w0 2008/115252 A1 |0 0 000 O OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [.

52 IO O OO OO

International Bureau

(43) International Publication Date
25 September 2008 (25.09.2008)

(10) International Publication Number

WO 2008/115252 Al

(51) International Patent Classification:
CO7D 209/46 (2006.01)

(21) International Application Number:
PCT/US2007/072840

(22) International Filing Date: 5 July 2007 (05.07.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/687,943 19 March 2007 (19.03.2007) US

(71) Applicant (for all designated States except US): GEN-
ERAL ELECTRIC COMPANY [US/US]; 1 River Road,
Schenectady, NY 12345 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SUN, Tong
[CN/CN]; Room 93-401, No. 3338 Jin Xiu Road, Pu
Dong, Shanghai 200125 (CN). XIU, Guohua [CN/CN];
Room 23-602, No. 89 Mu Dan Road, Pu Dong, Shanghai

(74)

(81)

(34)

201204 (CN). XU, Zhongqi [CN/CN]; Room 50-502, No.
286 Yi Jiang Road, Pu Dong, Shanghai 201203 (CN).
YANG, Jingwu [CN/CN]; Room 1192-16, Beijing Xi
Road, Jing An, Shanghai 200040 (CN).

Agents: WINTER, Catherine, J. et al.; General Electric
Company, Global Patent Operation, 187 Danbury Road,
Suite 204, Wilton, CT 06897 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

[Continued on next page]

(54) Title: PROCESS FOR PURIFYING 2-PHENYL-3, 3 -BIS (4-HYDROXYPHENYL) PHTHALIMIDINE ( PPPBP)

FIG. 2

e Ay

o,p-FPPRP
aminophenone

!
t
|

-
;

¥ ¥ l

P —

contact with

i
120 ACF | ACF

-
purified
wp-PPPRP

|
130 :
3

vegenerate the

(57) Abstract: A method for decoloring
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and the common impurities o,p-PPPBP and
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activated carbon fibers adsorb the impurities,
resulting in a purified solution of p,p-PPPBP. The
activated carbon fibers can then be regenerated,
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PROCESS FOR PURIFYING 2-PHENYL-3,3-BIS (4-HYDROXYPHENYL)PHTHALIMIDINE (PPPBP)

BACKGROUND
This disclosure relates, in various embodiments, to processes for purifying 2-phenyl-
3,3-bis(4-hydroxyphenyl)phthalimidine.

Phenolphthalein has been used as an aromatic dihydroxy compound to synthesize
monomers for preparing polycarbonates, which are generally characterized with
excellent clarity, excellent ductility, and high glass transition temperatures. Certain
derivatives of phenolphthalein have also been used as aromatic dihydroxy
compounds to synthesize monomers to prepare polycarbonate resins as well as
polyarylate resins. In particular, 2-phenyl-3,3-bis(hydroxyphenyl)phthalimidine
(“PPPBP?) is useful as a monomer for polycarbonate resins.

para,para-PPPBP (“p,p-PPPBP”) can be synthesized by refluxing phenolphthalein
and aniline hydrochloride in aniline for 6 hours, followed by recrystallization from
ethanol. p,p-PPPBP has the chemical structure of Formula (1):

0O
N:
YL,

HO
Formula (I)
As is evident, the “p,p-“ designation is used because both hydroxyls are in the p-
position. During this synthesis, undesired side products and impurities are created.
Two such undesired byproducts are ortho,para-PPPBP (“o,p-PPPBP”) and
aminophenone. o,p-PPPBP has the chemical structure of Formula (ll) and
aminophenone has the chemical structure of Formula (l11):
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O
N :
I Ry

Formula (II) Formula ()
wherein R4, Rz, Rs, and R4 are independently —OH or —NHy; and at least one of Rs
and R4 is -NH2. These byproducts arise as a result of the synthesis method
described above. Although the structures of Formulas (Il) and (ll) encompass
several different compounds, they will be treated as one for the purposes of this

disclosure.

