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. RECLAMATION OF B.ISPHENOL TARS AS FEEDSTOCK 
IN THE S\'NTHESJS OF AMINOPHENnHYDROXYPHENYLALKANES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

.The invention rela• to synthesis of aromatic amines and more 

particularly to the synth'5iS of 

aminophenylhydroxyphenylalkanes. 

Brief Description of Related Art 

The aminophenylhydroxyphenylallcanes are a well known class of 

compounds useful as p~n for ul~-Yiolet. light absorbing agents in 

plastic formulations. The COl:l\pounds, -h:ereinafter ~ to at times as 
11AHA's11 may be prepared by a number of known methods. There are two 

main routes for the synthesis of AHA: the fi'5t one involves the reaction of 

aniline hydrochloride or related salts with p.isopropenyl phenol; see for 

example the descriptions gi~en in German Auslegeschrift 1,251,334 and 

German Offenlegungssduift 29'5,179. The second main route of synthesis 

involves the reaction of anililie hydrochloride With the dihydric phenol ~2 

bis(p-hydroxyphenyl) propane (commonly referred to as 11bisphenol-A"); see 

for example the d'5Criplions given in French Patent 1,398,652 and ln Belgian 

Patent No. 633,236. 

Bisphenols are commercially prepared. by condensing 2 moles of 

phenol with a mole of ketone in the presence of an add catalyst. The phenol 

is present in a molar excess of the stoichiometric requirement. During the 

condensation, a number of isomeric forms of the product bisphenol are 

fonned which are contaminants of the desired bisphenoL These 

contaminants are carried in the product stream &om the condensation 

reaction zone, with water, ttace quantities of acidic materials derived &om 
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the catalyst, unreacted phenol and unreacted ketone. CurrenUy, the 

purification of the 4esired product bisphenol is a costly and multi-step 

procedure. 

There are ~o ~ommercially important processes for the synthesis of 

bisphenols cunently in use. The earlier process is called the •hcl" process, in 

reference.tq the acidic catalyst e~ployed (hydrogen chloride). Briefty, glass 

lined vessels are charged in a batch/ conUnuoias fashion. With phenol, ketone 

and reqcled -by·products from earlier synthesis. Tills mixture is continually 

kept un~el'.' a positive pfeSSure of hycirog4!n c~oride gu (hcl), which 

cataly7.e5 the formaJ:ion of bisphen0l. 

The second commercial synthesis reaction consists of passing phenol, 

acetone and the recyded by .. products through a stationuy bed of acidic ion 

exchange resin (IE~) catalyst. This can be done in one of two ways; ffnt, until 

essentially complete acetone depletion; second, and most desirable, is "partial 

acetone conversion". ~ technology is described in US. Patent 5,315,042 

which ls hereby incorporated herein by reference thereto. 

Representative of more detailed descriptions of the above commercial 

proc__. for condensing phenol with acetone to obtain bisphenol·A are those 

found in the U.S. Patents 4,346,147; 4,396,728; 4,400,555; 4,424.283; 4,584,416; 

4,766,~·and 4,847,433; all of which are incorporated. herein by reference 

. thereto. The factor shared by all of these known methodi and processes is the 

need to purify and recover the product bisphenol in steps subsequent to the 

condensation ~01\. Another shared factor is described in the US. Patent 

4,327,229 (incorporated by reference) which concerns the recovery of valuable 

products and by .. productl of bisphenol-A synthesis. In U.S. Patent 4,327,229 

recognition Is given to a problem conceming the preparative reaction 

effluent, whic:h contains unreacted phenol, unreacted acetone, add residues 

of the catalyst, water, tan and by-product isomen of bisphenol·A in 

admixture with the desired bisphenol-A; 
As mentioned above, all of the commercial processes to prepare 

bisphenol include costly multi-step purification procedures entailing 

distillations, crystallizations, solvent extractions, evaporations and lilce 

procedures. Where bisphenol is separated from the contaminants and 
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purified by crystAllization_ a mother liquor is obtained which contains (after 

dewatering) lower boiling reaction by-products, bisphenol and higher boiling 

reaction by-products to. name a few components. A part of this mother liquor 

is conventionally recycled to ~e condensation reactor for utilization in the 

preparaUve process, but a large part is purged from the procesi line to 

maintain the quality of the desired blsphenol and to avotd build•.up of the 
undesirable by-products in the process line! The purged mother liquor may 

be subjected. to further treatment to extract solvents, bisphenol, water and 
other useful components,, but there ultimately results a residual -tar which is 

. . 

generally bum~ as a means of disposal However, as staled in.the U.S. 

