase. The phases are separated and the nethyl ene
chloride evaporated from the liquid phase. (Qbviously, nethylene chloride
presents environnental issues. SUMVARY OF THE I NVENTION It has now been
surprisingly discovered and in accordance with the instant invention, a
process has been devel oped to effectively separate and sel ectively sever

2 the ester bonds of an aromatic polyester such as a pol ycarbonate, a
copol yester carbonate, a polvarylate, and the like. Briefly, the process

i nvol ves contacting the aromati c pol ycarbonate, for exanple, with an
organi c swelling agent such as nmethanol for a period of time and then
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of recoveri rQABG), ipdﬂybmybhembphthalate (PBT), and the l:ke From this liquid phase, the
low boiling methanol and excess ammonia are distilled off. This leaves urea
dissolved in water and partially separated bisphenol-A by precipitation. Sufficient
water is added untif ail of the bisphenol-A is precipitated out of the solution and
removed by filtration. The solid bisphenol-A is then dried, may be purified and
ready for use as an intermediate in chemical reactions.
DETAILED DESCRIPTION OF THE INVENTION
This invention is directed to a novel process of recovering dihydric pherol,
particularly bisphenol-A, from a composition containing a thermoplastic polymer
having the reaction residue of dihydric phenol units in its polymer structure. Such
thermoplastics preferably include polvesters or blends of polyesters with other
materials which polyesters contain the reaction residue of dihydric phenol units in
its polymer structure. The process of this invention comprises:

(a)  Granulating a composition containing a thermoplastic polymer having
in its structure the reaction residue of dihydric phenol units;

(b)  Treating the granulated particles with an organic swelling solvent that
is miscible with water and is easily distilled off from an aqueous
solution and for a time sufficient to swell the particles;

{&) Contacting the swelled particles with an aqueous ammoniacal solution
of sufficient strength to selectively sever the ester bonds of the
dihvdric phenol units in the thermoplastic polymer and at a
temperature of at least about 25°C, thereby forming a solid and a




particul arly bisphenol-A, froma conposition containing a thernoplastic
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(h)  Dryving the dihydric phenol precipitate of (g).

Swelling of the polvmer particles in this invention is essentially free of
dissolving the particles and increases the free volume of the particles. For example,
alcohol does not dissolve a dihydric phenol such as a polycarbonate. The recovered
dihydric phenol, disclosed above, may be subjected to further purification by such
means as distillation, recrystallization in a solvent, vacuum distillation, activated
charcoal adsorption, or other purification processes.

In the practice of this invention, the aqueous liquid phase of step (f) above
contains dissolved urea which urea can then be recovered from the aqueous solution
thereof. Alternatively, the recovered urea can be purified or separated into its
component parts, namely, ammonia and carbon dioxide both of which or the urea
itself have commercial use in the chemical industry.

Granuléting the thermoplastic articles to a particular size is not critical to the
ammonolysis chemistry of this invention. However, it is preferable that the average
particles size of the granulated material be about 0.2 to about 10mm in order to
provide greater surface area exposure to the organic swelling solvent in the swelling
phase of the instant invention. Generally, the finer the granulation, the shorter the
swell time and subsequent reaction time for a desired yield of dihydric phenol. The
preferred size of the particles during granulation of the thermoplastic material can
also be a function of the composition. Even in compositions that are predominately
polycarbonate, particle size has a favorable influence on the swell and reaction time.

Obviously, the finer the particle size, the more efficient is the swell phenomena and
reaction time. However, if the composition is a blend of a polycarbonate and other
materials such as other polymers not containing the reaction residue of dihydric
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di ssolving the particles and increases the free volune of the particles.
For exanpl e, al cohol does not dissolve a dihydric phenol such as a

pol ycarbonate. The recovered di hydri c phenol, disclosed above, may be
subj ected to further purification by such nmeans as distillation,
recrystallization in a solvent, vacuumdistillation, activated charcoal
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finer granul hutappl, and the like, mcludmg other organic alcohols In addmon, the other
preferred organic swelling solvent is any ketone, but is preferably acetone, methy!
ethyl ketone, isopropy! ketone and the like. |

