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INTRODUCTION
Metal finishing comprises a broad and varied rage of operations undertaken with the aim of protecting, enhancing and strengthening metal products, including general hardware structural components, automotive parts, cans and household products. Metal finishing therefore, plays a key role in many sector of economic activity including construction, automotives, electronics and other industries. 

Due to its broadness and complexities, the boundaries of metal finishing industry are set by various sources. Thus, while some confine metal finishing to surface treatment and the application of surface finishes others view the industry as an encompassing numerous steps involving a variety of metal shaping, machining and other metals fabrication process.

Metal finishing processes discussed in this study were selected in view to their relevance in our country. Focus is, thus, placed on operation and process that are ordinarily carried out in small and medium enterprises in the country.

Annealing and pickling operation for metal finishing in cold rolled division of stainless steel industry are underlined for special attention on account of there vide dissemination in the country. Waste treatment for many other metal finishing operation are also discussed. Environmental concern associated with the metal finishing industry are mainly due to metal contents in its effluent, as well as air born emissions and solid waste generation. Hence, method used in effluent treatment are also considered.

Minimizing the environmental impact of industrial activity, in general, and metal finishing in particular can best be achieved by the adoption of cleaner production method. This approach based on new technology alternatives to those currently in use and encompasses production processes and management procedures that entail lesser use of resources than conventional technologies and generate less waste and smaller amounts of toxic or harmful substance 

This study provides in its first chapter a general description of processes encountered in the metal finishing industry and their associated waste stream. The environmental impact of these waste stream in various forms, gaseous, liquid and solid are discussed in the second chapter. Method for pollution prevention that can be used effectively in the metal finishing facilities of the country, in order to minimize waste are the subject of chapter three. While chapter fourth deals with waste treatment and pollution control technologies alongwith the case studies of  waste from annealing and pickling lines of cold rolled division of stainless steel industry. The implementation of pollution prevention scheme through Government regulations and monitoring as well as enterprise co-operation are discussed in chapter five.  The environmental self-assessment for the metal finishing industry are also discussed in chapter six.
CHAPTER – 1
Metal finishing processes 
INTRODUCTION

Finishing operations are carried out on metals for several purposes. Protection from corrosion is an important and common objective. Improving the appearance of an object is another common motive. Modifying surface properties in order to increase resistance to physical or chemical exposure is yet another important objective.
Metal finishing may simply consist of polishing the surface of a given work piece to render it smooth or shiny. Paint or lacquer may be used to cover the surface of the object in question using spraying or dipping techniques, a ceramic coating may also be applied. In some metal finishing processes the coating is derived from the substrate metal itself, whereby an oxidation process is implemented producing a stable protective coating. Blackening steel and anodizing aluminum are examples of such methods. [Lowenheim 1978]
Metal finishing may be defined as any operation applied to the surface of a metallic object in order to impart properties it did not possess in the first place. However, while metal finishing often constitutes the final phase in many industrial production operations, it may be an intermediary steps in the manufacture of goods that incorporate metallic parts with specific surface properties following their manufacture through various operations such as casting, shearing, forming, forging, and drilling. Surface preparation and cleaning are always the first step in metal finishing presses. They are normally followed by the application of coatings based on materials such as metals and conventional or modern paint formulations. Assembly of several objects could follow the finishing process to yield the desired final product. Surface preparation/cleaning as well as finishing operations are depicted in the following Figure
[image: image1.emf]
1.1 
materials Balance

An overall materials balance for the metal finishing process determines inputs and outputs, including generated wastes for typical facilities. The following Figure depicts a typical materials balance while a more detailed scheme of input and output materials is presented in Annexure - A.
[image: image2.emf]
Typically, a metal finishing facility requires energy, raw material, chemicals and water. Energy sources are varied but usually include electrical power (from local generators or public power utility), natural gas and heating oil. Raw materials encompass metal and alloys, such as copper, brass, iron, steel aluminum, and bronze, as well as non-metallic materials such as plastic and composites. Chemicals can incorporate:

· A variety of metal salts;