Other impurities include residual levels of phenolphthalein and other phenolphthalein
by-products. Impurities affect polymer properties considerably. They can hinder
polymerization and result in low weight average molecular weight polycarbonates of,
for example, less than about 22,000 Daltons for melt polymerization and less than
about 50,000 Daltons for an interfacial polymerization that exhibit undesirable
physical properties, such as increased brittleness, that is, poor ductility properties.
Furthermore, they affect the transparency of the polymer product by producing
discoloration. A major objective of such polycarbonates is transparency.

Because impurities affect the final polymer product, p,p-PPPBP must be purified
after synthesis. The purification process, also known as the decoloring process,
reduces and/or removes these impurities from the intermediate polymer mixture to
obtain the final desired product. Monomer-grade p,p-PPPBP should contain
impurities at a level of less than 15 parts per million (ppm).

In present decoloring processes, the intermediate polymer mixture, containing a
mixture of p,p-PPPBP, phenolphthalein, o,p-PPPBP, aminophenone, and other
byproducts, is dissolved in an aqueous inorganic base. This solution is then treated
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with an adsorbent, usually powder activated carbon (“PAC”), to remove the
impurities. After treatment with PAC, the resulting mixture is then filtered to obtain
the purified p,p-PPPBP in aqueous solution. This process is repeated several times

to achieve the desired purity level.

This process has several disadvantages. First, the PAC usually absorbs between 7-
8% of the desired p,p-PPPBP product. Because PAC is difficult to regenerate, it is
usually discarded after one use and the absorbed product is consequently lost. In
addition, the cost of the PAC, which is discarded, is relatively high due to the need
for a specific grade of PAC. Finally, because the PAC is of small diameter (to
increase surface area for reaction), it is difficult to filter the PAC out of the mixture to

obtain the p,p-PPPBP in aqueous solution.

There is a continuing need for the removal and/or reduction of impurities from p,p-
PPPBP. Such a purification process should also be cost-effective and feasible on a

large scale.

REFERENCES

U.S. Patent Application No. 10/815,880, to Srinivasan et al, filed March 31, 2004 and
published as U.S. Patent Application Publication No0.2005/0222334, discloses
methods for producing and purifying 2-phenyl-3,3-bis(4-hydroxyphenyl)phthalimidine

monomers.

U.S. Patent Application No. 11/263,132, to Chatterjee et al, filed October 31, 2005
and published as U.S. Patent Application Publication No. 2007/0010619, discloses
polycarbonate resins containing 2-phenyl-3,3-bis(4-hydroxyphenyl)phthalimidine

monomers.

U.S. Patent Application No. 11/300,225, to Ganesan et al., filed December 14, 2005,
discloses a method for purifying a 2-aryl-3,3-bis(hydroxyaryl)phthalimidine
compound by contacting it with an acidic material, an organic acid chloride, an
organic anhydride, or a combination thereof.
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U.S. Patent No. 5,344,910, to Sybert, issued September 6, 1994, discloses heat-
resistant  polycarbonate resins containing  2-alkyl-3,3-bis(p-hydroxyphenyl)
phthalimidine.

U.S. Patent No. 7,135,577, to Rai et al, issued November 14, 2006, also discloses
methods for producing and purifying 2-phenyl-3,3-bis(4-hydroxyphenyl)phthalimidine

monomers.

Each reference listed above is hereby incorporated by reference in its entirety.

SUMMARY

An adsorption process for purifying or decoloring p,p-PPPBP is disclosed in various
embodiments. A reaction synthesizing p,p-PPPBP creates an intermediate mixture
comprising p,p-PPPBP and byproducts such as o,p-PPPBP and aminophenone.
The intermediate mixture may also comprise other byproducts. A crude product is
precipitated from the intermediate mixture which comprises the p,p-PPPBP and
byproducts. The crude product is dissolved in an aqueous base to form a pre-
purification solution. The pre-purification solution is then contacted with adsorbent
activated carbon fibers (“ACF”) to filter the o,p-PPPBP and/or aminophenone out of
the solution and decolor the solution. In particular embodiments, the activated
carbon fibers are in the form of a sheet which is rolled and packed into a cylinder. In
other embodiments, the activated carbon fibers are cut into chip form and then

packed into a cylinder.