Patent 4,327,229, "it has been calculated that substantial amounts of phenol 

and re-usable bisphenol-A values ca11: be derived from ·the tars and Uquors 

derived from the process of making bisphenol·A, and there still remains the 
need to treat the tars and residues resulting &om the Initial reaction of the 

phenol and acetone ta recover all useful products in order to enhance the 
value of the btsphenol·A·procesa. • 

The p~nt inventiOn ia· an improvement in the ·utilization of the tar 
residues of the commercial bi.phenol process, using it u a feedstock to 

prepare phenol and aminophenylhydroxyphenyl aUcanes (AHAs). 

SUMMARY Of THE. JNYENTION 
Tite invention comprises a process for the preparation of 

aminophenylhydroxyphenyl allcanes which comprises; 
providing a tarry residue of higher boiling by-products of the 

condensation of phenol and. a ketone obtained by distillation/ evaporation of 

a mother liquor obtained after separation of bisphenob 
heating the tarry residue with an arylamine salt; and 

separating the resulting aminophenylhydroxy·phenylallca.nes. 

· DETAILED DESCRimON Of THE 
PREFERRED EMBODIMENT OF THE INVENTION 

The method of the present invention provides an economical means to 

recover bisphenol-A and other valuable residues from. admixture with 
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contaminant materials resulUng from the bisphenol·A prepantive process in 

effluent streams, without 

employing cracking procedures to convert bisphenol-A back to phenol and 

acetone. 

The co~mercially im~rtant processes for preparing bisphenol·A · 

comprise condensation of.2.moles of phenol with a mole of . .acetone in the 
presence of an ac~d catalyst a~d a stoichiometric excess of the phenol reactant 
see for e~mple the US. Patents ~766,254 an~ 4,847,433 mentioned •bove. 

The reaction zone effluent is conventionally continuously withdrawn 

and fed·to.a system for separation of the desired product bisphenof .. A. A5 

mentioned earlier, this effluent comprises unreacted phenol, unreacted 

acetone, acid ~idues of the catalyst,, water and isomen of blsphenol-A in 

admixture with the desired bisphenol-A. The isomen of Interest are position 

isomers wherein the hyd~xy groups are other than-In the p-configuration. 

The effluent may be treated first by cooling-~. precipitate a crystalline 1:1 

addud of bisphenol·A with pheno~ and separating .the solid adduct. The 

remaining mother liquor generally contains appreciable quantities of residual 
. . 

bisphenol-A and valua.ble isomers thereof. 

It ts this liquor which may provide a starting material for the method of the 

present invention. 

At lt!Ut a portion of the mother liquor may be treated by heating to a 

temper•ture within the range of &om about ss·c. to 95"C. to promote 

isomenzation of related- Isomers to bisphenol-A or recycled through the . 

reaction zone described above for subsequent condensations in the process 

line. 
A portion of the mother liquor may also be treated with ion~xchange 

resins, filtered, distilled to remove phenol and solvents. 

The feedstock employed in the process of the present invention is 

obtained &om a portion of the mother liquor, distilled/ evaporated to leave a 

tarry residue of higher boiling by-products of the acetone-phenol 

condensation, after separation (usually by crystallization and filtration) of the 

desired bisphenol·A. In one embodiment. the mother liquor is purged &om 

the biaphenol-A synthesis line and subjected to distillation/ evaporation 
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under progressively (sequentially) higher vacuum/temperature conditions in 
order to separate the stream into four fractions. A ftnt d1sUllation column is 
operated under vacuum ind temperature conditions to remove an overhead 
fraction containing relatively.pure phenol (eg >9'1~ purity). The bottoms of 
the fint column ... fed to • .econd distillAtion column. Thla second column 
opefates under reduced p'951-.res ~nd eleva~ temperature condiUons 
which ~move a colored •Ugh~ &action consisting ma~y of residual isomers 
of bisphenol·A and Chroman along with other byproducts with known and 
unknown chemic.al •tructure. This: lights &action can be .purged -from the 
plant and discard~, or subjected ta additional .recovery by this or other 
processes. The bottoms of the sec~nd column are fed to a third column. The 
overheads of this third column typically contain 60-90~ pure btsphenol-A 
depending on the temperature and preaure conditions used. The bottoms of 
the third col~mn contain •heavies• or tan which are purged from the process 
and used u the feedstock fn ·the present invention. 

