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ABSTRACT OF THE DISCLOSURE 
High melting organic compounds can be puri?ed by 

codistilling the high melting compound with a solvent in 
which the compound is highly soluble at high tempera 
tures and relatively insoluble in the cold. This can be illus 
trated by the purification of crude terephthalic acid. Crude 
terephthalic acid and chlorinated diphenyl solvent were 
charged to a distillation ‘apparatus and distilled in the 
range of 320-345 ° C. The puri?ed product had a neutrali 
ZatiOn equivalent of 83 which is the theoretical for ter 
ephthalic acid. 

This application is a continuation of application Ser. 
No. 256,523, ?led Feb. 6, 1963 and now abandoned by the 
present inventors. 
The present invention relates to improved methods of 

recovering relatively high melting and high boiling organic 
compounds from crude mixtures of these compounds in— 
corporating high boiling tars and resinous materials, more 
speci?cally with improvements in such methods using dis 
tillation. 

In the past attempts to solve this puri?cation problem 
have been directed essentially in three different directions 
namely: selective crystallization, adsorption of impurities 
from solutions mainly using activated carbon, and distilla 
tion. 

Heretofore the use of distillation has been fraught with 
many difficulties when the product to be recovered has 
both high melting and high boiling points. The difficulties 
become particularly apparent when the melting point ex 
ceeds 120° C. and boiling point exceeds 200° C. It is for 
the purification of substances in this range that our inven 
tion is useful. 
One of the problems encountered in industry is exem 

pli?ed by the recovery and puri?cation of phthalic anhy 
dride. Phthalic anhydride is usually produced by the par 
tial oxidation of naphthalene or ortho xylene in vapor 
phase using excess air and a catalyst at high temperature. 
The vapors leaving the converter are cooled and the 
phthalic anhydride is recovered from the gas stream by 
solidi?cation of a sublimate on cooled surfaces which are 
later heated to melt off the phthalic anhydride. The crude 
product thus recovered is then again distilled and recov 
ered in a condenser operated at such pressures that the 
temperaturme is above the melting point. The molten 
product is then usually recovered as ?ake. The problem is 
that at atmospheric pressure at which the oxidation unit is 
run, the partial pressure of phthalic anhydride is below 
the pressure at the triple point at which phthalic anhydride 
exists as a liquid, solid and vapor in equilibrium. There 
fore, the cooling surfaces upon which the phthalic anhy 
dride is recovered are covered with solid and the heat 
transfer is progressively impaired. This requires large sur 
faces and duplicate facilities in which alternately to con 
dense and then to remelt. In addition, there is the further 
problem of the separation of the pure phthalic anhydride 
from undesired tars present in the crude mixture. 
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In the puri?cation of high melting products by distilla 

tion, the problems of fouling of condenser cooler surfaces 
arises and requires that the condenser be run at tempera 
tures above the melting point. In all cases in which no 
medium is added, the reboiler must be run at tempera 
tures above the melting point. In some cases this is very 
high, for example naphthalic anhydride (M.P. 274° C.), 
2,3-dicarboxy naphthalene anhydride (254° C.). This in 
troduces the problem of decomposition of high boilers and 
fouling of heating surfaces with tars. 

In the past, when the puri?cation of such high melting 
substances was undertaken by distillation this was done by 
cosublimation. This process resembles steam distillation in 
that a mixture of the solid to be distilled and a liquid 
medium in which the solid is relatively insoluble is intro 
duced into the reboiler. In these cases the presence of the 
solid has little or no effect on the boiling point of the 
liquid and vice versa, each substance exerts the vapor 
pressure of pure substance at the temperatures used. 
A variation of this cosublimation is the case of com 

bined distillation of immiscible liquids. For the distillation 
of high melting point solids, the liquids frequently used 
are high boiling mineral oils. In the reboiler these oils 
provide a medium for heat transfer and their vapors 
carry along‘ the vapor of the materal being distilled. In 
all such cases trouble is encountered with the fouling of 
cooling surfaces ‘when the vapor mixture is cooled. In 
many such cases trouble is also encountered with fouling 
of the heating surfaces in the reboiler. 
The present invention broadly consists of the use of a 

