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T temperature, K 
V molar volume, cm3 mol-’ 
X liquid-phase mole fraction 
Y vapor-phase mole fraction 
Y property V or R 
Greek Letters 
7 
P density, g ~ m - ~  
U 

Superscripts 
E excess property 
Subscripts 
i component i 

refractive index for sodium D light 

standard deviation, eq 4, or root mean square de- 
viation, eqs 5-6 
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Solubility of Itaconic and Kojic Acids 
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The soiubiilty of itaconic acld in water and kojic acid In 
water, acetone, and N,N-dimethylformamide, respectively, 
was determined from 0.5 to 69 O C .  The metastable zone 
width for the aqueous solutlons of both compounds was 
determined by the poiythermlc method. 

Introduction 

Itaconic acid, CSH604 (methylene succinic acid), and kojic 
acid, C6H604 (5-hydroxy-2-(hydroxymethyl)pyran-4-one), have 
found numerous practical applications in the food industry ( 7 ) ,  
pharmaceutical industry (2), cosmetics (3), etc. Despite the 
practical significance of both compounds, there have been few 
physical property data reported, and in the case of solubilities 
very few data are available (4). This lack of basic data pre- 
vents optimization and the correct handling of crystallization 
generally used in the isolation and purification process for these 
compounds. 

Therefore, the solubility of itaconic acid in water and kojic 
acid in water, acetone, and N,Ndimethylformamide (DMF) and 
the metastable zone width of aqueous solutions of both com- 
pounds were experimentally determined. 

Experimental Section 

Solubility was determined by the “last crystal disappearance” 
method (5). This method is based on sequentially adding 
weighted amounts of a solid compound to a stirred solution (the 
initial weight of solvent is known precisely, about 250 g) kept 
at a constant temperature. When the solid increment com- 
pletely dissolves, the next portion of solid is introduced. This 
procedure is repeated until the last increment remains partially 
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Table I. Solubility of Itaconic Acid in Water 
t pc  x x 102 tpc x x 102 

0.5 0.413 46 3.346 
9 0.632 50 3.998 

19 0.987 56 5.032 
25 1.298 60 5.865 
35 1.995 65 7.041 

Table 11. Solubility of Kojic Acid in Water 
t pc  x x 102 tpc  x x 102 

1.5 0.164 50.5 1.938 
15 0.290 54 2.350 
25 0.554 60 3.164 
36 0.904 65 4.222 
44 1.399 69.2 5.449 

undissolved, even after approximately 8 h. The increment 
weight is gradually decreased when the solution saturation is 
approached, which is indicated by the lengthening time nec- 
essary for each increment to completely dissolve. The last 
portion being added is approximately 0.01 g. 

The solution in which the last increment remains undissolved 
is regarded as saturated. The solubility calculated from the total 
solid mass introduced and the initial solvent mass is expressed 
in the molar fraction, x. 

The magnetically stirred measuring vessel equipped with 
thermometer and tightly closed by a rubber stopper (in the case 
of acetone, by a reflux condenser) was placed in a constant- 
temperature water bath (fO.l “C). The presence of solid in 
the solution was indicated visually as “bright sparkles” ap- 
pearing in a light beam passed through the solution. 

The metastable zone width was determined by the polyth- 
ermal method (6). A solution saturated at a required temper- 
ature was cooled (using a preprogrammed linear cooling of the 
water bath) at a rate of 5 or 20 K-h-’ until the first crystals 
appeared while under constant stirring by a magnetic stirrer. 
The difference between the saturation temperature and the 
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Table 111. Solubility of Kojic Acid in Acetone and DMF 

t / 'C  acetone DMF t / O C  acetone DMF 
1.5 0.0048 0.183 36 0.353 

12 0.234 40 0.0175 
15 0.0072 50 0.0227 0.445 
23 0.0106 57 0.0260 
25 0.309 60 0.524 
30.5 0.0136 

x x 102 x x 102 

Table IV. Constants of Equation 1 Describing Solubility in 
Water 

compd temp range/OC A B C 
itaconic acid 0.5-65 -13.516 -969.28 6.018 
kojic acid 1.5-69 -118.29 3493.72 42.146 

Table V. Metastable Zone Width of Aqueous Solutions 
compd rate/(K.h-') tsat.a/oC At,,/'C 

itaconic acid 5 34.4 9.2 
50.1 6.1 
58.6 4.6 
63.7 4.5 

20 34.4 11.2 
50.1 9.0 
58.6 6.1 
63.7 5.1 

kojic acid 10 36.0 13.5 
50.5 12.0 
65.0 8.5 

tSnt, = temperature at  which the solution is saturated. 

temperature at which the first crystals appeared was taken as 
the metastable zone width. Then the temperature was raised 
above the saturation temperature, and when all crystals dis- 
solved, the solution cooling was started again. This procedure 
was repeated three times for each combination of the satura- 
tion temperature and the cooling rate. The difference among 
individual values was less than 0.5 K for each combination 
employed. Reported values represent an arithmetic average 
of respective values. 

The itaconic (fy Ulajne, Latvia) and kojic (our own product) 
acids used for experiments contained a minimum 99.5% of 
pure substance. Purity was determlned by isotachophoresis and 
spectrophotometry in the case of itaconic and kojic acid, re- 
spectively. Distilled water, acetone containing 0.3% water, and 
AnalaR grade N,Ndimethylformamide were used as solvents. 

Results 

The 
solubility of itaconic and kojic acids in water were correlated 
according to the equation ( 7 )  

The measured solubilities are given in Tables 1-111. 

l o g x = A + B / T + C l o g T  (1) 

where A ,  B ,  and C are adjustable constants, T is absolute 
temperature, and x represents the mole fraction of dissolved 
compound. Constants of this equation determined by the 
least-squares method are listed in Table IV. The standard 
deviation of log x in this correlation was 0.0155 and 0.0179 for 
itaconic and kojic acid, respectively. 

The metastable zone width of aqueous solution for both acids 
expressed as the temperature difference At mx together with 
the saturation temperature tmt, is reported in Table V. 

Registry No. DMF, 68-12-2; MeCOMe, 67-64-1; itaconic acid, 97-65-4; 
kojic acid, 501-30-4. 
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Equilibrium Diagram of the Ternary System Water-Malic 
Acid-Tributyl Phosphate and the Influence of Temperature 
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I n  this work the possibility of recovery of mailc acid from 
wastewater by solvent extraction was studied. Tributyl 
phosphate mixed wlth dodecane was chosen as solvent. 
Equilibrium diagrams at 25, 35, and 45 OC were 
estabilshed in order to know the property of trlbutyi 
phosphate as solvent and the influence of temperature. I t  
was found that trlbutyi phosphate was a very selective 
solvent for extracting mailc acid from wastewater since it 
gave high seiectlvlties which were between 1.3 and 17.4. 

Introduction 
Malic acid, C4H6O5, is increasingly used in food and nonfood 

applications because of its pleasant tartness, flavor-retention 
characteristics, high water solubillty, and chelating and buffering 
properties. Malic acid also is a reactive intermediate in chem- 
ical synthesis (7 ) .  

The processing of grape must using ion-exchange reslns 
produces large quantities of pollutant effluent involving organic 
materials which are constituted principally of malic acid and 
tartaric acid. 

In order to reduce the industrial pollution and waste effluent, 
malic acid can be recovered from effluent by the technique of 

Previous studies on liquid-liquid extraction of malic acid from 
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