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Belgian  solvent is significantly consumed which Body Corporate, of 33 Rue
de la Loi, 1040  results in additional costs.      50 Brussels, Belgium do
hereby declare the.   To avoid those corrosion problems, other invention
for which we pray that a patent  methods have been proposed which consist 5
may be granted to us, and the method by  in using as activator, instead of
bromine, an which it is to be performed', to be  aldehydic and/or ketonic
compound, e.g. particularly described in and by the  acetaldehyde and/or
methylethylketone.  55. following statement:,-                These methods
require less severe The present invention relates to a process  conditions
and, although acetic acid is still 10  for the preparation  of aromatic
used as a solvent, conventional stainless dicarboxylic acids from dialkyl
aromatic  steel 'equipment can be employed. hydrocarbons, and more
particularly to a  However, the activator'is consumed in the  60 process
for producing terephthalic and  reaction, mainly by oxidation into acetic
ispfhthali'c acids from  p- and m-' acid which is therefore a co-product of
the 15  dialkylbenzenes.                       reaction  and must be
separated, purified The production of aromatic dicarboxylic  and sold for
the process to be economically acids, by oxidation of dialkyl aromatic
attractive.' Still other methods have been  65 hydrocarbons, particularly
of xylenes, in  proposed to avoid the drawbacks arising the liquid phase by
molecular oxygen and in  from 'the use of an extraneous compound as 20  the
presence of a heavy metal catalyst. is a  activator. For instance, it has
been shown matter of considerable industrial possible to oxidize in good
yield p-xylene importance which has been the subject of a  into
terephthalic acid in an acetic acid  70 'tremendous amount of work over the
past medium containing only cobalt as catalyst three decades. The major
difficulty  but in exceedingly large amounts. 25   encountered when.
carrying. out this  Nevertheless, in this case also, a signiificant
operation results from  the fact that, consumption of acetic acid takes
place. although xylenes are easily transformed   -More recently, different
methods have  75 into the corresponding toluic acids, the  been claimed
whereby p-xylene is oxidized further oxidation of these acids 'is much
into terephthalic acid in the absence of any 30   more difficult and
results in only negligible  solvent and activator. Temperatures higher
yield of dicarboxylic acids when ordinary  -or close to the melting point
of p-toluic catalytic metods are used. Numerous  acid, i.e. 1790C, are used
so as to achieve  80 methods have been devised to overcome  liquid-phase
conditions. Although these this difficulty, most, of which consist in
methods appear remarkably simple in 35  adding some activator, or promoter.
One of principle, they are difficult to apply in these methods comprises
the use of 'a  practice: without' 'an activator, the bromine-containing
c~ompound as activator intermediate p-toluic acid is rather  85 and a lower
'fatty acid, e.g. acetic acid, as  refractory to oxidation and without
solvent, solvent. Although this method has reached  technical 'problems
associated ' with the 40  full commercial fruition, it suffers serious
handling of solids and with the remova of drawbacks since the use of
broiinet high  the' heat generated during the reaction temperature raises
severe corrosion  arise. For instance, the separation of  90. problems
which can only be solved by the  terphthalic acid from the other components
use of expensive construction materials such  of the reaction mixture is a
difficult task 45  as Hastelloy C' or titanium.' "Hastelloy"  which is
generally achieved by heating and is a 'registered Trade Mark. Moreover,
washing  treatments  at elevated under the strong oxidizing conditions
temperatures, e.g. at 230-270- C  as  9'S applied in this process, the
acetic 'acid  disclosed in U.S. Patent 3,883,584 or even   



2.                                     1,542,320.
2 at 140 350C as in U.S. Paent3,7111,539.. reactinssutaillstpe" obviously,
such treatet rqieth  s    ccordingly, 'in view  of the .prior art of
expensive pressure vessels, made oftachns iti hihysrrsnhtude *
WrOif-resistafit. material and  should  tecniin*o  h   rsn  rcs  o 5' cause
increased  deopstn  adolmywater be' used in quantitiein7 * dsorAtin  f the
reactonmproductsd.;excess of 50 W-t % or even more without Acc~o'rdingly,.
the  present invention  prejudicing the reaction, but also, as shown,-
*provide a& poesfrterpation of  hereinafter, water. 'must -be present i
_ 4romatic'!     H~xli acids by' oxidation of. substanfiaox  c  tiall
amounts for the reactIon to take, 10  p~ or mfialkylbenzenes with moeuarpae
smOOthly ' without induction or  75 oxygen in ~the. presence of catalytic
amounts  inhibition problems. *ofe at least one heavy metal salt, at a.
