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ABSTRACT 
 

The organic wastewater having Chemical Oxygen Demand (COD) = 34 kg/m3 and 
Biochemical Oxygen Demand (BOD) = 6.3 kg/m3 from the alcohol biodigester reactor was 
catalytically thermally treated at 140 oC under autogenous pressure (0.86 MPa) at initial pH 
(pH0) 1 in absence of air. The catalyst (CuO) mass loading (CW) was 3 kg/m3. The reduction 
of organics was due to formation of solid residues. These residues were separated by 
filtration. The residues have property similar to lignite in term of its heating value. The 
supernatant of filtration having COD = 10.2 kg/m3 and BOD = 1.075 kg/m3 was subjected to 
wet oxidation process, which further reduced the COD to 3.06 kg/m3 and BOD to 0.190 
kg/m3. The two step process catalytic thermolysis followed by wet oxidation (at T = 140 oC, 

2Op  = 4 bar, pH0 = 1.5) was able to overall 90.6 % COD reduction, 96 % BOD reduction 
and 95 % colour reduction. The oxidation was found to be two step process, first fast then 
slower in second step. The pH of effluent was increased to 1.5 from 1.0 after thermolysis, 
which, further increased to 2.47 after wet oxidation process.  

Key Words : Thermal treatment, Catalytic thermolysis, Wet oxidation,  
Biodigester effluent, COD reduction, Residues. 

 
INTRODUCTION 

In Indian sub-continent, the South 
American continent, and in some other 
countries like New Zealand, etc. sugarcane 
molasses forms the major raw material for 
ethanol production through fermentation 

route. The molasses solution fermentation 
leaves a broth which contains 6-8 % alcohol 
and is distilled with low pressure steam to 
obtain the ethanol. Up to 20 dm3 of stillage is 
generated for each dm3 of ethanol produced.1 
This stillage is known as distillery 
wastewater (DWW). The DWW have 
organic load, with COD in the range of 60-* Author for correspondence 
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200 kg/m3 and BOD in the range of 20-70 
kg/m3. This is about 2 times that of sugar 
beat based distillery wastewater and is very 
complex and difficult to treat.2   

The biomethanation is the commonly 
used process for treatment of DWW. This 
process is able to remove ~70 % COD and 
80-90 % BOD.3,4 The effluents from this 
treatment unit, generally referred as the 
biodigester effluent (BDE) having COD in 
the range of 30-45 kg/m3 and BOD in the 
range of 4.5-7 kg/m3. This BDE is further 
treated aerobically. The aerobic treatments 
need high efficiency of oxygenation through 
either surface aerators or submerged high 
pressure bubblers. The cost of treatment by 
this oxygenation system is very high and it 
gives COD and BOD upto 8-15 kg/m3 and 1-
2 kg/m3 respectively. This effluent is diluted 
to reach the discharge standards (COD < 200 
mg/dm3 and BOD < 10 mg/dm3) for surface 
waters and (COD < 300 mg/dm3 and BOD < 
30 mg/dm3) for sewers, as applicable in 
India. Due to this reason, most of distilleries 
resort to dilution of the aerobically treated 
effluent, requiring a very large volume of 
dilution water. Thus, a large volume of raw 
water gets contaminated and polluted due to 
mixing of diluted water with the treated 
effluent. This is, therefore, a matter of great 
environmental concern. To treat the BDE a 
three-step treatment process has been 
suggested.5 Flocculation process has been 
also reported for treatment of biodigester 
effluent using various inorganic flocculent.6,7  

The present paper deals with the studies 
on the treatment of the biodigester effluent 
by catalytic thermolysis using copper oxide 
as a catalyst followed by wet oxidation. The 
paper is mainly concerned with the wet-air 
oxidation of the thermolysis-treated 

biodigester effluent (BDE). The detailed 
study on the catalytic thermolysis has already 
been published.8 During wet oxidation, some 
solid residue was also observed. Therefore, 
the COD reduction may be attributed to the 
combined effect of wet oxidation and the 
formation of solid residues.  

