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Abstract
Alumina was synthesised by surface hydrolysis of thin aluminium plate and then applied as an adsorbent to 

treat the refinery effluent water to reduce the levels of COD(Chemical Oxygen Demand), BOD(Biological Oxygen 
Demand) and OG(Oil and Grease) content in the effluent to satisfy the prescribed limit. The prepared alumina was 
characterized based on BET surface area, X-ray diffraction analysis and scanning electron microscopy. The effects 
of the amount of adsorbent, temperature and the dilution of the effluent on the reduction of COD, BOD and OG 
levels were studied.  COD, BOD and OG reduction were observed to be 87.83%, 86.6% and 83% at 200C with an 
alumina dose of 15 gms per 100 ml effluent. In the equilibrium study, it has been noted that the adsorption capacities 
of alumina for COD and OG at equilibrium are linearly co-related. The adsorption is of first order and the initial rate 
constant obtained is 3×10-6 min-1 at 200C. 

Keywords: Alumina; Characterization; Sorption; Equilibrium; Rate
constant 

Introduction
Waste waters released by crude oil-processing industries are 

characterized by the presence of large quantities of crude oil products, 
polycyclic and aromatic hydrocarbons, phenols, metal and surface-
active substances which comprises grease and other chemicals [1]. The 
presence of these objectionable materials in water has to be monitored 
before it is released from refinery to the environment because it raises 
COD (Chemical Oxygen Demand) and BOD (Biological Oxygen 
Demand) level in the water body.  The high levels of COD and BOD 
and OG   in water inhibits the growth of micro-organisms in the water 
disturbing the ecological balances which consequently affects the 
human health.  Oil and grease can also affect the fertility of the land. As 
per Bureau of Indian Standard specification [2] COD, BOD and oil and 
grease levels in inland surface water should be kept below 250, 30 and 
10 mg/L respectively.  

Adsorption is one of the most common and efficient method for 
removal of objectionable material from polluted water. 

Alumina (Al2O3) is a porous material that is extensively used as an 
adsorbent. Due to its high adsorption capacity and surface area, it is 
widely used to remove metal ions [3,4], dyes [5,6] and organic acid and 
solvents [7,8] from solutions. Application of alumina as an adsorbent 
for water treatment is well known. Tests on the adsorption of As (V) 
and Cu on mesoporous alumina were carried out under batch process 
with high rates of adsorption were found in a broad range of pH with 
various loading [9-11]. Yu et al. [12] prepared mesoporous alumina 
using cationic surfactant, which showed a very high surface area and 
highly improved adsorption capacity.

Activated alumina was used to reduce the TDS content from 2000 
to 850 mg/L and fluoride content from 14 to around 7 mg/L [13]. 
Activated alumina with potassium permanganate and activated carbon 
were employed as adsorbent for removal of volatile organic carbon 
[14]. 

So, it can be inferred that alumina has application as an adsorbent 
for removal of different water pollutants. Based on the results of these 
prior studies it seems plausible that alumina would be a good adsorbent 
for oil and grease from industrial effluent. 

The objective of the present work is to prepare alumina and its 

characterization based on BET (Brunauer-Emmett-Teller isotherm), 
XRD (X-ray diffraction) and SEM (Scanning electron microscopy) 
measurements and the application of the alumina for removal of oil 
and grease from refinery effluent. The kinetics of the adsorption was 
also investigated.

Materials and Methods
Alumina was prepared, characterized and applied for removal of 

oil and grease from refinery effluent. Aluminium plates of thickness 
1.5 mm were cut into 8 cm × 4 cm; the surfaces were cleaned and 
washed with distilled water. Pure aluminium is an active metal and 
when exposed to air or water, it instantaneously reacts to form a dense 
spontaneous surface oxide film of about 3-5 nm thickness which 
prevents further surface oxidation. To remove this surface oxide layer 
the plates were treated with 0.1 M HCl solution. The surface aluminium 
oxide reacts to form.

Al2O3 + 6HCl → 2AlCl3 + 3H2O

The excess acid and the surface oxide layer in the form of aluminium 
chloride, were removed by repeated washing with distilled water. The 
water again instantaneously reacts with the refreshed Al-metal surface 
and adds a new surface oxide in a thin layer.

Then the plates were treated with a 0.1  M solution of mercuric 
chloride for a short period to remove the stable surface oxide layer and 
to induce hydrolysis. It results a clean oxide-free nascent Al-surface. In 
order to perform the   hydrolysis of aluminium, the clean plates were 
immersed in distilled water in a glass beaker. Finally a porous Al2O3 
powder was prepared by dehydration of the intermediate product 
AlO(OH) ·αH2O at 2750C. 
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Al + (+2) H2O → AlO(OH) αH2O + 1.5 H2

The transformation to Al2O3 phase was performed by calcining at 
300 to 10500C for 5 hours to get two different Al2O3 samples.