solvent to carry out the distillation process. The product 
should be highly soluble in the solvent at high tempera 
tures and relatively insoluble in the cold. 
One application of the present invention is to oxidize a 

compound such as ortho xylene in solution in trichloro 
benzene to phthalic anhydride. The oxidized mixture is 
distilled and, surprisingly enough, it was found that both 
the solvent and anhydride distilled over even though the 
solvent boils at 216° C. and the anhydride at 284.5° C. 
It was also found that the vapors could be condensed 
warm without coating the cooling surface and that the 
pure phthalic could be obtained by further cooling of the 
condensate which caused crystallization. Separation was 
by ?ltration followed by washing the residue with hep 
tane. The mother liquor is returned to the oxidation mix 
ture in amounts su?‘icient to keep the temperature at about 
245° C. The tars concentrate in the distilling chamber 
are eventually discarded. 
The most suitable solvents for use in this process have 

been found to be the Aroclors which are chlorinated di 
phenyls and have boiling points (depending on the degree 
of chlorination) ranging from 275° to 375° C. forliquids 
having usable viscosities. These higher boiling point mate 
rials permit the use of reduced pressures and therefore 
lower temperatures of distillation. Some of the Aroclors 
found most satisfactory are: 

Distillation range, ° C. 
1221 _______________________________ _,___ 275420 

1232 _________________________________ __ 2901-325 

1242 __________________________________ __ 325-360 

1248 __________________________________ __ 340-375 

This invention can also be applied to recovery and 
puri?cation of vapor phase oxidation products such as 
phthalic anhydride and naphthalic anhydride. In such a 
system, the oxidation vapors are cooled to a temperature 
somewhat above that at which condensation takes place 
and are then scrubbed with the appropriate Aroclor and 
the Aroclor-product solution is distilled and the distillate 
then condensed in a cooler at a temperature above the satu 
ration point of product in the solvent. The solution is then 
cooled further in a crystallizer and the solid product re 
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covered. The mother liquor is recycled. In this application 
the Aroclors used have such ?ash and tire point character‘ 
istics as would make their use safe at scrubber tempera 
tures in the presence of excess oxygen. The mother liquor 
should be introduced into the scrubber at a temperature 

4 
distillate was returned to the still together with more 
crude product and mother liquor for a succeeding distilla 
tion or simply redistilled alone if the run were the end of a 
series. 

Example I Z) 

above the dew point of the water vapor passing through the . . . . 405 v. of crude .anthraquinone (M.P. range 272—282‘’ 
scrubber and in su?icrent quantity to keep the condensed ’= . , . . . 

p?oduct in solutiofn and 1to remove the product vapor from zvcengggcfi lglftgioacligziggcifgg?glgogo?ggr t e gas stream e. ective y. ' P‘ 
- a , - - - 360° C.). Tne system was brought to 90 mm. Hg pres 

In the'cases m- which the Sohent product who Is hlglh’ 10 sure and the still was heated. When the still and transfer 
the sohmon leavmg the Scrubber may be c0-018d and he line reached about 257° C material started to distill over 
clear solvent decanted so as to leave a relat1vely concen- and th t Immature Slowl' r‘ose to 275,, to 280° C at 
trated slurry which is then distilled. The product solvent which ienipe‘rat‘ure more Xmdor 1242 was dripped 'i’nto 

‘ - 1 1. 

vapors are co-ndensed Warm above th?-satu-ranon pomt of the still to hold the tem erature between 275° and 280° 
the product 111 the solvent. The solution 1s then further 1,.) After 300 cc (416 p) add?ona'l Aroclor had hem 