Following the swelling step, sufficient aqueous ammoniacal solution is then
added in order to selectively sever the ester bonds of the dihydric phenol units in,
preferably, a relatively short period of time, i.e, for example, the polycarbonate
bonds in the thermoplastic material. The strength of the aqueous ammoniacal
solution, ie, ammonium hydroxide, is generally concentrated ammonium
hydroxide having a molarity of about 18, but can be a lower molarity such as about
7 or lower. However, the lower the concentration of ammoniacal solution, the
longer is the contact time for a desired yield of dihydric phenol. Preferably, a
suitable molar range of ammonium hydroxide to thermoplastic polymer should be
in the range of about 4.0 to about 25 times, and more particularly about 5 to about 25
times. It should be understood, however, that higher and lower molarity
ammonium hydroxide can also be emploved. In this process step, two phases are
formed, a solid phase and a liquid phase.

The solid phase is then separated from the liquid phase. The liquid phase
contains urea, water, methanol and the ammonium salt of bisphenol-A (dihydric
phenolate ammonium salt). This liquid phase is then distilled to remove methanol

_and excess ammonia. Upon distillation of ammonia, the ammonium salt of



The time of treating of the particles with the organic swelling solvent in
the swelling step of the process can vary depending on particle size and
conposition of the thernoplastic material. The swelling tine should be
sufficient to swell the particles and preferably nmay vary from about 10

m nutes or |ess to about 60 mnutegs or nore. The organic swelling sol vent
may be any organic swelling solvent that is mscible wwth water and is
distilled off froman aqueous solution. Preferably, the organic swelling
solvent may be either an al cohol, a ketone or a m xture thereof if they are
m sci bl e. The al cohol can be any al cohol that will swell the thernoplastic
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may include elther polymers such as nylon, polybutyleneterephthalate, polyethylene
terephthalate, polyphenylene ether, arvionitrile-butadiene-styrene (ABS), and the
like. Other materials include fillers (glass, carbon, mineral, etc.), pigments, rubber
(natural or synthetic), impact modifiers, reinforcing agents, other than fillers, etc.
These materials are separable from the polvmer containing the dihydric phenol
residue units in this process.

It should be noted that the form of the dihydric phenol in the liquid phase is
believed to be an ionic complex of ammonium hydroxide and bisphenol-A because
the solution exhibits ionic conductivity. This is supported by an increase in .
measured ionic conductivity as a function of reaction time. Also, the formation of
the ammonium salt of bisphenol-A has been further confirmed by infrared analysis.

It should also be understood that the term "scrap polyester” containing
dihydric phenol residue units is not limited to so:called scrap material. It can
include material other than "scrap” such as abandonded virgin resin not converted
by molding and which can be subjected to the process of this invention and the
depolymerization thereof resulting in recovered bisphenol-A.

In the practice of this invention, other constituents of the material may also be




and excess ammonia. Upon distillation of ammoni a, the amoni um salt of 5
bi sphenol -A (BPA) transfers or converts to BPA. This | eaves an aqueous
solution of urea and partially precipitated bisphenol-A Sufficient water
is then added to the acqueous solution to maxim ze the precipitation of

bi sphenol - A. Separation of the twg phases is acconplished by sinple
filtration. The solid bisphenoI-A6is dried and is usually in powder form
The recovered bi sphenol-A may be purified and is available for use as a
reactant in chemcal reactions particularly for producing aromatic

pol ycar bonat es, epoxies, polyarylates and such other products in which
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the dihydric p I qui d e is believed to be an ionic conplex
of amoni um hydegaboys 18AGrams gﬁMrap‘u lateshpelycarbonate in a laboratory beaker,

45 ml of methanol (100%) was added. The mixture was stirred at room temperature
for about 60 minutes. The polycarbonate particles were observed to swell effectively
in methanol. About 45 mi of a 25% by weight aqueous ammonium hydroxide
solution (a 50:50 weight ratio of ammonium hydroxide to methanol) was added to
the swollen particles-methanol mixture and agitated for about 1 hour at a
temperature of about 40°C. Two phases were formed consisting of a solid phase and
a liquid phase. The phases were separated by filtration and the solid phase was
dried and weighed. It was determined that the solid phase was about 1 weight %
(0.1g) of the weight of the total polycarbonate sample.

