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ABSTRACT 
 

TBP production facility at Heavy Water Plant,  Talcher generates about 2000 

litres of  effluent per 200 kg batch.  The effluent is basically an aqueous solution 

containing dissolved and dispersed organics such as dibutyl phosphate, butanol etc. 

The effluent has high salinity, chemical oxygen demand ( 30-80 g/L) and pungent 

odour. It requires treatment before discharge.  A chemical precipitation process using 

ferric chloride was developed for quantitative separation of organics from the aqueous 

part of the effluent.  This process facilitates the discharge of the aqueous effluent.  

Results of the laboratory and bench scale experiments on actual effluent samples are 

presented in this report.  

 

INTRODUCTION 

 
 TBP production facility  at Heavy Water Plant, Talcher has a batch capacity of 

200 kg.   TBP synthesis is based on the reaction of POCl3 with excess butanol 

according to the following chemical equation: 

POCl3   +    3  C4H9OH          10-15O C           (C4H9O)3PO   +   3 HCl 

 

TBP is purified from  organic and inorganic impurities by washing it with aqueous 

sodium carbonate solution. These washings  result in the generation of about 2000 

litres of aqueous effluent per batch. The effluent contains  dissolved and dispersed 

organics, high salinity, chemical oxygen demand (COD)  and pungent odour. 

Composition of the effluent varies from batch to batch. An approximate composition 

provided by Heavy Water Board, Mumbai is shown in table-1 (ref.1).  

 Direct discharge of the effluent is not permitted on account of its high COD 

content and pungent odour.  The organic portion in the effluent is responsible for the 

high COD and odour of the effluent. Destruction of the organics in the highly saline 

and predominantly aqueous effluent by incineration may not be practical and cost-

effective.  Bio-degradation of the organics in the presence of high salt content is 

rather difficult under natural conditions.  



  Experiments were conducted to explore the feasibility of oxidative 

decomposition of the organics in the effluent by photo-Fenton reaction (ref. 2,3). 

Photo-Fenton reaction involves the oxidation of the organic substances in aqueous 

medium with H2O2 in the presence of catalytic amounts of ferrous salt at  a pH of 2-3 

 

Table-1  Composition of the TBP Plant Effluent 

 
 Compounds Approximate Composition 
Inorganic  Sodium Chloride 

 
14 to 20% 

 Sodium Carbonate, 
Sodium Bicarbonate, 
Sodium Phosphate 
 

 
10 to 15% 

 Ca and Mg Salts Traces 
Organic n-butanol 6-8% (dissolved) + 2-3% 

(suspended) 
 Butyl Chloride, TBP, 

HDBP, H2MBP and their 
sodium salts  

1-2% (dissolved + 
dispersed) 

Chemical Oxygen Demand 
(COD)  

 50 to 80 g/L 

Total Phosphates  10 to 11 g/L as PO4 
Density  1.1 to 1.3 g/cc 
pH  7 to 9 
Viscosity  0.8 to 1.2 cP 
Odour  Pungent 

 
                                          

under uv/visible light irradiation at ambient conditions. The experiments did not prove 

successful.  Photo-Fenton and other advanced oxidation processes are based on the 

mediation of strongly oxidizing OH radical intermediates (ref.4). They are responsible 

for the initiation of organic substrate degradation in the aqueous solution. This 

degradation process is adversely affected in the presence of chloride, carbonate and 

bicarbonate ions (ref. 2,3,4). These ions react with the OH radicals by electron 

transfer mechanism and reduce the effective concentration of these radicals. The 

effluents have high chloride, carbonate and bicarbonate contents (table-1).  Photo-

Fenton reaction was not effective possibly because of these factors.  

 During the photo-Fenton experiments on the effluent, instant formation of 

white coloured water-insoluble supernatant layer was observed on addition of H2O2.  

It could be on account of ferrous ion initially present in the reaction mixture that gets  



oxidized by H2O2 to ferric ion. Ferric ion reacted with dissolved organics (salts of 

HDBP etc.) in the effluent to form the observed white supernatant layer. This 

observation prompted the investigations for  separation of organic portion in the 

effluent using ferric chloride.  Ferric chloride is also widely used as 

coagulating/flocculating agent in the treatment of drinking water and waste water (ref. 

