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Abstract 

Background and Aim: The filter cake is a light, solid or semi-solid coating that remains on the 

filter throughout the filtration process. Recycling the filter cake further reduces the volume of 

waste and helps prevent air pollution. Therefore, the work aims to characterize the filter cake 

used for our study and to recover hazardous metals contained in filter cake waste. 

Methods: In the present study, leaching and extraction of metals present in filter cake, was 

conducted using different leaching agents (H2SO4; NaOH ̸ H2O2; H2O) and the yield of 

extraction mass was from 50 %-70 % for various metal. Moreover, when H2O was used as a 

leaching agent, samples of filter cake were previously roasted in a muffle furnace in the presence 

of sodium salt.  

Results: Separation of metals extracted were achieved through selective precipitation in 

presence of ammonium salt, room temperature and varies pH. Additionally, metals who 

remained in solution after ammonium salt added, were recovered at strong acidic pH at boiling 

temperature 

Conclusion: The methods proposed offers a new alternative to recycles a hazardous waste and in 

turn to recover various metals present in filter cake waste. On other words, besides recycling the 

waste, metals recovered could be reused in a different branch of industry 
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Introduction 
Filtration can be defined as the separation of solids from a suspension using a porous material as 

a filter that preserves the solids and enables the liquid to flow through. The gathered liquid is 

referred to as the filtrate, and the solids who remained in the filter is named as a filter cake. A 

large proportion of the inorganic components remained in the filter residue during the recovery 

of various metals from either hazardous or non-hazardous applied at industrial recycling of solid 

waste (Nexen Inc. 2010; Rettger, P et.al 2006). The filter cake that contains such metals can't be 

discharged to the environment due to the high concentration of heavy toxic metals (S. Veli et.al 

2007). In the presence of oxygen and moisture, heavy metals found in the filter cake are readily 

solubilized and influence soil life and consistency. (Giller, K.E et.al 1998). As a consequence of 

environmental concern on waste containing heavy metals, recycling this waste to minimize 
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pollution become a fundamental issue.  Study into the production of a method for the recycling 

and reuse of metals in a separate division of industry has attracted particular interest as a result of 

environmental issues regarding heavy metal waste and form the economical point of view. 

(Furimsky E et.al 1996). Particularly, molybdenum and vanadium (mostly presents in our 

samples) are widely used for the preparation of different types of steel (Wang, M et.al 2009). 

Different option in waste handling or recycling for Filter Cake has been already reported. (Nexen 

Inc. 2010; Rettger, P et.al 2006). More importantly, stabilization procedures consist of chemical 

reactions that reduce the solubility of dangerous pollutants such as hazardous metals and make 

them stable against oxygen and moisture. (Cullinane, M. J et.al 1986). On the other hands, 

Solidification treatments are related to the solidification of the waste material by solid mass 

encapsulation of the waste. This approach greatly decreases the surface contact of the waste 

subjected to oxygen or humidity that is responsible for the reaction of the waste components in 

the atmosphere. (Cullinane, M. J et.al 1986). However, there are plenty of ways to avoid 

discharging filter cake in the environment by applying different technologies to recover heavy 

metals. For the sake of completeness here we mention some of them such as solvent extraction, 

acid extraction, absorption of metals by activated carbon, to quote only a few (M. Marafi et.al 

2008). To this aim, we developed a series of methods to find out the best route for the extraction 

of metals from filter cake and later on the separation of metals from each other.  

 

Materials and Methods 
Characterization of catalyst 
The filter cake samples used in this work were provided by Orim SPA company in Macerata, 

Italy. Before characterization, filter cake samples were dried overnight in an oven at around 100 
oC. Filter cake samples were characterized by x-ray fluorescence and ICP-MS. More in detail, 1 

g of powder filter cake was immersed in 10 mL aqua regia (HCl: HNO3 =  1:3). The 

concentration of metals in solution (Mo, V, Ni) were determined by ICP-MS Spectrum. The 

content of metals in filter cake was defined from the equation below as follow: 

                                 (1) 

Where X is the concentration of metal, wt %; C is the concentration of metal in solution 

dissolved, mg L−1; V is the final volume of solution (10 mL), L; and p is the weight of the filter 

cake sample, g (Ferella. F at al 2011). 

Roasting samples 

Filter cake samples were roasted at 700 oC for three hours to remove carbon and Sulphur using a 

muffle furnace lab scale. Roasting was conducted in presence of Na2CO3 and NaHCO3 

separately.  