After filtering the pre-purification solution through the activated carbon fibers, a
purified or decolored solution comprising p,p-PPPBP is obtained. The decolored
solution contains lower levels of o,p-PPPBP and/or aminophenone than the pre-
purification solution. In specific embodiments, the decolored solution contains less

than 15 ppm of the impurities.

In further embodiments, the contacting occurs at elevated temperatures from about
20°C to about 90°C. In more specific embodiments, the contacting occurs at an
elevated temperature of from about 60°C to about 80°C. In more specific

embodiments, the contacting occurs at about 70°C.

4
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The pre-purification solution may be contacted with the activated carbon fibers at a
rate of from about 6 to about 10 milliliters per minute. The contacting may occur for

a period of from about 1 to about 4 hours.

After the pre-purification solution has been filtered through the activated carbon
fibers, the activated carbon fibers are regenerated. In some embodiments, the
regeneration is accomplished by extracting the activated carbon fibers with an
organic solvent. The activated carbon fibers may be extracted multiple times. In
other specific embodiments, the organic solvent is methanol and in further
embodiments, the organic solution has a basic pH. In embodiments, the pH of the
organic solvent or solution used to regenerate the activated carbon fibers is from
about 12 to about 14. The regeneration may also occur at about 70°C.

The activated carbon fibers can be prepared by water rinsing, steaming, or vacuum

suction. They may be prepared for a period of from about 10 to about 30 minutes.

The decoloring process may be done in a continuous or a batch manner.

These and other non-limiting features or characteristics of the present disclosure will

be further described below.

BRIEF DESCRIPTION OF THE DRAWINGS
The following is a brief description of the drawings which are provided for the purposes
of illustrating one or more of the exemplary embodiments described herein and not for

the purposes of limiting the same.

FIGURE 1 is a schematic diagram of an apparatus which may be used to practice
the decoloring process of the present disclosure.
FIGURE 2 is a schematic showing the steps of the decoloring process of the present

disclosure.
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DETAILED DESCRIPTION

The exemplary embodiments of this disclosure are more particularly described below
with reference to the drawings. Although specific terms are used in the following
description for clarity, these terms are intended to refer only to the particular structure of
the various embodiments selected for illustration in the drawings and not to define or
limit the scope of the disclosure. The same reference numerals are used to identify the
same structure in different Figures unless specified otherwise. The structures in the
Figures are not drawn according to their relative proportions and the drawings should

not be interpreted as limiting the disclosure in size, relative size, or location.

2-phenyl-3,3-bis(hydroxyphenyl)phthalimidine (“PPPBP”) can be synthesized from a
reaction of phenolphthalein and an aniline salt. The reaction usually takes place in
an acid solution, which facilitates formation of the PPPBP product. Examples of
suitable acids include hydrochloric acid, sulfuric acid, and nitric acid. An acid
catalyst is also usually included in the reaction mixture, such as aniline
hydrochloride. In particular embodiments, the aniline hydrochloride serves as both
the aniline salt and the acid catalyst. The reaction of phenolphthalein with aniline
proceeds by a condensation reaction to form the desired p,p-PPPBP product. An
excess of aniline may be used to keep the reaction proceeding in the forward direction.
Similarly, a higher reaction temperature with or without removal of water byproduct also
facilitates product formation. However, controlling the temperature of the reaction
mixture along with controlling the rate of water removal enhances the selectivity of the
reaction and suppresses formation of the undesired o,p-PPPBP and/or aminophenone
byproduct. When controlled properly, a reaction mixture comprising phenolphthalein,
aniline (as solvent), and aniline hydrochloride (as catalyst) can be reacted to obtain
an intermediate mixture comprising about 97-98 percent p,p-PPPBP and about 2-3

percent of undesired byproduct.