5). When small quantities of ferric chloride are added to the raw water, iron hydroxide 

precipitates and adsorbs finely divided solids and dispersed colloids. Since the TBP  

effluent contains dispersed organics also such as butanol  which contribute to the 

pungent odour of the effluent, ferric chloride can be advantageously used as 

flocculating agent for removal of dispersed organics as well. The potential function of 

ferric chloride in the TBP  effluent treatment is, therefore, two fold:  

1) To remove the dissolved organic matter,  

2) To remove the dispersed organic matter by coagulation/flocculation.  

 

 In this report, results obtained on the separation of organic portion from the aqueous 

TBP  effluent using ferric chloride are described under various experimental 

conditions. The results clearly showed that quantitative separation of organics was 

possible by this method. 

 

MATERIALS  

 
 Laboratory reagent grade ferric chloride and 35.4% HCl solution (hereafter 

Con. HCl) of Thomas Baker company were used. Actual TBP production plant 

effluent samples provided by Heavy Water Board, Mumbai were used in the 

experiments.  

 

ANALYTICAL METHODS 

 

COD of the aqueous samples was determined using E Merck Thermoreactor 

(TR 200) and E Merck Photometer (SQ 118) by the closed reflux colorimetric method 

(ref. 6).  In the thermoreactor, the sample is digested with strongly acidic solution of 

potassium dichromate at 148oC under closed reflux conditions for two hours in the 

presence of mercuric sulfate and silver sulfate. Increase in the Cr(III) concentration by 

absorption measurements at 600 nm or drop in the Cr(VI) concentration by absorption 



measurements at 340 nm are correlated with the COD in the photometer SQ 118. The 

digested mixture, after cooling to room temperature, was analysed for the COD 

content using photometer.   Samples with COD in the range of  4-10,000  ppm can be 

analysed using this instrument. 

 Total organic carbon (TOC) and inorganic carbon (TIC) of the aqueous 

samples were determined using Thermo Euroglas TOC 1200 analyser.  The 

instrument works on the principle of combustion of the organic matter in the sample 

to CO2 at 1000oC for total  carbon (TC)  determination.  TC includes both organic and 

inorganic carbon. TIC is determined in the instrument by converting the inorganic 

carbon (carbonates, bicarbonates) into CO2  by acidification of the sample. Difference 

between TC and TIC gives TOC. CO2 in the off-gas is anlysed by non-dispersive IR 

detector. The working range of the instrument is 20-10,000 ppm.  

 

EXPERIMENTAL METHODS 

 
 The experiments were conducted initially at laboratory scale (50  ml) and 

subsequently at bench scale (5-10 litres). In the laboratory experiments, effluent 

samples from different batches were mixed to obtain one litre stock solution.  50 ml of 

the sample was  mixed slowly  with 2-3 ml of con. HCL in a beaker with constant 

shaking. About one gram of ferric chloride solid was added slowly to the reaction 

mixture and the shaking was continued for 5-10 minutes. The reaction mixture was 

passed through sintered glass filter for separation of the precipitate from the aqueous 

solution. The filtrate was analysed for TOC, COD, pH under different conditions.  

 Bench scale experiments were conducted on effluent samples from different 

batches in a 20 litre borosilicate glass round bottom flask with flat flange lid and 

multiple ground glass joints. The glass flask was provided with a mechanical agitator, 

temperature indicator and liquid feeding glass containers. Con. HCL was gradually 

introduced to the effluent sample taken in the flask under constant agitation in about 

30-45 minutes to reduce the pH of the effluent to the desired value. This was followed 

by slow addition of ferric chloride under agitation either in  powder form or solution 

form. After addition of these reagents, the agitation was continued for one more hour 

to ensure the completion of precipitation  reaction. The reaction mixture, 

subsequently, was filtered through 30-40 micron SS cartridge filter under negative 

pressure. The filtrate was analysed for the TOC, COD etc. The filtrate was neutralized 



to pH 6-7 or 9.0 using sodium hydroxide solution under agitation. The neutral effluent 

was allowed overnight settling time to precipitate the excess ferric ion in the effluent 

into ferric hydroxide form. During this step, ferric chloride acts as 

coagulating/flocculating agent for removal of dispersed organic matter.  The analyses 

were repeated on the supernatant.  