The amount of Water to be used in th teperature of 1400 'o20 C, in which
process of the present invention depends on process the oxidation: is perfo
rmed-in .the  different.  factors, mainly on temperature 15  presence of
the p- or m-alkyl. benzoic'acid  ad * the 'comfpositio n of the reaction
8o *   correspnding to the. saidporm    minlfure. Preferably, the amount of
water dialkybenzen  in. such anaon  htte  will be sufficient 'for the
monocarboxylic molar atio o  aromaic: mooabolib  acid (toluic acid in-the
case of the oxidatio acid to dialkylbenzene is from 0.01, to10:
ofpormxln)tbessatilyn 20: andt in  the ~presencef'ofwater wh*ich fssuied
souion At: thwring,,tneaue  ste8 in -su-ch amon that the' mola iaiof
solubility, of tic acd nwaestpl from  4 to60:1 at apresure sfficint t
consdere heeth amound ofwater 9to e m ainan atmleat parofth  watr in tthe
u-    my  elwe6ste eprauei 25  liuid pase a the eactin temerattre
ighcer. As aWi general rue, hoevrth   9 The process of the present
invention is  molar amount' of water will not be lower~~~~~b I  thd~ra
Wapplic able  I t oo.. ilcyar omyICatic   thn4jmibae   n  ooaro9i
dialkylbetz60nei haitg alkyraicaswichi  Althougdh n , upper limiut otrictly
eits for 30 acntain It lato 4 carb onii -atoms Tyical  thed'a conenrto lofe
waster which isabyeno  95 startng mhateral incuethe pan-~ and gmeans
detrimentral fru, thoee'oidationg m2 ta-is tmers ofa xylee,    ethl. ecin
hr  sn  datg  nuigs eThylenzePrdithyienzenet  and            ld
argenamunt~- of water tha rit miorerta cymene.               .~iaky. -rd
etg l/qothbnzndcrX ylic ai oxiathofor anic copouands by initheTaset of
oiati on of p-len tort molecultaroyetepeecofweri  tercnenthatic
n acid   water shoul  iot exceed a 5 detrimental. According to the most  of
earepl hliaid Tben the  workdaiong 40 rwidepedoiin   atrwuditreeteprtr  n.
It a  enfudta   0 with the radicalinitiation proceses of the  stil other
fatos hadventoabe takn sint 2,853,514dealing wth the oxdations o
teehtacai in 'th systemisreltatiel alkylbenrzens           andmoeepcalof.
high,: namore  t eseial wh enrthmoa ti 45   xylene, it is sated that "the
waer offtrepthae, aci~ieditoptboluic aciid i cocetatio  shold bei
mnainttained atlsPihrtan23.h   pe lmtaeie than 3 molar in orer to avoid an
clsentinabve may be stoo hig  for th powerful raiclgeeatnseies, sc
retinaespilywhnthe                          amun for~~~~~~~~~~~~~~~~~~~b
we .   'eo oxidation reci-.Tui  ~.mlsprml   of p-tluicacid In  bto Patent
3,13,459, wherin is discosed a  c'aese, thereisunladv notagnuiga
prolcessaforoxyg    h irdizing.e p-yfn *int nttso.wte sustnialdhgerthan 60
terephth~Al  cd withb  a  coal caalystvin'.    10aole pe moe o ptlu   acd
ohihls  2 tepeentac f  qran  of pei ac daspresen inethesystem. 0 wdsolvent,
pitisotugh thateriwhel anaiut j ~thfler trempruei twhc  the oxd:tatilon oft
thatd    nineces  iof aboct 0.5prs  b    ecinhst  ecridoti notcr intica
weight per part of slvent (5 percentoby fithe  ua gdfeneaxul, is from.l 14
tO 65   weight)  s allowed t  accumulate  ther 2200 ic C, prefera
fro-ssm  is0 rlto 200    13 II~~~~~."f    r  seca   ~f h   oa  ai    3
1,542,320                               -   3 advantageously from 160 to
180'C. Below   dialkylbenzene is transformed, oxygen X..     1401C, the
solubility of the monocarboxylic  absorption decreases and may even acid in
water is so low that the amount of  virtually cease if additional
dialkybenzene water to  be ' used  to  place this  is' not added into the
system. Indeed, it is 



5   monocarboxylic acid substantially in  another important aspect of'the
present  70 solution would be too high for the process  invention that to
achieve active oxidation -to be economically attractive. On the other  and
high yields of benzenedicarboxylic acid :hand; working above 2000C
generally  sufficient dialkylbenzene must be present in results in
increased overoxidationj  the system  for the molar ratio of 10
undesirable side-reactions and corrosion  monocarboxylic acid to
dialkylbenzene not  75 problems.                              to become
higher than 100. Accordingly, in The catalyst used in the process of the
the practice of the invention, fresh present invention may be a salt of any
dialkylbenzene should be added to the heavy metal conventionally employed
in  reaction mixture at such a rate that this 15  the  oxidation  of
xylenes  into  condition is fulfilled. This addition may be   80
benzenedicarboxylic acids provided that it  made continuously or
intermittently. 'For is introduced in such a form that it -can be
instance, the reaction may be performed dissolved in the reaction medium.