The intermediate mixture is then quenched with an aqueous acid to precipitate the p,p-
PPPBP and the byproducts, which form a crude product. The crude product is then
dissolved in an aqueous base, such as sodium hydroxide, to make a pre-purification

solution.
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The pre-purification solution is then contacted with adsorbent activated carbon fibers
(“ACF”) to filter impurities out of the solution, decoloring it. Previously, activated
carbon was used in the form of powder activated carbon (“PAC”) and/or granular
activated carbon (“GAC”). PAC and GAC have several disadvantages. As
previously mentioned, they tend to absorb the desired product, which is lost. They
are also difficult to filter in order to obtain the desired product. In addition, their
reaction kinetics are relatively slow. Using ACF, on the other hand, increases the
yield of p,p-PPPBP which is recovered. ACF are more easily regenerated and can
be used scores of times. Because ACF are in a fibrous form, they are easier to
handle and do not require secondary operations like filtration to recover p,p-PPPBP.
ACF also have higher adsorption capacity and higher mass transfer rates for both

adsorption and desorption because of their thin-fiber shape.

The activated carbon fibers are packed into a column for ease of use. Activated
carbon fibers may be formed from cellulose and acrylic precursors. Activated
carbon fibers are usually provided in the form of a sheet. This sheet may be rolled
up and packed into the column. Alternately, the sheet may be cut into chips and
then packed into the column. The chips may have any shape; in one embodiment,
the chips are cut into circles and then stacked on top of each other into the column.
In another embodiment, two types of circular chips having two diameters are
alternately stacked into the column. These forms allow the column to be packed
with near 100% efficiency.

It has been found that the decoloring process using activated carbon fibers is more
efficient when performed at an elevated temperature. In some embodiments, the
contacting is performed at a temperature of from about 20°C to about 90°C. In
specific embodiments, the contacting is performed at a temperature of from about
60°C to about 80°C. In more specific embodiments, the contacting is performed at a
temperature of about 70°C. The elevated temperature can be obtained by either
heating the pre-purification solution or by heating the column itself. However, these
temperature ranges are stated in terms of the temperature of the solution. It may be
necessary to heat the column to a higher temperature in order to obtain these

temperatures in the solution.
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The pre-purification solution should flow through the adsorption column at as low a
rate as possible to increase the residence time of the solution in the ACF. In
embodiments, the flow rate is from about 6 to about 10 milliliters per minute (ml/min).
Of course, this flow rate may change depending on the amount of ACF used, the
operating temperature, and mass transfer hindrance. For example, an adsorption

column with a larger diameter and/or length can accommodate a higher flow rate.

After filtering the pre-purification solution through the packed activated carbon fibers,
a purified or decolored solution comprising p,p-PPPBP is obtained. As used herein,
the terms “purified” and “decolored”, when referring to the p,p-PPPBP obtained, are
used interchangeably. The decolored solution contains lower levels of o,p-PPPBP
and/or aminophenone than the pre-purification solution. The decolored solution is
then quenched again with an aqueous acid to precipitate the purified p,p-PPPBP. The
precipitate may then be stirred with an aliphatic alcohol to remove any remaining trace
of phenolphthalein, then filtered to obtain a cake of purified p,p-PPPBP. Suitable
alcohols include methanol, ethanol, butanol, isopropanol, and the like. In particular, the
level of o,p-PPPBP and/or aminophenone impurities is reduced to ppm levels, so
that the purified p,p-PPPBP contains less than 15 ppm of o,p-PPPBP and/or

aminophenone.

If the cake of p,p-PPPBP is not pure enough, the decoloring process can be
repeated by dissolving the cake of p,p-PPPBP with an aqueous base and filtering it
through activated carbon fibers again. Alternatively, the decolored solution is not
qguenched to precipitate purified p,p-PPPBP, but is used as the input to another

adsorption column.