MATERIAL AND METHODS 
The bio-digester effluent (BDE) was 

arranged from Sir Sadi Lal Chemicals and 
Distillery Ltd., Pilkhani, U.P. (India). The 
compositional analysis of the BDE, before 
and after thermolysis and after wet oxidation 
has been carried out and the results are 
shown in Table 1. The CuO catalyst was 
prepared in the laboratory from Copper 
nitrate by alkali precipitation method 
followed by drying in an oven at 105 oC for 
18 h followed by calcination in a furnace at 
400oC for 4 h. The calcinated solid was 
ground in a laboratory grinder and sieved. 
The solid particles with size in range of 
below to 440 µm (an average size of 220 
µm) were used in the thermolysis 
experiments. For preparation of catalyst and 
analytical purpose laboratory/analytical 
grade chemicals obtained from s.d, Fine 
Chemicals Ltd., Mumbai was used. 

The thermolysis and wet oxidation 
experiments were carried out in 1 dm3 high 
pressure stainless steel (SS-316) reactor 
(SSR) having 0.1 m internal diameter. The 
SSR was equipped with electrical heating, 
liquid sampling port, pressure indicator, and 
a cooling coil, and a temperature indicator-
cum-controller. The temperature in the SSR 
was held within  2oC variation from the set 
point. The reactor contents were agitated 
using a magnetic stirrer (the stirring speed 
can not be determined but the intensity of 
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stirring can be varied). Oxygen/air cylinder 
was attached with the reactor for supplying 
the oxidant, while nitrogen was arranged for 
flushing out the oxygen/air present in the 
reactor.  

 The thermal pretreatment (thermolysis) 
was performed at T = 100-140 oC, P = 
autogenous pressure, Cw = 2-5 kg/m3 and 
pH0 = 1-10 with COD0 = 34 kg/m3. The 
optimum results for thermolysis was at 140 
oC with CuO catalyst 3 kg/m3 at pH0 1. The 
residues obtained during thermolysis at 
optimum condition was filtered and was 
chosen for wet oxidation process. For wet 
oxidation of thermally treated BDE at 
moderate pressure and temperature, same 
strategy like to thermolysis at moderate 
temperature and pressure at pressure reactors 
(SS) was applied. For this, when the desired 
experimental temperature is reached, the 
liquid sample was collected as zero time 
experimental sample and oxygen was 
injected for start of oxidation process. 
Further samples were collected at definite 
time intervals and was analyzed for COD. 
The effect of such variables as temperature 
(T = 100-180 0C), oxygen partial pressure 
(

2Op = 2-8 bar)  with COD0 = 10.2 kg/m3 on 
the COD removal efficiency were studied. 
Experimental conditions and results obtained 
in both the processes are presented in  
Table 1 and Table 2. The analytical process 
used were as per earlier publication.7 

RESULTS AND DISCUSSION 

Thermolysis of Biodigester Effluent 
The detailed studies of the effect of pH , 

catalyst mass loading and temperatures has 
already been published.8  Here the effect of 
temperature at optimum pH (pH0=1) and 

optimum catalyst mass loading 3 kg/m3 is 
being presented. The effect of the 
temperature in the range of 100-140 oC and 
the solution autogenous pressure on COD 
reduction were studied at pH0 = 1, COD0 = 
34 kg/m3 using Cw = 3 kg/m3. The results are 
shown in Fig. 1. It is found that the COD 
reduction is fast during the initial period of 
reaction (up to 2 h) and slow thereafter. With 
the increase in temperature, the COD 
reduction of the supernatant solution also 
increases. It can be seen that 27 %, 34 %, 41 
% and 51 % COD reductions were obtained 
at the end of the preheating period (i.e., at 
zero time) to raise the solution temperature 
from the ambient temperature to 100 oC, 120 
oC, 130 oC and 140 oC, respectively. At   140 
oC, 62 % COD reduction is obtained in tR = 2 
h which increases to 70 % in tR = 6 h.  Dhale 
and Mahajani (2000) have reported a COD 
reduction of 37 % after thermal treatment of 
the biodigester effluent having similar 
characteristics, at 150 oC and tR = 0.67 h. In 
the present work, a COD reduction of 58 % 
was obtained at 140 oC during the same 
treatment period, but with Cw = 3 kg/m3 at 
pH0 = 1.  The considerable COD reduction at 
pre-heating period is due to various chemical 
reactions between functional groups like 
hydroxyl, methoxyl, carbonyl etc. present in 
BDE, responsible for formation of residues. 
The functional groups decreases further, 
therefore, rate of reaction decreases. 

