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(1981). US pat ent Tardnsproducis aresthe bottomy ef-thierlgstrectificationtdolumia ini ves of
20 the usual bisphenol-A plant and ordinarily they are burned or processed
by a known method. '

There are methods of catalvtic decomposition and catalvtic -
hvdrodestruction in the presence of hydrogen into lower-boiling products.
including initial reagents (phenol and acetone), which can be recycled into

25  the bisphenol-A synthesis process. However, use of coniplex catalysts,
hydrogen, and elevated pressure make such a process expensive and
complicated. A series of catalysts is known that provide tar cracking
under relatively mild conditions. For example, according to French patent
2364195 (1978) bisphenol tar pyrolysis may be conducted at 150 - 250 °C in

30 the presence of sodium hvpophosphite, US patent 4277628 (1981) shows
the possibility of tar cracking in the presence of aluminum isopropylate
providing a good vield of phenol. Usage of alkali catalyst for bisphenol
tar decomposition at reduced pressure is described in A.C. CCCP 829610
(1981). US patent 3466337 teaches a tar'cracking method with additives ot



sodiumsalts of organic and nmineral acids. Al these nethods have
di'sadvant ages, such as low yield and high solids formation, which can
precipitate in the apparatus, and foul the catal ysts. Recycled streans of
secondary distillate with traces of catalysts can reduce the activity of
the 5 bi sphenol - A synthesis catalyst and | ead to formation of additional -

by- pr oducts. Anot her approach to this probl em sol ution,
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: tar recovery process. Furthér treatiment includes halogen hydride removal
and product crystallization. This method incorporates many stages and
special corrosion-resistant equipment, but provide a high bisphenol-A
vield. : '
20 In this connection, the most available and cheapest
procedures emplov tar thermal decomposition followed by separation of
the lighter components formed in decomposition by rectification, or
crystallization, etc. .
_ Phenol tar by-products from the cumene method for phenol and
25  acetone production can be thermocracked by themselves in known
processes. This process is carried out at a temperature of 350 - 500 °C.
The thermoi:racking products are separated by distillation (US patent
3391198 (1968)). '
According to A.C. CCCP 1235860 (1986) before decomposition, the
30 phenol tar is diluted by high-molecular weight aromatic compounds such
as Baltic shale oil (grade kerogen -70) weight ratio of tar to shale oil 1.3 /
2.5. Process conditions are: pressure 3 - 7 MP, temperature 400 - 430 °C,
time 5 - 20 min. Liquid products obtained are separated by distillation.
This process takes place under relatively severe conditions and gives a



2.5. Process -conditions are: pressure 3 - 7 MP, tenperature 400 - 430

[-err] C, time 5 - 20 mn. Liquid products obtained are separated by
distillation. Thi s process takes place under relatively severe
conditions and gives a poor yield of phenol (4 - 5% and
cunene (10-15% . In addition it requifes the addition of shale oil.

The process closest to the present "invention is a nmethod which adds
bi sphenol -A to the high-boiling bisphenol-Atars in a batch or continuous
*ther mal decorﬁwslvﬁcaldrbfcp’mmn (©n5%) aRAQuUMERQ[10-NF% ). almadditiohiie pressure,
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In the process of the present invention, thermal decomposition of
20 high-boiling bisphenol-A distillation tar is enhanced in a continuous
method emploving a thermal cracking reactor at a temperature of from
about 290 to about 360 °C with the addition of phenol tar from a phenol-
- from-cumene process.
This mixture of phenol and bisphenol-A tars can range from
25 substantially all phenol tar with only a verv small amount of bisphenol-..
tar to substantially all bisphenol-A tar and only a very small amount of
phenol tar.- Since the bisphenol-A and phenol plants are usually located in
close proximity to each other, this thermal cracking reactor is located close
by both plants. The levels in the tar feeds are flexible enough to
30 accommodate differing operating rates in the phenol and bisphenol-A
plants and still provide the svnergism of co-cracking. Thus the weight
ratio of bisphenol-A tar to phenol tar may range from about 99:1 to about
1:99, and preferably from about 10:1 to about 1:10. For optimum
reduction in viscosity of the heavy bisphenol-A tars a ratio ranging from



