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Abstract: Adsorption of molybdenum in the form of heptamolybdate on two different sizes of granular activated
carbon at various experimental conditions of aqueous solutions was investigated. The optimum operation
conditions were determined to enhance the adsorption of the molybdenum ions from the solution which
contained) I-131 ions. The solution was obtained from a wastewater which was originated from an operated
nuclear medicine system. To determine the optimum operation conditions, various parameters such as particle
size of the activated carbon, influent concentration of the adsorbate, mixing time, mass of the adsorbent,
temperature and pH of the solution were investigated. The achieved data revealed that the maximum adsorption
capacity was obtained at the optimized pH of 2-2.35, solution temperature of 21°C, ion concentration of 40ppm
and mixing time of 15min. Also, the optimum amount of the adsorbent and its particle size were determined to
be 0.3g and 15mm, respectively.
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INTRODUCTION In this work, the adsorption of the molybdenum from

Molybdenum and Iodine are produced by nuclear operating conditions. Effects of operational parameters
fission and Mo-99 is used to create molar fission which such as the concentration on molybdenum, mixing time
produces Tc-99. These radio nucleotides are used in and temperature and pH of the solution on adsorption
nuclear medicines which are useful for diagnosis and process were studied. The experiments were conducted
treatment of various diseases. In the process of nuclear using two different particle sizes and various amounts of
medicine application, the wastewater and effluents from the adsorbent. The optimum operation conditions for
nuclear reactor may contain toxic and heavy metals, the molybdenum adsorption were determined. It is believed
routine treatment processes are not suitable. Adsorption that the obtained results are applicable for the treatment
of heavy metals may be a method of choice to handle of effluents from nuclear medicines and the wastewater
these sorts of wastewater. treatment that is originated from the nuclear reactors.

In most of the last available articles about the
adsorption of the molybdenum compounds on activated Experimental
carbon,  it has been proposed that activated carbon is Apparatus: All of the glass measurement instruments
suitable  for  adsorption of metals found in wastewater (Grade A) were provided from Scott (Germany). They were
with bath operation system [1-4]. It has also been reported kept overnight in a 10% nitric acid solution. Before use,
that  activated  carbon  is  applied  as   adsorption  bed the glassware was rinsed with double-distilled water and
and off-line column in separation techniques [5-8]. Also, oven dried. 
thermodynamic aspects of the adsorption of the complex For measuring the molybdenum content of the
of molybdenum (VI)-Calmagite on activated carbon have solutions, Atomic absorption (GBC923 plus, Australia) at
been studied by Ferreira and his co-workers [8]. In some wavelength of 319.4 nm and slit width 0.2nm was used.
other investigations, the fixed molybdenum on activated Horiba F-12 pH meter (Germany) was used to measure the
carbon bed was used as catalyst [9]. There is also an pH value.
investigation for the adsorption of molybdenum (VI) on Normal stirrer with adjustable agitation speed and
activated carbon in the pH range of 1.0 to 6.5 and in with 6 positions for 6 samples at the same condition of
sodium chloride solution [10]. agitation  was  used.  The  mixing  speed   was   fixed  at

aqueous solution has been investigated in various
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120 rpm. Mettler Balance (+/- 0.0001, Swiss) was used to solution. They were placed on the stirrer and mixed for a
weigh chemicals and reagents. Paper filter applied in the defined duration at a fixed rpm. To study the effect of
experiments was Whatman No.40. each operation parameter, all the factors were kept

Reagents: All chemical reagents were analytical grade in a selected range. After determining the optimum value
(Merck) otherwise stated. Double-distilled water was used of each parameter, its optimized value was used in the rest
to prepare all the solutions. Nitric and hydrochloric acids of the experiments. 
were supplied by Merck.

Molybdenum solution (1000ppm) was prepared by RESULTS AND DISCUSSION
diluting 1.85 g of ammonium heptamolybdate tetrahydrate
dissolved   in   1000   ml   of   double-distilled   water. Effects of the Concentration of Heptamolybdate Ions on
Then, 2  to 24ml of this stock solution with an increment Adsorption Efficiency:  In  the  first  set of experiments,
of 2ml was added into separate flasks and diluted to the effect of molybdenum ions concentration on
100ml. Solutions with concentrations of 20 to 240 ppm adsorption process was investigated. The experiments
were prepared in 12 separate flasks. were conducted at fixed values of pH = 4.25, T = 20.1°C,

The granular activated carbon adsorbents with mixing time = 30 min and mass of the granular activated
particle sizes of 1.5 and 2.5 mm were provided by Fluka carbon = 0.50 g using two different particle sizes of the
and used without any pretreatment. adsorbent, 1.5 and 2.5 mm. While, the molybdenum

METHODS in  12  shaking  flasks. The obtained results are tabulated

In order to determine the optimum operation Figure 1 also depicts the effect of influent
condition, the effects of various parameters on the molybdenum ion concentration on the adsorption
adsorption efficiency of the molybdenum from the capacity of the adsorbents using two different particle
aqueous solution were investigated. To conduct the sizes of the adsorbent, 1.5 and 2.5mm. From this figure it
experiments, certain amounts of the adsorbent were was concluded that the maximum adsorption capacity of
poured   into    the  flasks   containing   the  molybdenum 12.8   and  7.6  mg/g  was  obtained  with  particle sizes of

constant and only the investigating parameter was varied

concentrations were varied in the range of 20 to 240 ppm

in Table 1.