' ' ' I ~ v . L 

cooled m-a crysitalhzer to recover th? pim?ed- product’ T-ha dripped in distillation Wis discontinued The tarry mate— 
mtg“ 113W ‘S retulmed to the scmbo‘irdwlth partdgolgg rial remaining in the still weighed 13 g The distillate was 
to t e sti to contro its temperature an to provi o t.e *’ ‘ = ' , ‘ ' 

desired solvent to product ratio therein. The tars, which are 290mg to goomljilempemture in‘: the risuumg slucrirzl' was 
high boiling remain in the still and are removed from time 90 “are '_T 6 501 S were wés e Wlth eptane an “fid 
to time‘ “ The welght of the drled sohds was 392 g. and the melting 

The following examples will serve to further illustrate POIIIt’WHS 285-236” C- ' _ _ 
the invention; Usmg the above procedure, a wide variety of high melt 
Two 3 liter 3 neck ?asks are connected by an adiabatic ing, hlgh boiling aromatic acids, aCid anhydfides, flc'id 

vapor transfer line. One of the ?asks was provided with an 9,) esters and aromatic quinones have been puri?ed by d1st1l 
external heating mantle and was used as the still. The “‘ lation. A partial list follows. 

Aroclor Temp. range Press. of M1’. of M.P. in 
Example Compound sollyent o1’ distilla- distill‘. product literature 

0. mm mm. o g 

2 ________ __ 2,3 naphthalic anhydride__.. 1232 275-280 100 245-240 246 
3 ________ __ 2,61nap5thi1lert1e dicarboxy 1232 265-270 100 189-190 191 

(rme y G? 0!‘. 
4 ________ __ Acenaphthone quinone ____ __ 1242 255~260 50 252-254 259-262 

< ~ are; a are we: 
._ t l ________ 70-..1 — - 

g" iheggmthrenequlnoi git-(2)30 30 204-3? 206-ggg ._ nt raquinone__. '~_ 0 O 
Phthalie anhydride _________ __ 1232 308-320 700 129-130 130.8 

. __ Dimethyl terephthalate__.__ 1232 250‘200 80 140-141 141 

other was uninsulated and exposed to the atmosphere Example II 
and served as a condenser receiver. The still was provided 
with a thermometer immersed to the bottom of the liquid 
and with a dripping funnel for the introduction of solvent 
or mother liquor. The condenser-receiver outlet was pro 
vided with a dephlegmator condenser which served to 
connect the system to vacuum. The adiabatic vapor trans 
fer line between the two ?asks consisted of tubing external 
ly electrically traced and insulated to prevent heat loss 
and provided with a thermometer in order to determine 
that the vapors being transferred were being maintained 
at about the temperature of the still. 

Referring to the schematic ?owsheet, stage I, the crude 
solids to be distilled were contacted in distillation zone A 
with su?icient Aroclor added to dissolve the solids at a 
temperature below the temperature of operation of the 
zone. The system was then brought to the desired vacuum 
and the distillation zone A (still) and the transfer line to 
the condensation zone brought up to operating tempera 
ture. When the temperature in the distillation zone A 
started to climb above the desired temperature, Aroclor or 
mother liquor from a previous run was dripped into the 
distillation zone A to maintain the temperature therein. 
When the bulk of the material ‘had been distilled from 
distillation zone A to the condensation zone the distillation 
was interrupted. The condensate was cooled to room tem 
perature and ?ltered. The mother liquor from the ?ltration 
was returned to distillation zone A for reuse in a succeed 
ing distillation. The solids were washed free of mother 
liquor with heptane and dried. The wash liquor was dis 
tilled in distillation zone B to recover heptane and mother 
liquor. 

In stage II the distillation which was interrupted after 
the bulk of the product had been distilled was recommend 
ed in distillation zone A until the zone contained practical 
ly nothing but tars which were discarded. The distillate 
from stage II contained some impurities together with 
some product and Aroclor recovered from the still. This 
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Crude terephthalic acid was treated in a manner similar 
to that described in Example I except that 1500 cc. of 
Aroclor 1242 were charged in the ?ask with 300 grams 
of crude terephthalic. The solution at this point appeared 
muddy. Distillation was conducted at atmospheric pressure 
and temperatures ranged from 320“ to 345° C. The result 
ant puri?ed product had a neutralization equivalent of 83, 
which agrees exactly with theoretical for terephthalic acid. 
N0 melting point determination is possible since the com 
pound does not melt. The results of this run were generally 
not as good as the others but were satisfactory. The ratio 
of Aroclor to product in the condensed vapors was from 
20—25 cc. to 1 gram. 
The remaining examples showed about 2 to 5 cc. of 

Aroclor (or mother liquor) per gram of product distilled. 
The amounts of tarry materials in the crudes varied but 
separation was always possible. 