30 ascommodate differing operating rates in the phenol and bi sphenol -A
plants and still provide the synergi smof co-cracking. Thus the wei ght
ratio of bisphenol-A tar to phenol tar may range from about 99:1 to about
1: 99, and preferably fromabout 10:1 to abewdt 1:10. For opti nmum

reduction in viscosity of the heavy bisphenol-A tars a ratio ranging from
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20 hours. In a distillation column type reactor the residence time will most

preferably be in the range from about 15 to about 25 hours.
The cracking efficiency increases the recovery of valuable products

(phenol, a-methvlstyrene, cumene). The feed stream enters the middle of
the column. The distilled fraction taken off from the top of the column,

25  essentially free from alkyl and alkenyl phenols, is split into two portions,
one of which is recycled to the process for recovery of valuable products
and the other serves as a reflux to the top of the column. Although a
column type reactor with a reboiler pot is the preferred equipment in
which to conduct the thermal decomposition any suitable reactor wherein

30 the light ends from thermal decomposition can be removed above the
entrance of the feed stream of mixed tars and the heavy ends can be
removed below the feed point for disposal. The type of equipment is not
critical but the temperature for hvdrodecomposition is a key to the

efficiency of the process. In a system where residence time in the pot can



colum’ type reactor with a reboiler pot is the preferred equipnent in

whi ch to conduct the thermal deconposition any suitable reactor wherein 30 °
the light ends fromtherml deconposition can be renoved above the

entrance of the feed stream of m xed tars .and the heavy ends can be

renoved bel ow the feed point for disposal. The type of equipnent is not
critical but the tenperature for hydrodeconposition is a key to the
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of phenol andviscesibna ratitéess dhan About ¥ tvealputddsmay be desiredg Thednty f rrom
20 extended limits on the range of ratios for the tar mixture will be readily
~ determined by the skilled artisan. The critical differences of this method
compared to those of the prior art are mixing of the tars followed by
mutual thermal decomposition (co-cracking) of the high-boiling
distillation bottoms from process for making bisphenol-A by condensation
25 of phenol and acetone, the tars from the process for making phenol from
cumene at a weight ratio of 1: (1 - 10) respectively at column pot
temperature of 310 - 340 °C.
Results from this process operation show that these conditions
simplify the tar recovery process, make it easier to dispose of the tar
30 bottoms and recover phenol in the fraction containing the desired
products which are separated early instead of a mixture of phenol and
alkylphenols which is difficult to separate. Moreover, freque :tly both the
bisphenol-A and phenol processes are located near one another, which



cunene at a weight ratio of 1. (1 - 10) respectively at col um pot
tenperature of 310 - 340 C. Results fromthis process
operation show that these conditions sinplify the tar recovery
process, nmake it easier to dispose of thegtar 30 bottons and recover
phenol in the fraction containing the desired . products which are
separated early instead of a mxture of phenol and al kyl phenol S V\/ni ch
is difficult to se ate. Moreover, freguent henol -
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wei ght ) : Typically, pheno tar comprises the following mainsomponents (%\bxt ophenone
10- 25 Di weight):benzyl al cohol 3-5 0, p- cunvl phenol

20 - 40 Al phamnet hyl styrene di nmer 5-10 Heavy tar

The rest to total 100% 15 In the exanpl es "bisphenol-Atar"” is a
heavy byprochéncilrom bi sphenol - A10Q5twf %cation (distillation) in the

bi sphenol - process f phenol and acetone. Typically, the
bi sphenol10 A @6%%1 8Re ' the foll owﬁg_g%rral n conponents (percent by

wei ght); 20 DmleﬂmlbenzvlalcohOIS 20wt 93-3 p, p-bisphenol-A 15-40

0, p- bi Sphenob,pgcum%ﬁl%nol | PP dinmerzp.40 3-8 - Chr oman : 5-15
Alphamethylstyrene dimer 5-10 -

Heavy tar The rest to total 100%

15 '

| In the examples "bisphenol-A tar" is a heavy byproduct from

bisphenol-A rectification (distillation) in the bisphenol-A production
process from phenol and acetone. Typically, the bisphenol-A comprises
the following main components (percenf by weight);

20  Phenol 5-20wt%
p. p-bisphenol-A 1540
o,p-bisphenol-A  5-10

IPP dimer 3-8 .
Chroman 5-15

25 BPX (trimer) 7-15
' Heavy Tar The rest to total 100%

IPP means isopropenyl phenol

BPA means bisphenol-A

BPX is a molecule with a molecular weight of 362 and is believed to
30  have the following structure.



