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Ion Exchange for the Recovery of Metals 

First of all, in the scope of this paper, it is important to rely on the fact that one of the 

areas where the ion exchange is considered as the most promising scientific and practical 

direction is the recovery of metals. In different manufacturing processes, the produced dilute 

solutions contain metals. The process of the metals recovery is an attractive issue for these 

manufacturers. 

Metals are commonly considered as cations in the solution. Therefore, it is logical to use 

the cation exchangers in such cases, but those metals which are considered as the most important 

and valuable may be found as the anions (Habashi, 2009). 

The forms in which the industrially important metals are presented in solution, would be 

represented in the form of table.  

Type of solution Cation Anion 

Acid Solution 

Copper, zinc in rayon plant 

wastes 

Copper, nickel, zinc, lead in 

acid mine waters and acid 

plating wastes 

Chromic acid in anodizing, 

etc. [FeCl4]- 

Neutral Solutions Many plating wastes Chromate salts 

Alkaline Solutions 
Copper amine in rayon plant 

wastes 

Stannate salts in electroplating 

Gold and silver cyanides in 

plating 

and ore refining 

Silver thiosulfate in 

photographic 

wastes 

 

Table 1 Typical metals suitable for recovery by ion exchange 
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In the scope of this report, the metal recovery would be discussed in different directions: 

its recovery from the acid solution, neutral solutions, and alkaline solutions (Haddad, 1999). 

Recovering of Metal from Acid Solution 

One of the most typical examples of acid plant wastes is zinc in the waste from rayon 

plants. The Zinc sulfate, as an acid solution, contains the significant quantity of the sodium 

sulfate and sulfuric acid and is used for the cellulose strands coagulation in order to from the 

rayon. After the solution is rinsed from the rayon, production of the dilute solution takes its 

place. If the customary regeneration techniques are applied in the manufacturing process, there is 

a possibility of recovering the solutions which contain the several percent of zinc. The modified 

form is applied into the practice for extracting the zinc from the cation exchanger in the needed 

concentration. In order to decrease the concentration of zinc and to increase the acid 

concentration, several regenerant’s segments are filtered through the cation exchanger.  

Cation Exchange for Metal Recovery from the Anionic Complex 

Scholars have reported the new practical application of the cation exchange. In the tin, 

which has been plating from the alkaline baths, the recoverable amount of tin is contained in the 

rinse water. It may be compared to the sodium stannate. In order to treat such a rinse solution, 

the sulfonated cross-linked polystyrene resin has been employed in its hydrogen cycle. The 

sodium has exchanged the hydrogen ions and as a result, the pH has been significantly reduced 

and metastannic acid has been precipitated. After that, the process of sending the tin-bearing 

solution through the bed upflow at such rate, which is enough for fluidizing the bed, has been 

executed in order to prevent the precipitate to clog of the voids in the bed. The reaction has been 

completed by insoluble end product formation and the capacity of 1400 meq/l has been obtained 

as a result of the reaction. In order to concentrate the sludge, its filtration, while using the conical 
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vessel, has been done. At this stage, the overflow was the water, which has contained 30 ppm of 

sodium, its pH was 3.0 and tin has been eliminated from it (Fritz, 2000).  

It is possible to use such water for the further rinsing after its neutralization from the 

sodium. The quality of such water is higher that the major part of the plants is using because the 

elevated temperatures have been used for the entire process conduction and that is why the heat 

in the rinse water has been conserved. In addition, there is an option of dissolving the precipitate, 

which has been drawn from the sludge unit, while using the strong and hot caustic (Tasker, 2007) 

The next issue to be discussed in the scopes of this report is the chromium recovery by 

cation exchange. It is possible to apply the above-mentioned technique to the cationic chromium 

recovering. At the same time it is important to put an emphasis on the fact that the small quantity 

of the chromium is produced by the treating of the metal. The most general industrial practical 

application of the chromium is in the form of the chromic acid. It is used in the following 

processes: etching, copper stripping, electroplating, anodizing etc.  

In the above-mentioned processes, the metallic cations contaminate the acid. Therefore, 

there is a need of its discarding. The prolonged series of tests have been offered by Costa. All of 

them are mainly directed for the cations’ interfering with the chromic acid for further reusing of 

the baths. One of the sulfonated polystyrene cation exchange resins’ outstanding characteristics 

is practically used by the process of cations’ interfering with the chromic acid. This characteristic 

is the resistance to oxidation. Also, the copper and brass mill wastes have been treated by the ion 

exchange and after that, the hexavalent chromium has been found in the solution. Though, at the 

same time, there is a resistance of the polystyrene cation exchangers to the chromic acid if the 

concentration of this acid is lower than 15% (Hamish, 1999).  

Anion Exchange using for the Chromium Recovery 
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It is obvious that after the chromic acid is treated there is a need of rinse excess acid from 

the metal. There are different approaches towards this process. All of them use the rinsing 

facilities. There may be one or more flowing rinses, which are occasionally preceded with the 

rinse of still. In the majority of these approaches, there is a need of eventual disposing of the 

chromate anion (10 to 100 ppm) solution.  

The next issue to be discussed in the scopes of this paper is removal of metals from acids, 

while using the anion exchange. Kraus and Moore
 
have reported an effective and interesting type 

of the metal recovery. Authors have discovered that customarily, different metals are present in 

solution as the cations in the same manner as these metals are present as the anions in acid 

solution. One of the core reasons for that is considered to be their compounding with the acid. 

These compounds may be o presented in the foaling typical manners: FeCl4
-
, Fe(PO, the 4)4

-
, AlF6

--

-
  etc. even in such acids which are strong as 9 N hydrochloric, the highly basic anion exchangers 

may hold these anions. The efforts of the scholars have been directed for the separation of the 

columbium, zirconium, protactinium, tantalum, and hafnium. Their testing has shown that there 

is an option of separating the metals, forming the coordination compounds from the metals 

which do not form the coordination compounds. The successful application of such process has 

been carried out in different locations where the traces of iron have been removed from the 

muriatic acid (Greenwood, 1997). 

The last issue to be discussed in the scopes of this paper is the recovering of the precious 

metal while using the anion exchange. It is possible to accomplish the gold and silver from 

electroplating wastes and ore, while executing the anion exchange. In the alkaline solutions these 

metals are presented in the form of cyanide complex. This process differs from the conditions 
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discussed above because the precious metals are presented in the very dilute form in these 

solutions and the low capacity is caused by this fact (Weiss, 2005).  

In addition, it is possible to regenerate the anions of the complex precious metal, while 

using the complicated anion exchanger. The core efforts of the scholars are directed for the 

development of the special anion exchangers and regeneration procedures. Also, there has been 

an attempt of recovering the gold from the ore while applying the anion exchange.  
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