Leaching test 

Leaching tests were performed in 250 mL flasks lab scale at room temperature. The mass was 

mechanically stirred at 200 - 250 rpm. The solid to liquid ratio (S/L) was 20% (w/v) for all 

experiments in presence of H2SO4 and NaOH/H2O2 for the unroasted sample and at presence of 
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H2O for a roasted sample. The concentration of Mo, V, and Ni in solution was determined by 

ICP – MS by using the following equation: 

                               (2) 

Where Y is the extraction yield, %; C is the concentration of metal in the solution, mg L−1; V is 

the final volume of solution, L; p is the weight of the solid sample, g; and X is the concentration 

of metal, wt% (Ferella. F at al 2011). 

Selective precipitation of metals after leaching test  
From the leach liquor prepared with 15% NaOH and 5% H2O2, selective precipitation of Mo, V, 

and Ni were carried out by adding ammonium chloride NH4Cl at the stoichiometric rate at pH 9. 

After precipitation of vanadium, in the solution, strong hydrochloric acid was added up to pH 1 

to allow precipitation of molybdenum   

 

Result and Discussion  
Sample characterization  

In the table below are shown the concentration of metals found in filter cake measured by x-ray 

fluorescence and later confirmed from ICP-MS according to equation 1. Vanadium was found to 

be at highest concentration at around 25 % of filter cake mass. From the other side, presences of 

molybdenum and nickel were found 10 % each. 
 

Table 1. The concentration of metals in the filter cake  

Element Molybdenum Vanadium Nickel 

Concentration 10 % 25 % 10 % 

 

Leaching and roasting  

As far as we were unable to identify the phases of metals in filter cake, we follow several routes 

for metals extraction aiming to reveal the best option to produce high metal extraction yield. 

Generally speaking, we followed the same procedure already reported for the recovery of metals 

from the spent catalyst (Raju Banda et.al 2013; I.S.S. Pinto et.al 2013; F. Beolchini et.al 2010). 

Also, we roasted several samples in presence of Na2CO3 and NaHCO3 and then leached with 

water to investigate the concentration of heavy metals in water (B.B. Kar et.al 2004).    

Extraction of metal with various agents  

In the figure below (Orange chart) is displayed the percentage of Mo, V and Ni extraction in 2M 

H2SO4. Leaching was carried out in room temperature for one hour. The extraction of Nickel was 

at the highest percentage 60 %. In contrast, vanadium was at the lowest concentration of 40 %. 

Molybdenum content after one-hour leaching was 45%.  
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Fig 1. Effect of sulphuric acid in metal extraction (orange); Effect of NaOH/H2O2 in metal extraction (blue); Effect of the 

roasted sample with Na2CO3 and NaHCO3 in metal extraction with H2O (Green) 

Effect of NaOH/H2O2 in metals extraction is represented form the fig above (Blue chart). The 

efficiency of 15% NaOH and 5% H2O2 in Nickel extraction wasn’t evident as the concentration 

of Ni in solution was almost 0 g/L. From the other side concentration of molybdenum and 

vanadium in solution were 70 % and 65 % respectively. It should be noted that a roasting process 

was applied to a specific sample in presence of Na2CO3 and NaHCO3 at the stoichiometric 

amount and extraction was conducted with H2O (Green chart). Recovery of molybdenum and 

vanadium were at the same rate of 50 %. Presence of nickel wasn’t evident (Green chart). 

Separation of metals from leach liquor 

Precipitation was achieved under the following reaction adding NH4Cl in leach solution: 

 

VO3- + NH4Cl = NH4VO3↓                                                    (3) 

MoO4
2- + 2NH4Cl = (NH4)2MoO4                                                             (4) 

(NH4)2MoO4 + HCl → H3MoO3↓                                         (5) 

Adding NH4Cl to solution vanadium precipitate in form of salt NH4VO3 at slightly alkaline pH at 

room temperature and leaving in solution only molybdenum. In contrast with precipitation of 
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vanadium, molybdenum precipitate at strongly acidic pH adding adjusted with hydrochloric acid 

at the boiling point of water. Both vanadium and molybdenum precipitate over 99 % of their 

concentration. Note of worth, although many attempts were made to precipitate nickel, none of 

them succeeded.  

Conclusion 

The filter cake is a good source of heavy metals from an economical point of view but also when 

are discharged in the environment can cause a different problem. Thus, we developed several 

routes to recover metals at good rates. Leaching the mass with 15 % NaOH and 5 % H2O2 was 

the best option to extract metals. Adding in leach solution NH4Cl prompted precipitation of 

almost all vanadium present in solution. Precipitation of molybdenum was achieved in presence 

of HCl at an acidic solution in form of molybdic acid. 
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