Wet Oxidation of Thermally Treated 
Biodigester Effluent 

The wet oxidation process is controlled 
by two steps : (1) mass transfer of oxygen 
from the gas phase to the liquid phase; and 
(2) the reaction between the dissolved 
oxygen and organic matter on the catalyst 
surface. It is well known that resistance of 
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the first step can be eliminated by regulating 
the speed of agitation. Lele et al.9 Prasad et 
al.10 and Joglekar et al.11 have reported that 
the effect of impeller speed greater than 6 
rps, 10 rps and 10 rps, respectively, have no 
effect on conversion of distillery wastewater, 

black liquor and phenol respectively. In our 
experiments, the magnetic stirrer was used, 
which was operated at its maximum speed, 
thus, it is assumed that the mass transfer 
resistance was absent. In wet oxidation no 
catalyst was used. 

The wet oxidation (WO) of thermally 
pretreated BDE was under taken. The effect 
of oxidation temperature and oxygen partial 
pressure )p(

2O  was studied on the WO.  
Fig 2 shows the effect of oxidation 
temperature on the COD reduction of 
thermally pretreated BDE in the temperature 
range of T = 120-180 oC at treatment time 
(tR) = 0-6h, 

2Op = 0.4 MPa, and pH0 = 1.5 
with the initial COD of the effluent (COD0) 
= 10.2 kg/m3. It can be seen from the figure 

that with the time course, the COD reduction 
increases with the increase in oxidation 
temperature. Further, the time course shows 
two distinct steps of COD reduction : the 
first step being the fast step till about tR   2 
h and the second step being the slower step at 
tR > 2 h. About 32 %, 48 %, 55 % and 70 % 
COD reduction were obtained at tR = 2 h, 
which increase to about 60 %, 70 %, 75 % 
and 82 % at tR = 6 h for T = 120 oC, 140 oC, 
160 oC and 180 oC, respectively. During the 
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Fig. 1 : Time course of COD reduction of the BDE at different temperatures during 

catalytic thermolysis COD0 = 34 kg/m3, pH0 = 1, P = autogenous pressure, Cw = 3kg/m3. 
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preheating period of the pretreated BDE, 
from room temperature to the treatment 
temperature, 8 %, 10.5 %, 14 % and 21 % 
COD reductions were found at T = 120 oC, 
140 oC, 160 oC and 180 oC, respectively.  

The effect of oxygen partial pressure on 
COD reduction was studied for 

2Op = 0-0.8 
MPa at T = 140 oC, pH0 = 1.5 with COD0 = 
10.2 kg/m3 (Fig. 3). Two step COD reduction 
is found here also, the fast step at  tR   2 and 
then the slower step at tR > 2 h. About 18.4 
%, 31 %, 48.2 %, 52.5 % and 57.3 % COD 
reduction was noted at tR = 2 which increased 
to 25.4 %, 43 %, 70 %, 73 % and 76 %, at 

2Op  =  0 MPa, 0.2 MPa, 0.4 MPa, 0.6 MPa, 
0.8 MPa, respectively at tR = 6 h. From the 
figure, it can be seen that upto 25 % COD 
reduction is obtained in absence of air which 
may be essentially due to the 
thermolysis/pyrolysis of the thermally treated 
BDE. The COD reduction increased 
considerably upto 0.4 MPa oxygen partial 
pressure. Thereafter the increase in COD 
reduction with 

2Op  was not significant.  