The liquid phase was then distilled to remove ammonia and methanol
during which the ammonium salt of the dihydric phenolate was converted to the
dihydric phenol form of bisphenol-A. The residue was a solid consisting of urea
and bisphenol-A since upon distillation, the ammonium salt of bisphenol-A was
transferred or converted to bisphenol-A. Sufficient water was added to the
essentially aqueous solution of dissolved urea and partically precipitated bisphenol-
A to completely separate the bisphenol-A from the urea liquid phase. Since urea is
soluble in water, two phases were formed, a solid phase which was bisphenoi-A
since it is insoluble in water and a liquid phase which was an aqueous solution of
urea. The bisphenol was recovered by filtration, dried, weighed and purified
through activated charcoal adsorption.

The visual color of the bisphenol-A was white. It was determined that the



the solution exhibits ionic conductivity. This is supported by an increase
I n nmeasured ionic conductivity as a function of reaction tinme. Al so, the
formati on of the amoni um salt of bisphenol-A has been further confirmed by
infrared analysis. It should al so be understood that the term "scrap

pol yester" containing dihydric phe& residue units is not limted to so
called scrap material. It can include material other than "scrap" such as
abandonded virgin resin not converted by nol ding and whi ch can be subjected
to the process of this invention and the depol ynerization thereof resulting
in recovered bisphenol-A In the practice of this invention, other
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solution (a ammonj um hydr oxi de to net hanol ) was added
to The vxsual color of the recovered purified bisphenol-A was white. The

bisphenol-A recovered was about 99 weight % of the bisphenol-A employed in the
original sample. The polybutylene terephthalate recovered from the solids after
reaction with ammonium hydroxide and separation was about 99 weight % of the
polybutylene terephthalate in the initial sample. Also, it was determined that the
yield of urea was about 86.5 weight %.
Example 3

Example 1 was again repeated except that the sample employed in place
thereof was a blend of about 59 weight % of polycarbonate and about 11 weight % of
ABS and other additives. The reaction time, i.e,, the mixing time of the methanol
treated sample with aqueous ammonium hvdroxide and methanol solution was for
a period of about three hours. The solid phase recovered from the reaction was
about 42 weight % of the initial sample.

The visual color of the recovered sample of bisphenol-A was whitish brown.'
The bisphenol-A recovered was about 95 weight % of the bisphenol-A employed in
the initial sample. The ABS recovered was about 99 weight % of the ABS in the
initial sample. The vield of urea was determined to be about 87 weight %.

While the invention has been described and illustrated in connection with
certain preferred embodiments thereof, it will be apparent to those skilled in the art
that the invention is not limited thereto. Accordingly, it is intended that the

appended claims cover all modifications which are within the spirit and scope of
* this invention. '
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sanple. The liquid phase was then stilled to reno t hanol
during which the amonium salt of the dihvdric phenol at& was converted to
the di hydric phenol form of bisphenol-A. The residue was a solid consisting

of urea a & 3 eno -A since upon distillation, the ammonium salt of
bi sphenol * t Yerred or converted to bi sphenol A. Sufficient water

was added to tHhe esAcmidthdd yofaememmx§ql u’ih)!lh'mf hdhals lovieh b oailﬁdn

From e trRaTEEhBb-RlontastR dofiner phifs B Befl ?*i*ﬁshf‘%iéfaﬂilﬁv@ Rlloc ver o

for med, ausil$ inditppely senkirottuven svhiclemethod compriiseste it is i nsol ubI e | n wat er