25 BPX (triner) 7-15 Heavy Tar The rest to total 100%

I'PP neans i sopropenyl phenol BPA neans bi sphenol - A
BPX is a nolecule with a nol ecul ar weight of 362 and is believed to 30
have the followi ng structure. s.lerr]
oH . |PP diner is a molecule with a nol'ecul ar wei ght of 268 and is
believed to have the follow ng structures.
HO‘Q—C OH
|
CH, CH:
H.C”
‘OH

IPP dimer is a molecule with a molecular weight of 268 and is
believed to have the folldwing structures.

Ha H
CIH_-\
— CH: CH-

Chroman is a molecule with a molecular weight of 268 and is
believed to have the following structure.



Chroman is a nolecule with a nolecular weight of 268 and is believed to
have the foll ow ng structure. '

- 8- [err] : ' Exanple 1
A m xture of phenol tar and bi sphenol tar #s deconposed in a unit
conprising a continuous rectification colum equipped with a total 5
condenser, a 400 m volune pot and a device providing constant liquid

o. .CHa
CHi

OH

Example 1

A mixture of phenol tar and bisphenol tar is decomposed in a unit
cbmprising a continuous rectification column equipped with a total
5 condenser, a 400 ml volume pot and a device providing constant liquid
~ level in the pot. The column is a glass tube having a 15 mm diameter
packed with stainless steel spirals. The feed is directed into the middle
part of column by a pump from the calibrated heated vessel. The feed
rate adjusted to give a residence time of bottom liquid in the pot of 20
10 hours time. Bottom temperature is 315 °C. The column refluxes with
overhead product and a reflux ratio of 7 - 8. The length of the
experimental run was 10 hours. The phenol tar / bisphenol tar ratio by
weight in the feed was 10/1. Overhead liquid and bottom liquid take off
' was continuous. Experimental results are presented in Table 1
15 (Experiment1).

Example 2

The experiment was carried out at the same conditions as in
example 1, but the phenol tar / bisphenol tar by weight in the feed was
"3/1. Experimental results are presented in Table 1 (Experiment 2).
L

20 ' Example 3

The experiment was carried out at the same conditions as in
example 1, but the phenol tar / bisphenol tar bay weight in the feed was
1/1. Experimental results are presented in Table 1 (Experiment 3).



| evel*~in the pot. The colum is a glass tube having a 15 nm di aneter

packed with stainless steel spirals. The feed is directed into the mddle
part of colum by a punp fromthe calibrated heated vessel. The feed

rate adjusted to give a residence tine of dottomliquid in the pot of 20 10
hours time. Bottomtenperature is 315 [err]C. The columm refluxes with
overhead product and a reflux ratio of 7 - 8. The length of the -
experinmental run was 10 hours. The phenol tar /- bisphenol tar ratio by

wei ght in the feed was 10/ 1. Q/erhea%}lFi ig and bottom|liquid take off

was continuous. Experinmental results 5‘%3? sented in Table 1

(Experinent 1). ' Exanple 2

The experinent wa ' ' [tions.as in . exanple 1,
ut ¢ he phenal  arr e Giediiinght wak caisbEATRE e 8oR gl im 3
Experi ment al Examplesl. Hus the bedemdgmperatare avas J10.06e rExparimental réits

Exanple 3 arﬁ&resentea_ﬁ}?'rﬁﬁféefi]lﬁ?ée olhm arried out at the same conditions

as in exanple 1, but the p tar bi sphenol tar bay weight in the
feed was 1/1. Experimental results-are presented in Table 1
(Experimest 3). Example 5 - Exanmpl e 4
The experinment was carried out at the sanme conditions as in Exanple 1,
but the bottomtenperature was 310 [err]C. Experinental results are
presented i n Tabl elhe ¢ferimentwas ¢arriecbout at the same conditions are in
Exanpl e 5 Example 1, but the bottom temperature 340 °C. Experimental results are
presented-in Table 1 (Experiment 5).
. 'Example 6
10 The experiment was carried out at the same conditions as in

Example 1, but using only phenol tar as the feed. Experiment results are
presented in Table 1 (Experiment 6).

