
PHENOL TAR PROCESSING METHOD This invention relates to petrochemical
technology, namely to phenol and acetone production by the cumene method.
In the phenol and acetone product of the process, referred to as the cumene
method, high-boiling byproducts are formed and are referred to, 5
commonly, as phenol tar. Phenol tar is a complex material consisting of
many components including phenol, acetophenone (AP), [err], [err]-dimethyl-
benzylalcohol (DMBA), dimers of [err]-methylstyrene (AMSD), o,
p-cumylphenols (CP), unidentified components, and a small amount of salts
(mainly [err]). The exact phenol tar composition is dependent on 10  the
specific phenol production technology and can vary over a wide range.
Phenol Tar                      wt % Phenol                           5
5-40 Acetophenone (AP)                5 -30 Dimethylbenzyl alcohol (DMBA)
1 -15 alpha methylstyrene dimers (AMSD)  3 - 35 [err], p-cumylphenols (CP)
10 - 50 Heavy components                20 - 65 Until recently phenol tar
was completely useless. Large amounts of it have been used as fuel, but
this has caused ecological problems because of ash formation and
difficulties in burning the highly condensed 15  aromatic compounds. So a
process for phenol tar which would recover a maximum amount of useful
products such as cumene, phenol, and [err]- methylstyrene and reduce the
amount of tar disposed of by burning would have great value. There was
previously proposed a method comprising distilling 20  phenol tar to remove
AP and phenol, then pyrolyzing the phenol tar, from which AP and phenol
have been removed, at 200 - [err] with an acid 



2 catalyst (the examples use sulfuric acid) and then distilling the
pyrolysis product to remove the AP and phenol formed in pyrolysis from the
other valuable products to prevent further reaction by AP and phenol which
would form more tars. According to this method the phenol tar must be 5
pre-distilled to remove the free phenol and acetophenone from it, or else
condensation reactions occur during the cracking operation to form
additional tars and negating recovery of valuable products. Disadvantages
of this method are the necessity of this additional initial distillation
step and little or no improvement in total valuable 10  products yield
(TVPY, which is the sum of phenol, AMS and cumene yields) as a function of
sulfuric acid catalyst concentration, as shown in Table 1. The sulfuric
acid serves only to reduce thermocracker temperature to save energy usage.
Further, sulfuric acid, at these concentrations and at 15  these
temperatures, gives an extremely corrosive environment which attacks the
distillation equipment even if made from stainless steel requiring either
exotic alloys or glass linings. Table 1. Phenol tar thermocracking process
data: 1      2        3       4 AMSD, wt %                        6.1*
-        -       - CP  ,wt%                          68.5     -        -
- Heavy components, wt %            25.4*    -        -       - Process
temperature, [err]              -     405      263     360 [err]
concentration, wt%            -      -        1      0.25 Thermocracker,
Distillate/Feed, wt%  -    76.4      69.2    70.3 



Valuable products in                -     91.6    99.6    81.0 distillate
conc., weight % TVPY, kg/ t of tar                  -    699.8*   689.0*
569.6* Data from US patent 2715145 (1955) incorporated herein by reference
20  *Calculated from the data in examples 1-4 of the patent AP and phenol
removed from feed by distillation before cracking.    3 Another known
prototype method is the continuous thermo- cracking of phenol tar in a
column-type reactor at 275 - [err]. Feed tar is fed into the middle of the
column and the resulting distillate is taken off from the top of the column
and partially directed back to the column as a 5  reflux (reflux ratio
(L/D) about 8). Bottom product is taken off continuously. Process operation
pressure is 2.5 atmospheres absolute. The phenol tar composition used as a
feed is presented in Table 2. Table 2. Phenol tar composition Component
Contents, % mas. Phenol               15.4 AP                   9.3 DMBA
9.1 CP                   40.9 Heavy components    25.3 Data from US patent
3,850,996 (1974) incorporated herein by reference. 10       The above
mentioned prototype results in a distillate containing valuable products:
cumene, phenol, and AMS. Most AP, coming into the thermocracker with the
feed remains in the pot, where it is converted by condensation reactions
with itself and phenol into heavy products and 



