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Glossary 

A/ 
aY,) 
k 
N 
s 
T 

Y 
X 

coefficients of eq 1 
mean error in Y 1, (CIYt,expa - Yl.caiajl/Yl.exptl)lOO/N 
parameter in eq 1 
number of experimental points 
standard deviation, IC(expt1 - calcd)2/N11’2 
temperature, K 
liquid-phase mole fraction 
vapor-phase mole fraction 

Greek Letters 

Y/ 
P liquid density, kg m-3 

activity coefficient of component i 

Registry No. H3CCOOCH,, 79-20-9; ethanol, 64-17-5; l-propanol, 
71-23-8. 
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Equilibrium Diagrams at 25 *C  of Water-Oxalic 
Acid-2-Methyl-l-propanol, Water-Oxalic Acid-I-Pentanol, and 
Water-Oxalic Acid-3-Methyl-l-butanol Ternary Systems 

Muhammad FaIzal,+ Freddy J. Smagghe, Guy H. Malmary, Jean Lozar, and Jacques I?. Mollnier’ 

Laboratoire de Gnie  Chimique, Ecole Nationale Supbrieure de Chimie de Toulouse, I18 Route de Narbonne, 
3 1077 Toulouse Cedex, France 

The purpose of this work is to study the oxalic acid 
recovery posdbllltles from wastewater of the ozonization 
procers of wood sawdust through a ilquid-ilquid extracting 
process. 2-Methyl-l-propanol, l-pentanol, and 
3-methyl-l-butanol may be stiltable as extracting solvents. 
Water-oxallc acld-alcohol ternary system solubility 
dlagrrms and tle lines were established at the 
temperature of 25 OC. Partltlon coefflclents are 
comprised between 0.28 and 0.81. 1Pentanol is the most 
selectlve solvent wlth regard to oxallc acid. 

Introduction 

Oxalic acid is principally manufactured from propylene. I t  
is an organic acid used in the metal treatment, coating process, 
and anodizing industries ( 1 ) .  In  order to recover oxalic acid 
from ozonization wastewater of poplar sawdust, which is 
present at a concentration rate of about 7 g/lOO g of wood 
sawdust dried ( Z ) ,  we considered the possibility of using the 
liquid-liquid extracting process. The solvation character of 
oxygen atoms tied to the carbon chain lends especially to al- 
cohols extracting properties with regard to acids. Thus we have 
selected 2-methyl-l-propanol, l-pentanol, and 3-methyl-l-b~- 
tanol for use in this work. 

Experhnental Section 

Chemicals. Solvents, with a minimum purity of 98%, have 
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WATER 2-M E T H Y L - 1 - PRO PAN01 

Flgure 1. Water-oxalic acM-P-methyl- lpropanol phase diagram with 
tie lines at 25 ‘C: S = solid; L = liquid. 

been obtained from Prolabo. Oxalic acid (Prolabo) had a purity 
of 99 Yo. 

Experimental Procedures. Solubility isotherms and tie-line 
data were determined with an experimental device maintained 
at the constant temperature of 25 f 0.1 O C  in a thermostated 
vessel. Several oxalic acid solutions at different concentrations 
were prepared to determine the tie lines. 

The solutions were mixed in glass-stoppered separatory 
funnels and then added to the solvent and shaken for 4 h. 
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OXALIC ACID 

WATER 1-P E N TANOL 

Flgure 2. Water-oxalic acid-1-pentanol phase diagram with tie lines 
at 25 ' C :  S = solid; L = liquid. 

Table I. Ternary Diagram for Water (A)-Oxalic Acid 
(B)-2-Methyl-l-propanol (C) at 25 OC 

(a) Binodal Curve Data, wt 7" 
water oxalic acid 2-methyl-1-propanol 
92.88 0 7.12 
91.10 
89.94 
88.99 
88.03 
87.09 
86.32 
85.48 
78.47 
76.72 
14.29 
14.83 
14.69 
15.96 
16.00 
15.98 
15.95 
16.02 
16.07 
16.15 

1.13 
1.97 
2.80 
3.66 
4.41 
4.86 
5.43 

12.50 
14.19 
9.19 
8.02 
7.93 
3.49 
3.03 
2.08 
1.54 
1.01 
0.51 
0 

7.77 
8.09 
8.21 
8.31 
8.50 
8.82 
9.09 
9.03 
9.09 

76.52 
77.15 
77.38 
80.55 
80.97 
81.94 
82.51 
82.97 
83.42 
83.85 

(b) Mutual Solubility Data, wt 70 
water oxalic acid 2-methyl-1-propanol 
85.84 14.16 0 
82.50 14.05 3.45 
79.88 14.13 5.99 
77.36 14.10 8.54 
76.73 14.19 9-08 
14.29 9.19 76.52 
11.44 8.29 80.27 
9.76 8.23 82.01 
8.35 7.93 83.72 
6.13 8.18 85.69 
4.15 8.82 87.03 
2.37 9.75 87.88 
0.57 11.41 88.02 