 

RESULTS AND DISCUSSION 

 
 The effluent sample was slightly turbid with pungent odour resembling that of 

butanol.  Analysis of the effluent sample used in 50 ml scale experiments gave the 

following results: 

 

Table-2: Characteristics of the TBP plant effluent 

pH 9.6 

TOC (g/L) 22 

Inorganic carbon 

(g/L) 

5.1 

COD (g/L) 37.5 

Density (g/cc) 1.12 

 

Since the effluent was alkaline, direct addition of ferric chloride was not attempted to 

avoid the undesirable precipitation of ferric hydroxide. The effluent pH was initially 

adjusted to about 2.7-3.0 by addition of required quantity of Con. HCl for conducing 

the precipitation reaction.  During the acid addition step, effervescence evolved due to 

the presence of carbonate and bicarbonate in the effluent.  The solution became more 

turbid, presumably, due to the decreased solubility of the dissolved organic matter on 

acidification. Ferric chloride amount was decided based on the assumption that the 

HDBP salt constitutes the major organic compound in the effluent. Excess of ferric 

chloride  was employed in the experiment.  On addition of ferric chloride to the acidic 

effluent, white precipitate formed instantly at room temperature. pH decreased to 

about 1.9 on  complete addition of ferric chloride. This could be  on account of the 

free acid associated with the ferric chloride.  No foaming was observed during the 

precipitation step under these conditions.  The precipitate could be neatly separated 



from the aqueous portion using sintered glass filter. Results of the laboratory 

experiments were shown in table-3. 

 
Table-3:  Laboratory scale experimental results 

1. Scale of the experiment: 50 ml 
2. Ferric chloride: one gram 
3. Temperature:  25-35oC    
   

Parameter  Before 
treatment 

After treatment  

Total Organic carbon (TOC) of 
the effluent 
 

22 g/L 200-400 ppm  

Chemical Oxygen Demand 
(COD) of the effluent 
 

37.5  g/L 700-1000 ppm 

 pH of the effluent sample 
 

9.6  

 Initial pH of the sample before 
ferric chloride addition 

2.7-3.0  1.9-2.0 

Weight/volume of the separated 
organic residue after drying in 
oven at 100oC 

 Weight: 1.7 g  
Volume:  4.5 ml  

 

 
These results demonstrated that more than 97% of the organic matter could be easily 

precipitated and separated at room temperature by this method.  

It was observed that the effluent   separated into two layers when its pH was 

decreased to about 1.5 on providing settling time:  organic layer at the top and 

aqueous layer at the bottom. 50 ml of the effluent sample at this pH gave an organic 

layer of 1.1 ml , suggesting that the organic content was about 2.2% .  TOC of the 

aqueous portion was 2.0 g/L.  

The high degree of organic removal during precipitation step and formation of 

separate organic layer upon adjustment of the pH of the effluent to 1.5  suggest that 

the major organic substance in the effluent is HDBP salt. Sodium salt of HDBP  is 

freely soluble  in water. However, HDBP has limited solubility in water ( 1.8% at 

20oC). This could be the reason for the separation of organic layer at low pH.  The 

high degree of organic separation during precipitation could be on account of the 

following reaction of  HDBP salt  with ferric ion to form the insoluble ferric salt of 

HDBP: 



                              Fe(aq)3+  +   3 DBP(aq)-                        Fe (DBP)3   -------(1) 

 When the initial pH of the effluent sample was varied from 3.5 to 5.0, TOC of 

the effluent increased to 0.5-0.8 g/L. Direct addition of FeCl3 to the feed effluent 

without pH adjustment resulted in effervescence and hydrolysis of the ferric salt.  

These observations clearly indicate that pH during precipitation reaction plays an 

important role. These laboratory experiments were, subsequently, scaled up to 5-10 

litre scale. Results of the bench scale experiments at 5-10 litre scale were shown in 

table-4. 

