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UNITED STATES PATENT OFFICE 
2.563.820 

PREPARATION OF ARY, OCARBOXYC 
AC OS 

John L. Darragh and Robert J. Miller, Berkeley, 
Calif, assignors to California Research Corpo 
ration, San Francisco, Calif., a corporation of 
Delaware 

Application October 4, 1947, Serial No. 777,970 
9 Claims. 

This invention relates to the preparation of 
aryl carboxylic acids in which a carboxyl group 
preferably is directly attached to the aromatic 
nucleus and involves the production of such aryl 
carboxylic acids from alkyl aromatic hydro 
carbons and preferably from polymethyl-substi 
tuted aromatic hydrocarbons. More particularly 
the invention relates to a process for producing 
mononuclear polycarboxylic acids, and in its pre 
ferred embodiment comprises a process for pre 
paring isomeric phthalic acids, such as the 
terephthalic isomer. 
Known methods for producing isomeric 

phthallic acids, such as terephthallic, have uti 
lized indirect chemical syntheses which result in 
costs so high as to be prohibitive for large scale 
production. Certain more direct methods such 
as oxidation of para xylene with potassium 
permanganate or chronic acid require consump. 
tion of relatively expensive chemical reagents and 
likewise involve excessive costS. 
An object of this invention is to provide a 

new and improved process for the production of 
aryl carboxylic acids and one which is of special 
advantage for preparing isomeric phthalic acids. 
Another object is to furnish an improved method 
for the synthesis of terephthalic acid. 

Additionally, an object is to synthesize mono 
nuclear aryl polycarboxylic acids with low cost 
chemical reagents. 
Another object is to produce terephthalic acid 

by a process which involves oxidation with caustic 
alkali. Further, an object is to provide a process 
capable of enhancing yields of carboxylic acids 
in the caustic oxidation of aryl methyl chlorides. 

(Other objects and advantages of the invention 
will be apparent from the drawing and the foll 
lowing detailed disclosure. 

In accordance with this invention aryl car 
boxylic acids, particularly mono nuclear aryl 
polycarboxylic acids, are obtained by formation 
of polyalkyl aromatic chlorides in which a 
chlorine atom is attached to a primary alkyl car 
bon atom, and conversion of Such chlorides to 
carboxylic acids by reactions involving oxidation 
with aqueous caustic alkali. Preferably, the 
chlorinated primary alkyl carbon atom is attached 
directly to a benzene nucleus, as in chlorides of 
para, ??lene: 

(C. 260-515) 

????? CBC1 CEIC, CBC 

} 2 C 2 2 C 
p-Xylyl P-Xylylene p-Xylal p-Chloronethyl 
chloride diehloride chloride benza chloride 

However, the process is applicable to con 
pounds such as 

CBCBC CH4 CH3Cl CH3CHCl 

2 2 ? 2-- 
CBC CH2Cl 

cá o? 
`cH,C? ???, 

CH 
s CHs cá 

and their homologs. Corresponding derivatives 
of naphthalene and anthracene also may be uti 
lized. 

Briefly described a process embodying the pres 
ent invention utilizes a combination of process 
steps involving: 

(1) Formation of an aryl substituted primary 
alkyl chloride such as xylyl chloride 

xylyl chloride (CHaC6HaCH2Cla), xylylene di 
chloride (CICH2C6H4CH2CI), or mixtures thereof, 
either by chlorination of xylene or by chloro 
methylation of toluene or both; 

(2) Separation of at least a xylylene dichloride 
fraction from the chlorinated reaction mixture; 

(3) Conversion of the separated xylene chlo 
rides to corresponding carboxylic acids by hy 
drolysis and oxidation with aqueous caustic 
alkald. 

(4). Chlorination of at least a part of the re 
Suliting toluic acids to corresponding chlorometh 
yl benzoic acids, and 

(5) Conversion of chloromethyl benzoic acids 
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to the corresponding dicarboxylic acids by hy 
drolysis and oxidation with caustic alkali. 

It should be noted that the chemicals con 
sumed in the foregoing synthesis are chlorine and 
aqueous caustic alkali, each of which is a low cost 6 
bulk chemical. In chloromethylation formalde 
hyde also is consumed, and this likewise is a low 
cost bulk product. No expensive oxidizing agents 
are required. Also, it is important that chlorina 
tion to a single chlorinated product is not neces 
sary to substantially complete conversion to 
phthalic acids. 
Since the process of this invention finds its 

principal present application in the manufacture 
of terephthalic and/or isophthalic acids, the in 
vention and process will be illustrated hereinafter 
by reference to the production of these isomeric 
phthalic acids from the xylenes and/or toluene. 
Special emphasis is herein given to the production 
of terephthalic acid from paraXylene. 

In the drawing, Fig. 1 is a flow sheet illustrat 
ing in block diagram a process for converting 
para xylene to terephthalic acid or for obtaining 
a mixture of phthalic acids from toluene or for 
producing mixed phthalic with or without benzoic 
acid from xylene and toluene. V, 

Fig. 2 is a graphical showing variation with 
temperature (in F.) of yield of terephthalic acid 
and terephthalic content of acids from caustic 
oxidation of chloromethyl benzoic acid. 

Fig. 3 is a similar graph showing effect of tem 
perature (in F.) on yield of benzoic acid from 
benzyl chloride. 

Reference to the drawing will reveal that a 
xylene fraction suchas para xylene is introduced 
by way of feed line 0 to a chlorination zone 
where chlorine is introduced into the methyl side 
chains. The chlorination reaction is conducted 
under conditions which favor side chain chlori 
nation and may result in the following reactions: 40 

O 

5 

20 

25 

30 

35 

C OH2O 

heat 
-- Cl ——» RICl -- (p-xylyl chloride) light 

45 

CH2Cl CHCI 

heat 
-- Cl licht HCl -- : (p-xylyleme dichloride) 50 

s HCl 

CHCI CHCl 

heat 55 
—+- Cl2 —» BICl -- (p-xylal chloride) 

light 

B s 

Tri- and polychlorinated compounds also may be 60 
formed. If minor amounts of ring chlorination 
occurs, the subsequent process steps still yield the 
desired compounds. The mixture of chlorinated 
products then passes as indicated by line 2 to a 
separation zone 3 and, as here shown, three 65 
fractions of chlorinated xylenes are obtained. 
Any suitable method of separation, such as dis 
tillation under relatively high vacuum (to mini 
mize decomposition of the chlorides), may be 
used. When the hydrocarbon feed is para xylene, 70 
a para-xylyl chloride fraction, a para-xylal chlo 
ride fraction and a para-xylylene dichloride frac 
tion are conducted as shown by lines f4, 16 and 

respectively to further processing units. If 
benzyl chloride is formed from any toluene pres- 75 

4. 
ent in the xylene feed, this chloride is removed 
by way of line 29. Lower boiling fractions, such 
as unchlorinated hydrocarbons, may be removed 
through outlet 30 and higher boiling compounds 
are withdrawn as indiacted by line 35. 
The para xylyl chloride fraction from ine 4 

is converted to para toluic acid by reactions in 
volving hydrolysis and oxidation of the hydro 
lyzed product to toluic acid. 