The X-ray diffraction studies on the samples were carried out 
with PAN Analytical PW-3050/60 diffractometer, using copper-Kα 
radiation. BET surface area, pore size and pore volume analysis were 
obtained by Quantachrome AUTOSORB AS1 surface area and pore-
size analyzer. HRTEM analysis was done using JEOL 2100 instrument 
operated at accelerating voltage 200 kV. SEM was performed using the 
instrument Hitachi model SU-70.

The refinery effluent was obtained from effluent treatment plant of 
Haldia Refinery, Indian Oil Corporation Limited, Haldia, India which 
has average oil and grease content of 192 mg/L.  

A typical alumina sample was selected based on the characteristic 
properties and the adsorption capacity for oil and grease of this alumina 
was investigated in batch adsorption process. A number of 500 ml 
stoppered conical flasks containing 250 ml effluent with 5 to 15 grams of 
alumina powder were agitated in a mechanical shaker till equilibrium. 
The experiment was performed at two different temperatures 200C and 
500C. Samples were analysed for oil and grease, COD and BOD using 
standard methods [15]. Effects of different parameters on the removal 
of oil and grease were observed at temperatures: 20-500C; initial oil and 
grease content, COD and BOD in the sample: 192, 148 and 120 mg/L 
respectively and alumina loading: 2-15 gm.

Result and Discussion 
Characterisation of alumina

XRD results aluminum hydroxide calcined at temperatures 300 and 
6000C for 5 hr are shown in Figure 1. The transformation of boehmite 
state to γ- Al2O3 occurs heating at 6000C [16,17]. As the calcination 
temperature increases the crystalinity of the sample is increased. 

The BET surface area, pore size, and pore volume of the samples 
of alumina are listed in Table 1. It can be seen that with increasing 
temperature, the surface area of the sample increases from 279 m2 /gm 
at 3000C to 477 m2 /gm at 6000C, and correspondingly the pore volume 
increases from 0.247 to 0.436 cc/g. When the temperature increases 
from 600 to 10500C, however, a quick decrease in the surface area was 
observed.

From the above observation, it is clear that the alumina calcined at 
6000C has the highest surface area and is in stable γ-Al2O3 form. So, this 
alumina was chosen for treating refinery effluent. 

The micro structure of this representative Al2O3 sample has been 
analyzed with SEM micrographs to obtain morphology which is shown 
in Figure 2. The micrograph hardly represents a resolved structure of 
particles or crystallites with a definite size or morphology. Quantitative 
compositional analysis of prepared alumina calcined at 6000C was 
determined by EDS spectrum obtained from SEM and is represented 
in Table 2.

Application in removal of oil and grease

The alumina calcined at 6000C is applied as an adsorbent for 
removal of oil and grease from refinery effluent to find out the 
adsorption capacity of alumina and results are as follows:

A 0.5 serial dilution of the effluent was used to establish a 
concentration gradient in terms of % raw effluent ranging from 25-
100%. The variation of COD, oil and grease and BOD were determined 
with sample dilution and presented in the form of histogram in Figure 
3. COD values are the greatest among the three. 

The degree of agitation has been varied by changing stirrer speed 
from 600 to 2200 rpm to determine the drop in COD values with time 
in the adsorption experiments conducted in presence of alumina. This 
result has been depicted in Figure 4. It was observed that as the stirrer 
speed increases, the drop in COD value increases. The plots obtained Figure 1: XRD of alumina after calcination at 300ºC (a) and 600ºC (b).

Figure 2: SEM micrographs of alumina calcined at 600ºC.

Calcination 
Temperature (0C)

Pore size
(nm)

BET surface area
(m2/g)

Pore volume
cm3/g

300 1.173 279 0.247
600 1.27 477 0.4365
800 3.69 385 0.953
1050 3.672 228 0.852

Table  1: Surface area, pore size and pore volume of synthesized alumina samples.

Elements weight percent Atomic (%)
Al 52.44 39.39
Hg 0.85 00.09
O 46.71 59.98
Total 100.00 100.00

Table 2: Quantitative chemical analysis of alumina calcined at 6000C.
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for 1800 and 2200 rpm are very close, which clearly proves that the 
external mass transfer effect is negligible beyond 2200 rpm.So all the 
consequent adsorption experiments was carried out at 1800 rpm.

The effluent from the refinery was treated with varying amount of 
alumina at 200C and the fraction removed was plotted against time. The 
fractional drop of oil and grease, COD and BOD levels in the effluent 
has been calculated by using the following general equation

0,
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The initial adsorption rate 0adr was obtained by evaluation of the 

slope df
dt

 at t=0 from the Figure 9.