Salts of  strictly in batch: until oxygen absorption has lower aliphatic
carboxylic acids, such as the  virtually ceased. Then, the dicarboxylic 20
acetates, propionates,. butyrates, and also  acid can be separated by
simple filtration at  85 the naphthenates and toluates of cobalt and  the
reaction temperature. Indeed, it is an manganese and mixtures thereof are
important practical advantage of the generally used. An effective amount of
a  present process that the dicarboxylic acid co-catalyst may also be added
to these salts.  formed in the. reaction is present as 25    When the
dialkylbenzene substrate,  relatively large crystals suspended in an  9o
water and the catalyst are brought into  aqueous medium containingthe'major
part contact and heated at a temperature in the  of the intermediate
monocarboxylic acid. It range as indicated, in-. the presence of  can
therefore be easily separated from the molecular oxygen, active oxidation
does  latter by filtration, centrifugation or any 30  not take place unless
the corresponding  solid-liquid separation device at any  95 monocarboxylic
acid is also present in the  temperature at which'the monocarboxylic
system. This is surprising in view of the fact  acid is still substantially
in solution. The that the monocarboxylic acid is much less  filtrate from
this operation contains the easily oxidized by molecular oxygen than
catalyst in addition to substantially the 35  the dialkylbenzene.
Accordingly, it is an  whole of the: intermediate oxidation  100 -
important aspect of the present invention   products;. it can therefore be
recycled as that the monocarboxylic acid must at any  such, together with
fresh dialkylbenzene, to time be present in the system in sufficient  the
oxidation zone for reprocessing. amount. The minimum  amount of
-According to anotherembodiment of the 40  monocarboxylic acid is such that
the molar  present invention, the process may be  105 ratio  of
monocarboxylic  acid  to  carried out as continuous flow process, for
dialkylbenzene is at least 0.01, preferably at  example in accordance with
the scheme least 0.l.        -                     illustrated in the
drawing accompanying the In carrying out the process of the present
provisional specification, in which xylene is 45  invention, the
dialkylbenzene in admixture  used as dialkylbenzene.             110 with
the corresponding monocarboylic    With reference to the drawing, the acid
and eventually other - intermediate  reaction is performed in an oxidizer
l, the oxidation products is heated in the  residence time tof. the
-reactants being presence of water and the heavy-metal  adjusted  so that
the  prescribed 50  -catalyst while an oxygen-containing gas is
concentrations of xylene and of toluic acid  115 -passed through the
mixture. Efficient  are maintained. Heat evolved in the ;stirring is
provided so as-to ensure intimate  reaction is removed by vaporizing water
contact between the different components.  from the reaction mixture. Some
xylene is Active oxidation soon takes place as  vaporised azeotropically
along with water 55  attested by an intense oxygen absorption  and 'is
separated in decanter 2_ after 120 and by- a rapid increase of temperature.