CEC CH2OH 

O -- NaOH - Q -- NaCl 
CHOH COONa 

O 
-- NaOH - --> O Q -- 2N. 

These reactions may be effected either substan 
tially concurrently or in two stages. As indicated 
in the flow sheet, a para xylyl chloride fraction 
is hydrolyzed to para methyl benzyl alcohol in 
reaction zone 8 and the alcohol is converted to 
para toluic acid by caustic oxidation in reaction 
Zone 9 which may be physically the same or 
different from zone B. The acid may be recov 
ered as the sodium salt. 

Para xylal chloride is converted to para toluic 
acid in reaction zone 2 by hydrolysis and oxida 
tion. With caustic alkali. The reactions are: 

B 

CBC (=o 

-- 2NaO - Q -- 2NaC -- BO 

COONa CHO 

BO) 

Q -- NaO - O -- 
R 

After being converted from salt to the free 
acid the para toluic acid from zones 9 and 2 
next is subjected to side chain chlorination to 
form chloromethylbenzoic acids by the reactions: 

CH 

OO 

(Molten) 

CHC 

O -- HCl 
O OE 

Side reactions also may occur, for example: 
C 

-- 2Cl -8 

? ?? 

CHCla 



CH C Cl 

-- 3Clt - - 3HCl 

OOH ooH 
Minor chlorination in the ring is not precluded. 
Although the para toluic acid may be chlor 

inated while dissolved in solvents such as carbon 
tetrachloride, better results have been obtained 
by direct chlorination of the molten acid, for 
example, at temperatures of from 190° C. to 
270° C. 
The foregoing conversion to chloromethyl ben 

Zoic acid is effected in reaction zone 22 from 
which the chlorinated products are conveyed as 
shown by line 23 to reaction zone 24 for conver 
sion to terephthalic acid. In this reaction zone 
the chloromethyl groups are hydrolyzed and then 
oxidized by aqueous caustic alkali to a carboxyl 
group, thereby yielding terephthalic acid by the 
following reactions: 

COO CO ONA 

-- 2NaOBI - -- NaCl -- H2O 

???1 . H2OH. 

??ONa ??ONa 
EO 

-- NaOH --» - 2H 

OH O O Na 

Corresponding reactions occur with dichloro 
methyl toluic and trichloro methyl toluic acids. 
The reaction mixture containing terephthalic 

acid passes to product recovery zone 26. Any 
Suitable method of recovery and purification may 
be used, for example, acidification, crystallization 
and Washing with solvents. 
When and if a mixture of xylenes is fed to 

chlorination zone i?, a corresponding mixture of 
ortho, meta and para xylene chloride isomers will 
be obtained. The product will therefore be mixed 
isomeric phthallic acids; but, if desired, a separa 
tion between para toluic acid on the one hand 
and meta and ortho toluic acids on the other 
hand may be effected, as by distillation. Two dif 
ferent phthalic acid products, namely a tere 
phthalic acid and a mixture of Ortho, and meta 
phthalic acid, may then be produced from the 
two separated toluic acid fractions. After such 
a separation (not shown in flow sheet), the 
mixed Ortho and meta toluic acid fraction may 
be withdrawn as indicated by line 27 from caustic 
oxidiation Zone 19. The resulting para toluic 
passes to Zone 22 for chlorination as shown. 
The xylylene dichlorides may be separated in 
suitable fashion. Thus, because of its high melt 
ing point the para xylylene dichloride may be 
separated by Crystallization. The ortho and meta 
isomers may be separated from each other by 
fractional distillation, preferably under vacuum 
to avoid decomposition. 
Toluene which may be contained in the mixed 

xylene feed or separately introduced by way of 
valve-controlled line 28 will be chlorinated in 
zone l I to form benzyl chloride which is con 
ducted to separation Zone 3 and withdrawn 

5 

O 

5 

20 

25 

30 

35 

40 

60 

85 

5 

therefrom as a benzyl chloride fraction indicated 
by line 29. The benzyl chloride fraction is con 
verted to a mixture of xylylene dichlorides by 
chloromethylation in zone 3?. The xylylene 
dichloride product is hydrolyzed to the corres 
ponding glycol in zone 32 and the glycol con 
verted to isomeric phthalic acids by oxidation 
with aqueous caustic alkali in zone 33. 

In order to augment the supply of mixed xylene 
chlorides and provide a supplemental productin 
of toiluic acids and chloro toluic acids, toluene 
admitted by way of inlet line 34 may be con 
verted to xylyl chloride by chloromethylation in 
reaction Zone 36. The hydrogen chloride formed 
in Xylene chlorination zone together with 
formaldehyde is utilized as shown to effect the 
chloromethylation reaction. A mixture of ortho, 
neta and para xylyl chlorides from reaction zone 
36 is passed by way of line 37 to separation zone 
38. If desired the xylyl chlorides may be frac 
tionated and a purified para xylyl chloride frac 
tion removed from separation zone 38 by way 
of line 40. When a mixed xylene hydrocarbon 
feed is used for zone , only mixed chlorides 
need be separated in zone 38. Hydrolysis to 
methyl benzyl alcohol in reaction zone 8 and 
conversion to a mixture of toluic acids in re 
action Zone 9 is effected as previously disclosed. 
If and when it is desirable to synthesize a rela 
tively pure terephthalic acid, the mixed toluic 
acids are fractionated to separate a para toluic 
product and leave a mixed ortho and meta toluic 
acid fraction as previously disclosed. The para 
toluic acid fraction will then be passed to chlorin 
ation zone 22 for conversion to para chloro 
methyl benzoic acid. The chloromethyl benzoic 
acid then passes as shown by line 3 to caustic 
oxidation zone 24 where it is converted to tere 
phthalic acid in the manner hereinbefore dis 
closed. 
The process of this invention and Suitable 

modes of operation will be readily apparent in 
the light of the following illustrative data and 
examples. 