The feeds-.k provid-' u described above is, according to the present 
invention heated with an arylaJnine acid salt to react with residue bfsphenol· 
A values fl\ the tar feedstock. Advantageously, the arylamine is an acid salt 
of an arylamine seleded &om those of the formula: 

.NR.1Rz 

(I) 

wheNin Rt and Rz ue each independently hydrogen or 1Jkyl; and each Rs 
independently represents hydrogen. halogen. hydrocarbyl or alko")'. 

1be term •hydrocarbyt• u used herein means the monovalent moiety 
obtained upon removal of a hydrogen atom from a parent hydrocarbon. 
Representative of hydrocarbyl or alkyl of 1 ta 2S carbon atoms, inclusive, 
such u methyL ethyl.. propyl, butyl, pentyl, hexyl, heptyl, octyL nonyl, 
undecyl, decyL dodecyl, octadecyl, nonodecyl, eicosyl, henetcysyl, doeosyl .. 
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bicosyl, tetracosyl, pentacosyl and the isomeric forms thereof; aryl of 6 to 25 

c:arbon atoms, inclusive, such as a phenyl, tolyl, xylyl, napthyl, biphenyl, 

tetraphenyl and the like; aralkyl of 7 to 25 carbon atoms, inclusive; such as 

benzyl, phenethyl, phenpropyl, phenbutyl, phenhexyl, napthoctyl and the 

like; cycloalkyl of 3 to 8 carbon atoms, Inclusive, 1uch as cyclopropyl, 

cyclobutyL cyclopeiltyl, cydohexyL cycloheptyL cyclooctyl and ·the liJ<e; 

allcenyl of 2 to 25 c•rbon atoms, Inclusive, such u vinyL allyL butenyJ, 

pelltenyL hexenyl, ~yl, nonenyL decenyL undececyL dod.ecenyl, 

bidecenyl, pentadec~nyL octadecenyl, pentacosynyl and isomeric forms 

thereof. 

The term "alkenyt~· means the divalent moiety obtained on removal 

of two hydrogen atoms, each from ··a non ... djacent carbon atom of a parent · 

hydrocarbon and includes alkenylene of 3 to 10 carbon atoms, inclusive, 1uch 

as 1,~propenylene, 1,4-butenylene, 1,S.pmtenylene, 1,8-octenylene, 1, 10-

decenylene and the like. 

The terms "substituted hydrocarbyl•, "substituted alkyl•, "substituted. 

alkenyl", •substituted alkenylene" and substituted aralkyl" as used herein 

means the hydrocarbyl moiety as previously defined wherein one or more 

hydrogen atoms have been replaced with an inert group, i.e.; a chemical 

group which d.oes not adversely affect the desired catalytic function of the 

catalyst of formula (DI). Representative of such groups are amino-, 

phosphlno-, hydrocarbyl, quaternary nitrogen (ammonium), quaternary 

phosphorus (fhosphonium),~ hydroxyl-, amide, alkoxy, mercapto-, nitro-, 

alkyL halo-, sulfone, sulfoxide, phosphate, phosphlle, carboxylate groups and 

theltke. 
1be term •atkoxy• as used herein means a monovalent moiety of the 

formula 
• 0-alkyl 

wherein alkyl is as defined above. 

The term •halogen• ts used In i~ conventional aense embrosive of 

chlorine, bromine, iodine and fluorine. 
The arylamine compawuls of the fannula (I) given above are generally 

well known as are methods of that preparation. Representative of the 
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compounds (I) are aniline, ~-bromoaniline, 2.5-dibromoaniUne, 2-
methylanillne, 2..ethylaniline, 2,>diethylanJHne, 2-methyoxyanillne, 2,3-

dimethoxyaniline, 2-ethoxyaniline, 2,3-- diethoxy·aniline and the like. · 

Preferably· the. arylamines of formula (I) are employed in the process of 
the invention -. the mineral add salbl thereof, which may be preformed or 