An  condensation of the vapours. The oiddate from important advantage of
the present process oxidizer I is transferred into stripper 3 is the case
with which temperature control  where any unreacted xylene is removed by
can be achieved: owing to the presence of a  stripping with water. The
dicarboxylic acid 60  substantial amount of water in the'reaction  present
as a precipitate in the effluent from  125 mixture, the heat evolved from
the highly  stripper 3 is separated in separator 4 and exothermic oxidation
can easily be  washed in washer 5 with hot water which removed by
controlled evaporation of  may at least in part come from decanter 2.
water.                                 The filtrate and washings- are
directly 65    As the reaction proceeds, i.e. as more  recycled to oxidizer
1. As those skilled in 130   
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4                                        1542,320   :4 the art will
apprciate, it is. an especially  temperature reached l7:7aC and suddenly
advantageous feature of this process that  ceased after about 20 minutes of
reaction.d water' which is used as awashing solventfor  No terephthalic
acid was detected in the the dicarboxylic acid may be heated and  reaction:
mixture. Still another control ' 5  vapourised, at least in part, -by the
heat  experiment was performed as described in  65 evolved in the oxidation
itself, without need  the Example except that water was omitted;. of an
extraneous source of energy.     No oxygen absorlption took place even
after; The present invention isillustratedby the  heating at l850C for two
,hours. These f~ollowing Exa-mples.-         -   '  control- experiments
clearly show  the importance of having p-toluic acid. and  70 10
Example 'I                water present simultaneously in the charge Into a
I I corrosion-resistant autoclave  for oxidizing p-xyleneinto terephthalic
acid equipped with a mechanical agitation  jin accordance, with -the
present invention. device, a heating jacket a condenser, a gas    Another
comparative - experiment was inlet tube and a vent, there was charged.
carried out under the same conditions  75 except that the: manganese
naphthenate 15   : . p-xyfene.   ,   100 g   '          was omitted.
Observableoxygen absorption p-toluic acid    180 g             stated as
hereinabove but suddenly fell off water          150 g- (or-630      after
about 80 minutes of reaction. Totl mole % based       oxygen absorption was
limited to 58 litres' 80 --ontoluic acid).  and the amount of tereplhthalic
acid in the 'reaction mixture was only 68 g. These 20   Cobalt' and
manganese naphthenates to a  results show the advantage of using at least
concentration of 0.0250 M and 0.0025M, a certain amount of manganese salt
respectively.. '                       together with cobalt salt as
catalyst for .85 The amount of cobalt naphthenate was  oxidizing p-xylene
to terephthalic :: acid thus 7.5 -millimoles and the amount of when the
reaction- is carried ' out in the: 25  Mangan~ese naplithenate was 0.75
millimole.  presence of  substantial amounts of water. The' m'olar ratfo of
p-toluic acid to:             Exml 2' xylene was 1.4 and the molar ratio of
water          Example 2 top-toluic acid was-6.3.      .          The
experiment of Example            90 was  9 The reactor was pressurised:with
air up  repeated excepth hat the oxidation was 30  to a pressure of 20
atmospheres and the  discontinued. atfter heating- for-about 180.
-abovemixture was heated while stirring and  minutes -at, 1850 C.. Then,
the reaction admitting air at-a flow rate bof 300 litres per  mixture was
discharged on a-pressure filter hour (measu red at 2C and 'atmospheric  at
1850C to separate terephthalic acid from   95 pressure). Oxygen absorption
started- as the the other oxidation products. The resulting 35  temperature
ifeached -.140'C. -The  cake was washed twice with water at l850C
temperature then increased rapidly and was  and: dried. After cooling atn
room maintained at 1850.C-by controlled cooling. temperature, the combined
filtrate and The oxygen absorption rate' increased  washings were filtered
to separate  100 steeply during the: first 30 minutes of precipated
p-toluic acid which was, also 40  reaction' and thenvdecreased progressivly
washed with water. The final filtrate, which After heatingsat 1851C for 285
minutes,106  contained substantially the whole of the litres of oxygen were
absorbed. The  c~atalysts, was;.concentrated by evaporation mixture was
cooled, and the autoclave was  untijsts volume was.the same as the volume
105 opened. The precipitate contained therein  of ' water' initially
charged: into the 45  was filtered, washed with 'waterand dried  a6toclave.