In Small Scale operations, the chlorination re 
action of Zone was carried out in glass reactor 
equipped with a sintered glass plate at the bot 
tom through which gaseous chlorine was fed. 
The reactor when used for continuous chlorina 
tion was provided with an inlet line at the bot 
tom, through which the hydrocarbon feed en 
tered the reactor and an outlet line near the 
top for removal of reaction mixture at the same 
rate as hydrocarbon entered the reaction zone. 
Reaction temperatures were taken by a thermo 
couple extending into the reaction liquid. The 
reactor was topped by a water-cooled condenser 
through which exit gases were removed and ab 
sorbed in aqueous caustic. Vacuum distillations 
utilized for separating the xylene chlorides were 
carried out in distillation columns packed with 
glass helices and equipped with an electrically 
heated jacket. Liquid constituents of the re 
action mixtures were removed through an or 
dinary water-cooled head. Para xylylene dichlo 
ride and other high melting constituents were 
taken of the fractionating column through a 
special head surrounded by a glass jacket con 
taining boiling toluene to prevent solidification 
in the lines prior to reaching the storage re 
ceiver. 

Chlorination in batch operation can be effected 
in the presence of light at approximately 95 
C. This temperature may be varied from 40 
to 130 C., for example, When theoretical quan 
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tities of chlorine necessary to forma Xylylene di 
chloride were passed into the reaction mixture, 
some dehydrohalogenation occurred both during 
chlorination and upon distillation of the chlorin 
ated product under vacuum at 3-8 mm. mercury 
pressure. Continuous chlorination was carried out 
at about 95° C. in the presence of light with 
greatly improved results. Para Xylene and 
chlorine were fed to the reactor at constant 
rates and excellent chlorine utilization obtained. 
Steady state compositions were obtained for each 
feed ratio in continuous chlorination by taking 
samples from the continuously withdrawn chlo 
rinated product and analyzing for chlorine con 
tent. When chlorine content became constant, 
the reactor was assumed to be under steady state 
operation. In the data here given. chlorine con 
tents were measured by Saponification numbers. 

Because of the many possible products, corn 
plete analysis of the chlorinated mixtures was 
not made, but several of the retained samples 
were analyzed by distillation at reduced pressure 
to give compositions of typical chlorinated re 
action mixtures. 

TTABLE 

Distillation analysis of chlorinated p-acylene 

Distillation No-------------------------- 1 2 3 4 

SAP No. m??????SSSS SSqqqSqSS LSL SSqSq S S S LS S S SS SS SSL S S S S LS LSSS SLLSL CS 129 274 279 71 

Per Cent Chlorine----------------------- 10, 4 20.4 20.5 29. 
Results (Per Cent by We 

p-Xylene--------- 17.2 0 34 | 5 .35 : 80.3 - ? - ? 
p-Xyly Chloride- 22.2 34,228.5 32.2 
?? Dichloride-- 2.0 13.5 4.0 22.2 
High Boiling Material---------------- 14.0 | 4.4 2.0 5.0 
Bottons --------------- 4.6 9, 8 17.6 
Loss--------------------------------- 7.8 1.7 5, 9 

From the results of the foregoing distillations, 
it will be seen that as the chlorine to para xylene 
feed ratios are increased the yield of para xyly'l- 
ene dichloride increases. 
A large batch of the reaction mixture of chlo 

rinated compounds was treated for Separation 
as follows: The chlorinated mixture was cooled 
in an ice bath and the crystals formed were 
filtered off. The filtrate was then charged to 
a still and unreacted para xylene and para xylyl 
chloride removed under vacuum. The still bot 
toms were dissolved in about half their volume 
of chloroform and the resulting solution cooled 
in an ice bath where additional crystals were 
recovered and combined with those first Sep 
arated. These crystals, after purification by re 
crystallization from chloroform, were identified 
as para xylylene dichloride by chlorine content, 
melting point and hydrolysis to the para xylylene 
glycol derivative. 
The mother liquor from the foregoing chloro 

form crystallization was concentrated to 50% of 
its volume and again cooled in an ice bath. A 
second fraction of crystals more soluble in chloro 
form than para xylylene dichloride Was obtained 
and recrystallized from a mixture of petroleum 
ether and benzene. These crystals were identi 
fied as para xylal chloride by their chlorine con 
tent and melting point and by the fact that hy 
drolysis yielded para talualdehyde rather than 
the glycol. 

After separation of the chlorinated reaction 
mixture to yield a xylyl chloride fraction, a Xylal 
chloride fraction and a para Xylylene dichloride 
fraction, these respective intermediates are treat 
ed for conversion to the corresponding carboxylic 
acids or sodium salts thereof. 

CONVERSION OF XYYL CLORIDE 
A preferred mode of operation involves simul 

taneous hydrolysis and oxidation of xylyl chloride 
5 to the corresponding toluic acid at 300° C. to 400° 

C. (575-750 F.). The overal reaction may be 
Written: 

CEC 

? O + 2NaOH + o, “. 
CEs 

COONa 

5 -- NaCl -- 2HO 

CEI. 

However, it may be effected in two stages: 
20 CEC CBOE 

-- Na?? eat NAC 8? ???? ????« EO -- Na 

25 C'Es CHE: 
CH2OH COONa 

-- NaOH( ) Heat BO GeoS) and ??????? O -- 2 

30 CH3 CBI. 
A single stage operation presently is regarded 

as most desirable. The reaction may be effected 
by agitation in a rocker type autoclave under the 

35 following conditions: 
Time, hours------------------------------- 
Temperature, C-------------------------- 371 
Caustic concentration, percent------------- 8 
NaOH, moles----------------------------- 2 
Xylyl chloride, moles---------------------- 1. 
Yield of toluic acid (moles per mole of xylyl 
chloride)------------------------------- 85 

XXLAL CELORIDE CONVERSION 

Xylal chloride is converted to the corresponding 
toluic acid by hydrolysis and oxidation preferably 
at 300° C. to 400° C. (575-750 F). These reac 
tions may be effected by agitation in rocker type 
autoclave as follows: 

45 

50 Time, hours------------------------------- 1 
Temperature, C-------------------------- 37 
Caustic concentration, percent.------------- 10.9 
NaOH, moles----------------------------- 3. 
Benzal chloride, moles.-------------------- 1 
Yield of benzoic acid, moles per mole of 
benzal chloride------------------------- 

CONVERSION OE XYLYLENE DICELORIDE 

In small scale runs for this stage of the process 
reactions were carried out in a rocking autoclave 
capable of withstanding pressures up to 16,000 
pounds per Square inch gauge and constructed 
entirely of Monel metal. The head of the vessel 
was fitted with a thermocouple, a safety valve, 
vent, a pressure gauge and a sample valve. Heat 
Was Supplied through strip heaters located in the 
autoclave casing. The whole assembly was agi 
tated by rocking in a vertical plane with a maxi 
mum deviation from the horizontal of 30° and at 
a rate of 8 cycles perminute. 
The desired material was charged to the auto 

clave together with a predetermined amount of 
caustic soda, water and the oxidizing agent when 
one was used. The vessel was lock-closed, placed 
in a shaker casing, and if a gaseous oxidizing 

75 agent such as air or oxygen was to be used, it was 

91 

60 

65 

70 
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charged at this time through the sample valve. 
The amount of oxidizing agent was calculated 
from the total pressure and known free-space in 
the vessel. 

