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It was established by thermogravimetric measurements that the thermal decomposi- 
tion of potassium benzoate in the presence of inorganic cadmium or zinc salts results 
in the formation of the easily decomposing cadmium or zinc benzoate. These carboxyl- 
ates are presumably the catalysts of the transcarboxylation of potassium benzoate to 
terephtha[ate. 

Raecke [1] has found that the thermal rearrangement of the potassium salts 
of benzene carboxylic acids in the presence of cadmium and zinc compounds 
gives terephthalic acid in excellent yield. Ogata [2] and Furuyama [3] examined 
the effect of several inorganic compounds on the terephthalic acid production. 
Except for the cadmium and zinc salts the catalytic effect is doubtful, because a 
considerable yield can be obtained even without additives [4]. 

Regarding the catalytic effect of cadmium and zinc compounds, Raecke has 
assumed that the reaction is catalyzed by cadmium or zinc metal, presumably 
produced by reduction during the process. These metals, however, could never 
be observed in the mixture [5]. According to Ogata [6] the cadmium cation forms 
a sandwich-type complex with the aromatic rings to facilitate the transcarboxyla- 
tion. According to another assumption, cadmium and zinc oxides formed in the 
process from the cadmium or zinc compounds are the agents that have catalytic 
activity [3]. 

McNellis [7] found that the salts of naphthoic acid in the presence of cadmium 
salts decompose with CO2 evolution around 300 ~ although this kind of decompo- 
sition does not occur if no cadmium salt has been added. This observation provided 
the starting point of our work presented here. 

The decomposition of potassium benzoate with or without additives was 
followed by thermogravimetry. The studies were carried out in a nitrogen atmos- 
phere (rate of flow: 15 I/hour) using a P a u l i k - P a u l i k - E r d e y  MOM Derivato- 
graph [8]. The samples (approximately 100 mg) were weighed into a platinum 
crucible. The heating rate was 6~ up to 600 ~ The TG curves, presented in 
Fig. l, show two decomposition steps in the presence of cadmium or zinc salts 
(a, b, c). The first, around 300 ~ corresponds to the decomposition of cadmium 
or zinc benzoate (d, e), the second, around 430 ~ to that of potassium benzo- 
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Fig. 1. Tbermogravimetric curves, a: potassium benzoate with cadmium iodide (10 mole %), 
b: potassium benzoate with cadmium benzoate (10 mole%), c: potassium benzoate with 
zinc chloride (10 mole %), d: cadmium benzoate, e: zinc benzoate, f: potassium benzoate 

ate (f). No weight loss can be observed around 300 ~ using cadmium oxide, 
zinc oxide or zinc metal as additive. 

The data of Table 1 show that the extent of the weight loss in the first stage 
increases with an increasing ratio of Cd + +/ArCOO-.  Nearly the entire potassium 
benzoate decomposes in the first stage when the above ratio reaches a value of 
0.25. In this decomposition step significant quantities of terephthalic acid, benzene 

and CO2 are formed. 
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Table 1 

% 
Cd + +/ArCOO- weight loss 

in the stage 

KB+CdI2 KB+CdB~* 

0.027 

0.052 

0.100 

0.150 

0.201 

0.250 

L 

0.025 

0.050 

0.102 

0.154 

0.203 i 

0.250 
i 

* KB: potassium benzoate 
CdBe: cadmium benzoate 

1 2 

4.0 39.0 
4.0 39.0 
7.2 32.0 
7.8 31.0 

11.0 28.5 
13.0 26.0 

I 14.5 21.0 
[ 17.8 17.0 
I 20.0 10.0 
! 22.0 7.0 
i 24.0 3.0 

27.0 1.0 

On the other hand, cadmium oxide, zinc oxide and zinc metal have no measur- 
able effect on the decomposi t ion o f  potassium benzoate.  The results summarized 
in Table 2 were obtained f rom an investigation o f  the decomposi t ion with these 
additives at 450 ~ on a home-made  thermobalance in a nitrogen atmosphere 
(15 I/hour). 

Table 2 

Starting Half time Terephthalic acid 
mixture (min) yield ~* 

KB 
KB + CdO 
KB + ZnO 
KB + Zn 

40.5 
38.0 
39.0 
40.0 

19 
23 
21 
18 

* Measured by an isotope-dilution method 

The data  o f  Table 2 indicate that  these additives do not  affect either the rate o f  
decomposi t ion  or  the product ion  o f  terephthalic acid. This means that  under  the 
experimental conditions applied they cannot  be considered as the catalysts o f  
decomposit ion.  The catalytic activity o f  oxides observed under  CO2 pressure 
may be attr ibuted to the presence o f  the corresponding carbonates.  

According to the experimental facts, the inorganic cadmium and zinc salts 
mixed with potassium benzoate  are converted to the easily decomposing cadmium 
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and  zinc carboxylates.  Presumably  these carboxytates are the catalysts of  the 
thermal  t ranscarboxyla t ion  of potass ium benzoate  in spite of  the fact that  the 
decomposi t ion  of  cadmium or zinc benzoate  does no t  produce dicarboxylates. 
Their  catalytic activity is presumably  connected with the format ion  of an inter-  
mediate  that  has the abili ty to react with potass ium benzoate.  
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R~SUM~ - -  L'dtude thermogravimetrique de la d6composition thermique du benzoate de 
potassium en presence de sels min~raux de zinc ou de cadmium montre la formation de 
benzoates de cadmium ou de zinc facilement dissociables. Ces carboxylates sont probable- 
ment les catalyseurs de la transcarboxylation du benzoate de potassium en t6r6phtalate. 

ZUSAMMENFASSUNG - -  Es wurde durch thermogravimetrische Messungen festgestellt, dab die 
thermische Zersetzung yon Kaliumbenzoat in Gegenwart von anorganischen Kadmium- 
oder Zinksalzen zur Bildung des leicht zersetzbaren Zink- oder Kadmiumbenzoats fiihrt. 
Diese Carboxylate spielen m6glicherweise eine katalytische Rolle bei der Transcarboxylie- 
rung von Kaliumbenzoat zu Terephthalat. 

Pe31oMe - -  TepMorpaBHMeTpttqeCKRMll  l l3MepeHr~Mll  yCTaHOBJleItO, tlTO TepMH'IecKoe pa3J lo -  
x e H ~ e  6 e i J a o a T a  ~anr f~  B npl lcyTCTBnll  l l e o p r a r m ~ e c K ~ x  c o n e ~  Ka,/IMlllt H.rili IlllHKa IIpOl4CXOjIl, IT 

C o 6 p a a o n a H l l e M  n e r r o  p a 3 a a r a e M o r o  6 e ~ a o a T a  Kanll~ l l a a  IlllnKa. ~TII  K a p 6 o K c a a a T b I ,  n o -  
B~,/~llMOMy, ~IBJI~IK3TC~ l~aTaSi43aTopaYi~ T p a E c K a p 6 o x c l l z E p o B a z q ~  6e :~3oa ' ra  ~anl l~  ~ o  Tepe-  

~ T a n a r a .  
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