After the pre-purification solution has been decolored by the activated carbon fibers,
the activated carbon fibers contain impurities such as phenolphthalein, o,p-PPPBP,
and/or aminophenone, along with residual levels of the desired p,p-PPPBP product.
One benefit of using activated carbon fibers instead of PAC or GAC is that the fibers
can be easily regenerated, whereas PAC and GAC cannot. PAC and GAC end up
being used only once before they must be replaced. PAC and GAC are

commercially available as NORIT from Norit Corporation. Activated carbon fibers,



WO 2008/115252 PCT/US2007/072840

on the other hand, can be easily regenerated and can be used scores of times
before being replaced.

The activated carbon fibers can be regenerated in several different ways. They can
be regenerated by exposure to a basic solution. For example, a regeneration
solution may be an aqueous solution of NaOH which is run through the column to
regenerate the activated carbon fibers. They can also be regenerated by extraction,
for example with methanol. In specific embodiments, they are regenerated with a
basic methanol solution having a pH of from about 12 to about 14. They can also be
regenerated by exposure to an acidic solution. Finally, the ACF can be heated to
release adsorbed components. In some embodiments, the regeneration step
comprises multiple purging steps using one or more of these methods. In particular
embodiments, the regeneration includes from about 2 to about 5 steps.

The decoloring process of the present disclosure can be performed in a continuous
or batch manner. Using the process, p,p-PPPBP can be purified by the reduction
and/or removal of the o,p-PPPBP and/or aminophenone impurities. Variations of this
process can achieve this result. For example, the length of the adsorption column
can be increased or the concentration of p,p-PPPBP and/or byproducts can be
reduced in the solution fed into the column to increase the yield.

In preparing the column containing the activated carbon fibers for adsorption, the
column may be washed. For example, fresh water can be run through the column or
the column may be exposed to vacuum. This preparation step can last for from
about 10 to about 30 minutes. The pre-purification solution can have a residence
time of from about 1 hour to about 4 hours. In a specific embodiment, the solution is
run for about 2 hours. The regeneration step can last for from about 2 to about 10
hours. Generally, the adsorption step, where the pre-purification solution is run
through the column, takes the most time and runs for longer than both the
preparation step and the regeneration step combined.

FIGURE 1 is a schematic diagram of an apparatus which may be used to practice
the purification process of the present disclosure. The adsorption column 10
contains the activated carbon fibers used in the process. If a preparation step is
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used, vacuum suction 70 may be used to prepare the column. During the decoloring
step, the pre-purification solution 20 enters the column and purified solution 60 exits
the column. After the purifying step is completed, the column is regenerated. In one
embodiment, the activated carbon fibers are regenerated by purging the column 10
first with nitrogen gas 40, then with a regeneration solution 30, then with steam at an
elevated pressure 50. The regeneration solution 30, after going through the column
10, is recovered as waste solution 80.

FIGURE 2 is a schematic showing the process steps of the present disclosure. A
pre-purifying solution is provided comprising p,p-PPPBP and impurities such as o,p-
PPPBP and/or aminophenone 110. The pre-purifying solution is contacted with the
activated carbon fibers 120. A decolored solution comprising p,p-PPPBP is obtained
130. The activated carbon fibers are regenerated 140.

The present disclosure is further illustrated in the following non-limiting working
examples, it being understood that these examples are intended to be illustrative
only and that the disclosure is not intended to be limited to the materials, conditions,
process parameters and the like recited herein. All proportions are by weight unless
otherwise indicated.

EXAMPLES

Preparation of Pre-Purification Solution

About 500 grams of wet cake comprising p,p-PPPBP and aminophenone was mixed
with 8 liters of water and 142 grams of NaOH. This solution was then filtered to
remove insoluble particles to form the pre-purification solution. The wet cake
contained >95% p,p-PPPBP and about 1.5% impurities such as o,p-PPPBP and

aminophenone.
Pre-Treatment of Activated Carbon Fibers

The activated carbon fibers (ACF) were washed with distilled watter, then dried in an

oven at 100°C. This pretreatment maximized the initial capacity of the ACF.