Fecover ed by P.hi"‘f?at.Lﬁhg‘c‘i‘?‘?‘eﬁﬁﬁﬁ*ﬁﬂéﬁndﬁdﬁ% Ykhopkatc BoRAREL

char coal adsorption. The %Ylgﬁaﬂhec@ﬁ@horbfesld\‘@ of sihiedris phenglsunils dr its| t was
det erm ned t hat the gg &ql:mperecovered (9 39) was about 99 wei ght %
of the bisphenol-Ain the oOrigi

a pol ycar bonat e sanp It was al so
det erm ned t hat thebyl el &F’eé‘i‘“&r Sra&‘b‘gﬁ?‘P%’amlﬁhW% the, Jthgrmaoplasticanp| e 1

of pol year bonat 6 and abogte T ner “f“’é"“é"f* v erﬁﬁf?ﬁ“‘?ﬁﬁ’“‘?‘fgﬁd%

ot hgr Zlddl tives was enpl &% éhwﬁgf}égﬂ ?ﬁ%sc'lé(d‘ﬁ t@)‘ye#?]%ﬁso R&d 3%)‘1

Exanpl e 1, and except thandiftea imecuificiernt ioswell the. partuﬂes,m xing ti rre of t he

met hanol c. contacting the swelled granulated particles with an aqueous
ammoniacal solution of sufficient molar strength to selectively
sever the ester bonds of the reaction residue of the dihydric
phenol units in the thermoplastic polymer and at a temperature

of at least about 25°C, thereby forming a solid phase and a

liquid phase;
separating the liquid phase from the solid phase;
e. distilling the ammonia and the organic swelling solvent from
) the liquid phase;
f. adding sufficient water to the residue of e. which contains

dissolved urea and partially precipitated dihydric phenol to
precipitate dihydric phenol thereby forming a liquid and a
solid phase of dihydric phenol; and

g separating the insoluble solid dihydric phenol port:on from the
liquid phase.



treated sanple with the aqueous ammoni um hydroxi de and net hanol sol ution
was about six hours. The solid phase recovered fromthe reaction (3.62Q)
was about 33 weight % of the initial sanple. The visual color of the

recovered purified bisphenol-A was white. The bi sphenol - A recovered was

about 99 wei ght % of the bi sphenol - A enployed in th mm The
pol ybutyl ene terephthal ate recover@d fromthe soli d%tﬁm\% a

anmoni um hydr oxi de and separati on was about 99 wei ghty % wf it hé pbdl ybutyl ene
terephthalate in the initial sanple. Also, it was determ ned that the yield

of urea was about 86.5 wei % nple 3 Exanple 1 was again repeated
except that the sahkg é‘%ﬁf?@&ébmnl prheseint thergranulaed particlersizeohasnbout 59

wei ght %ﬁraé@ MeieleRoRUFAbNER RUYtit Il miel ght % of ABS and ot her additives.
The reaction tjme of the netha ated sanpl e

XI n
with aqueous érmmn?h‘?n"?ﬁﬁh?‘gﬂf ‘ﬁh?"ﬁﬁhme QERamiG el g’P“& iHaRj od of
about t haleehdlafG-Cidtweebesl i d phase recover ed fromthe reactl on was about 42

wei ght %of the in Vi su h recovered sanpl e of
bi sphenol - 'S Whﬁ‘% g}eﬂbgcg%nc‘fmﬁgw&ege&gﬁoﬁcoko o was about 95

wei ght %of t be bi Thtenethod dnq:ihmye‘ldwhere:hethemrgaa:lc smihhg.someet ABS

recover egd.gpqs about 99 weight %of the ABSin the initial sanple. The yield
of urea was determ ned to be about 87 weight % Wile the invention has
been descri be8 andThe methedebclairmd ndereia theketone is aceteneii n preferred

emhodi ment s ¢ ber eoff nefhdd of AP Oftheleh (8 SEortickp e e Rt hat
thelnventlo#ggnot limted thereto. Accord , It |S|ntendedthat t he

appended SE3nHIated Rasticles, With, Hig aquegus smwmm# sa ofiif 3 & terwerature of and
scope of abbut3g°Queabowb0°C. What is clainmed is:

8. The method of claim 1 wherein the liquid phase of step f. is a solution
of urea.

9. The method of claim 8 wherein urea is recovered from the solution by
the process of vacuum distillation to remove water.