Heat was turned on and shaking started. After 
reaching reaction temperature, the mixture Was 
allowed to react for one hour while controlling 
the temperature to maintain it substantially con 
stant. At the end of one hour reaction time (ex 
clusive of heating and cooling periods), shaking 
was stopped, heat turned off and the apparatus 
allowed to cool overnight. Upon removal of the 
cooled reaction mixture from the autoclave, it 
was filtered to remove dirt and traces of insoluble 
by-products and next acidified to a pH of 3.0 with 
HCl to convert the salts back to free acid which 
forms a precipitate. The precipitated acid was re 
covered by filtration, washed free of chloride ion, 
dried and weighed. A sample of the dried prod 
uct was dissolved in a standard base solution, 
back-titrated potentiometrically with standard 
acid and the acid number obtained. Yield was 
calculated from these data. 
Pure para Xylylene dichloride when reacted 

with four or more mols of caustic soda per mol 
of the dichloride at 37 C. (700°F.) for One hour 
yields a terephthalic acid product containing im 

CEC CEH,OEH 

2NaC - ???? 2NaOH ?+ 

HC O 
p-Xylylene dichloride p-Xylylene glycol 

CHaOH COONa 

O +2NaOH - -- 4H. 

H4OH OONa 
Terephthalic acid 

In any event it has been found that tereph 
s thalic acid can be prepared from para xylylene 

20 

25 

glycol by subjecting the glycol to caustic oxida 
tion at 371 C. (700° F.) for one hour as in the 
conversion of para xylylene dichloride. The 
product from the caustic oxidation of para 
xylylene glycol contained a neutral product, 
paratoluic acid, and terephthalic acid substan 
tially as in the previous preparation from para 
xylylene dichloride. The xylylene glycol was 
obtained for this reaction by hydrolysis in a 
dilute water Solution at reflux temperature fol 
lowed by extraction with ether to recover the 
glycol from the aqueous medium. 

purities. Yields and impurity contents are illus- Important variables were investigated to de 
trated by the following table of data: termine their effects upon the foregoing caustic 

TABLE 
Caustic oacidation of acylylene dichloride 

Wt. Per | Wt. Yield Mols Zy- Conc. Conv. Acid No. yyyyY SYS yyy MYZSSSyZSSyyyyy 
? |°? |?|? "? ? mg. KOH Charged Percent Per cente: : per Gram 
0.50 2.0 8.1 100 1.0 65 452 
0.50 2.0 8. 100 -------- 53 410 
0.50 2,0 8. 100 2.3 66 423 
0,50 2.0 8.7 100 1.7 84 427 

The by-product on which approximate per 
centages are given above is a neutral, pasty ma 
terial insoluble in aqueous caustic. The acid 
numbers shown in the foregoing tables were ob 
tained on the crude chloride-free acidic reaction 
products. Acid numbers can be raised to from 
about 500-512 in all cases by recrystallization 
from water. The significance of acid numbers 
is illustrated by theoretical acid numbers as foll 
lows: 

Toluic acid-------------------------------- 412 
Terephthalic acid-------------------------- 672 

Pure terephthalic and pure toluic acids were 
isolated from the reaction mixtures and identi 
fied by means of acid number and methyl ester. 
In addition a water insoluble neutral material 
was found to be present and is removed by 
filtration of aqueous solutions during recrystal 
lization. The foregoing reaction is believed to 
occur step-wise as follows: 

45 

50 

55 

50 

oxidation reactions. Among the factors inves 
tigated were: effect of , concentration of the 
xylene chloride in the caustic, effect of concen 
tration of caustic and of excess proportions of 
the caustic Solution on the product, effect of time 
and temperature of reaction, and effect of oxi 
dising reagents. Each of these factors is dis 
cussed hereinbelow. 
EFFECT OF CONCENTRATION ON CONVERSION OF 

XYLYLENE DICHLORIDE 
A decrease in concentration of the xylylene 

dichloride increases the acid number of the prod 
uct and reduces the amount of neutral by-prod 
uct. The weight yield of the product remains 
Substantially constant and the concentration as 
Well as the amount of excess caustic over theo 
retical appeared to have no effect on the product 
within the limits investigated. The following 
series of data in which the reactions were con 
ducted at 700° F. with one hour reaction time 
are illustrative: 

TABLE III 
Oacidation of varying concentrations of acylylene 

Mols Xy 
lylene Di 
chloride 
Chargedi 

dichloride to terephthalic acid 

Wt. Per i Wt. Yield Conc. Per Cent acid No. SuZSSL SySSeZTSSyyZTyyyy 
Used Solution, Based on is Chag. ig. KOH 

Per Cent Chloride Charge Perört || Per Gram 

2.0 8.1 100 1.0 65 452 
2.0 8, 7 100 6. 42 
2.0 8, 1 100 tr8?e 9. 520 
2.0 8. 100 trace 69 677 
2.0 8. 100 trace 67 570 
0.08 0.4 100 traC8 63 572 i 
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Effect of temperature, time, and pressure on 
acyllyllene dichloride conversion.--A temperature 
between 315-371° C. (600-700' F.) yields a prod 
uct of a fairly constant acid number. As tem 
peratures increased above 371° C. (700 F.) or 
reaction times are prolonged, or both, the yield of 
total acid drops off. Thus, it appears that about 
315° C. (600°F) is as high a temperature as is 
necessary and that reaction times in excess of 
one hour achieve little or no benefit. However, 0 
the process is operative at temperatures of from 
250° C. to 400° C. (480-750 F). Illustrative data 
are given in the following table: 

TABLE IV 

2 
turbo-mixer equipped with a mercury-sealed 
stirrer. Chlorine was introduced at the bottom 
of the reactor which was immersed in an elec 
trically heated oil bath. The chlorine was pre 
heated in a colled feed line immersed in the oil 
bath and leading to the bottom of the reactor. 
Exit gases from the reaction mixture pass 
through a side-arm to a condenser. The toluic 
acids tend to sublime and plug air condensers. 
To alleviate this tendency an oil heated con 
denser was attached to the reactor and an air 
cooled condenser in turn attached to the outlet 
of the oil heated condenser. Exit gases, thus, 

Oscidation of acylylene dichloride-variable time 
and temperature 

Vit. Per VIt. Yield ols. Conc. AA Acid No. 
Xylylene Rö NaOH Time, i Temp., ??" B#n Product 
Dhloride * Solution || Bours o'F. Based on Charge, KOH 
Charged Per Cent Charge. Per deper Gram 

0.02 . . .0 4.2 1.0 550 14 37 507 
0.02 .0 4.2 ... O 600 Nome 77 584 
0.02 0. 42 1.0 650 None 5 570 
0.02 ... O 4.2 4,0 550 None s 579 
0.02 2.8 8. 45 700 None ?3 65 
0.02 4.2 1.0 50 Nome 23 53 
0.02 1.0 4.2 4?25 50 None None ------ 

Pressure is not critical except that it should be 
sufficient to maintain the aqueous caustic in 
liquid phase. 

