REMOVAL OF METALS AND COLOR B(I)l ES FROVI CHEM CALLY RECYCLED

Bl SPHENOL- A F ELD OF THE | NVENTI ON
This instant invention rel ates torq process of renoving netals and col or
bodi es from di hydri c phenol recovérgedhtrom pol ymeric conpositions

cont ai ning the resi due of dihydrig phenol units in their polymner
structure. The process enployed 5 Is the dry distillation of crude

di hydric phenol in the presence of hypophosphorous acid. Mre
specifically, th ric phengol is bisphenol-A The purified dihydric
phenol is thenﬁﬁ’gﬁ’ % Tg 59@ o EBPHgC%%&%WeFF% By

pol ycar bonat es, epoxi es, and TRE > wherein dihydric phenol is a
constituent in the chem cal reaction. 10
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can becone degr gdegbrsuch as 20 i npact resistance, defornmation under

| oad and {gnperature, t ensiyl F ral strength,
el ongation, flow behavior, nmopl astic

products are enpl oye‘dlﬂ\nﬂpr e@mnt i vensfactsredp nuderinlss , partiailqplya shérmophastip
di | emma materials, the problem of dealing with abandoned thermoplastic products and
materials has been an increasing problem. Many thermoplastic materials are not
substantiaily biodegradable. Steps have been taken and are continuing to be taken
15 and developed to recycle thermoplastic products. Unfortunately, récycling involves
thermal processing of the thermoplastic and as such generally results in degradation
of the thermoplastic both 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

20 impact resistance, deformation under load and temperature, tensile strehgth,
flexural strength, elongation, flow behavior, etc. As more and more thermoplastic
products 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

25 and the plastics industry.

US. Patent 4,885,407 describes a process of recovering a dihydric phenol
particularly bisphenol-A from scrap or otherwise abandoned aromatic polyesters
such as polycarbonates. The process involves contacting the polycarbonate, for
example, with an aqueous ammoniacal solution and a solvent for the polycarbonate

30 such as methylene chloride to form two liquid phases, with the top phase being
aqueous and the bottom phase being methyiene chloride phase. The methylene
chioride dihydric phenol solution can simply be heated to its boiling point wherein
the methylene chloride and the ammonia are removed, leaving the dihydric phenol.
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20 internal waste polymer compositions, which are either already present in the
polymer from the formulation thereof with pigments or from the metal handling
equipment itself,

SUMMARY OF THE INVENTION
It has been surprisingly discovered that crude dihydric phenol obtained by
25 chemical means from polymers containing the reaction residue of dihydric phenol

units in its structure can be purified by a very simple and surprisingly effective
process of dry distillation in the presence of hypophosphorous acid. The quality of
bisphenol-A obtained by this process is of extremely high purity. As crude BPA is
obtained by chemical means, the crude BPA contains color bodies and metal

30 complexes which can also cause undesirable color bodies. These color bodies can
come from the molding and/or extrusion formulations and/or from metals of the
equipment emploved either during processing or recovering of plastics for recycling,
such as grinding, handling equipment and the like.
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pure, the crude BPA recovered from the polvmeric form contains undesirable color
bodies and/or metals. which can complex with BPA species to form additional
undesirable color bodies. Such impurities are removed by the essentially dry
20 distillation of the crude BPA in the presence of hypophosphorous acid. The purity
obtained by the improved process of this invention is at least about 95 weight %
pure and preferably at least about 99 weight % pure and specifically greater that 99
weight % pure.
Preferably, this process is applicable to BPA recovered by the ammoniacal
25 process -of attorney docket 8CL-7129 filed of even date herewith and which is
incorporated herein by reference. That process briefly comprises granulating a
thermoplastic composition containing a thermoplastic polymer having in its
structure the reaction residue of dihydric phenol units, treating the granulated
particles with an organic swelling agent, such as methanol, for a time sufficient to
30 swell the particles, contacting the particles with an aqueous ammoniacal solution,
such as ammonium hydroxide, thereby forming a solid and a liquid phase, distilling
ammonia and methanol from the liquid phase, the residue of which contains
dissolved urea and partially precipitated dihydric phenol, adding sufficient water to




5 even date herewith can be purified by the process of the instant

I nvention, both of whi ch are hereby incorporated herein by

ref erence. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The instant invention is directed to an inproved process of purifying
recovered di hydric phenol, particularly bisphenol-A (hereinafter BPA), by
dry 10 distillation of crude BPA in the presence of hypophosphorous

acid. More . .specifically, hypophosphorous acid is added to the BPA
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high purity grade bisphenol-A is most desired for producing aromatic
polycarbonates. Aromatic polycarbonates are also well known in the polymer field
and their preparation is fully disclosed in the Patent literature. Briefly, the process
comprises reacting a bisphenol-A with a carbonate precursor, such as phosgene, a

25 haloformate or a carbonate ester. This may be prepared in accordarice with methods
set forth in US. Patents 4,018,750, 4,123,326 or 3,153,008, as well as other patent
references.