It will be appreciated that the amount of product in 
the overhead vapor will vary depending on the concentra 
tion in the still, temperature of distillation, and pressure at 
which distillation is carried out. These conditions can be 
varied to suit the needs of the particular occasion. 

In addition, it is possible to recover product and/or 
solvent from the residue by redistilling the residue and 
returning the distillate therefrom to the main still. This 
process can be repeated as many times as are necessary and 
economical. 
Although only a limited number of speci?c embodi 

ments have been set forth, the invention is, nevertheless, 
to be broadly construed and not to be limited except by 
the character of the claims appended hereto. 
The invention claimed is: 
1. A distillation process for purifying an organic com 

pound having a melting point over 120° C. and atmos 
pheric boiling point over 200° C. selected from the group 
consisting of dialkyl esters of aromatic dicarboxylic acids, 
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quinones, aromatic dicarboxylic acid anhydrides and ter 
ephthalic acid which comprises dissolving said compound 
in a chlorinated diphenyl solvent having an atmospheric 
boiling point over 275° C., distilling the resulting solution 
to obtain evolved vapors comprising said compound and 
said solvent and a residue comprising high boiling impuri 
ties, condensing the evolved vapors to obtain condensate 
comprising said compound and said solvent and separating 
said compound in solid state from said condensate. 

2. A process according to claim 1 wherein. said com 
pound is a dialkyl ester of aromatic dicarboxylic acid. 

3. A distillation process for purifying a dimethyl ester 
of naphthalene dicarboxylic acid having a melting point 
over 120° C. and atomspheric boiling point over 200° C. 
which comprises dissolving said ester in a chlorinated di 
phenyl solvent having an atmospheric boiling point over 
275° C., distilling the resulting solution to obtain evolved 
vapors comprising said ester and said solvent and a residue 
comprising high boiling impurities, condensing the evolved 
vapors to obtain condensate comprising said ester and said 
solvent and separating said ester in solid state from said 
condensate. 

4. A process according to claim 3 wherein said dimethyl 
ester is 2,6-naphthalene dicarboxy dimethyl ester. 

5. A process according to claim 1 wherein said com 
pound is a quinone. 

6. A process according to claim 1 wherein said com 
pound is an aromatic dicarboxylic acid anhydride. 

7. A process according to claim 1 wherein said com 
pound is terephthalic acid. 

8. Process according to claim 1 wherein said distilling 
is conducted at a temperature in the range from 275° to 
400° C. 

9. Process according to claim 1 wherein said distilling 
is conducted at a pressure in the range from 25 to 760 mm. 
of Hg. 

10. Process according to claim 1 wherein additional 
solvent is introduced during said distilling in order to main 
tain the temperature substantially constant. 
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11. Process according to claim 1 wherein said dissolving 

is performed by heating a mixture of solid compound and 
solvent to a temperature high enough to dissolve said 
compound. 

12. Process according to claim 6 wherein said compound 
is phthalic anhyride. 

13. Process according to claim 12 wherein said dissolv 
ing is performed by cooling the gaseous product obtained 
in partial oxidation of aromatic hydrocarbon to produce 
phthalic anhydride and passing the product into said sol 
vent to form a solution of phthalic anhydride in said sol 
vent. 

14. Process according to claim 12 wherein said dissolv 
ing is performed by cooling the gaseous product obtained 
in partial oxidation of aromatic hydrocarbon to produce 
naphthalic anhydride and passing the product into said 
solvent to form a solution of naphthalic anhydride in 
said solvent. 

15. 'Process according to claim 1 wherein said residue 
contains said solvent and is subsequently distilled to re 
cover the solvent therefrom. 
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