Experiment # | 1 2 3 4 5 6 |
Phenol/ bisphenol tar ratio 10 3 1 3 30
Bottom temperature, °C 315 315 315 310 340 315
Yield, kg/t of feed : l ,
Phenol | 2253 2393| 260.1| 234.2| 25541 2153
a-methvistyrene | 1143] 915 578! 904! 1002 1220
Cumene 90.9. 76.5 55.6 721 88.3| 1021
TOTAL - | 4305| 40731 3735| 396.7| 4439 1394

The data in Table 1 show, that bisphenol-A tar forms about 300 kg
of phenol per 1 ton of bisphenol-A tar (based on the assumption that
15 phenol tar forms an equal amount of products per 1 ton of phenol tar
regardless of concentration in all examples).
Decreasing of temperature in the thermodestruction stage lower
than 310 °C reduces the vield of valuable products such as (phenol, u-



The experinent was carried out at the sanme conditions are in Exampl e 1,
but the bottomtenperature 340 [err]C. Experinental results are

presented in Table 1 (Experinent 5).

Exanple 6 10 The experinent was cgpried out at the same conditions
as in Exanpl e 1, but using only phenol tar as the feed. Experinent
results are presented I n TabIe 1 (Experlnent 6) . Experinent #

1 henol / bi s henol tar ratio

10 3 metfylstyrene, ang cumene;increasig tthGF%ﬁﬁS'ér\ai%r ieads jon 315
315 315 cdrtsiderablérise uBitﬁcosrtv ofi thlechottom tigaid ﬁﬁﬂ@n it more &ifACGI

225.3 - 239.3 5 - met hyl stvrene
1143 o1 5 tousnget sgsil o Q%d%ﬁﬁ‘ei‘z‘%% Thus ‘“h°Eﬁ£‘rg1.

90. 9 76.5 thesmoglecommppositiorsensperati® range can bOfRIm about 290 °C to

430.5 40743 ° a9 Table 1
show, t hat bi sﬁi&n%o- é'? glrs rgfeﬁg’ecg X oéé%&)"kthe range OF f’%ng?‘@ f'n f on of

bi sphenol - A ta t“l‘r‘éstd%!'gf?r’rfﬁq tﬂpmrate !nahe;mmfronaawum @n equal

anount of proebtsb@motton of phenol tar regardl ess of concentration
in all exanpl es)

. erature he
t her modest ruct i on 3 SRfPreseat me%ho&tsthglﬂl If ta?%atltygeh%msgﬁughd of
val uabl e prodas{BP sentainsin thébottbm dfethe]thermocracker as a resaRiofixbatryl 60e, and

' der abl
5o in vibeolyeafiesipotthpEiatseind ColyoRh i FREGAIE Bt the ptfor in” [ ©
transfer stredhe ottomeﬁtrem meitnother wWasle matetialagfindedhe phenol exits
{ her modeconposbtiRad' #IRTha bifié: dAia FoRuls ihATHIEANL: L, BHlehGl [0 O

about 360 [err]C, it is preferred rae I'n g romabout 300
[err]C to recovery is easily accomphshed m a commercial facility by recycling this

process stream to the rectification section of a cumene-to-phenol process

15 (see US Patents 5,245,090 and 5,245,751 incorporated herein by reference)
Alternatively, phenol can be recovered in a separate system using known
distillation techniques if, for some reason, it is not desired to recycle the
stream to the rectification stage of the phenol process. The high boi.ling
wastes of the bisphenol-A and phenol processes are reduced. Reduction °-

20 in the level of these wastes is of particular benefit to the environment since
their safe disposal is difficult to control and, hence, costly and strictiv
regulated by government agencies. This salutary benefit is in addition to
the productivity gain from the recovery of the phenol, alpha-
methylstyrene and cumene lost in processes not using this invention. This

25 increases the vields of both the phenol and the bisphenol -A processes. By
combining the tars of both processes and thermocracking the mixture, a
higher level of the desired products is obtained than by thermocracking
either of the waste streams separately. The reduced viscosity of the
bottoms of the thermocracker facilitates the transfer of this stream to the

30  incinerator making waste disposal more efficient.