formecJ in-situ in the reaction mbcblre. · 

He&ting the tar feedstock with a prop01'.tion of the arylamine (l) may be 

to a temperature ·within the range of from about lOO"C to about 200"C under 

abnoipheric pressures. Ad~tageo"'5ly, .heating 'is carried out under an inert 

atmosphere, su~h as nitrogen gas atmosphq. 
Progress of the reaction may be followed by conventional analytic 

procedures to observe the disappearance of the arylamine (I) reactant. Upon 

compleUon of the desired· reaction, the produd 

aminophenylhyd~~phenylpropane may be 1eparated by conventional 

techniques such as prgipitatio~ crystallization, filtration and Wee 
proc-.dures. 

The.following example.and P!'!Panitlons describe the manner and 

process of making and using the invention and set forth the best mode 
contemplated by the inventor of carrying out the invention but are not to be 

construed as limiting the lnvenUon. 

PREPARAnON·l 
A bisphenol-A process by-product stnmn conlai~ approximately 

83.3~ phenoL 9.8~ -bispbenol·A, 2.3S 2-{4-hydroxyphenyl)2-(2· 
hydroxyphenyl) propane (o, P· btsphenol·A) and 4.6% other by-products is 

continually passed through a jacketed •1someriz&tion• reactor containing a 

bed of sulfonated polystyrene resin (Rhom & Haas Amberlyst 31; 16S00lbs of 

catalyst-dry basis) at a temperature of 74•c. and a flow of 20 gpm. At least a 

portion of the reaction effluent (82.5% phenol, 11.811 biaphenol-A, 1.6% 2-(4-

hydroxy-pheny1)2-{2-hydroxyphenyl) propane and 4.1 S other by-products) 

"' is then passed through vessel at a temperature of 7TC. containing 1300 lbs 

(dry basis) of Rhom. &t Haas Amberlyst A·21 weakly basic anionic: resin to 

reduce the concenbation of acidic species to <2ppm. Passing the resulting . 

effluent solution through a filter removes particulates larger than 2 microns. 
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At least a portion of.the resulting solution is then fed to a phenol 

distillation column w.hich operates at a pre$Sure of 30 mm of mercury and a 

temperature of 21S-C. This removes the phenol 11 an approximately 99% 

pure colorless overhead material. 111e bottoms contain about 1 % phenol and 

is continuously fed to a ~nd distillatio~ column which opera~ at a 
~perature of 224·c. and approximately 1-2anm of Hg. The overhead stream 

from this column consisb.mainJy of bisphenol·A isosners, prin_larily o, p­
bisphenol·A, ZZ4-lrim4!thyl-4(4-hydroxyphenol) °"°man, bisphenol-A and 
other by-products. This stream is discat;"d~. The bottoms is fed to.a third· 
distillation column which operates at a temperature of 26CTC to 290"C. (500-
SSOP) and a .pressure of 1-2 mm of Hg. The column overheads consist of dn:a 

80+S pure blsph~nol·A which can be recycled back to the bisphenol·A 

lllanufacturing process. 'nle bottoms of the last column contain a highly 
colored tar (<30-X. bisphenol·A ancl >70% heavy phenolic process by· 
products) which is the feedstock. for the following example. 

In accordance with the present invention, the feedstock is heated to a . . 
temperature of &om about 
tocrc. to 20CTC. in the presence of a proportion of aniline. hydrochloride for a 

period of time sufficient to form the desired aminophenylhydraxyl­

phenylpropane (AHP). Heating is preferably under an inert atmosphere such 
as nitrogen. Generally, under ambient atmospheric pressures, this occurs 
Within 1 to 2 houn and can~ followed by convention.al analytical 
techniques. Phenol is ~ by-product of the process of the invention and can be 
stripped from the reaction mixture. 

~proportion of aniline hydrochloride added to the tar residue Is not 
crit:lcaL and equal weights (w /w) can be reacted together. 

Upon completion of the reaction, the AHP can be separalad &om the 

reaction mixture by conventional techniques, for example by precipitation at 
a pH of &om 10 to 12 in the presence of base and a following filtration to 

obtain product yields of 55-65J. (95% purily). 