directed to incineration. Although the patent teaches a high level of 15
recovery of TVPY, efforts to reproduce the results in the single patent
example show a recovery of less than half of what is taught. The difficulty
in reproducing the performance of this prototype as taught in the patent is
caused by the fact that during the cracking operation the AP component
reacts with the valuable free phenol 20  component present in the tar feed
stream forming highboiling tarry by- products. Also in this prototype the
TVPY obtained is very strongly dependent on phenol tar composition.
(phenol, CP, AMS dimers and DMBA content) and does not provide the broad
range of effectiveness as the present process with tar feeds of greatly
differing compositions, in 25  particular free phenol content    4 Another
disadvantage of this method is the significant amount of bottom residue,
which is incinerated and results in a low level of recovery of valuable
products. A comparison of the feed streams shown in Tables 1, 2 and 3 5
illustrates the need for the more effective thermocracking process of the
present invention. Whereas the CP level in the phenol tar was 68.5 in the
1950's, by the 1970's it dropped to 40.9% and now in the 1990's it is at
15.6%. This change in composition of the tar feed stream results from more
effective upstream separation techniques and more effective 10  catalysts
which reduce the lights ends of the tar stream and raise the level of heavy
components. CP is one of the components in the tar feed stream that yields
the greatest quantity of TVPY. Although the present thermocracking process
is highly effective with a rich tar feed stream such 



as in Table 1, such rich feeds are no longer available in modern phenol 15
from cumene plants. Thus, the key to an economically attractive tar
cracking process is to recover TVPY from tar feed streams with a
substantial proportion of heavy components, e.g. over 40% by weight
compared to about 25% by weight in old processes. The present invention
improves TVPY, increases the degree of 20  phenol tar processing, and
reduces the amount of heavy by-products. These results are obtained by
carrying out the thermocracking process under controlled acidic conditions
in a column-type reactor with a pot temperature of from 200 to [err] and a
pressure of from 0.1 to 5 atmospheres absolute and taking off the
distillate fraction which contains 25  the desired products: phenol,
cumene, and AMS, and a relatively small amount of acetophenone. The
resulting fraction from the thermocracker can be directed either to an
existing phenol and hydrocarbons separation system, or to a specially
designed one to separate some of the components (e.g. AP) of this stream.
30        Surprisingly, under the conditions of the process of the present
invention, the AP and phenol do not condense to form tars as in the
processes of the prior art which reduced the level of valuable products
recovered by these processes. Further, the present process is more energy
and capital efficient since a pre-pyrolysis distillation is avoided. The
5 phenol tar thermocracking process employs 0.1 -1% by weight of phosphoric
acid pre-heated to 50 - [err] as a catalyst. When commercial phosphoric
acid is used (85 weight percent assay) the amount added should corrected to
a 100% by weight basis. Any concentration of 



5  phosphoric acid may be used but lower than about 85% by weight increases
the water level undesirably. A noticeable distinguishing characteristic of
the present invention is the use of the 0.1 - 1 weight % additive of
phosphoric acid pre-heated to 50 [err]. This procedure increases TVPY by
120 - 250 kg per ton of 10  phenol tar. This improvement in tar cracking
efficiency can be explained by the in-situ formation of strong acids such
as pyrophosphoric acid (stronger than phosphoric acid itself), which
possess enhanced catalytic activity. Thus, in the hot thermocracking
environment, pyrophosphoric acid and 15  the higher condensed analogs of
phosphoric acid form via dehydration and condensation reactions as shown
below: [err] The formation of polyphosphoric acid esters by reactions of
such 20  acids with phenol tar components is also possible. The
effectiveness of the above catalyst system can be further explained by
virtue of the fact that the polyphosphoric acids are non-volatile and
remain intimately mixed within the tar mixture during the high temperature
thermocracking process. Other catalysts such as sulfuric acid vaporize at
these 25  temperatures, quickly leave the cracking zone after addition to
the feed stream, and thus are much less effective as cracking catalysts.
Another benefit is that the polyphosphoric acids are not as corrosive as
sulfuric acid when in contact with the materials of construction, such as
stainless steel, typically used in phenol production plants. 30
Processing at lower than the minimum pot temperature [err] significantly
decreases TVPY, as the influence of catalyst added is reduced. Exceeding
the maximum pot temperature (> [err] leads to a   