Figure 5 has shown that the fractional removal of oil and grease 
(fOG), at the preliminary stage, is significant and then gets leveled off as 
per usual trend. For the sake of comparison, choosing a typical point 
of time, 30 min, the fractional removal of oil and grease in the effluent 
are found to be 0.57, 0.61 and 0.68 mg/L for 5, 10 and 15 g of alumina 
respectively.

The effect of amount of alumina on fractional COD drop (fCOD) is 
shown in Figure 6. The COD removal profile also follows the similar 
pattern as that of the oil and grease. The fractional removal of COD 
reaches at 0.47, 0.55 and 0.65 mg/L in 30 minutes for 5, 10 and 15 g 
alumina respectively. Initially COD falls rapidly, almost the same for 
all the three amounts of adsorbents, and approach to equilibrium starts 
approximately from 60 min time. 

The fractional fall in BOD values (fBOD) were obtained at different 
time intervals by treating the raw effluent with 2, 5 and 10 g alumina 
and the data obtained are shown in Figure 7.  The curves with similar 
trend as COD and oil and grease are noted. In this case, the fractional 
removal of BOD values is 0.4, 0.48 and 0.62 mg/L at 30 min for 2, 5 and 
10 g respectively. 

The effect of oil and grease concentration in the effluent on 
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Figure 3: Variation of COD, Oil and Grease and BOD with dilution.
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Figure 5: Effect of amount of alumina on oil and grease removal at 20ºC.
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Figure 6: Effect of amount of alumina on BOD at 20ºC.
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the fractional adsorption is shown in Figure 8. The oil and grease 
concentration in the effluent ranges from 108 to 61 mg/L. The fractional 
adsorption for all the three concentration values show same trend with 
similar slope. A marginal increase in fractional adsorption has been 
observed with increase in concentration. The slope at t=0 is obtained 
and initial rate of adsorption 0adr  is calculated from the Equation (4).  
The results are shown in Table 3(a) and (b) for alumina content and oil 
and grease content respectively. 0adr  was plotted against concentration 
of oil and grease, C0, in Figure 9. The slope of the straight line obtained 
gives the adsorption rate constant kad as 3×10-6 min-1 and the adsorption 
is of first order in nature. 

The percentage removal of oil and grease, drop in COD and BOD 
values with two different temperatures, 200 and 500C are shown in 
the Figure 10. The removal of all three constitutents  is temperature 
dependent as the removal percentage increased with a rise in 
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Figure 8: Effect of oil and grease concentration on fOG.
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Figure 9: Effect of concentration of oil and grease on initial rate of adsorption.

Alumina content (g) df/dt rad0

5 0.0343 0.000329
10 0.035 0.000168
15 0.037 0.000118

Table 3(a): Effect of alumina content on initial adsorption rate (rad0, mg/g-
adsorbent.sec) (concentration of oil and grease: 192 mg/L).

COG (mg/L)* df/dt rad0

108 0.026 0.000351
89 0.0233 0.000259
61 0.0229 0.000174

*COG is oil and grease content in mg/L

Table 3(b): Effect of concentration of oil and grease on initial adsorption rate (rad0, 
mg/g-adsorbent.sec) (amount of alumina : 2 g).

temperature. From this observed it can be inferred that the adsorption 
is due to chemisorption.  

The adsorption equilibrium with respect to oil and grease and COD 
with adsorbent alumina was studied and the contents of oil and grease 
and COD at equilibrium in effluent solution was plotted against the 
two species adsorbed on the solid surface of the adsorbent in mg/g. This 
plot has been shown in Figure 11. It was observed that the equilibrium 
curves for COD and oil and grease are very close to each other.

A known quantity of adsorbent alumina is added in the effluent 
of different concentrations of COD and oil and grease in different 
conical flasks. The adsorption loading onto the surface in terms of 
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COD are different when the system reached at equilibrium. Oil and 
grease adsorbed is plotted against COD at equilibrium for different 
dilution in Figure 12 and it was observed that COD and oil and grease 
concentrations on solid surface are well correlated in a straight line 
relationship with correlation coefficient 0.98. The relation is given by 
COD= 1.2458 (Oil and grease)

Conclusion
γ- Al2O3 powder was prepared from pure aluminum plate and the 

alumina powder was characterized. The prepared powder was utilized 
in the treatment of refinery effluent water. Oil and grease present in 
the sample was adsorbed in alumina and the fractional removal of 
oil and grease and drop in COD and BOD values of the effluent were 
determined. It was found that the prepared alumina presented an 
excellent performance towards adsorption of oil and grease through 
decrease in both the COD and BOD level below the allowable limit. 
The rate of adsorption was found to fit first order rate kinetics with rate 
constant value 3×10-6 min-1at 200C.
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