EXAMPLE1 
A 250 ml three neck flask equipped with an overhead stirrer, a 

thermometer, a temperature controller, a condenser, a dean stark trap, • 
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nitrogen lnlet and outlet wu charged with 68 grams of aniline hydrochloride 

and 60 grams of BPA Tar &oil\ PrepmUon 1. supra. 
Using an oil bath, the charge dellneatlld above was healed to 160-C. 

The reaction temperature was maintained at 16CrC. for two hours along with 

a flow of .nitrogen. Stirring of the reaction mixture was started after the 

reactants had melted. After two houn at tWC., the rHc:tion mixture wu 

allowed to coo~ to 110-C.~ followecl by-~ adclltion of 200 ml of water. At this 

s~ge, nitrogen fl~ wu stopf*!I. The pH of the reaction mixture was then 

·adjusted to pH:l2 wi~ a solution of 50d:ium hydroxide. During the pH 

adjus•ent ~- precipitate fo~ed and at pH:12 was collectec:l" by filtration. the 
resulting presSc:alce ""as washed wtth Toluene (50 ml) and own-dried. 25 

grams of the product was isolalad and 10 gr&ll\S of phenol were collected in 

Ute·tra_p. 
1H NMR of the. product AMP w-.. identical to tha~ of a known AHP 

'. $Ulp ..... 
This· process provides an efftdent, l9w·coat 

method of recovering phenol ~nd other·matenall of ,~Jue &om process 
streams w~ch would be normally disposed of by burning. Although the 

process of th~ inv"'tion hu .been·descn"-1 above ln reference to the 
preferred embodiment wheNln the process stream or feed.stock ta the 
residual tar fro•. a commercial production of btsphenol A. those skilled in the · 

art will appnciafll that the spirit and scope of the inventton applies to the use 
and ncovery of bispheno1 ·va1ues from tan resulting from processes for 
condenaatlon of phenols _with ketones. Thus, the procest of the present 
invention. may be used tD recover bisphenols of the formula: 

OH 

(Il) 
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wherein R,, Ra and Rs are alkyl. These bisphenols (11) generally result from 
condensation of phenols with ketones accordin_g· to tlw schematic formula: 

+ ~ 
R.r-C-Rz cm 

• wherein _a,, Ki,. and. & have the meanings previously ucribecl to them. 
Preferably the tars employed results from procea111 for the preparation 

of bisphenols (11) wherein R11 and R1 an: alkyl, aryl, alkaryl, cycl~kyl, 
cycloalkylaryt, halogen subsUtutlld a.1.kyl, or alkoX)? preferably having 1 to 10 

carbon a.toms and· most pr.ferably 1 to 6 carbon atoms. L 
is preferably hydrogen, halogen, alkyl u 1 ta 6 carbon atom, cycloalkyl of 4 

to 6 carbon atoms, aryl; most preferably hydrogen, alkyl of 1 to 6 carbon 
atoms or halogen. 
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WHAT JS CLAIMED JS: 
1. A procest for the preparation of aminophenylhydroxyphenyl 

alkanes which comprileS; 
providing a tarry residue of higher boiling by·products·of the 

condena~on of phenol md. •ketone o~tained by distilS..tlon/~aporation of 
a mother liquor obtained a~r te~ratl.~n of b~phenol; 

heating. the tany resid!oi• with an ary~ine .. 11; and 
aeparati!lg the resulting ~inophenylhyd~xy-pheny~lbnes. 
2. .The·.p~ of·c~im i:.wher$1 heating fs to a temperature 

within the range of ~m aboutl<KTC to 2ocrc under."atmospheric pressures. 
3. The process of.claim. ·1 wherein separation· is carried out by 

precipitation at pH of from.about 10 to 12. 
4. The process of claim 1 wherein the arylamtne is of the formula: 

(I) 

wherein R11 and Rz are each independendy selectecl &om the group.consisting 
of hydrogen and alkyl: each R3 indePendently represenll hydrogen, halogen, 
hydrocarlyl or alkoxy. 

s.· The proceu of claim 4 wherein the arylamine .. aniline. 
6. The proceu of claim. 1 wherein the phenol ls of the formula: 



111111111111111111111111111111 
' * C L M S * 

12 

wherein each R3 is independently hydrogen, halogen, hydrocarbyl or alkoxy 

and the ketone is of the formula: 

wherein R1 and Ra are. eacb independently allcy_L 