Effect of oacidiaing agents on conversion of 
acylylene dichloride.--It has been found that use 
of an oxidizing agent, such as air, achieves a 
marked improvement in yields and purity of the 
terephthalic acid product. In fact, substantially 
theoretical yields of nearly pure terephthalic 
acid have been obtained by intimately contacting 
the reaction mixture of aqueous caustic and 
xylene chlorides with air. The data in the table 
below exemplify the excellent results obtainable. 45 

35 

TABLE W 

first passed through the oil condenser where a 
major proportion of any sublimed acids were 
condensed, melted and returned to the reactor. 
The remaining gases next flowed to the air con 
denser and were led to a caustic absorber for 
extracting HCl and residual acidic products car 
ried thereby. 
Although para toluic acid, for example, may 

be chlorinated in boiling carbon tetrachloride in 
the presence of light, direct chlorination of 
molten toluic acids yields better results. The 
toluic acid is charged to the reactor, melted, 
heated to the desired temperature and there 

Caustic oacidation of acylylene dichloride in the 
presence of added oacidiating agents 

Acid No. Mos Mos Conc. Moss, of Per Cent of Mol Tereph 
Xylylene Näè5 NOE Oxidizing Available Theoretical Yield Acids thaic 
Dichloride Used Solution, Agent Used Oxygen Oxygen of ng. KOH in Prod, 
Charged Per Cent Charged Charged Acids i per Gram || Per Cent 

0.2 0.95 3.9 NaOC{1|---8 63 88 50 0.01 ----??. 
0.02 0.90 3.8 NaOCl-------- 0.02 00 94 673 00 
0.2 O 4.2 Air------------ 0.08 400 88 64 00 
0.25 1.87 7.0 O3------------- 0?4? 200 99 668 98 

All of the above runs were made at 315 C. 
(600 F) and one hour reaction time at this tenn 
perature. 

CONWERSION OF TOUCACDS 

Returning now to the intermediate toluic acids, 
it will be recalled that, in addition to use as 
such, these compounds may be converted to their 
corresponding phthalic acids by chlorination in 
the methyl group and caustic alkali Oxidation 
of the resulting chloromethyl benzoic acid 
(a chloro para toluic acid). Each of these stages 
Will be described. . 

Chlorination of toluic acids. The direct chlo 
rination of toluic acids was carried out in a glass '' 

after contacted with gaseous chlorine under con 
stant agitation. Temperatures of from 190° C. 
to 270° C. are suitable conditions. While chlo 
rination of para toluic acid to form para methyl 
benzoic acid is a preferred aspect of the inven 
tion since a main objective is to produce tereph 
thalic acid, it was found that all three isoners 
of toluic acid will undergo direct side-chain chlo 
rination in the molten state. Ortho toluic acid 
gave a 13.7% chlorine-containing product, for 
example; and two runs with meta toluic acid 
yielded products containing 16.8 and 19.1% chlo 
rine respectively. Various runs made with para 
toluic acid and data on results obtained are given 
in Table VI: 



ABEW 
Chlorination of p-toluic acid 

Per Cent Gm of Per Cent Acid 
Saraple ?????????????????? Tigh- || Temp || 9 luted || Pel 9nt | Rected ?? ????????: No. s Description of Charge SS yyy SS SKZS y ySSkS KS SYSSMSSS S Koffigm. Ail " Töltic Reacted lehydro:::: w:ht | KöH Charge Acid halogenated & per gim. 

i------- p-Toluic Acid (C. P.)------------- 412 0 - - - - - - - - - - - - - - - - - - - -375 ---------- 1.19 - - - - - - - - - - - - - - - - - - - - - -? 
2------- p-Toluic Acid Laboratory Prep. 414 .8 [ 246-252 |-------------------------------- 1,07 4.2 ?50 M. P. 78-180.5 C. 
3------- p-Toluic Acid, Laboratory Prep. 414 0.8 246-252 -------------------------------- 07 3.0 447 M. P. 178-80,5°C. 
4------- p-Toluic Acid, Laboratory Prep. 422 3.8 246-252 668 68 34 1, 17 3.2 446 

M. P. 177->220°C. W 
5------- p-Toluic Acidi, Laboratory Prep. 44 .8 252 .884 73 44 1.10 16.4 480 

M. P. 78-180.5° C. 
6------- p-Toluic Acid, Laboratory Prep--- 426 5.3 246-252 .922 68 56 .96 14.4 461 
7------- p-Toluic Acid, from Pilot Plant, 445 12.S. 246-252 .838 79 55 1.08 13.7 520 Caustic purified. 

562 17.7 09. 52 82 982 .232-241 13.3 447 -----------------------------do ? ? ? ? ??? ? ? ? ? ? ? 8 
560 1?14 1.1 55 73 932. 232-241 13.3 447 ,p-Toluic Acid, from Pilot Plant --? ? ? ? ? 9 

Caustic purified, air and chlo 
rineused. 

516 2.4 98. 66 80 882 232-241 13.0 439 ,p-Toluic Acid, from Pilot Plant ? ? ? ? ? ? 10 Steam stripped, containing 
about 2% polymer. 

Attention is directed to the fact that in Table 25 The para, chloromethyl toluic acid desirably is 
IV, Example No. 8 shows that reduction of tem 
perature decreased dehydrohalogenation and at 
the same time increased chlorine utilization as 
well as the chlorine content of the product. The 
extent to which the temperature may be lowered 
is limited by the fluidity of the reaction mixture 
which contains some high melting components. 
From the data in Table VI, it also appears that 
oxidation occurs under the chlorination condi 
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converted to terephthalic acid in a single stage 
caustic oxidation process by contacting with 
aqueous caustic at 150-400° C., for example at 
315° C. (600° F.). The following examples are 
illustrative and show that chlorine content of the 
feed within the ranges tested has no profound 
effect upon the acid number of the product. A 
large excess of oxygen diminished the weight 
yield of product, 

TABLE VII 
Oacidation of chlorinated p-toluic acid 
in caustic soda at high-temperature 

Chlorinated Chlorine 
Toluic Acid in Charge, 
Charged, Per Cent 
Grams of Theory 

Run No. 