It is convenient to conduct the thermal cracking in a distillation
column type reactor. In a distillation column type reactor, the conditions
for thermal cracking are readilv controlled to remove substantially all of
the alkenylphenols and all of the alkvlphenols from the reactor as part ot



abo[Jt~-350 C and nost preferred to operate in the range from about 310[err]C

t-o about 340 [err]C In the present nethod, the al kenyl phenol s
and al kyl phenol s, such as IPP, remain in the bottomof the
thernocracker as a result of control of 10,,reboiler pot tenperature and
colum reflux ratio and exit the reactor in the bottom streamw th

ot her waste materi als. Since the phenol exits overhead with the other
desi red produgt t he proguct strea hego . ecovery is easily
acconpl i shed IlS BT -atvormery {WW#@%%Y,%@&PL?@RE 0%'%?°6€ess stream
to the rectlfshteam(m isesds alikengiphemebeand alkvdphéngls edessmasim@aee US

Patents 5, 245,,0 4 7, h

A?t an:lt i vel yth%g‘gﬁgﬁt '%"%g @é(%%g?éﬁ%ﬁﬁggge?gﬁé{}e %Jcﬂeoﬁlf%? known
distillation akkenwl-arebalivlplienol sontent ofitheoverhead toabout® b weaight recycl e
the S esa}eemt.hgré Eféfglfrbﬂ%'ll%tmé"ﬂfkeﬁf/l-ta'i'ﬁ ﬂh@f?ﬂengls%ea%ut e high

boi l'i ng wastes o %g e@g esses are reduced.
Reduction 20 W%Sl‘hEG‘ICEOE‘F“%f“QSﬁES eW&ét'é§bP§ wieight parcgRt-penefit to the

ﬁnVl ronnent I si an Thus, I {eséﬂrﬁeﬂio‘dmws Sﬁnplllﬂiédtﬁiﬂ 6f the té&iﬁdl@é\:rﬁnd
ence, costly_and strict U ate Qvern i es S

sal utary benef®% ""'l@‘ “aadé bettar \{tﬁ&ahon Xsé?ga%%?r% Wgéﬁ ¥%¥m t he
recovery of t lprogdssesoipheabbproduction fmhhyimémmdebmpdheuuhﬁrwddmhonn

pr ocesses  pot on. This 25 i ncreases the yields of both
t he phenolU %%&%ﬁ%n&%}':@ﬁkb rocesses. conbining the tars of
both processes and khel mlabmchg\awe qﬁ‘i('ﬁ%lpﬁﬁd in the examplpeare foFel of the

desired prodU%&\pﬁﬁlm ewﬁndqwﬁémmﬁrm@reaovew of ¢hé PRén&f the
wast e streans separ at el ttons Rf t he

uce VI Scosi
t her nocr acker SORPINGNt &%Y He L pthar "Fﬁ‘?‘é"y'gart%"a‘?ﬁfl&“ﬂ@”gﬁcs suc
i nci ner at or mﬂglcmnmil@d él;ﬂm&hvmmneﬁsf takiearihto account, the overall i s
convenient_to con t.the,therml | distillation col um
type reactr. Hrﬁ’ ﬁ‘%‘?’ﬁ’\*‘sf‘ﬁ%}ﬂﬂa ?ﬁ%‘ﬁé r@ﬂmr?%glgt or, the conditions
for thermal cracki rifo aonfirmabiedeiaboratony Stedlqsophemwelsmstcanduateldylmll of
the al kenyl phg&;%&aﬁgé}éla@ualﬁtﬁuag.@&xhphﬁnekasf.ﬁw;@me.tmmwreqsepart ot

the waste str wel ght over head
st ream conpr i skefmal tarmwfﬁherm!egolaﬁa"wklypmenmtbe epgl
t hroughput through the reactor is required. It is preferred to limt the

Comparative Example 7

20 A plant run of seven days was conducted to establish the maximum
level of phenol recovery from phenol tars from the phenol-from-cumene
process using the tar cracking prdcess of the prior art.

7 Day Baseline Period: 6652 Ib/hr of phenol tar was fed to a
thermal cracker and cracked at 321°C and 20 hrs residence time in the
thermal cracker unit. Composition of the phenol tar feed was:

to
.

14.0 wt% Phenol

20.0 wt% Acetophenone
22.0 wt% o,p-Cumylphenol
44.0 wt% "high mol wgt tars”



al kenyl - and al kyl phenol content of the overhead to about 0.5 weight 5
percent, nore preferred to limt the al kenyl- and al kyl phenols to about 0.2
wei ght percent and nost preferred is about 0.1 weight percent.