· Components of process baths and solutions, including acids (e.g. chromic, hydrofluoric, nitric and sulfuric acids)

· Caustics (e.g. sodium and potassium hydroxides);

· Inorganic chemicals as well as organic additives for electrolytic processes;

· Paints and associated solvents;

· A range of auxiliary process material such as coolants, lubricants, and oils. [Christie 1998]
Annexure-B provides a list of the most common chemicals used in metal finishing precessess together with the wastes they generate.
Metal finishing facilities produce air emission, hazardous and solid wastes, as well as wastewater discharges. Air emission include a range of gases, particulates, fumes, mist and vapor, produced in operations carried out at high-temperatures or in air-agitated baths and solutions. While some of these emissions may be subject to controls others may be uncontrolled or fugitive.

A variety of hazardous wastes are generated by metal finishing facilities, thus toxic solvents used to clean or prepare metallic surfaces for subsequent treatment are most common waste items. Metal-ion-bearing aqueous solutions used in plating tanks, acidic and alkali rinses, heavy metals, cyanide, and sludges are also  frequent hazardous pollutants. Less hazardous refuse resulting from standard metal machining, abrasive blasting and polishing operations constitutes the bull of solid metal finishing wastes.
Released wastewaters from metal finishing processes constitute the principal waste stream. Pretreated and untreated effluents resulting from manufacturing operations, particularly spent baths and solutions, accidental spilled liquids and rinse waters constitute the bulk of wastewater discharges. [EPA 1995]
1.2 
surface preparation and cleaning

Metal surfaces requires preparation and cleaning in order to ensure durability and effectiveness of the coating or finishing treatment. Cleaning is also employed for the removal of grease, oil, scale from metal finishing surfaces. Abrasive blasting, acid washes, multi stage chemical cleaning and priming are some of the techniques used for surface preparation and cleaning (spring 1976). Typical surface preparation and cleaning operations are briefly portrayed below:-
1.2.1 Abrasive Blasting
It is used for removal of paint, rust and scale prior to painting and refinishing.

1.2.2 Degreasing 
In this technique organic solvent, such as aliphatic petroleum, aromatics, oxygenated hydrocarbons and halogenated hydrocarbons are supplied to metal surface. Solvent in liquid or vapor form may be used in order to remove oil and grease. Solvents used in vapor form are much faster than their liquid equivalent in degreasing. (Christie 1998)

The application of an emulsion containing organic solvents (e.g. Kerosene mineral oil or glycols) dispersed in an aqueous medium by emulsifying agent, is another way to degrease metallic surfaces. Fewer chemicals are used in an emulsion of this type and the solvent concentration is lower, rendering it a preferred technique from an environment view point (EPA 1995). 

1.2.3 
Soaking in alkaline cleaners
The removal of oil, grease, organics soils, and other residues maybe accomplished with alkaline cleaning solutions. Agitation is desirable. Alkaline cleaning is usually applied at temperatures between 50-95º C using three major components.
· Alkali hydroxide and carbonates;

· Organics or in organics additives that promote better cleaning or act to effect the metal surface in some way;

· Surfactants that increase the spreading and wetting properties of the solution.

The hot alkaline solutions can also be spread on the work piece for rapid results. 

 1.2.4 
Acid Cleaning And Pickling
The removal of oxides and scales from metal surfaces may be carried out through acid cleaning and acid pickling. Low acid concentrations are used in acid cleaning, combined with a wetting agent or detergent, while acid pickling involves immersion of work pieces into a strong acid solution. [Wang 1992] Acid cleaning is normally applied to semi-finished product surfaces while acid pickling is usually used for preparation of metal surfaces for a final finishing operation. Different types of acids may be used, depending upon the nature of the metal surface to be cleaned. In particular, sulfuric or hydrochloric acid is normally used to pickle carbon steels, while hydrochloric or hydrofluoric acid is used to pickle stainless steels. [EPA 1995]
1.2.5 Electro cleaning
This technique makes use of a direct, reverse, or periodic reverse electric current, in combination with an alkaline cleaning bath for the removal of soil and smut and the activation of the metallic surface. The work piece may be act as cathode or anode. Electro cleaning baths contain a solution with ingredients similar to those of alkaline cleaning and can be operated either at ambient temperatures or in the range 40-80º C (Wang 1992). The following table gives electro cleaning bath compositions. 
TABLE: typical cleaning bath composition
	Cleaning bath type
	Chemical components
	Bath makeup concentration at 21ºC
	Concentration of soluble metals in effluent (mg/1)*