Table 1: Adsorption of the heptamolybdate ions by Activated Carbon with various molybdenum ions concentrations
Particle size of Primary con. of molyb Molybdenum con. in solutions Percent of adsorbed Adsorbed molybdenum
Activated Carbon (mm) denum in the solution (ppm) after adsorption (ppm) molybdenum (%) on Activated Carbon (mg/g)
1.5 20 Nil* 100.00 2.00

40 Nil* 100.00 4.00
60 1.40 97.67 5.86
80 7.50 90.62 7.25

100 14.10 85.90 8.59
120 24.30 79.75 9.57
140 36.90 73.64 10.31
160 50.20 68.62 10.98
180 65.20 63.78 11.48
200 81.20 59.40 11.88
220 98.80 55.09 12.12
240 117.00 51.25 12.30

2.5 20 1.60 92.00 1.84
40 2.60 93.50 3.74
60 9.00 85.00 5.10
80 20.00 75.00 6.00

100 33.00 67.00 6.70
120 49.20 50.00 7.08
140 67.40 51.86 7.26
160 86.70 45.81 7.33
180 106.00 41.11 7.40
200 125.60 37.20 7.44
220 145.30 33.95 7.47
240 165.10 31.21 7.49
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Table 2: Adsorption of the heptamolybdate ions by Activated Carbon in various mixing time 

Particle size of Remained con. of Percent of adsorbed Adsorbed molybdenum
Activated carbon (mm) Time of Mixing (min) molybdenum (ppm) molybdenum (%) on Activated carbon (mg/g)

1.5 0 40.0 0.0 0.00
2 32.3 19.2 0.77
4 22.2 44.5 1.78
6 17.3 56.8 2.27
8 13.8 65.5 2.62

10 10.1 74.8 2.99
12 6.1 84.8 3.39
14 2.5 93.8 3.75
16 Nil* 100.0 4.00
18 Nil* 100.0 4.00
20 Nil* 100.0 4.00
30 Nil* 100.0 4.00

2.5 0 40.0 0.0 0.00
2 33.1 17.2 0.69
4 25.1 37.2 1.49
6 19.3 51.8 2.07
8 16.1 59.8 2.39

10 13.7 65.8 2.63
12 10.3 74.2 2.97
14 5.6 86.0 3.44
16 1.7 95.8 3.83
18 Nil* 100 4.00
20 Nil* 100 4.00
30 Nil* 100 4.00

Table 3: Adsorption of the heptamolybdate ions by Activated Carbon using various amounts of the adsorbent 

Particle size of Mass of activated Remained con. of Percent of adsorbed Adsorbed molybdenum on
Activated Carbon (mm) granular carbon (g) molybdenum (ppm) molybdenum (%) Activated Carbon (mg/g)

1.5 0.100 30.7 23.2 4.65
0.200 20.8 48.0 4.80
0.300 16.6 58.5 3.90
0.400 13.2 67.0 3.35
0.500 10.1 74.8 2.99
0.600 8.5 78.8 2.62
0.700 4.9 87.8 2.51
0.800 Nil* 100.0 2.50
0.900 Nil* 100.0 2.22
1.000 Nil* 100.0 2.00
1.100 Nil* 100.0 1.82
1.200 Nil* 100.0 1.67

2.5 0.100 35.2 12.0 2.40
0.200 29.4 26.5 2.65
0.300 23.1 42.2 2.82
0.400 16.6 58.5 2.92
0.500 13.7 65.8 2.63
0.600 11.5 71.2 2.38
0.700 9.1 77.2 2.21
0.800 7.9 80.2 2.01
0.900 6.1 84.8 1.88
1.000 3.5 91.2 1.82
1.100 Nil* 100.0 1.82
1.200 Nil* 100.0 1.67
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Fig. 1: Adsorption of molybdenum ions on activated granular carbon (1.5mm and 2.5mm)  versus primary concetration
of molybdenum ions in solution

Fig. 2: The curves of adsorbed molybdenum ions in aqueous sulotions versus times of mixing with two particle sizes
of activated granular carbon