Thus, the present method allows sinplification of the technol ogy for
reduction and better utilization of waste products of two different
processes: phenol production from cumene ahdt bi sphenol - A production 10

from phenol and acet one. The thermal cracking yields disclosed
in the exanples are for conpari son purposes only and reflect only the
recovery of tThisgaremitains "equivialent@henoltiaiuet bE 1580 Iby hofas eakealategcover ed
tar cracking gyjggducts such as cunene and al phanet hyl styrene is taken
into account, the overall 15 productivity enhancenent is quite renarkable.
To confirmthese | aboratory studies, plant trials were conducted in a

cormelrc![ al scegsg,fmua:ti ng p: a][\t. 93!11%}@{]5}‘@,8“% Ee BI anL tr: alA\s }Nerte t he
normal tars o 0 e _fro ne an e bi sphenol - A pl ants.
Conpar ati ve. r}m%ﬁx‘ﬁ?&??- %ﬁwlérni'h?'lﬂ‘ fiamdRen days was conduct ed

to establish the maxi num | evel of phenol recovery from phenol tars
fromthe phenol -from cunene S ing the tar cracking process of
the prior art. 7 Day EQ@QF‘?@H@Q‘%&H!V@%\SPFW hr of phenol
tar was fed to a - thermal’ cracker and cracked at 321[err]C and 20 hrs

residence ti i I ik i tior of the phenol
ar foed was: vereeinodt of JROM cefivatedin Yibrhend SRR 137 dive 22.0
Wt % o, p- Cuny| baselipe period: 784 1b/Wr.9 " hi gh mol wgt tars

-12- This tar contains "equival ent phenol value" of 1580 | b/hr as

calculated g bel Qo Efficiency (Yield) = 784/1580 = 49.6%
10 : Example 8

Employing the same conditions as set forth in Example 7, the
process of the present invention showed a surprising increase in percent
of phenol recovered from the combined tar streams

3 Day Trial Period: 6652 Ib/ hr of phenol tar and 1531 Ib/hr of BPA
15 tar were mixed together and fed to the same thermal cracker unit as in
Example 7 and cracked at 321°C and 20 hr residence time. '
Tar compositions were as follows:

Phenol Tar BPA Tar

Phenol , 14.0 54

20 Ace_topﬂénbne | 20.0 -
o, p-Cumylphenol 220 -
p. p-bisphenol A and o,p-bisphenol A - ' 38.0
IPP Dimers - ‘ 5.1
Chroman - 9.6

25 (BPX) (Trimer) ' - 80

Tars 44.0 339



_665é 'x 0.14 = 931 | b/ hr phenol 6652 x 0.22.x 94/212 = 649

I‘b/ hr phenol from CP 1580 I b/ hr total
equi v. phenol Aver age anmount of phenol recovered in overheads during
the 7 day basel i ne period: 784 |Db/ . So: Cracker Efficiency
(Yield) = 784/1580 = 49.6% 10 Exanpl e 8

. Enpl oying the sarre conditions as set forth in Exarrpl e 7, the process of
the present in i Si jAgrease. | rcent of phenol
recovered from ﬁm@%g?éé{'& Bat equival té}“&%’c?ﬁeﬁ Peri od:
6652 Ib/hpf&%ﬂtdrlulastshpmlmﬁated béltm of BPA 15 tar were nixed together
and fed to the sane thermal cracker unit as in Exanpl e 7 and cracked at
321[err] C-and 20 hr residence tine. *Tar conpositions were as foll ows:
Phenol Ta632 x 0.14gpA Tar Phen3}1 1b/hr pheno 14. 0
5.4 20 Aeespphermne 94/212 = = 6491b hr phenol #8nfcp 0, p-Cunyl phenol
22.0 p, p-bisphenol A and o, p- EE(?B) A 38.0
| PP Di mers rphenol from Phenol tan

Chr oman
- : 1531 x 0.058.6 25. (BPX) (Tri8ddb)hr phenol -

8.0 : = 33.9
The above-itgg? i 038 x 188({nzt2581| ns a to%sq lh/ h\?g !aﬁ'é Rgﬁ\‘ol content™

1531 x 0 051 x 188/268 = 55 1b/ hr phenol from IPP Dimer
- 1531 x 0.08 x 282/402 = 86 Ib/ hr pheno! from BPX
1531 x 0.096 x 94/268 = _52 1b/ hr phenol from Chroman

756 1b/hr phenol from BPA Tar

Average amount of phenol recovered in overheads during the 3 dav trial
period: 1625 lb/hr.