Product 

¥|Ñ|????|¥* C A. olution, an Ota Per Cent 
Used || Per Cent ????! Acids, t? Tereph- #?????“???? 

Per Cent || P Acid thallic ? by wt. of Acid | per Utram Charge 

1.0 4.2 0.036 94 26 74 605 
1.0 4.2 0.063 82 23 77 614 
1.0 4.2 0,040 98 0 90 648 
1.0 4.2 0.040 94 * 18 82 634 
1.0 4.2 0.040 94. 13 87 640 
O 4.2 0.109 76 10 90 648 

tions. While some of the para toluic acid charge 
stocks contained terephthalic acid, the amount 
therein is insufficient to account for the high 
acid number of the products. Extraction of the 
chlorinated products with 190 proof alcohol (in 
which terephthalic acid is insoluble) yielded an 
alcohol soluble portion and an alcohol insoluble 
portion having acid numbers of 366 and 522, re 
spectively. Accordingly, it is believed that the 
chlorine serves as an oxidizing agent to convert 
a portion of the para toluic acid to terephthalic 
acid by an oxidation reaction which is presently 
not understood. 
On comparing sample 10 with samples 8 and 9, 

it appears that removal of impurities from the 
crude toluic acid by caustic purification or distill 
lation achieves substantial improvements in 
chlorine utilization, and in yields and purity of 
product. 
Conversion of para chloromethyl benzoic acid 

The effect of different variables on the single 
stage conversion of para chloromethyl benzoic 
acid was investigated. 

Effect of temperature on conversion of chloro 
methylbenzoic acids.-Effect of temperature is 
decided in altering yields of total acids as well as 
per cent terephthalic acid in the reaction prod 
uct. The effect of changes in temperature on 
total weight of acids and on the percentage of 
terephthalic in the acid reaction products is ill 
lustrated graphically in Fig. 2 based on the data 
of Table VIII. Yield drops rapidly below 200° C. 
(400° F.) and little benefit is apparent above 315° 
C. (600° F.). Temperatures of 150-400° C. are 
operative. The data in Table VIII were obtained 
in Small scale runs in which reaction time was 
one hour and charge stock contained 78% of 
theoretical chlorine for para chloromethyl ben 
zoic acid. 
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TABEW 
Effect of temperature on caustic oscidation 

of a-chloro-p-tolaic acid 

Product 
Chlorinated Mols Mols NaO sample || PFotº Oxygen Temp. Wt. Yield 

arged, ? (as air) Per Cent fouie || ? S. 
Cras by Wt, of Acid thallic KOH per 

Charge Acidi i Gram 

1l--------- 5.0 1.0 4?2 0.04 300 56 37 63 578 
12--------- 5.0 : 1.0 4.2 0.04 ??0 88 22 78 617 
13--------- 5.0 .0 4.2 0.04 500 9. t 89 644 
14--------- ... O 1.0 4.2 0.04 600 98 3 97 666 

Effect of concentrations on conversion of 
chloromethyl benzoic acid.- The foregoing runs 
were performed with the chlorinated toluic acids 
present in dilute solution and with a high molar 
excess of caustic soda. Additional tests revealed 
that the reaction can be effected with good yields 
and relatively high efficiency at high concentra 
tions of the chlorinated acids and without large 
excess of caustic soda. 
given in Table IDK: 

TTABLE: OK 
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Illustrative data are product. 

their corresponding phthalic acids by caustic oxi 
dation at temperatures within the range of 150 
400° C., e. g. at 315° C. (600°F.), for a reaction 
period of one hour in a manner similar to the 
foregoing examples with para chloromethyl 
toluic acid. The invention and condition for 
reaction as herein disclosed is applicable to the 
ortho and meta isomers as well as to the para 

Effect of caustic concentration-Relatively di 

Caustic oacidation of a-chloro-p-toluic acid 

Product 

¥: Cl???tne C Ot Mos 99 Mcls Yield of Sample Acid Charge NaOH 
No. Charged, Per Cent N Solution, ? A???????er || Ferent ¥¥ Acid No. Grams of Per Cent öent by p-Toluic hao || . KOEI 

Theory Wt. of Acid Acid per Gram 
Charge 

57.9 65 1.5 5.6 0.35 95 14 86 838 
69.5 66 1.5 5.6 0.37 93 8 92 654 
03 85 2.0 9.9 0, 60 95 4. 96 662 
80.0 68 5 8. 0.50 98 3 97 666 
86.6 &9 . 8.4 0.53 87 19 8. 1625 

1 This experiment was made on a chlorinated crude toluic acid. 

In the foregoing tests, oxygen was substituted 
for air so that lower pressures could be utilized. 

Effect of oacidiaing agents.-Except where 
otherwise noted, oxygen in the form of air wis 
used for all of the reported examples on the con 
version of para chloromethyl benzoic acid. It 
has been found that quantities of oxygen less 
than one mol per mol of para chloromethyl ben 
zoic acid, although operative, result in loss in 
conversion of terephthalic acid and yield reac 
tion products having lower acid numbers. A 
slight excess of oxygen is preferred as will be 
apparent from the following data: 

TABLE X 

50 

lute Solutions of caustic alkali in water are pre 
ferred for the oxidation reactions herein dis 
closed. Good results have been obtained over 
the range of from 4 to 10% by weight of caustic 
SOda and it was evident that higher concentra 
tions as well as Somewhat more dilute solutions 
are operative. 

CONVERSION BY CHOROMETYLATION 

Utilization of by-product HCl by chlorometh 
ylation of toluene or of benzyl chloride (produced 
by chlorination of toluene contained in or added 
to the xylene feed) has been shown in the de 

Use of oacygen in caustic oacidation of a-chloro 
p-toluic acid to terephthalic acid 

Product 

92b9F9r | chlorin Mol Toltic ! Mols | NaOH Yield of SYSSLkkSZ lT TZSLSSSLLLLSLLLk kLSSSLL LS Charged, f Th Used i Per Cent ? Acids, Perri Tereph- KoH dias” |of "I'meory (as air) is P:???????lc thallic ????????! of c Äci | per Gram 
arge . ' 

20--------- 5.0 78 1.0 4.2 | 0.017 96 O 90 649 
--------- 5.0 0 4.2 0.040 96 3 97 666 

Ortho chloromethyl toluic acid and meta 
chloromethyl toluic acid have been converted to 

scription of the flow sheet of Fig. 1. This type of 
reaction will be illustrated in connection with the 
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chloromethylation of benzyl chloride to form Paraformaldehyde, equivalents ------------ 1. 
para xylylene dichloride. The reaction HCl gas bubbled through for 8 hours at 50° C. 