1.5 and 2.5 mm, respectively. It was also observed that as the amount of the ion adsorbed per mass of the
the particle size increased, the amount of the ion adsorbed adsorbent.
was gradually decreased. It was also concluded that at the The obtained data revealed that the adsorption rate
ion concentration of 40ppm and particle size of 1.5mm, on  small particles was faster than the big ones. It was
maximum adsorption capacity was obtained. also concluded  that  the small  particles  saturate  within

Effects  of  the  Mixing  Time  on  Adsorption  Process: particles.
The effect of mixing time on the adsorption of the
molybdenum  ions in heptamolybdate form on the Effects of the Mass of the Adsorbent on Adsorption
granular activated carbon from the aqueous solution was Efficiency: The effect of the mass of the adsorbent on the
studied. In this set of the experiments, the mixing time was ion removal efficiency was investigated. The experiments
varied in the range of 2 to 30 min with an increment of 2 were preformed while the mass of the adsorbent was
min. The experiments were conducted while the varied in the range of 0.1 to 1.2g. While conducting the
molybdenum ion concentration was 40ppm and all the experiment, the mixing time was set at 10min, ion
other operation parameters were constant and same as the concentration was 4ppm and other parameters were the
previous experiment. The obtained results are listed in same as previous experiments. The achieved data are
Table 2. Also, Figure 2 shows the effect of mixing time on depicted in Table 3.

15-16 min, while this time varies to 17-18 min for big size
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Fig. 3: Effects of mass of activated granular carbon on adsorption of molybdenum  ions in aqueous solution

The effect of the mass of the adsorbent on the ion the adsorbents. It was also concluded that the effect of
adsorption is shown in Figure 3. the temperature on small particles was greater than big

Two maximum points were observed in the curves in ones and the sharp slope of the curve (1.5 mm) confirmed
which, the amounts of the ions adsorbed on the this effect as well. 
adsorbent. After the first maximum point, the adsorption
capacity declines which refers to the saturation of the Effects of Ph of the Solutions on the Adsorption Capacity:
adsorbents. While adding some fresh adsorbent to the The last parameter that has been investigated was pH of
solution, the adsorption capacity of the ions increased the aqueous solutions containing the molybdenum ions.
and the second maximum point was created in the curves. In order to adjust the pH of the solutions, a few
It was also concluded that the amount of the molybdenum drops of diluted hydrochloric acid and caustic soda were
adsorbed on small particles was more than big ones. This added to the solutions so that the volume of the solutions
is due to the fact that the small particles have more did not vary significantly. The pH of the solutions was
effective surface areas than big size particles. Also, the varied in the range of 2.35 to 9.48 while the temperature of
limitation of the surface saturation can be removed faster the solution was fixed at 20.2°C and other parameters were
in small particles than bigger ones, along the addition of kept constant as previous experiments. The achieved data
the fresh adsorbents. are projected in Table 5. 

Effects of the Temperature of the Solutions on the solution on adsorption capacity. It was observed that the
Adsorption Process: In this set of the experiments, the optimum pH of the adsorption was obtained in the acidic
effects  of  the  solution  temperature on the ion range, between 2 and 2.5. It was also concluded that the
adsorption were studied. For this purpose, the adsorption capacity of the big size particles declined as
temperature   of    the    solution    was    varied   from 4.9 the pH of the solution was gradually increased. 
to 61.2°C,  while  all  the   other   operation  parameters
were kept constant. The experiments were conducted Adsorption Isotherm: One of the best quantitative
using two different  particle  sizes  of the adsorbents at equation applied for the evaluation of the adsorption
fixed values of pH = 4.25, mass of the adsorbent = 0.5 g, process  is  Freundlich  adsorption isotherm that (which)
concentration of the molybdenum ions=40ppm and time is  very  useful  for  representing  the  adsorption on
of mixing=10 min. The obtained results are tabulated in rough surfaces. It is successfully used for quantitative
Table 4. description of heterogeneous adsorption on surfaces and

The effect of the solution temperature on the amount is represented as follows:
of the ion adsorbed is also depicted in Figure 4. The
obtained data revealed that the adsorption of the m = KC (1)
molybdenum ions was impressively increased as the
temperature of the solution was gradually increased. It where “C” is the equilibrium concentration, “m” is the
was observed that above 45°C the adsorption capacities ratio of the mass of adsorbate to adsorbent, “K” and “n”
were almost constant which referred to the saturation of are  constant  parameters and can be calculated by log-log

Figure 5 also depicts the effects of the pH of the

1/n
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Table 4: Adsorption of the heptamolybdate ions by Activated Carbon at various temperatures of the solutions 
Particle size of Remained con. of Percent of adsorbed Adsorbed molybdenum on
Activated Carbon (mm) Temperature of solutions(°C) molybdenum (ppm) molybdenum (%) Activated Carbon (mg/g)
1.5 4.9 31.3 21.8 0.87