Overall Cracker Efficiency = 1625/2336 = 69.6%

This shows that an unekpected "synergism'.' occurs when BPA tar is
admixed with phenol tar, i.e:

1625 -756 = 869 Ib/hr phenol is recovered from phenol tar itself.

So: 869/1580 = 55 % - cracking efficiency achieved when BPA tar1s -
present to act as "catalyst” for the phenol tar.

This compares with baseline of only 784 1b/ hr when phenol tar was
cracked alone, i.e. only 49.6% cracking efficiency. .

In addition to this increase in efficiency of phenol tar cracking, the
recovery of phenol value from BPA tar was nearly quantitative.

The mixing and co-cracking of the two "tar" streams gave an
unexpected mutual synergistic effect, resultin'g in phenol recoveries
higher than predicted by standard chemistry. Current wisdom teaches
that when BPA is thermally decomposed, the result is one mole of phenol



of 2298 | b/ hr as shown cal cul ated below. 6652 x 0.14 =

931 | b/ hr phenol 6652 x 0.22 x 94/212 = 649! b/ hr phenol from CP

1580 | b/ hr phenol from Phenol Tar 1531 x 0.054 = 83 I b/ hr
phenol 1531 x 0.38 x 188/228 = 480 Ili)_{ hr phenol from BPA 1531 x 0.051
x 188/ 268 = 5 I b/ hr phenol from I PP D ner 1531 x 0.08 x 282/402 =

86 | b/ hr phenol from BPX 1531 x 0.096 x 94/268 = 52 | b/ hr phenol from
Chr oman 756 henol from BPA Tar

Average amoiafd gne meleof IPB; Jhe B is ﬁ°b%9qq E° thes deralkviatety 1 al
period: 162 hérih‘lhrnd hél | Cracker Efficiency = 1625/2336 = 69.6% This
shows that an unexpe? "synergi sm' occurs when BPA tar is adm xed with

phenol tar, i.e 1625 - 756 869 | b/ hr phenol is recovered from
phenol tar |tself @1580 = % o ..\ ng effici eagy _achi eved -
when BPAtarH p drp aet a_’_y " for
t he phenol tar. conpar es vmth bssel i ne of @fd;y b/ when
phenol tar was cracke aI one, i.e. only 49.6 % racki ng eff|C| ency.

In addition to this i f‘ease in efficiency OF‘?) enol tar cra@ﬁlng, th
recovery of phenol value from BPA tar was nearly quantitative. ' The

m xi ng and co-cracking of the two "tar" streans gave an unexpected nut ual

synergi stic effeciowendt ihithS, .hoeﬂﬁl&oqh wmp\ippl mﬁ\é?whﬁ%tﬁmaer ng.lél cted by

standard chem stry. Current w_sdom i;eac st
deconposed, bHeProgdugisicandaiged indhe B §eem to dealkylate in part to

5 vield additional phenol. This is believed to be the reason for the
unexpected high vields which are achieved during co-cracking:

CH,

Phenol

In addition, the BPA tar contains "acidic" components which act to .

lower the pH of the mixed feed stream and cause the co-cracking
_ opefation to be performed under an "acid cracking regime", whereby
10  higher vields of phenol are obtained from the phenol tar.

The foregoing examples and experimental and predictive results
are meant to explain and describe the invention, and are not intended to
limit the invention to only those parameters specifically disclosed. Thus,
upon perusing this specification, various modifications of the foregoing

15 description may become apparent, and such are intended to be within the
scope and spirit of the invention as defined by the following claims.



and one nole of IPP. The IPP is not expected to further de-alkylate to
phenol and propane. __ .[err] However 'in this invention, the
BPA, | PP diners and other isoneric by- products contained in the BPA tar,

do seemto deal kyummm yiel d additional phenol. This is
believed to be th nmmmﬂm unexpectest high yields which are
achi eved during co- cracki CH3 - [err] I n

addition,. the BPA tar contalns "aci di c" conmponents which act to | ower
the pH of the m ﬁﬁhéeed stream and cause the co- cracking operation to
be perforned under an aC|d crac |n eglne whereby 10 higher yields of
phenol are obtai ned ) The foregoi ng exanpl es

and experimental and pra%@tud&fdra@wwmg hewiel, Hﬁﬁﬂtmbmﬂmi-éhéhﬁﬁ‘d
descri be the invention, and