CHC C:H2C) Reaction mix allowed to stand overnight, washed, 
B dried, and filtered. Reaction products sepa 

-- Hé= O -- HCl + ?? 5 ???l:: by fractional distillation at reduced pres 

?H3Cl The resulting product may be converted to toluic 
acids as hereinbefore disclosed. 

is carried out in the presence of a condensation From the foregoing it will become apparent 
catalyst such as zinc chloride, hydrogen fluoride, 10 that the combination of process steps herein dis 
or aluminum chloride. The tendency of benzyl closed affords a method for obtaining substan 
chloride to react with itself may be reduced by tially complete conversion of a xylene, toluene or 
feeding the benzyl chloride to an excess of the analogous methyl-substituted aromatic hydrocar 
reaction mixture and by such other expedients bon to corresponding carboxylic acids with high 
as will occur to those skilled in the art. yields while avoiding the necessity for complete 
The process is illustrated by Small Scale exam- chlorination to theoretical dichloride content. It 

ples in which benzyl chloride, formaldehyde, cat- is unnecessary to obtain maximum yield of the 
alyst, and solvent were mixed and contacted with Xylyleme dichloride, for example, in order to pro 
HCl for a period of several hours. The reaction duce dicarboxylic acids thereby permitting under 
mixture was allowed to stand overnight, washed, 20 chlorination with resulting higher selectivity for 
dried and filtered. Solvent and unreacted benzyl side-chain chlorination as against ring chlorina 
chloride were removed by distillation and the di- tion while simultaneously minimizing over-chlo 
chloride was recovered by crystallization. Data rination in the side chain with attendant higher 
and results of these runs are given in Table XI: Overall chlorine and caustic consumption. The 

TABLE XI 
Data from chloromethylation eacperiments 

Sample No.---------------------------- 22 23 24 25 

Reactants: 
Benzyl Chloride-------------------- 1nol---------------- 2 mols --------------- lmol---------------- 1 mlol. 
Formaldehyde----- - - - - - - - - - - - .54 eq. of formalin --- 2.1 eq. of (CHO)at--- l eq. of (CH2O):---- 1.33 eq. of (CHO) r. 
Source of HCl- - | anhydrous HC1----- anhydrous HCl----- amhydrous BICl----- 125 Iml. conc. ? 
Catalyst.--------------------------- 69 gIn.'-------------- 138 gm."------------- 68 gn. ZnCl2-------- 60 ml. 85% HaPO. 
Solvent---------------------------- 350 ml. Ethylene 500 ml. Ethylene 300 ml. Ethylene 110 gm. Glacial Ace 

Chloride. Chloride. Chloride. tic Acid. 
Temperature, C----------------------- 50------------------- 0------------------- 50------------------- 100, 
Time, Hours--------------------------- 8-------------------- 9-------------------- 8-------------------- 4%. 
Analysis of Product: 
????ted Benzyl Chloride, Per -------------------------------------------- 1l----- 92. 

ent. 
Xylylene Dichloride, Per Cent--------- 30----- - - - - - - - - - - - 36----- - - - - - - - - - - - 36----- 2. 

Polymers and Di-chloromethylated 27------------------- 25------------------- ------------------- Ni, 
Products, Per Cent. 

1 Catalyst prepared by fusing 210 gm. of ZnCl2 and stirring in 10 gen, of AlCls as it cooled. 
3. Yields are based on the amount of formaldehyde used, 
The xylylene dichloride may be converted to invention also furnishes a process for completely 

corresponding phthalic acid by either a single 46 converting a mixture of chlorinated methylben 
stage caustic oxidation or by first hydrolyzing to Zenes, Such as xylenes, to carboxylic acids not 
form the xylylene glycol and then oxidizing to the withstanding that the degree of chlorination or 
dicarboxylic acid. Although a single stage con- the number of chlorine atoms per molecule of 
version usually is preferred, conditions for a two- Xylene varies widely. Despite this variation in 
stage process will be illustrated. In the first stage 60 chlorine content, production of corresponding 
xylylene dichloride is subjected to hydrolysis in carboxylic acid salts may be effected in single 
dilute water solution at refluxing temperature. stage conversions. The process also is adapted to 
The xylylene glycol is recovered by ether extrac- produce polycarboxylic acids from the under 
tion of the reaction solution. In the second stage chlorinated compounds by further chlorination 
the recovered glycol is subjected to caustic oxida- 55 and conversion of any monocarboxylic acids from 
tion by intimately contacting the glycol with air the foregoing single stage conversions. The proc 
or oxygen and an aqueous caustic Solution at, for eSS enables economical utilization of by-product 
example, 371 C. (700 F.) for one hour as dis- HCl produced in the chlorination reactions. It is 
closed in the various processes for converting the important that terephthalic and the like acids 
chlorides to the acids. The resulting product will 0 are obtained by this invention with relatively 
be a mixture of para toluic acid and terephthalic cheap bulk chemicals, such as caustic soda, chlo 
acid which can be separated in any Suitable man- rine and, when desired, formaldehyde. 
ner as by distillation. If desired, the para, toluic The benefits of various features of this in 
acid may be passed to a chlorination stage for vention are applicable to the caustic oxidation 
conversionto para chloromethyl benzoic acidaft- º of benzyl chloride, benzyl alcohol orbenzaldehyde 
er which a Caustic Oxidation Will Serve to form to benzoic acid. This is especially true concern 
terephthalic acid therefrom. ing the use of air or gaseous oxygen to increase 

Xylyl chloride is obtained from toluene by chlo- the yield of acid produced. For example, in com 
romethylation in a manner analogous to the chlo- paring runs made at 3.71° C. (700 F), 3800 
romethylation of benzyl chloride. Exemplary 70 pounds per square inch, and a reaction time of 
conditions are: one hour, it was found that by utilizing two mols 

of caustic in 8% aqueous solution per mol of 
Ethylene dichloride, ml-------------------- 500 benzyl chloride without addition of air or oxy 
Toluene, moles --------------------------- 1. gen, about 88% yield of benzoic acid was obtained 
Zinc chloride, gr-------------------------- 68 is with about 8% by-product. In a second run at 
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3.71° C. (700°F) at the same pressure and reac 
tion time, the results were as follows: 
Benzyl chloride reacted, mols------------- 0.107 
NaOH used, mols------------------------ 0.225 
Solution strength, percent---------------- 2 
Mols of Oa (as air)---------------------- 0.12 
Mol yield of acids, percent--------------96 ?? 
Mol yield of by-product, percent.---------- 4 
Intimate contact of the gaseous Oxygen with 
the liquid reactants was obtained by vigorous agi 
tation. It will be observed that the presence of 
this oxidizing agent reduced the amount of by 
product formed from about 8 to 4%, a factor of 
approximately one-half. 
The effect of temperature on caustic oxidation 

of benzyl chloride to benzoic acid is illustrated 
by the following discussion and data. 