10.  The method of claim 1 wherein the recovered dihydric phenol is
purified by charcoal adsorption. |

11.  The method of claim 1 wherein the composition contains polymers
selected from the group consisting essentially of polycarbonates,
copolyestercarbonates, polyarylates, blends thereof and blends with other polymers.

12,  The method of claim 1 wherein the dihydric phenol recovered from
the method thereof is bisphenol-A.

13.- A polycarbonate prepared from the bisphenol-A obtained by the
method of claim 10.



1. A nmet hod of recovering a dihydric phenol from a conposition
containing a thernopl astic polyner having the reaction residue of dihydric
phenol units in its polymer structure, which nethod conprises: a.

granul ating a conposition containing a thernoplastic polyner having the
reacti on residue of dihydric phenol um@s in its polynmer structure; b.

treating the granulated particles of the thernoplastic conposition
wi th an grganic '

swel ling.solvent_that is mscible with water and_is easily
di sti | | eGROFESE, Wa“%ﬁg@iﬁﬁ@ﬁ%ﬁ&%%ﬁﬁ%‘WT"% O el |
the particles; c. co h I particles with an
aqueous ammoni acal solution of sufficient nolar strength to selectively

sever the ester bonds of the reaction residue of the dihvdric phenol units
in the thernoplastic polynmer and at a tenperature of at |east about 25C,

thereby formng a solid phase and a |iquid phase; d. separating the
| i qui d phase fromthe solABSTRAGEORTHE INVENTION ng the ammoni a and the

vater o the rochdetBh of vl diftiod PRI, poririnl itlefelid: bR

preci pi t at ekpraposjtintsccqmtrinilg the neactivinpresidiue afi bisphenol-phenitd whickr etefhddor mi ng

a liquid angyndgdsi d phase of dihydric phenol; and g. separating the
i nsol ubl e solid dihydric Ph_enol paortion fromthe |iquid phase. 2. The
met hod of cl ai m® wheS@nHlating adisphenardgopdining pely®®e has an

b. treating the particles with an alcohol, or any other organic swelling
solvent miscible with water and easily distilled off from an aqueous
solution, preferably a C;-Ci alcohol for a time sufficient to swell the
particles;

. contacting the swelled particles with a ammoniacal solution at a
temperature of at least about 25°C depending on the swelling solvent
emploved in order to selectively sever the ester bonds of the
bisphenol-A residue units;
separating the liquid phase from the solid phase;

e. distilling ammonia and swelling solvent from the liquid phase of d.
above, thus obtaining an essentially aqueous solution with dissolved
urea and partially precipitated bisphenol-A;

f. adding sufficient water to the residue of e. above to precipitate
bisphenol-A thereby forming a liquid and solid phase;

g recovering the solid phase of bisphenol-A; and

h. drying the bisphenol-A.

Since urea is soluble in water, urea goes into solution in step f. above. The

urea is, therefore, recoverable, as well, which can be used as such or broken down

into its component parts such as carbon dioxide and ammonia which ammonia can
also be reused in this ammonical process.

Figure 1



average particle size of about 2 to about 25 nm 3. The nethod of claim1
wherein the organic swelling solvent is an al cohol of CJerr]-Cferr] carbon
4. The met hod of claim3 wherein the al cohol is nethanol. 5. The et hod
of claim1 wherein the organic swelling solvent is a ketone. 6. The
met hod of claim5 wherein the ketone is acetone. 7. The met hod of claim
1 wherein the contacting of the swelled/granul ated particles with the
aqueous ammoni acal solution is at a tenperature of about 30[err]C to about
50[err]C. 8. , The nethod o aiml| wherein the liquid phase of step f. is
a solution of urea. 9. Th thod of claim8 wherein urea is recovered
fromthe solution by the pr s of vacuumdistillation to renove water
10. The neg of claim]l rein the recovered dghydric phenol is

oal adsorpti 11. The nethod of claim1 wherein the

purified by ¢
conposition ¢ i
essentially

from{~ the $yrogp -onsisting
éﬁstercqsbo aryl at es,
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