This concentrated solution was under vacuum at about 801C. By analysis, it
charged. into the autoclave, together with was shown to consist of 181 'g
of  th-e' precipitatea of p-toluic acid and-the  . terephthac acid, 118 g
-of: toluic acid  same: amount of fresh p-xylene as inthe 110 (Which is
considerably less than'the amount  original charge. The resulting mixture
was 50  charged  initially),i and  7 g Of  then oxidized as already
described. The carboxybenzaldehyde .6uring the reaction,  same procedure
was rqpeated nine times. about.6 g of p-xylene had been entrained by  Upon
analysis it ,was concluded 'that 'the the air flow.-
yi-eld of the terephthalic acid produced-im  115 hi Acontrol experiment was
carried out  this eries of operations was onthehaverage 55  under the same
conditions except that 157 g  higher than 8,7 mole % based on the amount of
p-xylene was substitued for the p-toluic  of p-xylene reacted. acid charged
in the autoclave. The volume 



of the charge was thus about the same but    :       Example 3:: : no
toluic acid was present therein. Oxygen    Into the same autoclave as in
Example 1, 120 60  absorption only started When the  there was charged:.:
5.                                     1,542,329
5\ p-xylene           100 g              p-xylene. Thus, in sumniifaty, the
overall K  p-toluic acid    180 g              result of the operation is a
transformation water               50 g              of p-xylene into
terephthalic acid in the cobalt naphthenate  7.5 millimoles    presence of
an almost steady concentration   65 -5                       (about 0.025
of p-toluic acid. mole per litre of organic                       Example 6
material).          The same amounts of p-xylene, p-toluic -he molar r.tios
of -tolui'       acid and water as in Example 2 are charged 10 .laTnhe
or ratios of p-toluic acid to ep   into the autoclave together with  . 70
10  xyleneand of water 'to p.!toluic acid were  millimoles of each of
cobalt and manganese thus  14  and   .1, repectivly.   .naphthenates. T-he.
mixture is then oxidized The -reactor was pressurized with air up  by air
under exactly the same conditions as to a pressure of 20 atmospheres and
the  in Example 2 except that the temperature is above mixture was heated
while stirring and   1700C. instead of 1850C, After 230 minutes  75 15
introducing air at a flow rate of 300 litres  of reaction 174 litres of
oxygen have been per hour (measured  at 200C  and  absorbed. The reaction.
mixture is then atmospheric pressure). Oxygen absorption  cooled, treated
and analyzed as described started: when the temperature was 1000C.  in
Example 1. It consists .of 98 g of The temperature then increased rapidly
terephthalic acid, 179gofp-toluic acid, 7g  80 20  and was maintained at
1850C by controlled  of p-carboxy-benzaldehyde and  some cooling. The
oxygen absorption  rate  unreacted p-xylene. increased steeply during the
first 20 minutes of the reaction and then decreased
Example 7 progressively. After 240 minutes of    Under the conditions of
the preceding 25  reaction, 101 litres of oxygen were  Example, a series of
13 consecutive  85 absorbed. The reaction was then   operations are
carried  out thereby discontinued by cooling and the autoclave  recycling
the catalysts and intermediates as 4   was opened. The precipitate
contained  described in Example 2.. Terephthalic acid therein was washed
with water, filtered and  is obtained as white powder in an average 30
dried under vacuum at about 800C. The  yield of 87 mole percent. From a
thorough  90 filtrate was treated with a cation-exchange  analysis of the
different streams, it is resin to remove the metal catalysts and then
concluded that the remainder consists evaporated to dryness ..    mainly of
carbon  dioxide, some p- The reaction mixture contained 137 g of
tolualdehyde not recycled and some light 35  'terephthalic' acid, 177 g of
p-toluic acid and  acids. No formation of heavy by-products,  95 7 g of
p-carboxybenzaldehyde.           tar or other coloured bodies is detected.
