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Abstract
 Model for evaluating the quantity of heat absorbed by hydrogen peroxide solution relative to solution temperature (during leaching of iron oxide ore) has been derived and validated. The values of the heat absorbed as predicted by the model was found to agree with those obtained from the experiment in showing that the leaching process is endothermic in nature, culminating in the positive values of Q and the heat absorbed. It was found that the validity of the model stems on equation (1) where both sides of the equation are approximately equal to 5.
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1.  Introduction 
           The dissolution of iron ore has most often been investigated in the presence of oxygen at elevated temperatures [1-5], as well as in the presence of iron (iii) [6,7] and hydrogen peroxide [8]. 
         The use of hydrogen peroxide as the oxidizing agent for hydrometallurgical processes has been increasingly studied. McKibben [8] studied the kinetics of aqueous oxidation of pyrite by hydrogen peroxide at pH 1-4 and within a temperature range of 293-313K. 
          Final pH of leaching solution has been found to depend on the leaching time, initial pH for the leaching solution and the leaching temperature  [9,10].
        The aim of this work is to derive a model for evaluating the quantity of heat absorbed by hydrogen peroxide solution relative to solution temperature during leaching of Itakpe (Nigerian) iron oxide ore. Hydrogen peroxide is used as the leachant. 

      The essence of this work is to ascertain the quantity of heat that could be absorbed by hydrogen peroxide solution as it reduces the iron oxide ore.   
2. Model
The solid phase (ore) is assumed to be stationary, contains the un-leached iron remaining in the ore. Hydrogen ions from the hydrogen peroxide attack the ore within the liquid phase in the presence of oxygen.

2.1 Model Formulation
       Experimental data obtained from studies [11] carried out were used for this work.
       Results of the experiments [11] carried out as presented in report [11] and shown in Table 1  indicate that;(
      In Q =  NT        (approximately)          (1)
Therefore,

     Q =  eNT                                                                                         (2)
Introducing the value of N into equation (2) 
     Q = e(0.195T)                                                                                  (3)
Equation (3) is the derived model.

where 

        Q = Quantity of heat energy absorbed by 

                hydrogen peroxide during the    

                leaching process.  (J)

        N = 0.195 (Resultant temperature 

               coefficient for hydrogen peroxide 

               solution during iron oxide ore 

               leaching at time t) determined in the 

               experiment [11].
       T = Solution temperature after time t of 

              starting the leaching process (0C)
3. Boundary and Initial Conditions.

Consider iron oxide ore in cylindrical flask 30cm high containing leaching solution of hydrogen peroxide. The leaching solution is stationary i.e (non-flowing). The flask is assumed to be initially free of attached bacteria. Initially, atmospheric levels of oxygen are assumed. Varying weights (22-42)g were used for the iron oxide ore. The initial pH of the leaching solutions is 7.34 and leaching time; 30minutes. A constant leaching temperature of 25oC was used. Ore grain size; 150µm, volume of leaching solution; 0.1 litre and hydrogen peroxide concentration; 0.28 mol/Litre. These and other process conditions are as stated in the experimental techniques.  [11]

The boundary conditions are: atmospheric levels of oxygen (since the cylinder was open at the top) at the top and bottom of the ore particles, a zero gradient for the liquid scalar are assumed and also for the gas phase at the top of the particles. The leaching solution is stationary. The sides of the particles are taken to be symmetries
Table 1.Variation of quantity of heat absorbed by H2O2 with solution temperature. 
	M (g)

	T (0C) 
	Q (J)
	NT    
	InQ   



	22
26
30
34
38
42

	27.5
27.7
27.9
27.4
27.2
27.0

	171.60
182.52
226.20
212.16
217.36
218.40

	5.3625
5.4015
5.4405
5.3430
5.3040
5.2650
	5.1452
5.2069
5.4214
5.3573
5.3816
5.3863



   Where M= Mass of iron oxide ore used.(g)
4. Model Validation
The model formulated was validated by direct analysis and comparism of the Q from model data and those from experimental data [11] for equality or near equality. Q values from model were obtained by substituting the values of T from the experiment [11] into the model correspondingly. 

Analysis and comparism between these data reveal deviations of model data from experimental data. This is attributed to the non-consideration of the surface properties of the iron oxide ore and the physiochemical interactions between the ore and leaching solution which were found to play vital roles during the leaching process. [11] 
          These deviations necessitated the introduction of correction factor to bring the model Q values to exactly that of experimental Q values.

Deviation (Dv) of model Q values from ex 
perimental Q values  is given by
 Dv =     Dp – DE     x 100 
            (4)


       DE

where Dp = Predicted data from model 

           DE = Experimental data [11] 

Correction factor (Cf) is the negative of

the deviation ie 

Cf = -Dv
 
                       (5)

Therefore
                 Cf = -100 Dp – DE           (6)
                                     DE
Based on the foregoing, addition of the value of Cf to the model data gives exactly the corresponding experimental values.[11]
5. Results and Discussion
         A comparism of the experimental Q values [11] and those of the model shows that model values are very much within the range of the experimental values. Results of this comparism are presented in Table 2.
This model therefore shows that it can evaluate the quantity of heat absorbed by 

hydrogen peroxide solution during the leaching process. 
        The validity of the model is rooted in equation (1) where both sides of the equation are approximately equal to 5. 
Table 2: Comparism between quantity of heat absorbed as predicted by model and as obtained from experiment. 
	Qexp   (J)
	QM    (J)
	Dv (%)
	Cf (%)

	171.60
182.52

226.20

212.16

217.36

218.40
	213.26
221.74
230.56

209.14
201.14
193.45
	+24.28
+21.50
+1.93
-1.42
-7.46
-11.42
	-24.28
-21.50
-1.93
+1.42
+7.46
+11.42


where    QM = Q values  predicted by  the 
                             model           

 Qexp =   Q values from experiment  

               [11]  
Qexp and QM show that the leaching process is endothermic in nature hence their positive values and absorbed heat.

     5.  Conclusion

           The model was used to evaluate the quantity of heat absorbed by hydrogen peroxide solution during leaching of Itakpe iron oxide ore. The validity of the model was found to be rooted on equation (1) where both sides of the equation are approximately equal to 5. It was observed from Q values predicted by the model and those obtained from the experiment that the leaching of the iron oxide ore using H2O2 solution is an endothermic process, hence the positive values of Q from both model and experiment indicating heat absorbed. 
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