(c) Tie-Lines Data, wt 5% 
aqueous phase (R) organic phase (E) 

XA XB XC xA XB xC 

91.24 1.10 7.66 16.07 0.50 83.43 0.45 
90.31 1.79 7.90 16.07 0.90 83.03 0.50 
88.25 3.36 8.39 16.04 1.88 82-08 0.56 
86.81 4.51 8.68 15.99 2.57 81.44 0.57 
85.32 5.74 8.94 15.91 3.32 80.77 0.58 
83.88 6.98 9.14 15.80 4.07 80.13 0.58 
82.78 7.97 9.25 15.69 4.69 79.62 0.59 
81.46 9.20 9.34 15.54 5.38 79.08 0.58 
80.64 9.99 9.37 15.42 5.89 78.69 0.59 
79.40 11.24 9.36 15.25 6.52 78.23 0.58 
76.72 14.19 9.09 14.29 9.19 76.52 0.65 

WATER 3-METHYL-1-BUTANOL 

Figwe 3. Water-oxalic acid-3-methyl-1-butanol phase diagram with 
tie lines at 25 OC: S = solid; L = liquid. 

Table 11. Ternary Diagram for Water (A)-Oxalic Acid 
(B)-1-Pentanol (C) at 25 O C  

(a) Binodal Curve Data, wt '70 
water oxalic acid 1-pentanol 
98.08 0 1.92 
96.78 1.14 2.08 
95.66 2.20 2.14 
94.16 3.56 2.28 
92.42 4.96 2.62 
90.83 6.11 3.06 
89.46 7.41 3.13 
85.26 11.60 3.14 
81.77 13.54 4.69 
81.95 13.90 4.15 
8.91 6.52 84.57 
9.51 3.34 87.15 
9.45 2.71 87.84 
9.56 2.19 88.25 
9.57 1.49 88.94 
9.69 0.83 89.48 
9.74 0.35 89.91 
9.75 0 90.25 

(b) Mutual Solubility Data, wt '% 
water oxalic acid 1-pentanol 
85.84 
85.07 
84.34 
83.43 
82.64 
81.95 
8.91 
7.83 
5.93 
4.11 
0.50 

14.16 0 
14.07 0.86 
13.93 1.73 
14.01 2.56 
13.91 3.45 
13.90 4.15 
6.52 84.57 
7.35 84.82 
7.07 87.00 
7.29 88.60 
9.98 89.52 

(c) Tie-Line Data, w t  9i 
aqueous phase (R) organic phase (E) 

XA XB xC XA xB xC 

96.65 1.23 2.12 9.67 1.00 89.33 0.81 
95.19 
93.65 
92.26 
90.65 
89.04 
87.36 
85.24 
84.22 
81.95 

2.59 
4.00 
5.24 
6.67 
8.05 
9.48 

11.24 
12.07 
13.90 

2.22 9.62 1.58 
2.35 9.55 2.24 
2.50 9.49 2.80 
2.68 9.41 3.47 
2.91 9.33 4.02 
3.16 9.23 4.70 
3.52 9.10 5.48 
3.71 9.03 5.87 
4.15 8.91 6.52 

88.80 
88.21 
87.71 
87.12 
86.65 
86.07 
85.42 
85.10 
84.57 

0.61 
0.56 
0.53 
0.52 
0.50 
0.50 
0.49 
0.49 
0.47 

That the times allowed for the acid solute distribution equi- 
librium point and the amount of shaking were sufficient to es- 
tablish equilibrium was proved by showing that increasing each 
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Table 111. Ternary Diagram for Water (A)-Oxalic Acid 
(B)- 3-Methyl-1-butanol (C) a t  25 'C 

(a) Binodal Curve Data, wt  % 

water oxalic acid 3-methyl- 1-butanol 
97.05 0 2.95 
95.70 1.30 3.00 
94.59 2.37 3.04 
93.77 3.17 3.06 
92.53 4.31 3.16 
91.62 5.17 3.21 
91.32 5.45 3.23 
90.70 6.02 3.28 
89.68 6.83 3.49 
87.04 8.61 4.35 
85.20 9.91 4.89 
79.58 13.34 7.08 
78.36 14.05 7.59 
7.55 6.23 86.22 
7.85 5.42 86.73 
8.14 4.58 87.28 
8.48 3.09 88.43 
8.53 2.72 88.75 
8.58 2.40 89.02 
8.66 2.08 89.26 
8.72 1.74 89.54 
8.73 1.25 90.02 
8.76 0.39 90.85 
8.80 0 91.20 