During the reaction, about 3 g of P-                 Example 8 xylene. were
entrained by the air flow.    The same amounts of p-xylene, p-toluic ' '  '
' Example 4  ' '  -  acid and water as in Example 1 are charged Example4
0         into the autoclave together with 39  100 40    The experiment of
Example]. is repeate'd  -nmillimoles of each cobalt and manganese except
that. 7.5' millimoles of manganese atts.Temxue  is theoxdzdb naphthienate
are used 'as the. sole catalyst.  -air under exactly the same conditions as
in After 310 niindttesofratn,9lies of:     Example 1 except that the
temperature is oxygen has been Absorbed. The reaction   15C
0 45  mixture- is then cooled, treated and analyzed as described in Example
i.' '    - After 300 minutes of reaction, 61 litres of It consists of 150 g
of terephthalic acid,  oxygen have been absorbed and upon 146 g of
.p-toluic acid and  7    g of   t analysis of the reaction mixture it is
shown carboxybenzaldehyde. .      ''         that 91 g of terephthalic acid
have been formed.'                               110 so
Example 5                    This Example shows that by the process The
experiment of Example 2 is repeated  of the present invention p-xylene can
be except that 75 ml of water are charged into  transformed into
terephthalic acid at 'a the autoclave and that 7.5 millimoles of
temperature well below thermelting point of 



manganese toluate are used as the sole  p-toluic acid without resorting to
the use of 115 55  catalyst. After 240 minutes of reaction 81  a lower
fatty acid solvent. litres of oxygen have been. absorbed. Upon analysis,
the reaction mixture was shown to            Example 9 consist of Ill g of
terephthalic acid, 179 g   .:The following charge isp heated while of-
p-toluic acid, i.e., almost the same  stirring and passing air thereinto at
a flow 60  amount as in the initial charge, 7 g of  rate of 300 litres per
hour'under a pressure  120 carboxybenzaldehyde and some unreacted  of 20
atmospheres:    1,542,320 rxy-xlene    -  : ' '  68    '         g of
terephthalic.acid, 108 g of p-tbluic acid p-toluic acid     '   :120 g-'
and 5 g of p-carrboxybenzaldehydC.- water     :'-' ' : ' 250 g   ?       A
comparative experiment is carried out ' :- -  -cobal naphthenate 2.5 mlioe
unet. the same. conios exet ta h 5manganese napthenate   10.0 millimoles
p-toluic acid is omitted. No significant  65 reaction takes place while
heating the thewate'to  ic acid molar  mixture for 4 hours at 1850C. ratio
1s57 instead of   u an             In another comparative experiment, 100 :
eding Examples.Oxygen absorption  g of water are charged into the autoclave
: starts when the temperature reaches about  instead of 50 g. Therefore,
-the molar ratio, 70: 10  1250C. The temperature is then maintained  of
water to p-toluic acid is 76 instead of 38. at 1700C. After 300 minutes of
reaction; 43  Evident oxygen absorption Starts as the litres df oxygen have
been absorbed and tiet temperature reaches 1750C. However, after reaction
is discontinued bSy cooling. The  about 75 minutes of reaction at 185PC.,
the reaction mixture is then treated and  oxygen absorption rate falls
suddenly down  75 15  analyzed as described in ExamrplI 1. It to.
aneg.ilible level The tote oxygen comprises 49 g of terephthalic acid, 139
g of absorption is only 44-litres. p-stolii ic  acid  and* 5- ' -g  of  p-
p   These comparative experiments show carboxybenzaldehyde.      .    .
how important itis to have enough p-toluic This Example clearly shows that
the  acid relative to the amount ,of water in the  80 20  oxidation of
p-xylene into terephthalic acid  system in order to be able to oxidize. p
can.be carried out in the: presence of very  xylene into terephthalic acid
according to largo.amounts of water in accordance with  the process of the
present invention. the process of the present invention. Example. 12
Example 10.      -  '       T he following charge is heated while '85 25
The' experiment of the preceding  passing-air thereinto- at a flow rate of
300 Example is repeated except thatp-xyleneis  litres per hour under a
pressuteoof 20 omitted'and that manganese naphthenate is  atmospheres: -
used as'the sole catalys. Only n egligible absorption of oxygen is:
observed upon  p-xylem                100 g 30 -'heating the mixture at
1700C for one hour.  p-toluic acid      180 g           9- -  The
temperature is then raised up to M8RC.  cobalt naphthenate  3.75 millimoles
but no change in the absorption rate takes  manganese naphthenate  3.75
millimoles place. After one hour at the latter --.  temperature 50 ml of
p-xylene are injected    It can he seen that this charge isthe same 35
intb the reactor. Evident oxygeh absorption  as in the experimenlt of.