Table-4:  Results of bench scale experiments on TBP plant effluent 

TOC of the feed effluent:  22-29 g/L 

COD of the feed effluent: 50-60 g/L 

pH of the feed effluent: 9.4-9.6 

Effluent 
volume 
(litres) 

Initial 
pH of 
acidified 
effluent 

FeCl3 
amount 
(grams) 

TOC of the 
effluent 

after treatment 
(g/L) 

COD of the 
effluent 

(g/L) 
 

Remarks 

10 
10 
10 
10 
10 

2.8 
2.8 
3.5 
4.5** 
2.8 

80 
110 
150 
150 
220 

2.0* 
0.87 
1.9 
5.7* 
not detectable 

7.5 
3.5 
 
 
not 
detectable 
 

 
*pH of the reaction mixture 
was raised to 7.0 before 
filtration  
** during FeCl3 addition, foam 
formation was observed  

5 2.8 30 1.2 5.0 

5 2.8 50 g 1.6 4.7 

 
 
FeCl3 powder was used 

5 3.25 65 g 0.28 0.700 40% FeCl3 solution in 
one hour   

5 3.25 65 g 1.3 6.5  
  50 ml of 1N NaOH was added 
to the 40% FeCl3 solution and 
added in 40 minutes. 

5 3.5 65 g 0.9 3.4 
 

40% FeCl3 solution was mixed 
with 0.1N NaOH (600 ml) and 
added in 3 hours 

5 3.2 110 g 1.7 5.2 FeCl3 powder was used.  
 

The results showed  that the optimum conditions for achieving very low  COD content 

in the treated effluent are as follows: 



1. FeCl3 amount:  22 g/L 

2. pH of the effluent:   2.8 

 

Lesser amount of FeCl3 (about 10 g/L) and higher pH conditions during 

precipitation step led to higher COD values in the treated effluent. Besides, it was 

observed that increase of pH to about 7.0 after completion of the addition of FeCl3 

and before filtration results in effluent having higher COD content (3.5-7.5 g/L)  In 

the event of effluent containing more of dispersed organic matter, ferric chloride role 

represented by the chemical equation (1) above alone is not adequate. Its function as 

coagulating/flocculating agent is also very important.  It should be noted that the 

acidic effluent needs to be neutralized for discharge. As discussed earlier, ferric 

chloride is used as coagulant for removal of dispersed organics from wastewaters (ref. 

5) under near neutral conditions. Hydrolysis of  FeCl3 to water-insoluble ferric 

hydroxide can be represented as follows: 

 

Fe3+ + n H2O                  Fe2O3 . n H2O   (pH:6-7) 

 

Hydrolysis of Fe3+ even at pH 2-3 proceeds to a greater extent according to the 

following reactions (ref. 7,8): 

[ Fe(H2O)6]
3+                                           [Fe(H2O)5 OH]2+    +  H+   

[Fe(H2O)5 OH]2+                                       [Fe(H2O)4 (OH)2 ]
+              

2  [ Fe(H2O)6]
3+                                          [Fe(H2O)4 (OH)2 Fe (H2O)4  ]

4+  + 2H+ 

 

As the pH is raised about 2-3, more highly condensed species than dinuclear one 

noted above are formed, attainment of equilibrium becomes sluggish, and soon 

colloidal gels are formed. Ultimately, hydrous ferric oxide is precipitated as red-

brown gelatinous mass (ref.7, 8).  The colloids formed during the early stages of the 

hydrolysis process of ferric ion   combine with the dispersed organics (normally carry 

negative charge)  coagulate and thereby remove  the dispersed organic matter. 

  

Experiments were conducted to verify the flocculating action of FeCl3 for 

further reduction of COD of the filtrate from the precipitation step by adjusting the pH 

of the filtered effluent to pH 6-7.  Results of this treatment were shown in table-5. 



 
 
 
 

Table-5:  Effect of neutralization on the COD, TOC contents of the 
 treated acidic effluent 

TOC of the effluent (g/L) 

 Before                     after  
neutralization   neutralization  

COD of the effluent (g/L) 

   Before                      After 
neutralization        neutralization       

1.3                          0. 74 6.5                               5.6     (  neutralisation to pH 9.0 

0.9                           0.55 3.4                               2.2      (neutralisation to pH 9.0) 

0.28                         0.15       7.5                               1.9     (neutralisation to pH 6.0) 

1.9                           0.22 7.2                               1.0     (neutralisation to pH 6.0) 

1.5                            0.20          6.3                               0.8      (neutralisation to pH 6.0) 

1.2                            0.7 5.0                                2.6     ( neutralization to pH 5.0)          

 
These results show that the coagulating/flocculating function of ferric chloride is 

more effective at pH 6. COD of the effluent could be reduced by 85-90% at this pH . 