10.2 21.4 46.5 1.86
15.3 15.6 61.5 2.46
20.2 10.1 74.8 2.99
25.1 6.2 84.5 3.38
29.8 2.7 93.2 3.73
36.1 Nil* 100.0 4.00
40.8 Nil* 100.0 4.00
46.2 Nil* 100.0 4.00
50.5 Nil* 100.0 4.00
55.7 Nil* 100.0 4.00
61.2 Nil* 100.0 4.00

2.5 4.9 35.8 10.5 0.42
10.2 25.4 36.5 1.46
15.3 18.9 52.8 2.11
20.2 13.7 65.8 2.63
25.1 10.8 73.0 2.92
29.8 8.8 78.0 3.12
36.1 5.3 86.8 3.47
40.8 2.9 92.8 3.71
46.2 Nil* 100.0 4.00
50.5 Nil* 100.0 4.00
55.7 Nil* 100.0 4.00
61.2 Nil* 100.0 4.00

Table 5: Adsorption of the heptamolybdate ions by charcoal in various pH of solutions
Particle size of Remain con. Of Percent of adsorbed Adsorbed molybdenum on
Activated Carbon (mm) pH of primary solutions molybdenum(ppm) molybdenum (%) Activated Carbon (mg/g)
1.5 2.35 Nil* 100.0 4.00

3.00 4.8 88.0 3.52
4.25 10.1 74.8 2.99
6.55 16.8 58.0 2.32
6.97 9.6 76.0 3.04
9.00 Nil* 100.0 4.00
9.48 Nil* 100.0 4.00

2.5 2.35 8.2 79.5 3.18
3.00 10.7 73.2 2.93
4.25 13.7 65.8 2.63
6.55 16.3 59.2 2.37
6.97 19.4 51.5 2.06
9.00 22.3 44.2 1.77
9.48 25.4 36.5 1.46

Fig. 4: Effects of temperature on adsorption of molybdenum ions in aqueous solution
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Fig. 5: Effect of pH of solution on adsorption of molybdenum ions in aqueous solution

Fig. 6: Plot of log m - log C according Freundlich equation for adsorption of molybdenum ions  in aqueous solution,
on to two particle size of activated granular carbon (1.5mm and 2.5mm)

Table 6: Calculated Freundlich parameters 
Particle size of Equilibrium con. of Adsorbed molybdenum molybdenum
Activated Carbon (mm) molybdenum ”C”(g/l) on charcoal “m” (g/g) log C ”C”(g/l) log m
1.5 0.0014 0.00586 -2.584 -2.232

0.0075 0.00725 -2.125 -2.130
0.0141 0.00859 -1.851 -2.066
0.0243 0.00957 -1.614 -2.019
0.0369 0.01031 -1.433 -1.988
0.0502 0.01098 -1.299 -1.959
0.0652 0.01148 -1.186 -1.940
0.0812 0.01188 -1.090 -1.925
0.0988 0.01212 -1.005 -1.916
0.1170 0.01230 -0.932 -1.910

2.5 0.0090 0.00510 -2.046 -2.292
0.0200 0.00600 -1.699 -2.222
0.0330 0.00670 -1.481 -2.174
0.0492 0.00708 -1.308 -2.150
0.0674 0.00726 -1.171 -2.139
0.0867 0.00733 -1.062 -2.135
0.1060 0.00740 -0.975 -2.131
0.1256 0.00744 -0.901 -2.128
0.1453 0.00747 -0.838 -2.127
0.1651 0.00749 -0.782 -2.126
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Table 7: Optimized conditions for adsorption of the molybdenum ions by Granular Activated Carbon
Particle Size of Granular Amount of Granular Time of
Activated Carbon (mm) Concentration of Mo (ppm) pH Solution’s Temp. °C Activated Carbon (g) Adsorption (min)
1.5 40 2-2.35 20.1 0.3 15

plot of the above equation. Table 6 presents the 6. Juneja, J.M. and D.K. Sohan Singh, 1996. Bose,
calculated parameters based on the Freundlich equation.

Figure 6 shows the log-log plot of the Fruindlich
isotherm for two different particle sizes of 1.5 and 2.5mm.

It was observed that the obtained data were well
represented by the Freundlich adsorption isotherm with
R  of 0.992 and 0.904 for particle size of 1.5 and 2.5mm,2

respectively. The constant values of “K” and “n” were
obtained 1.95×10  and 5.076 for small particles and2

9.84×10  and 7.93 for big ones, respectively.3

CONCLUSIONS

In the present research, the optimum operation
conditions for adsorption of the molybdenum ion as
heptamolybdate complex onto activated carbon were
investigated. The effects of various parameters such as
pH,  temperature,  molybdenum  concentration,  mixing
time, the mass and particle size of the adsorbent on
adsorption efficiency were studied. The obtained results
are summarized in Table 7.
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