Example 6 except then suddenly starts and after 145 minutes  that water is
omitted. Oxygen absorption  95 amounts to 29 litres.                  Stat
as thet 'temperature reaches about * This Example: shows -that P-Xyleiie
must  10C  bu       t yto almost nil after be present in the charg'e if
p-toluic acid is to  an absorption of only 4.5 litres. Heating is - 40  be
oxidized: into terephthalic acid in  continued for two hours at 1850C
without. accordance with the process of the present  any effect upon the
reaction rate. Then 30 i10 invention.   -    '                     ml' of
water are injected into the reactor *--whereby' intense oxygen absorption
tiaes Example 11                place abruptly. Heating at 1850 C is still
The following charge is heated while  cbntinue  or 240 'minutes before
cooling 45  stirring and passing ,air thereinto at a flow  the reaction
mi~cture which is treated and  105 rate of 200 litres per hour under a
pressure  analyzed as already described. It is thus of 20 atmospheres: .
.         .   determife& that the reaction mixture conist of143g o
teephf~aic acid, 179g 



p-xylene                155 g          of p-toluic  acid  and 7: g of p -
p-toluic. acid   .       10 g.         carboxybenzaldehyde.
110 sowater                    5               This. Example shows that
under. the cobalt naphthenae       2 2. milllmfoles   oididios of the
present process water is manganse nahthenat   2.5 millitiiile's  not dftly
not detrimenital for'the exidaticin f. state..  of. p-xyiene: but. exerts'
a beneficialefc Thus, the molar tatios of p-tolcic acid to  upon the
initiation thereof. '  115 pxylene and of watet to p-toluic acid: are 55
0.o5 and 38, respectively. Intense oxygen    WHAT W? CLAIM IS:-' absorption
starts when the temperature   .'A': 'A  proce55 for the' preparation of
reaches 1800. and. amounts to 92. litres after  aromatic dicarboxylic acids
by oxidatiodiof 245. minutes at 1850C., when the reaction is p- or Mnd
iilky1benZenes with molecular discontinued by cooling. As is shown by
oxygen in the presence of catalyticdamounts  120 60  analysis, the reaction
mixture consists of 96  of at least 'one heavy metal salt, at a
-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' 1,542,320
6 p-xylene                68 g           g of terephtiai::acid, 108 g of
p-toluic acid p-toluic acid          120 g           and 5 g of
p-carboxybenzaldehyde. water                  250 g             A
comparative experiment is carried out cobalt naphthenate      2.5
millimoles   under the same conditions except that the 5  manganese
napthenate   10.0 millimoles  p-toluic acid is--omitted. No significant
reaction takes place while heating' the : Thus, the water to p-toluic acid
molar  mixture for 4 hours at 1850 C. ratio is 15.7 instead of 6.3 as in
most of the    In another comparative experiment, 100 preceding Examples.
Oxygen absorption  g of water are charged into the autoclave starts when
the temperature reaches about  instead of 50 g. Therefore, the molar ratio
70 10  1251C. The temperature is then maintained  of water to p-toluic acid
is 76 instead of 38. at 1700C. After 300 minutes of reaction, 43  Evident
oxygen absorption starts as the litres of oxygen have been absorbed and the
temperature reaches 1751C. However, after reaction is discontinued by
cooling. The  about 75 minutes of reaction at 1850C., the reaction mixture
is then treated and  oxygen' absorption rate falls suddenly down  75 15
analyzed as described in Example 1. It to a negligible* level. The total
oxygen comprises 49 g of terephthalic acid, 139 g of absorption is only 44
litres. p-toluic  acid  and  5  g  of p          These comparative
experiments show carboxybenzaldehyde.                   how important it is
to have enough p-toluic This Example clearly shows that the  acid relative
to the amount of water in the  80 20  oxidation of p-xylene into
terephthalic acid  system in order to be able to oxidize -p- can be carried
out in the presence of very  xylene into terephthalic acid according to
large amounts of water in accordance with  the process of the present
invention. the process of the present invention. Example 12 Example 10
The following charge is heated while  85 25    The experiment of the
preceding  passing air thereinto at a flow rate of 300 Example is repeated
except that p-xylene is  litres per hour under a pressure of 20 omitted and
that manganese naphthenate is  atmospheres: used as the sole catalyst. Only
negligible absorption of oxygen is observed upon  p-xylene
100 g 30  heating the mixture at 170C for one hour.  p-toluic acid
180 g           90 The temperature is then raised up to 185C.  cobalt
'naphthenate  3.75 millimoles but no change in the absorption rate takes
manganese naphthenate  3.75 millimoles place; After one hour at the latter
temperature 50 ml of p-xylene are'injected    It can be seen that this
charge is the same 35  into the reactor. Evident oxygen absorption  as in
the experiment of Example 6 except then suddenly starts and after 145
minutes  that water is omitted. Oxygen absorption  95 amounts to 29 litres.