	Acid
	Emulsifying agents, organic, wetting agents, and water-miscible solvents
	75-115 g/e
	5,000-20,000 of metal

	
	Inorganic acid (sulfuring, phosphoric) and organic acids (gluconic)
	10-15% by volume
	50,000-20,000 of metal

	Steel or copper pickling
	Hydrochloric acid
	55% by volume
	30,000-40000 of Fe<4,000 of Cu


Electro cleaning is a good method for the removal of particulate matter and can be combined with other cleaning techniques to obtain better results. A flowchart of pretreatment of steel work pieces using alkaline electro cleaning at 800C and acid pickling is depicted in the following Figure.
[image: image3.emf]
1.3 
Surface finishing
A combination of metal deposition and various other finishing operations are performed to alter the surface properties of a given work piece in order to render it more resistant to corrosion and more amenable to the following coating operations. The most common surface treatment operations are as follows:-
(i)
Electroplating 
 Electroplating is the deposition of a thin surface coating of one metal upon another using an electrolytic process, with the work piece serving as the cathode. Communally electroplating metals and alloys includes brass, cadmium, chromium, copper, gold, nickel, silver, tin and Zinc.
(ii) Anodizing 
This process leads to the formation of an insoluble oxide on the surface of a metallic work piece placed as an anode in an electrolytic solution (Christe 1998). It is commercially applied only to aluminum.   
(iii) Chemical Conversion Coating
Various chemical conversion processes with the various possible coatings that results from chromating, phosphating, metal coloring and pasivating operation.  
(iv) Immersion plating

Is a metal finishing process leading to the deposition of a metal layer from a metal salt solution on to the surface of a base metal without using reducing agent or an electrical current.
(v) Electro less Plating
A metal coating is chemically deposited on the work piece while immersed in a plating solution without any use of electric current. During the process metallic ions are reduced to free metal and deposited on to the substrate surface.   
(vi) painting
Is used to protect and/or decorate a work piece and consist of providing a thin organic layer over its surface. 
(vii) Miscellaneous finishing techniques
Other metal finishing techniques include polishing, hot dipping and etching. Polishing is used to make the surface smoother and shiner while removing any defects that it may have for functional or decorative purposes. Hot dipping consists of applying a metallic coating to the surface of the work piece by immersion in a molten bath. Galvanizing involves hot dipping in a molten zinc bath. In etching, acidic or alkaline reagents are used to produce specific surface designs or patterns. Some of the commonly used etching solutions are: ferric chloride, nitric acid, ammonium per sulfate, chromic acid, cupric chloride, and hydrochloric acid.
Recommended process
[image: image4.emf]
1.4 
Rinsing
Rinsing operations essentially remove clinging films of process solutions from a work piece by substituting a safe film of water, thus producing the largest volume of effluent from metal finishing operations. The work pieces need to be thoroughly rinsed between treatment stages in order to dilute the clinging film of process solution to such an extent  that problems of staining and subsequent process contamination are limited to convenient levels. [E1-Mallah 2001]
Rinsing operations make u se of deionized, demineralized, or tap water, each being more suitable for some finishing operations than for others. Regardless of the kind of water used, rinse water will ultimately become contaminated with chemicals left on the surface of workpieces. Different types of rinsing methods can be used, some being more appropriate than others, particularly with respect to minimization of water consumption. Efficient rinsing schemes are those that achieve the desired results while expending as little efforts as possible.
1.4.1 
Flowing rinse
[
This rinsing methods consist of arranging for continuous flow of water through a tank of water and plunging the workpieces in the tank for some time. Water flow, which can be stopped and restarted when needed, aims at removing or diluting contaminants by continuous purging. Obviously, this scheme produced dilute effluents in large quantities. [Wang 1992]
1.4.2 
Stagnant rinse
The stagnant rinse method consists of filling the rinse tank with clean water once per day, or ever less often and dipping the workpieces in it as needed. It is used when high-quality rinses are not necessary. This method produces considerably less wastewater than other methods, but with a higher concentration of pollutants flow rinsing. [Wang 1992]