{
only those par an@iBeRe g’ﬂé’&?f’ﬁt"g\‘no fcﬂ E@Pg‘ggﬁl'}\%ﬂﬁgmm ar{"rﬂfﬁ?ﬁ? PR ‘%flﬁ'%?‘hltg

speci fication, vefbisphemsiciA by the corxlerisatior of phegol and acetore and |a|themal may
become apparent,

SoTPTE oPPThe el iR R R g?g?%&“?‘e pYbhHAl ol cument BhipAlifs

mixing bisphenol-A tar wi phenol tar and thermallv decomposing the
tars at a temperature ranging from about 290 °C to about 360 °C.

2. The method of Claim 1 wherein the temperature ranges from
about 300 °C to about 350 °C.

3. The method of Claim 2 wherein the temperature ranges from
about 310 °C to about 340 °C.

&TMmaMddCMmTWMmmmNMmmdxmmmmmb
conducted in distillation column-type reactor.

5. The method of Claim 4 which additionally comprises
withdrawing from the reactor a product stream comprising phenol, alpha-
methylstyrene and cumene and recycling the product stream to a cumene
hydroperoxide decomposition products rectification system of the phenoli-
from-cumene process.

6. The method of Claim 5 which additionally comprises
withdrawing from the reactor a waste stream comprising an alkvlphenol
and an alkenyl phenol.

7. The method of Claim 6 wherein the product stream is removed
as an overhead stream from the reactor and the waste stream is removed
as a bottoms stream from the reactor.

8. The method of Claim 7, wherein the alkyviphenol and
alkenylphenol are substantially all removed from the reactor in the
bottoms stream and no more than about one percent by weight of the
alkylphenol and the alkenvlphenol are in the overhead stream.

9. The method of Claim 1 wherein no catalyst is added to the
mixture whereby recovered product purification is simplified since no
catalyst residues are present.



Cl ai nms The invention clainmed is: 1. A nethod for recovering
phefiol , al pha- nmet hyl styrene and cunene froma m xture of a bisphenol-A tar
froma process for production of bisphenol -A by the condensation of phenol
and acetone and a phenol tar froma process for the production of phenol
from cunene conprising m xing bi shenol A tar- lfmth henol tar and thermally
deconposi ng t he t@ﬁ%ﬁfmﬁ E N D AB%) [err]C to
about 360 [err]C. 2. The rret hod of Caim 1 vvherel n the tenperature
ranges from about 300 [err]C to about 35Q\pstfackC. 3. The met hod of
Claim2 wherein thé tenperature ranges from about 310 [err]C to about 340
[err] C. 4. The nmethod of Caim1 wherein the thermal deconposition
is conducted in disti Tl'hmimnhohmelntdsypepro&ssmyofamlxturebfta'ﬁ‘seproﬂutaﬁimf

Claim4 which addj n le @
product stream cBh%??l '% %C noIdn%Pﬁ‘ptﬁ'%ﬁ ?ﬁ&'l“g‘[a&?‘%?et@(% ﬁé%é
recycling the pr bdttom hqu fromoa bisphenokA mmdeggmedéVMQbﬁp@hhar iftmn

products rectifig I YRR
6. The nmet hod of al m mmoéy?tsf%ﬁgﬂg dnsthtRnggél ﬁ%r aw ng from t he
reactor a wasfe sracking reactor a}i2q- éﬁoaﬂanapmemah%ﬁl erlaﬂ HeaPloYRchol .

7. The nethod of ’I@eapl‘&hﬁssvi@%ﬁiéa slebfeedustiterihg @RI0 the mridl¥ of thexéolafhn
overhead stream fr mah el?reactor and th vvastfﬁés%eam is renoved as a
¥ajua

bott ons stream f AH leprogpcts removed a8 OVERR®4tt hod of Claim 7, wherein
t he al kyl phenol and al kenyl phenol are subst-antially all renoved fromthe
reactor in the bottons stream and no nore than about one percent by wei ght
of the al kyl phenol and the al kenyl phenol are in the overhead stream

9. The nethod of Claim 1 wherein no catalyst is added to the m xture

wher eby recovered product purification is S|an|f|ed since no cat al yst
resi dues are present.