6 strong rise in the bottom liquid viscosity and the fouling of pipes. One
can observe a similar effect from a catalyst concentration > 1.0%. Addition
of <0.1 weight % of phosphoric acid does not effectively catalyze the
cracking process, and in some cases can even reduce TVPY in comparison 5
with no phosphoric acid additive. Overheating of the phosphoric acid (>
[err] will lead to bottom product viscosity rise and heating the phosphoric
acid to a temperature [err] won't provide high process efficiency. Carrying
out the process at a pressure lower than 0.1 atmospheres absolute is not as
effective since an elevated AMS dimers 10  concentration in the distillate
results instead of decomposition of the dimers into AMS. Bottom residue
viscosity is also increased. A processing pressure higher than 5
atmospheres absolute provides high bottom residue viscosity causing
handling problems and potential for equipment fouling. 15       It is
preferred to maintain the residence time in the pot between about 4 and
abut 30 hours, more preferably between about 5 and about 20 hours, and
still more preferably between 5 and about 10 hours. Addition of 10 - 90% of
bisphenol tar (Bisphenol A, obtained by phenol and acetone condensation,
distillation bottom product) to the 20  phenol tar can give further
benefits beyond the preheated phosphoric acid addition alone.    7
Typically, the bisphenol-A tar comprises the following main components
(percent by weight); 



Phenol          5-20wt% p, p-bisphenol-A  15-40 o, p-bisphenol-A  5-10 IPP
dimer       3-8 Chroman         5-15 BPX (trimer)    7-15 Heavy Tar
The rest to total 100% IPP means isopropenyl phenol BPX is a molecule with
a molecular weight of 362 and is fully 5 described in pending application
Serial Number 08/401,732, filed March 9,1995, which is expressly
incorporated herein by reference. The efficiency of the present process is
illustrated by following examples. The composition of the phenol tar feed
stream used in these examples is set forth in Table 3. The composition of
the bisphenol-A 10  (BPA) tar feed stream used in Examples 5 and 6 is set
forth in Table 4. Table 3. Phenol tar composition Component
Contents, % mas. Light components   <0.01 Cumene            0.02 AMS
0.1 Phenol            16.7 AP                15.6 DMBA              5.5 AMS
dimers        5.8 CP                15.4 Heavy components  40.9    



Table 4. BPA tar composition Component                         Weight
Percent Phenol                            6.6 Acetophenone o, p-Cumylphenol
p, p-bisphenol-A and o, p-bisphenol-A  36.2 IPP Dimers  4.1 Chroman
10.2 (BPX) (Trimer)                    14.2 Tars
28.7 Example 1. Phenol tar processing was carried out using the column type
reactor of the present invention. Temperature in the pot of the column 5
was [err], pressure 3.0 At abs. Feed - phenol tar of the composition
presented in Table 3. Column distillate is partially used as a reflux with
a reflux ratio 2.0. 0.18% of phosphoric acid preheated to [err] was added
to the feed inputted into the middle of column. Experimental results are
presented in Table 5 (Example 1). 10  Example 2. Phenol tar processing was
carried out the same as in Example 1, but phosphoric acid concentration was
1.0%, phosphoric acid preheat temperature is [err] bottom temperature was
[err], operation pressure was 0.1 Atmospheres absolute. Experimental
results are presented in 15  Table 5 (Example 2). Example 3. Phenol tar
processing was carried out the same as in Example 1, but phosphoric acid
concentration was 0.1%, phosphoric acid preheat temperature is [err].
Experimental results are presented in Table 5 20  (Example 3). 



