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ABSTRACT. Chromium is used for plating and in chrome steel. The chromates [chromium (VI)] have many 
industrial uses as pigments, catalysts, fungicides. The waste waters with chromate are usually presented in 
industries side by oxalic acid produced at aluminum protection surface. This paper proposed a very cheep 
method for reciprocally treatment due to function as a bidentate ligand of oxalic acid in the form of dianion 
with many transition metals ions. Preparation of oxalate chromate potassium salt was made in form of 
K3[Cr(C2O4)3] anhydrous, using a suitable ratio from oxalic acid, potassium chromate and sulfuric acid. The 
crystals have been deposited, filtered and washed with ethanol. The product is dried and the yield calculated 
as a percentage based on chromium is dried. 
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INTRODUCTION 

There are a lot of dates and experimental research 
about treatment of waste waters containing Cr(VI) 
which can appears from different sources in a various 
concentration as diluted solutions or concentrated 
fluids. 

The most investigated sources are electroplating 
works, tanneries, pigments, where chromate anion 
concentration begins with 5-50 ppm and may be 
attends 200-1000 ppm1-3. 

The treatment of waste waters with chromium 
hexavalent shape content are made by chemical 
reduction method, using reactive agents like FeSO4, 
Na2SO3 NaHSO3, Na2S2O5, SO2 gaseous, (Fe + H2SO4) 
or electrochemically. All the reduction reactions had 
taken place in acid range, pH 2-2,5 in the presence of 
sulfuric acid usually.  

By electrochemical reducing it is known a suitable 
method involving coagulation process assured by 
Fe(OH)3. 

If besides of chromate anions there are an eloxal 
process (on alluminium) with oxalic acid, then appears 
also waste waters with oxalic acid.1 The high 
concentration of oxalate anion in the presence of 
sulfuric acid might be a good notification for 
reciprocally treatment waste waters coming from 
chromium electroplating and waste waters coming 
from aluminum protect surface by eloxal process. 

*    hexavalent chromium could be reduced by 
oxalic acid in the presence of sulfuric acid 

*    it could be obtained a new trivalent chromium 
compound in the shape of oxalate/chromium complex. 

 
MATERIALS AND METHODS 

All the reagent were chemically pure or ultra pure: 
Merck, Fluka, Reanal in the next order: potassium 
chromate 0,1M sulfuric acid 1:2 vol, potassium 
permanganate 0,1N (F=1), oxalic acid 0,5M (F=1), 
Mohr salt 0,1N (F=1), sodium hydroxide 0,1N (F=1),  
standard chromium etalon 0,05 mg/mL, deionised 
water. 

The apparatus were: analytical balance Tolledo, 
spectrophotometer UV-VIS, IR-Spectrophotometer 
KBr cell, magnetic stirrer. The hexavalent chromium 
content was tittrimetrical determined with Mohr salt 
0,1N and potassium permanganate 0,1N in sulfuric 
acid range., pH 2. Oxalate anion was analysed 
titrimetrically with potassium permanganate on 
boiling4. The traces of hexavalent chromium 
untransformed in chromium oxalate complex 
compound was photometrical determined by means of 
diphenylcarbazide at 573 nm, together with Cr(III), 
between 1 and 20 mg/l. The cation Cr(III) was 
eliminated by precipitation with sodium hydroxide at 
600C and pH 95. In the filtrate was determined Cr(VI). 
The chemical equation to obtain oxalate chromium 
potassium salt compound is: 

 
( )[ ] ( ) OHCOSOKSOCrOCCrKOCHSOHCrOK 224234264234224242 161221212 ++++→++  

 
It was prepared one saturated potassium chromate 

solution acidified with sulfuric acid at 70-800C, under 
magnetic stirrer, was added a little quantities from 
0,5M oxalic acid as long as solution has a violet color. 
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After chemical reaction, a violet crystals of 
K3[Cr(C2O4)6] have been separated. 
 
 

STUDY AREA 
The influence of the oxalic acid concentration upon 

extraction degree of a  K3[Cr(C2O4)6] was studied in 
accordance with Table 1. 

 
                                

   Table 1
THE INFLUENCE OF OXALIC ACID EXCESS UPON CHROMIUM OXALATE COMPLEX OBTAINING6,7

K2CrO4 0,1M [mL] H2SO4  2N [mL] H2SO4 o,5M [mL] Excess H2C2O4 %
20 2 12 0 
20 2 16 33,33 
20 2 18 50 
20 2 20 66,66 
20 2 24 100 

 

     Table 2
THE CONVERSION OF HEXAVALENT CHROMIUM TO K3[CR(C2O4)6] 

Oxalic acid 
excess % 

Cr+6 filtrate 
[mL] 

Mohr salt 
0,1N [mL] 

KMnO4 0,1N 
[mL] 

Reduction 
Cr(VI) to Cr(III), % 

Cr+6residual  
[mg/L] 

0 32 10 8,3 60,26 429,84 
33,33 31 10 8,8 71,63 307,09 

50 35,3 10 9,3 79,03 226,26 
66.66 31 10 9,8 91,81 88,02 
100 31 - - 99,80 2,07 

 
RESULTS AND DISCUSSIONS 

The results presented in Table 2, allowed to 
calculate the formula conversion percentage from 
Cr(VI) to Cr(III), as follows: 
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where: 
Ni = initial mol number of chromium (VI),: 2·10-3 
Nf = final mol number of chromium (VI) 
The residual hexavalent untransformed chromium 

was calculated from Table 2 and formula (3) : 

[ ] ( ) CrfiltrateKMnOKMnOres AVVFlmgVICr ⋅⋅⋅−⋅=
44

10
30
4/)(

  (4), where ACr= 52,00 
 

The excess of oxalic acid increase the extraction 
degree up to 99,80%   being a good factor for process 
efficiency and a cheep complexation reagent. 

The chromium oxalate complex was determined by 
IR spectrophotometer (Germany) and its diagram 
shows in figure 1 (see below). 

  

Fig. 1 IR spectrum of oxalic acid (HOOC-COOH) 
 
The IR-spectrum analysis is representative for 

oxalate anion between wave numbers of our 
compound. The vibration from 900 cm-1 corresponds to 
C-C bond. The signals between 1650-1200 cm-1 

attribute to vibration band from C=O and C-O bonds. 
The last vibration band is very large and dues by O-H 
bond. In spectrum can see deformation bands, δH-O-H 
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between 1700-1640 cm-1 and δO-H from 1450 to 1210 
cm-1.  

 
CONCLUSIONS 

The reciprocal treatment of hexavalent chromium 
and oxalic acid presented in waste waters coming for 
electroplating surfaces works, might be successfully 
applied as well as,  the both concentration are large. 

The optimal excess of oxalic acid are 100%. 
The maximum extraction degree was 99% into. 

K3[Cr(C2O4)6]. 
Chemical analysis of chromate untransformed made 

by   photocolorimetric and titrimetric methods, 
confirming 99% extraction degree. 

The IR spectrum confirmed the structure and 
composition of chromium oxalate complex. 

By reciprocal treatment it was realised a sub-
product and the cleaning in the same time waste waters 
with chromate anion, oxalic acid and sulphuric acid 
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