As stated previously, the polymers containing the reaction residue of
dihydric phenol units in their structure may be aromatic polyesters, such as poly-

30 carbonates, copolyestercarbonates, polyarylates or mixtures thereof, or mixtures
thereof with other polymers and/or materials. Such other polymers include
polyamile (nyion), polybutyleneterephthalate (PBT), polyethyiene-terephthalate
(PET), polyphenylene ether, acrylonitrile-butadiene-styrene (ABS), and the like.
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pol ymers includg durmg which the ammonium sait of the dihydric phenolate was converted to the
dihydric phenol form or bisphenol-A. The residue was a solid consisting of urea
and bisphenol-A since upon distillation, the ammonium salt of bisphenol-A was
25 transferred or converted to bisphenol-A. Sufficient water was added to the
essentially aqueous solution of dissolved urea and partially 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 bisphenol-A
since it is insoluble in water and a liquid phase which was an aqueous solution of
30 urea. The bisphenol-A that was recovered by filtration was dried and weighed.
For comparison purposes, other samples of bisphenol-A were also analyzed
for color. These samples were polycarbonate sheet scrap BPA used in this Example
1 (Sample 1), crude BPA sample from commercial plant production thereof that is




pol yam | e (nyl on), polybutyl eneterephthal ate (PBT),

pol yet hyl ene-t erepht hal ate (PET), polyphenyl ene et her,
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anmoni um hydr oxi de to net hanol ) was added to the swol |l en

particl e=net hanol m xture and agit Sk { O about 1 hour at a

tenperature of about 40[err]C Two were formed consisting of a solid
phase and a liquid phase. T%ﬁ@ases were separated by filtration
and the solid phase was dri'ed and wei ghed. It was determ ned that
the solid phase wasS about I Wei Rt % g QU- Ig] 07 1 Wetyht of the
total pol ycarpereie—sanple e ligul.d phase whs t hen

distilled to | BND@E0mmoni a and| &89 hah2b0 1.60 216 0.15
) initial absorbance

15

* UV - ultra violet light

20 The quality of the BPA was determined by ultra violet light (UV) initial
absorbance of the sample of BPA at 350nm (nanometers). Impurities in BPA cause a
higher absorbance than pure BPA. A spectrophotometer (UV/VISUAL) was
employed using a 1.0 gram sample dissoived in 10mi of methanol solvent and
measured at 350nm. A Scm quartz cuvette was employed to hold the sample. The

25 spectrophotometer was switched to 350nm. The cuvette was rinsed, filled with
methanol and placed in the spectrophotometer. The absorbance scale was adjusted
to 0.0nm. The cuvette was then rinsed and filled with 10ml of the BPA-methanol
solution. The initial absorbance was then read with the resuits reported in Table 1.

As seen from the results, the essentially dry distitlation of the BPA recovered

30 in accordance with Exampie 1 in the presence of hypophosphorous acide was of a
higher purity compared to the other samples.

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



during which the ammonium salt of the dihydric phenol ate was converted to
t he di hydri c phenol form or bisphenol-A The residue was a solid
consi sting of urea and bi sphenol - A since upon distillation, the
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was recovemrgdifentiohl rati on was dried and wei ghed. For
conpari son purposes, other sanples of bisphenol-A were also anal yzed
for color. These sanples were pol ycarbonate sheet scrap BPA used in this

Exanpl e 1 (Sanmple 1), crude BPA sanple fromcomercial plant
production thereof that is fed into a crystallizer
(Sanpl e 2), polycarbonate scrap BPA treated with activated char coa

(Sanpl e 3), BPA recovered in accordance with this Exanple and dry
distilled but w thout hypophosphorous acid (Sanple 4) and BPA recovered in
accordance with this Exanple and distilled with hypophosphorous acid
(Sanple 5). 5 The amount of hypophosphorous acid enpl oyed in Sanple 5
was about 0.002 wei ght % based on the weight of the sanple. The
hypophosphor ous aci d enpl oyed was a 50 wei ght % aqueous sol ution of
t he hypophosphorous aci d. Distillation was carried out under
a vacuum of about 1.0mm Hg. The results were as follows: 10

Table 1
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that the appended c] al ns_cover all difications which are within the
spirit andpgcope of3- The process of claim 2' wherein ?\ypophosphorous acir& is an

aqueous solution of the hypophosphorous acid.