(b) Mutual Solubility Data, wt % 
water oxalic acid 3-methvl-1-butanol 
85.84 
83.02 
80.42 
78.36 
7.58 
7.15 
5.30 
3.39 
2.12 
0.70 

14.16 
14.00 
14.02 
14.05 
6.09 
6.21 
6.29 
6.72 
7.43 
8.72 

(c) Tie-Line Data, wt  % 

0 
2.98 
5.56 
7.59 

86.33 
86.64 
88.41 
89.89 
90.45 
90.58 

aqueous phase (R) 

96.24 0.74 3.02 
95.61 1.42 2.97 
94.34 2.71 2.95 
92.88 4.07 3.05 
91.37 5.36 3.27 
89.65 6.73 3.62 
88.03 7.94 4.03 
86.16 9.25 4.59 
84.45 10.39 5.16 
82.29 11.75 5.96 
78.36 14.05 7.59 

X A  xB xC 

oreanic Dhase (E) 
X A  XB 

8.79 0.21 
8.79 0.43 
8.76 0.99 
8.71 1.59 
8.65 2.12 
8.56 2.70 
8.47 3.16 
8.37 3.62 
8.26 4.08 
8.13 4.55 
7.55 6.23 

XC 
91.00 
90.78 
90.25 
89.70 
89.23 
88.74 
88.37 
88.01 
87.66 
87.32 
86.22 

m 
0.28 
0.30 
0.37 
0.39 
0.40 
0.40 
0.40 
0.39 
0.39 
0.39 
0.44 

did not alter the results. After decantation and waiting for 2 h, 
oxalic acid, present in the phases in equilibrium, was neutralized 
with standard sodium hydroxide (0.1 or 1.0 N) and phenol- 
phthalein used as indicator. The amount of water in each phase 
at equilibrium was determined by the Karl-Fischer method. The 
error induced when a sample was titrated and weighed is less 
than 1 % . Solid-liquid saturation curves were determined from 
saturated solutions, oxalic acid being titrated with standard so- 
dium hydroxide (0. l or l .O N). 

Results and Dlscusslon 

Figures 1-3 are plots of the data in Tables 1-111 for ex- 
perimental conditions at 25 OC. These figures represent solu- 
bility isotherms and tie-line curves of water-oxalic acid ternary 
systems with successive solvants: 2-methyl-1-propanol, 1- 
pentanol, and 3-methyl-1-butanol. The three figures present a 
zone showing the solid phase, which corresponds to the type 

.1 

Flgure 4. Selectivity diagrams at 25 O C  for the systems (m) water- 
oxalic acid-2-methyCl-propan1, (0) water-oxalic acid- 1-pentand, and 
(0) water-oxalic acid-3-methyl-1-butanol. 

4 classification proposed by Treybal (3). 
The partition coefficient (m) is defined as the ratio of acid 

concentration (wt %) in the organic phase to acid concentration 
(wt %)  in the aqueous phase. Oxalic acid partition coefficients 
between water and successively 2-methyl- 1-propanol, l-pen- 
tanol, and 3-methyl- 1-butanol for different acid concentrations 
at 25 O C  are indicated in Tables 1-111. 

1-Pentanol has the most significant coefficients (0.47 < m 
< 0.81), whereas 3-methyl-1-butanol has the lowest partition 
coefficients (0.28 < m < 0.44). 

Figure 4 represents the selectivity curve of the solvents 
versus oxalic acid in aqueous solution form. We carried out on 
the abscissa the weight fraction of solute in raffinate on a 
solvent-free basis and on the ordinate the weight fraction of 
solute in extract on a solvent-free basis. 1-Pentanol seems to 
be the best solvent to extract oxalic acid from effluents resulting 
from the ozonization process of wood sawdust. 

1-Pentanol was chosen as a solvent, taking into consideration 
its weak solubility in the water phase and the appropriate value 
of its partition coefficient to extract the solute. 

Glossary 

X A 

XB 
XC 

X B R  
XAR 

x AE 
m 

BE 

weight percent of water in one phase 
weight percent of oxalic acid in one phase 
weight percent of alcohol in one phase 
weight percent of oxalic acid in the aqueous phase 
weight percent of water in the aqueous phase 
weight percent of oxalic acid in the organic phase 
weight percent of water in the organic phase 
partition coefficient 

Reglrtry No. Oxalic acid, 144-62-7; 2-methyl- 1-propanol, 78-83- 1 ; 
1-pentanol. 7 1-41-0; 3-methyl-l-butanol, 123-51-3. 
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