10
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Determination of Purity of p,p-PPPBP by HPLC

HPLC was used to determine the purity of p,p-PPPBP in the following Examples.
Trace amounts of the reactants (phenolphthalein) and byproducts (o,p-PPPBP
and/or aminophenone) were expected to be present in the final product. However,
other unknown impurities could also be expected. Phenolphthalein was determined
using an external calibration standard method and other impurities were determined

using the response factor of PPPBP. The HPLC equipment used the following

conditions:
Instrument: Shimadzu LC-10 Advp
Column: ZORBAX Eclipse XDB-Phenyl, 250*4.6mm, 5.0-
micron.
Mobile phase: 0.02% v/v HsPOy4 in deionized water, Acetonitrile

Column temperature: | 40°C

Flow rate: 1.0 ml/min

Detector wavelength: | 230 nm PDA

Data acquisition: 30 min
Injection volume: 10
EXAMPLE 1

Activated carbon fibers obtained from two different vendors, Anshan & Sutong, were
pretreated as described above. Four flasks were prepared; each flask contained about
2.0 grams of ACF. Two flasks contained ACF from Anshan and two flasks contained
ACF from Sutong.

200.0 mL of the pre-purification solution was placed into each flask. The flasks were
then shaken for two hours. Two flasks, one from each vendor, were shaken at 20°C
and the other two flasks were shaken at 70°C. The solution was then analyzed by
HPLC to measure the concentration change of the aminophenone. The initial peak
area for aminophenone was 175,537. Results are shown in Table 1.

11
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Table 1.
Sample | Vendor | Temperature | Post-Purification Peak Area | Removal Ratio (%)
1 Anshan 20°C 170,989 2.59
2 Anshan 70°C 169,914 3.20
3 Sutong 20°C 147,772 15.82
4 Sutong 70°C 30,756 82.48

The data showed that the adsorption temperature significantly affected the removal
ratio of the aminophenone impurity in the Sutong material. In particular, the
concentration of aminophenone in Sample 4 was reduced from 84.5 ppm to 12.4 ppm
upon ACF treatment.

Because the difference in performance of the ACF from the two vendors was significant,

the ACF themselves were examined. Table 2 lists of properties of the ACF from the
two vendors.

12
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Table 2.
Property Anshan ACF Sutong ACF
BJH Adsorption cumulative surface area of pores 107.666 289.837
having a radius between 8.5A and 1500A (m?/g)
BJH Adsorption cumulative volume of pores 0.085 0.182
having a radius between 8.5A and 1500A (cm®/g)
Average pore width (A) 19.438 18.895

Pores having a radius between 8.5A and 1500A would play the most important role for
purifying aminophenone because this range of pore size matches the molecular size of
impurities very well. The data showed that the Sutong ACF had surface area and pore
volume more than double that of the Anshan ACF. In other words, the Sutong ACF
was more than twice as effective at removing impurities for the same amount of ACF.

EXAMPLE 2

Activated carbon fibers from Sutong were pretreated as described above. Three flasks
were prepared; each flask contained 2.0 grams of ACF. 200.0 mL of the pre-
purification solution was placed into each flask. The flasks were then shaken for one,
two, and three hours, respectively. Each solution was then analyzed by HPLC to
measure the concentration change of the aminophenone. The initial peak area for
aminophenone was 32,770. Results are shown in Table 3.

Table 3.
Sample | Shaking Time (hr) | Post-Purification Peak Area | Removal Ratio (%)
1 1 7,225 77.95
2 2 4,196 87.20
3 3 4,670 85.75

Because ACF has a high adsorption speed, additional exposure does not increase the
removal ratio. In the static adsorption situation shown here, an exposure time of two

hours was sufficient to remove most of the aminophenone impurity.