The function of ferric chloride is, therefore, two fold and as follows: 

 

1. As a precipitating agent for the removal of HDBP salt at pH of nearly 3.0. 

During this step, more than 95% of the organic matter is separated from the 

aqueous effluent 

2. As a coagulating/flocculating  agent for further removal of residual organics at 

pH of about 6.0. 

 

MATERIAL BALANCE FOR THE PRECIPITATION PROCESS 

 

 Table-6 gives the results of the material balance study undertaken for the 

precipitation process.  It was noted that the material balance was within 6%. Volume 

of the wet solid organic residue was, as seen, is only about 10% of the volume of the 

effluent treated.  

   

 

 

 



Table-6: Material Balance during the Precipitation process 

 

 

PROPOSED FLOW SHEET FOR THE EFFLUENT TREATMENT 

 

Experimental results obtained clearly demonstrate that the ferric chloride 

treatment  process enables the quantitative separation of the organic matter from the 

aqueous effluent.  The aqueous effluent can be discharged into the sea. The organic 

residue is predominantly ferric salt of HDBP. It is free from the bio-toxic saline 

environment. It can be subjected to bio-degradation. Preliminary experimental work 

conducted by other groups in BARC has indicated that bio-degradation of the organic 

residue is feasible. Based on these results, flow sheet shown in fig. 1 was proposed for 

TBP plant effluent treatment and submitted to Heavy Water Board, Mumbai.  At 

present, the chemical treatment using FeCl3 is being successfully implemented at 100 

litre scale at HWP-Talcher.  Work on the bio-degradation of the organic residue 

arising in precipitation reaction is being pursued  by other groups in BARC.  

 

 

 

 

 

Volume of the effluent 
sample 

5 litres Volume of the treated 
effluent after precipitate 
separation  

4.55 litres 

Density of the effluent 
sample 

1.125 
g/cc 

Density of the treated 
effluent  

1.1 g/cc 

Weight of the effluent 
sample 

5.625 kg Weight of the treated 
effluent 

5.005 kg 

Volume of 35.4% HCl  215 ml Volume of the wet 
organic precipitated 
residue 

0.55 litres 

Density of 35.4% HCl 1.18 g/cc Weight of the organic 
residue 

0.71 kg 

Weight of 35.4% HCl 0.253 kg   
Weight of 40%FeCl3 

Solution 
0.175 kg   

Total weight of the 
reactants 

6.053 kg Total weight of the 
reaction products 

5.71 kg 
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Fig. 1  TBP PLANT EFFLUENT TREATMENT FLOW SHEET 
 
 
The chemical precipitation step using FeCl3 is being successfully implemented at 100-

litre scale at HWP-Talcher for facilitating the aqueous discharge.  

 
FURTHER WORK 
 
 The nature of the organic constituents needs to be characterized using gas 

chromatography and other techniques. Ferric chloride requirement should be 

optimized. Bio-degradation work on the organic residue needs to be consolidated  to 

achieve high waste volume reduction.  In view of the fact that 2000 litres of effluent is 

generated during the production of 200 kg of TBP,  efforts should be made to reduce 

the waste volumes at the source itself by improving the wash procedures for removing 

the impurities from TBP.  

pH 
ADJUSTMENT 

2.5-4.0 
WITH HCL 

ORGANIC 
PRECIPITATION 

WITH FeCl3 

FILTRATION 

ORGANIC RESIDUE 

BIO-DEGRADATION 



CONCLUSION  
 

95-97% separation of the organic matter from the TBP plant effluent can be 

achieved by adjustment of the pH of the effluent to about 3.0 followed by addition of 

10-12 g ferric chloride per litre of effluent .  Organic content  of the resultant effluent  

could be  further reduced by neutralization to pH� 6.0 .  COD of the neutralized 

effluent was less than 1000 ppm. The aqueous effluent can be discharged. Organic 

portion can be possibly subjected to bio-degradation.  
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