Example 4. Phenol tar processing was carried out the same as in Example 1,
but phosphoric acid was preheated to [err], bottom temperature is [err],
operation pressure was 5 Atmospheres absolute. Experimental results are 25
presented in Table 5 (Example 4).    9 Example 5. Phenol tar processing was
carried out the same as in Example 1, but 10% of BPA tar was added to the
feed. Experimental results are presented in Table 5 (Example 5). 5  Example
6. Phenol tar processing was carried out the same as in Example 1, but 90%
of BPA tar was added to the feed. Experimental results are presented in
Table 5 (Example 6). Example 7. 10        Comparative phenol tar processing
was carried out the same as in Example 1, but without phosphoric acid
additives, and a reflux ratio of 8. Experimental results are presented in
Table 5 (Example 7). Table 5. Phenol tar thermocracking process indices
Example                1    2    3    4    5       6    7 Pot temperature,
[err]   315  200  315  360  315   315   315 [err] preheating     150  180
50   180  150   150   - temperature, [err] Pressure, At abs.    3.0  0.1
3.0  5.0  3.0   3.0   3.0 [err]                0.18  1.0  0.1  0.1  0.18
0.18  0 concentration, % 



*BPA tar additive %    -    -    -    -    10    90    - TVPY, kg/ t
525  350  494  539  548**  554**  275 Including, kg/t Phenol
194  187  218  223  211   210   105 AMS                  240  158  186  194
248   251   99 Cumene               91   5    90   122  89    93    71 *
BPA tar is the bottom liquid from Bisphenol A process after 15  Bisphenol A
distillation. Phenol tar is the only contributor. Pure BPA tar at such
conditions provides 300 kg of phenol per 1 ton of tar. Phenol formed from
this BPA tar has been subtracted from the total phenol amount    10 We
claim: 1. A method for recovery of valuable products from phenol tar,
obtained from a phenol and acetone manufacturing process, comprising
charging a phenol tar into a thermocracking process column-type reactor,
heating the bottoms of the reactor to a temperature of from [err] to 5
[err], maintaining the reactor at a pressure of from 0.1 to 5 atmospheres
absolute and cracking the tar in the presence of 0.1 to 1.0 weight percent
of phosphoric acid preferably 0.1 - 0.2 wt%, preheated to [err], with such
phosphoric acid being added whereby it dehydrates and polymerizes to its
non-volatile polyphosphoric acid analogs. 2. A method of Claim 1, wherein
bottom residue of a Bisphenol A distillation is added to the feed tar to
give a tar mixture of from 10% to 90% by weight bottom residue and from 90%
to 10% by weight phenol tar. 3. A method of Claim 1 wherein the reactor is
under reflux. 



4. A method of Claim 3 wherein the reflux ratio (L/D) is about 2/1 or less,
and preferably less than 1/1. 5. A method of Claim 1 wherein the pressure
is from 0.1 to about 3.0 atmospheres absolute. 6. A method of Claim 1
wherein the bottoms of the reactor are heated to a temperature of from
about [err] to about [err]. 7. A method of Claim 1 wherein the amount of
phosphoric acid is from 0.1 weight percent to about 0.2 weight percent 8. A
method of Claim 1 wherein the tar has a residence time in the bottom of the
reactor of from about 4 to about 30 hours. 9. A method for recovery of
valuable products from phenol tar, obtained from a phenol and acetone
manufacturing process, comprising charging a phenol tar into a
thermocracking process column-type reactor, heating the bottoms of the
reactor to a temperature of from about [err] to 5  about [err], maintaining
the reactor at a pressure of from 0.1 to about 3.0 atmospheres absolute and
cracking the tar in the presence of 0.1 to about 0.2 weight percent of
phosphoric acid preheated to [err] to [err], with such phosphoric acid
being added whereby it dehydrates and polymerizes to its non-volatile
polyphosphoric acid analogs.    10. A method of Claim 9 wherein the tar has
a residence time in the bottom of the reactor of from 5 to about 10 hours.