13
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EXAMPLE 3

Activated carbon fibers from Sutong were pretreated as described above. One flask
was prepared and contained 2.0 grams of ACF. 200.0 mL of the pre-purification
solution was placed into the flask, then shaken for two hours at 70°C. The solution was
then analyzed by HPLC to measure the concentration change of p,p-PPPBP,
aminophenone, and phenolphthalein (PP). Results are shown in Table 4.

Table 4.
Component Pre-Purification Peak Post-Purification Peak Removal Ratio
Area Area (%)
p,p-PPPBP 18,655,143 17,540,532 5.97
aminophenone 33,182 4,877 85.30
PP 371,490 273,557 26.36

The data showed that ACF had excellent selective adsorption of aminophenone,
compared to p,p-PPPBP and PP. The removal ratio of p,p-PPPBP for ACF is also less
than that of PAC (7-8%), so less desired product is lost in the purification process.

EXAMPLE 4
The efficiency of various regeneration methods was tested. The following four methods

were tested:

Method C: Regeneration with basic solution. 35.5 g NaOH was dissolved in 1L of water
to form a basic solution. Used ACF was put in 200 ml of the basic solution and shaken
for 20 minutes at room temperature. The ACF was then removed from the basic
solution and the preceding step was repeated three times. The ACF was then washed

with water and dried in an oven at 100°C.

Method D: Regeneration with acidic solution. 200 ml hydrochloride acid (~12 M, 36-38
weight percent HCl) was added to 800 ml water to form an acidic solution. Used ACF
was put in 200 ml of the acidic solution and shaken for 20 minutes at room temperature.
The ACF was then removed from the acidic solution and the preceding step was

14
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repeated three times. The ACF was then washed with water and dried in an oven at
100°C.

Method E: Regeneration with methanol extraction. Used ACF was put in 200 ml of
methanol and extracted for 70 minutes at 70°C. The ACF was then removed from the
methanol and the preceding step was repeated three times. The ACF was then

washed with water and dried in an oven at 100°C.

Method F: Regeneration with basic methanol solution extraction. 17.75 g NaOH was
dissolved in 1 L of methanol to form a basic methanol solution. Used ACF was put in
200 ml of the basic methanol solution and extracted for 70 minutes at 70°C. The ACF
was then removed from the basic methanol solution and the preceding step was
repeated three times. The ACF was then washed with water and dried in an oven at
100°C.

The methods were tested by using ACF to purify a solution, then regenerating the ACF
and using it anew to purify a new solution. The removal ratio for aminophenone could
be calculated each time the ACF was used, indicating the regeneration effect of the

regeneration method. Results are shown in Table 5.

Table 5.
Regeneration Method | Aminophenone Removal Ratio after nth Regeneration (%)
Initial 1st 2nd 3rd 4th 5th
C 87.4 3.9 - - - -
D 87.4 3.8 - - - -
E 87.4 40.7 23.8 211 13.5 10.5
F 87.4 78.04 54.22 37.76 23.1 14.8

The most effective method of regenerating the ACF was by methanol extraction,
especially basic methanol extraction. However, any organic solvent should be equally
effective. Basic conditions should improve the solubility of p,p-PPPBP, allowing it to be

extracted into the methanol as well.
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While particular embodiments have been described, alternatives, modifications,
variations, improvements, and substantial equivalents that are or may be presently
unforeseen may arise to applicants or others skilled in the art. Accordingly, the
appended claims as filed and as they may be amended are intended to embrace all

such alternatives, modifications variations, improvements, and substantial equivalents.

16



WO 2008/115252 PCT/US2007/072840

CLAIMS
What is claimed is:

1. A decoloring process, comprising:
providing a pre-purification solution comprising 2-phenyl-3,3-bis(p-
phenol)phthalimidine (“p,p-PPPBP”) and an impurity; and
contacting the pre-purification solution with activated carbon fibers to
adsorb the impurity and obtain a decolored solution comprising p,p-PPPBP and a

lower concentration of impurity compared to the pre-purification solution.