Analysis of Treated Effluent 
The characteristics of the effluent after 

wet oxidation of the thermally treated BDE 
at optimum conditions (T = 140 oC, 

2Op  = 
0.4 MPa, pH0 = 1.5, COD0 = 10.2 kg/m3) are 
presented in Table 1. It may be seen that the 
carbohydrates, lignin and protein along with 
phosphates and sulphates decrease from their 
original concentrations in the thermally 
treated BDE. Due to this, an 70 % COD 
reduction (CODf = 3.06 kg/m3) and 82 % 
BOD reduction (BODf = 0.19 kg/m3). 
Combining the reduction due to catalytic 
thermolysis and wet oxidation the overall 
COD and BOD reductions were 90.6 % and 
96 %, respectively of original biodigester 

effluent (BDE). The pHf of treated effluent 
changed from the pH0 = 1.5 to 2.47. The 
treated effluent contains K+, 

4PO   and 
nitrogen, which are essential soil nutrients 
for agricultural crop production. Therefore, 
this treated effluent can be used for irrigation 
purpose after suitable dilution and pH 
adjustment. The residual Cu in the effluent 
may supplement micronutrient requirements 
of the agriculture crops. The colour of the 
treated effluent was pale yellow and showing 
95 % colour reductions, of the original BDE. 
This colour reduction will greatly improve 
the sunlight penetration in the treated 
effluent and improve oxygenation for the 
survival of aquatic life in the surface waters. 
A ten times dilution leads to COD = 306 
mg/dm3 and BOD = 19 mg/dm3 for wet 
oxidized effluent, while, effluent obtained 
from the conventional anaerobic biodigestion 
of DWW followed by aerobic treatment has a 
COD = 8-15 kg/m3 and BOD = 1-2 kg/m3, 
which needs to be diluted 40 to 80 times to 
meet the discharge standards of COD and 
BOD. Thus, by using this two step process : 
catalytic thermolysis followed by 
catalytic/non catalytic wet oxidation saves 
huge amount of water from being polluted 
and contaminated.  

Wet  Oxidation  Process  
From Table 2, it may be seen that during 

the heating in presence of oxygen, the solid 
residue is formed. The amount of solid 
residue formed increases with increase in 
temperature up to 160 oC and slightly 
decreased to 180 oC. At temperature 140 oC , 
solid formation increases with increase in 
oxygen quantity. Thus it may be concluded 
that the COD reduction is due to the net 
effect of oxidation and formation of residue 
(complexation separation of dissolved 
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organics/inorganics) in the effluent. 
However, no conclusion may be made at 
present. Belkacemi et al.12 have reported the 
formation   of   carbonaceous   solid  residue  

(upto 2.5 kg/m3). The formation of residue 
has been noted by Garg13 during wet 
oxidation of pulp and paper mill effluent. 

Table 1 : Typical composition of biodigester effluent (BDE) before and after catalytic 
thermolysis (at T = 140 oC, pHo =1, Cw = 3 kg/m3, tR = 6 h) and wet oxidation  

(at T = 140 oC, 
2Op  = 4 bar, pH0 = 1.5) 

Parameters Biodigester 
effluent 

Biodigester 
effluent after 
thermolysis 

Wet oxydation 
 

COD 34000 10200 3060 
BOD 6300 1075 190 
Inorganic carbon 1252 145 30 
Organic carbon 11612 3168 1506 
Total Carbon 12864 3313 1536 
Reduced Carbohydrate 32500 6550 3620 
Dissolved lignin 16100 1230 Nil 
Protein 8940 640 240 
NH4

 –N 687 140 8 
Organic Nitrogen 190 73 - 
Total Kjeldahl Nitrogen 877 213 - 
PO4

2- 157 54 - 
K+ 5170 3840 1420 
SO4

2- 7120 4230 3520 
F- 160 65 20 
Na+ 4730 3820 1620 
Ca2+ 1200 400 22 
Fe2+ 10 8 - 
Cu2+ 8 235 198 
Mn2+ 2 Nil Nil 
Mg2+ 6005 7020 712 
Total Dissolved Solids (TDS) 28320 25710 16500 
Total Suspended Solids (TSS) 12180 - - 
pH 7.8 1.54 2.47 
Color Blackish 

brown 
Orange Pale yellow 

Absorbance at 475 nm 0.18 0.0337 0.0057 
Note : All the values except pH are in mg/dm3.  