starts as the temperature reaches about This Example shows that p-xylene
must  160C but falls rapidly to almost nil after be present in the charge
if p-toluic acid is to  an absorption of only 4.5 litres. Heating is 40  be
oxidized into terep thalic acid in  continued for two hours at 185C without
accordance with the process of the present  any effect upon the reaction
rate. Then 30 100 invention.                              ml of water are
injected into the reactor 



whereby intense oxygen absorption takes Example 11                place
abruptly. Heating at 185C is still The following charge is heated while
continued for 240 minutes before cooling 45  stirring and passing air
thereinto at a flow  the reaction mixture which is treated and 105 rate of
200 litres per hour under a pressure  analyzed as already described. It is
thus of 20 atmospheres:                      determined that the reaction
mixture consists of 143 g of terephthalic acid, 179 g p-xylene
155 g          of p-toluic  acid  and  7 g of p- p-toluic acid
10 g          carboxybenzaldehyde.                    110 50  water
50 g            This Example shows that under the cobalt naphthenate
2.5 millimoles  conditions of the present process water is manganese
naphthenate  2.5 millimoles   not only not detrimental for the oxidation of
p-xylene but exerts a beneficial effect Thus, the molar ratios of p-toluic
acid to  upon the initiation thereof.     115 p-xylene and of water to
p-toluic acid are 55  0.05 and 38, respectively. Intense oxygen    WHAT WE
CLAIM IS:- absorption starts when the temperature    1. A  process for the
preparation of reaches 1800 and amounts to 92 litres after  aromatic
dicarboxylic acids by oxidation of 245 minutes at 185C., when the reaction
is p- or m-dialkylbenzenes with molecular discontinued by cooling. As is
shown by  oxygen in the presence of catalytic amounts 120 60  analysis, the
reaction mixture consists of 96  of at least one heavy metal salt, at a .
._. .    ,,-,,,,,,,    11|    7
1,542,320..                                    7 temperature of 1400C to
220'C, in which  dicarboxylic acid is terephthalic acid, the process the
oxidation is performed in the  dialkylbenzene is p-xylene, and the presence
of the p- or m-alkyl benzoic acid  aromatic monocarboxylic acid is p-toluic
corresponding fd the said p- or m-' acid.
30 5   dialkylbenzene in such an amount that the    6. A  process according
to Claim  1 molar ratio of aromatic monocarboxylic  substantially as
hereinbefore described with -  acid to dialkylbenzene is from O.Ol to 100:1
reference to the accompanying drawing. and in the presence of water which
is used    7. A  process according to Claim  1, in such an amount that the
molar ratio of substantially as described in Example I or   35 10  water to
aromatic monocarboxylic acid is  Example 2. from 04 to 60:1, at a pressure
sufficient to    8. A  process according to Claim  1, maintain at least
part of the water in the  substantially as described in any one of liquid
phase at the reaction temperature.   Examples 3 to 12. 2. A  process
according to Claim  1,   9. An aromatic dicarboxylic acid when   40 15
wherein the heavy metal salt is a cobalt or  obtained by a process as
claimed in Claim I *  manganese salt or a mixture thereof.     or Claim 8.
. 3. A process according to Claim 1 or 2,    10. An aromatic dicarboxylic
acid when wherein the. molar ratio of aromatic  obtained by a process as
claimed in any one monocarboxylic acid to dialkylbenzene is  of Claims 2 to
7.                        45 20  from 0.1 to 100. 4. A process according to
any one of the     PAGE, WHITE & FARRER, preceding claims, wherein the
molar ratio        Chartered Patent Agents, of water to aromatic
monocarboxylic acid.           27 Chancery Lane, is from 0.4 to 10.
London WC2A INT. 25     5. A process according to any one of the
Agents for the Applicants. preceding claims, wherein the aromatic Printed
for Her Maiesty's Stationery Office, by the Courier Press, Leamington Spa,
1979 Published by The Patent Office, 25 Southampton Buildings, London, WC2A
[AY, from which copies may be obtained. 11111111111111111111111 111111 *
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