2. The process of claim 1, wherein the activated carbon fibers are in the
shape of a rolled cylindrical sheet or in the shape of cut circles stacked into a column.

3. The process of claim 1, wherein the impurity has the chemical structure

O
N :
I Ry

of Formula (ll) or Formula (l11):

Formula (II) Formula (IIl)
wherein R1, Rz, Rs, and R4 are independently —OH or —NHy; and at least one of Rs
and Ry is -NH..

4. The process of claim 1, wherein the impurity is 2-phenyl-3-(o-phenol)-
3-(p-phenol)phthalimidine (“o,p-PPPBP”).

5. The process of claim 1, wherein the impurity is an aminophenone.

17



WO 2008/115252 PCT/US2007/072840

6. The process of claim 1, wherein the decolored solution contains less
than 15 ppm of the impurity.

7. The process of claim 1, wherein the contacting occurs at an elevated
temperature of from about 20°C to about 90°C.

8. The process of claim 1, wherein the contacting occurs at an elevated

temperature of from about 60°C to about 80°C.

9. The process of claim 1, wherein the contacting occurs at an elevated

temperature of about 70°C.
10. The process of claim 1, wherein the pre-purification solution is
contacted with the activated carbon fibers at a rate of from about 6 to about 10

milliliters per minute.

11.  The process of claim 1, wherein the contacting occurs for a period of
from about 1 to about 4 hours.

12.  The process of claim 1, further comprising: regenerating the activated

carbon fibers by desorbing the impurity.

13. The process of claim 12, wherein regenerating is accomplished by
extracting the activated carbon fibers with an organic solvent.

14.  The process of claim 13, wherein the organic solvent has a basic pH of
from about 12 to about 14.

15.  The process of claim 13, wherein the organic solvent is methanol.

16. The process of claim 13, wherein regenerating is accomplished by
extracting the activated carbon fibers from about 2 to about 5 times.
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17.  The process of claim 12, wherein the regenerating is performed at a
temperature of about 70°C.

18. The process of claim 1, further comprising: preparing the activated
carbon fibers by washing them with water or by exposing them to vacuum.

19.  The process of claim 18, wherein the preparing occurs for a period of

from about 10 to about 30 minutes.

20. The process of claim 1, further comprising:
reacting phenolphthalein and aniline to obtain an intermediate mixture;
quenching the intermediate mixture with an aqgeous acid to form a
crude product; and
dissolving the crude product in an aqueous base to obtain the pre-

purification solution.

21. A decoloring process, comprising:

providing a pre-purification solution comprising 2-phenyl-3,3-bis(p-
phenol)phthalimidine (“p,p-PPPBP”) and an impurity;

preparing activated carbon fibers by exposing them to vacuum;

decoloring the pre-purification solution using activated carbon fibers to
obtain a decolored solution comprising p,p-PPPBP and having a lower concentration
of the impurity than the pre-purification solution; and

regenerating the activated carbon fibers by extracting them with a basic

methanol solution.

22. The process of claim 21, wherein the decoloring occurs at an elevated

temperature of about 70°C.

23. The process of claim 21, wherein the decolored solution contains less
than 15 ppm of the impurity.

24.  The process of claim 21, wherein the basic methanol solution has a pH
of from about 12 to about 14.
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25. A decoloring process, comprising:

providing a pre-purification solution comprising 2-phenyl-3,3-bis(p-
phenol)phthalimidine (“p,p-PPPBP”) and an impurity;

contacting the pre-purification solution with clean activated carbon
fibers at a temperature of from about 60°C to about 80°C to adsorb the impurity and
obtain (1) a decolored solution comprising p,p-PPPBP and less than 15 ppm of
impurity; and (2) contacted activated carbon fibers; and

regenerating the contacted activated carbon fibers by extracting the
contacted activated carbon fibers with a methanol solution having a basic pH.

26. The process of claim 25, wherein the methanol solution has a pH of
from about 12 to about 14.
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