Absorbance was determined after 100 times dilution of each effluent. 
tR, Treatment time 
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Table 2 : Summary of experimental runs for thermolysis of BDE  
and its subsequent wet oxidation (tR = 6 h). 

Run pH0 T 
(oC) 

2Op  

MPa 

Cw 
(g/dm3) 

COD0 
(mg/dm3) 

CODf 

(mg/dm3) 
pHf CR 

(g/dm3) 

1 1 140 Nil 3 34000 10160 1.54 14.63 
2 2 140 Nil 3 34000 11770 2.38 14.63 
3 4 140 Nil 3 34000 22250 4.46 9.05 
4 6 140 Nil 3 34000 21050 7.71 10.02 
5 8 140 Nil 3 34000 21450 8.62 11.18 
6 10 140 Nil 3 34000 21590 9.64 9.8 
7 1 130 Nil 2 34000 14960 - - 
8 1 130 Nil 3 34000 12920 - - 
9 1 130 Nil 4 34000 10600 - - 

10 1 130 Nil 5 34000 10400 - - 
11 1 100 Nil 3 34000 19380 - - 
12 1 120 Nil 3 34000 16320 - - 
13 1 130 Nil 3 34000 13260 - - 
14 1 140 Nil 3 34000 10160 - - 
15 1.5 120 0.4 Nil 10200 4182 2.52 9.03 
16 1.5 140 0.4 Nil 10200 3060 2.67 14.1 
17 1.5 160 0.4 Nil 10200 2400 3.17 15.1 
18 1.5 180 0.4 Nil 10200 1785 2.45 14.6 
19 1.5 140 Nil Nil 10200 7608 1.74 3.13 
20 1.5 140 0.2 Nil 10200 5690 2.52 4.27 
21 1.5 140 0.6 Nil 10200 2744 2.50 7.13 
22 1.5 140 0.8 Nil 10200 2305 2.36 9.83 

Note :  The effluent of the thermally treated BDE used in for the subsequent wet oxidation  
already contained 235 mg/dm3 of residual dissolved copper. 
CR=Amount of residues 

 

During wet oxidation of thermally 
treated BDE, two mechanisms, both in 
parallel but complementary to each other, 
take place simultaneously. Both smaller and 
larger molecules present in the effluent 
undergo chemical and thermal breakdown 
and complexation forming insoluble particles 
which settle down. Simultaneously, the wet 
oxidation oxidized the organic matter, which  

reduce its COD content. A substantial 
reduction in organic content (COD, BOD, 
TC) was observed (Table 1). The 
compositional analysis of effluent shows that 
it contains lignin, reducing sugars, proteins, 
sulphates, phosphorus, etc. which have been 
reduced considerably after thermolysis and 
wet oxidation. 
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Fig. 2 : Time course of COD reduction due to wet oxidation of thermally pretreated BDE at 

different temperature. COD0 = 10.2 kg/m3, po2 = 0.4 MPa 
 
 

 
Fig. 3 : Time course of COD reduction due to wet oxidation of thermally pretreated BDE at 

different temperature. Po2 . COD0 = 10.2 kg/m3, T = 140ºC 
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CONCLUSION 
The wet oxidation (WO) was found to 

considerably reduce of organic content of the 
thermally treated BDE with 70 % COD 
reduction, 82 % BOD reduction and  83 % 
colour reduction at T = 140 oC, 

2Op  = 0.4 
MPa.  

The combination of thermal treatment (at 
T = 140 oC, P = autogenous pressure, Cw = 3 
kg/m3) followed by filtration and wet 
oxidation under suitable operating condition 
(T = 140 oC, 

2Op  = 0.4 MPa) gives, 
respectively, overall 90.6 %, 96 % and    95 
% COD, BOD and colour reductions. 

 The pH of treated effluent increased 
during WO from the pH0 = 1.5 to 2.47, thus, 
the acidity of water has decreased. 

The COD and BOD of treated effluent 
have decreased more than four times in the 
thermolysis followed wet oxidation process 
as compared to conventional aeration 
process. 
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