Fig. 3 reveals that reduction of temperature 
below 340° C. (650 F) decreases yield of acid 
but does not render the process inoperative. 
Optimum reaction temperature for conversion 
of benzyl chloride to benzoic acid is in the range 
of from 370-400 C, (700-750°F.). 
When either benzyl alcohol or benzaldehyde 

Was substituted for the benzyl chloride under 
exactly the same reaction conditions as were 
used for the benzyl chloride Conversion, some 
what higher yields of the acid were obtained. 
Table XII gives data. On such Substitutions: 

TABLE XII 

Benzyl alcohol. 1. 8 
Benzaldehyde--- 8 

Charge Oxidized C.4 ??? 

Suitable temperatures for conversion of benzal 
dehyde and benzyl alcohol to benzoic acid by 
this reaction are 300 to 400° C. 
Air or gaseous oxygen is advantageously used 

as an oxidizing agent in the foregoing reactions. 
Caustic Oxidation of benzyl chloride, benzyl al 
cohol and benzaldehyde all produce the same 
by-product, mainly, benzyl ether, and in the case 
of benzyl chloride some unreacted benzyl alcohol. 
These by-products may be recycled to main re 
action zone in order to suppress further forma 
tion thereof and increase the yield of acid, 

Reference has been made to the fact that when 
and if ring chlorination Occurs as a side reaction, 
the desired carboxylic acid is nevertheless ob 
tained. This factor is believed highly signifi 
cant to the good yields and Superior purity of 
the products herein obtained. Under the caustic 
oxidation reaction conditions herein disclosed, 
the chlorine in the ring is removed and con 
verted to HCl initially, which is of course neu 
tralized by the caustic yielding a desired car 
boxylic acid. The removal of such ring chlorine 
is illustrated in conversion of chloro benzyl 
chloride to benzoic acid in which the following 
reaction OCCurS: 

CIC1 C O OB 

-- 4:NaO -) O -- 4NaCl -- 3H 
?? 

Analogous reactions occur with xylyl, xylal and 
xylylene chlorides containing chlorine in the ring 
as well as in the side chain, 
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Although the caustic alkali herein utilized for 

purposes of illustration has been sodium hy 
droxide, other strong alkali hydroxides such as 
potassium hydroxide may be substituted there 
for. Likewise other modifications and variations 
of the invention as hereinbefore set forth may 
be made without departing from the spirit and 
Scope thereof, and only such limitations should 
be imposed as are indicated in the appended 
claims. 
We claim: 
1. A process for producing benzene carboxylic 

acids which comprises oxidizing a xylene having 
at least 1 and not more than 2 chlorine atoms 
Substituted in each methyl group by contact with 
aqueous caustic alkali in an oxidation zone at 
a temperature in the range about 300 to 400° C. 
under a pressure sufficient to maintain the aque 
OuS caustic alkali in liquid phase to form a re 
action product comprising benzene carboxylic 
acid salts and hydrogen. 

2. The method as defined in claim 1, wherein 
a free Oxygen-containing gas is introduced into 
the oxidation Zone at reaction temperature to 
Consume produced hydrogen. 

3. The method as defined in claim 2, wherein 
the chlorinated xylene consists predominantly of 
Xylene dichloride, 

4. The method as defined in claim 1, wherein 
the chlorinated xylene consistS predominantly of 
Xylene dichloride. 

5. A process of producing a benzene dicar 
boxylic acid which comprises mixing an aqueous 
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caustic alkali with a chloromethyl benzoic acid 
containing not more than two chlorine atoms in 
the chloromethyl group, Oxidizing said chloro 
methyl benzoic acid to a benzene dicarboxylic 
acid with Said aqueous caustic alkali at a pres 
Sure Sufficient to maintain a liquid phase caustic 
alkali and at a reaction temperature of from 150 
to 400 C. whereby hydrogen formation occurs, 
reducing preSSure buildup from hydrogen so 
formed by intimately contacting said liquid phase 
mixture with a gas containing free oxygen while 
at Said reaction temperature, and recovering 
benzene dicarboxylic acid from the reaction mix 
ture in a form Selected from the group consisting 
of the free acid and a salt thereof. 

6. A process of producing terephthalic acid 
which comprises converting para-mono-chloro 
methyl benzoic acid to terephthalic acid by OXi 
dation with aqueous caustic alkali at a tem 
perature of from 150 to 400° C. and under suf 
ficient pressure to maintain Said aqueous caustic 
in liquid phase. 

7. The method as defined in claim. 6, wherein 
a free-oxygen-containing gas is introduced into 
the mixture of aqueous caustic alkali and para 
mono-chloromethyl benzoic acid at conversion 
temperature. 

8. A process of producing terephthalic acid 
which comprises mixing an aqueous caustic alkali 
with para-xylylene dichloride, oxidizing said 
xylylene dichloride to terephthalic acid with said 
aqueous caustic alkali at a pressure sufficient to 
maintain at least a part of the water in liquid 
phase and at a reaction temperature of from 300 
to 400° C. whereby hydrogen formation occurs, 
reducing pressure buildup from hydrogen so 
formed by intimately contacting said liquid phase 
mixture with a gas containing free Oxygen while 
at Said reaction temperature and recovering tere 
phthalic acid from the reaction mixture in a 
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form selected from the group consisting of the 
free acid and a salt thereof. 

9. A process of producing terephthalic acid 
from a para-di- (chloromethyl) benzene having 
no more than 2 hydrogen atoms of the methyl 5 
groups Substituted by chlorine, which comprises 
converting said di- (chloromethyl) benzene to 
said acid by oxidation with aqueous caustic alkali 
in liquid phase at 300 to 400° C. whereby hydro 
gen formation occurs, and reducing pressure 10 
buildup from hydrogen so formed by intimately 
contacting said liquid phase mixture with free 
oxygen during said oxidation with caustic alkali 
and at a temperature of from 300 to 400° C. 

JOHN L. DARRAGH. 
ROBERT J. M.E.R. 
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