4. The dihydric phenol prepared by the improved process of
claim 1 having a purity of at least 95 weight % pure dihydric phenol.

3. The dihyvdric phenol of claim 4 wherein the dihydric phenol is
bisphenol-A.

6. The bisphenoi-A of claim 5 wherein the purity is at least 99
weight % pure bisphenol-A. _

7. An aromatic polycarbonate prepared with the bisphenol-A of

" claim 6.



this invention. 8 What is clai ned

I S: 1. An i nproved process for the purificati lLid di hydric
phenol recovered froma polynmer containing the reacti 3?”3@5'5[!%’&” dric
phenol wunits in the structure of the polyner, the inprove A %g
the essentially dry distillation of the dihydric phenol in the préserice of
about 0.005 to about 0.05 wei ght percént of hypophosphorous acid based on

t he wei ght of the dihydric phenol. 2. The inproved process of claim
1 wherein the di hydric phenol is bisphenol-A 3. The process of

cl ai m 2 wherei n hypo@hosplimaoprocessifor resoveringnbisphenol-dl frbmoa tgvémtdﬁaﬁﬁc
hypophosphor ous ' : ' ' . t he

i mproved proces ﬁg*‘q a %?st%’a:‘vﬁvgngﬁgu%@%%f Bkalg H?'léoelfgi 88@ ﬁ}eﬁ‘%ﬁ?ly %ebur e
di hydri c phenol .structure comprising,dhefiskapsr ofc gpanauatingothec palymer ogmpasitiort, he

di hydric phenol _&@nhﬂhsmge?ﬁhmﬁmd particles Gvith ah"8rgahikP§9ERhg Aoffent ltﬁiﬁ}f
wherein the purity jS at Teast 99 wei ght % pure |ﬁ&2enol - A . . An
aromatic pgl ycarﬁéﬁﬁ%wb%ﬁé%@ﬁ\ﬂtm“ mufficient jta suell Ahg rgranujated gparticles,

contacting the swelled particles with an aqueous ammoniacal solution at a
temperature of at least about 25°C forming a liquid and a solid phase,
recovering the liquid phase, distilling ammonia and organic swelling solvent
from the recovered liquid phase, adding water to the residue of the
10 distillation step forming a liquid and a solid phase, which solid phase is
crude bisphenol-A and recovering the crude bisphenol-A; the improvement
comprising the essentially dry distillation of the crude bisphenoi-A in the
presence of about 0.005 to about 0.05 weight percent of hypophosphorous
acid based on the weight of bisphenol-A.
15 9. The process of claim 8 wherein the organic swelling agent is
methanol.
10.  The process of claim 8 wherein the hypophosphorous acid is a
aqueous solution thereof.
11.  The process of claim 8 wherein the purity of bisphenol-A
20 obtained is at least 99 weight percent of bisphenol-A.



9 8. In a process for recovering bisphenol-A froma

t hernopl astic pol ymer conposition having the residue of bisphenol-A
units in its polymner structure conprising the steps of granulating
t he pol yner conposition, treating the granul ated particles with an
organic swelling solvent that is 5 giscible with water for a tine
sufficient to swell the granul ated particles, contacting the
swel l ed particles with an aqueous ammoni acal solution at a

t enper at UREMOWAR! OFe NETAZIS0 AND2 Totior] Bobaws FRoM |crs i'dphase,
recovering the liquid phase, distBrigpaswonmani a and or%é‘%‘?‘? ?v%q%qn%dao

sol vent fromthe recovered |liquid phase, adding water to the

resi due of the 10 distillation step formng a liquid and a solid phase,
whi ch solid phase is crude bi sphenol - A and recovering the crude

bi sphenol - A; the inprovenent conprising the essentially dry
distillation of the crude bisphenol-Ain the presence of about

0. 005 to about 0.05 wei ght percent of hypophosphorous aci d based on

the wei ght of bisphenol-A 1ABSTRACT OF THE INVENTIONOCcess of claim 8
wherein the organic swellin

“agent 1s_ . ..netnanol .. .
The process of clai M"ﬂﬂ@?‘gf’ngﬁﬁé’ﬁo%m efcsalid dibydric phenol,
AeToin The PULLLY oL, Bl it S [edf: 4 Pelpcl RAHAG HE Ralk
t - . t t t t
D eregglntn of ebfg%g%qogg\_gih%n%np Al anits in the po ymrjeer s'tésuc%u'e beyaessentiallmylrmdxgy
5 distilling dihydric phenol in the presence of about 0.005 to about 0.05 weight

percent of hypophosphorous acid based on the weight of dihydric phenol.