1.4.3 
On-demand rinse
This method is based on manual activation of a rinse spray with possible incorporation of an automatic shutoff. See Figure given below On-demand rising is convenient in manual plating production given the discontinuous nature of the process. Its main advantage is that resulting wastewater volumes are usually quite low (Wang 1992).
[image: image5.emf]
1.4.4 
Cascade Rinse
This method is based on making rinse water flow in the direction opposite to that of metal part movement. In this scheme rinse water flows into the last rinse stage and is discharged from the first one. As shown in figure given below there are at least two stages and more commonly three in a cascade rinse. The use of this rinse scheme result in the discharged rinse water being higher in metal concentration but its volume is lower than that of a single tank flowing rinse system. In fact, cascade rinsing can reduce discharged rinse water volume 100 to 1000 times compared to a single tank system. Although, in both cases water flows are most continuously. On the other  hand metal concentrations increased by similar factor but in the final rinse they are usually less than 1 mg/liter. (Wang 1992)
[image: image6.emf] 

[image: image7.emf]

Annexure - B

SOME CHEMICALS USED IN THE METAL FINISHING INDUSTRY

	Chemical
	Waste 

products*
	Chemical
	Waste 

products

	Aluminum potassium sulfate
	MS, DS
	Phosphorous acid
	MS, DS

	Aluminum silicate
	MS, DS
	Potassium bromate
	DS

	Ammonium acetate
	DS, NH3
	Potassium citrate
	DS, O

	Ammonium bifluoride
	MS, DS, NH3
	Potassium chloride
	DS

	Ammonium chloride
	DS, NH3
	Potassium copper cyanide
	MS, DS

	Ammonium citrate
	DS, NH3, O
	Potassium cyanide
	MS, DS

	Ammonium hydroxide
	DS, NH3
	Potassium ferricyanide
	MS, DS

	Ammonium molybdate
	MS, DS, NH3
	Potassium hydroxide
	DS

	Ammonium nitrate
	DS, NH3
	Potassium phosphate
	MS, DS

	Ammonium sulfate
	MS, DS, NH3
	Potassium stannate
	MS, DS

	Anisic aldehyde
	O
	Potassium thiocyanate
	DS

	Antimony potassium tartrate
	MS, DS
	Sodium acid pyrophosphate
	MS, DS

	Barium carbonate
	MS
	Soda ash (sodium carbonate)
	DS

	Barium sulfate
	MS
	Sodium bicarbonate
	DS

	Benzene (benzol)
	O
	Sodium bisulfite
	DS

	Boric acid
	DS
	Sodium bifluoride
	MS, DS

	Cadmium cyanide
	MS, DS
	Sodium citrate
	DS, O

	Cadmium sulfate
	MS, DS
	Sodium copper cyanide
	MS, DS

	Calcium nitrate
	DS
	Sodium cyanide
	DS

	Chromic acid
	MS, DS
	Sodium dichromate
	MS, DS

	Citric acid
	DS, O
	Sodium fluoroborate
	MS, DS

	Cobalt carbonate
	MS
	Sodium gluconate
	DS

	Cobalt sulfate
	MS, DS
	Sodium hexametaphosphate
	MS, DS

	Cupric sulfate
	MS, DS
	Sodium hypophosphite
	MS, DS

	Diammonium  phosphate
	MS, DS, NH3
	Sodium hydrosulfite
	DS

	Ferric nitrate
	MS, DS
	Sodium hydroxide
	DS

	Flouroboric acid
	MS, DS
	Sodium metasilicate
	MS, DS

	Formaldehyde
	O
	Sodium molybdate
	MS, DS

	Glue
	O
	Sodium nitrate
	DS

	Glycerine
	O
	Sodium orthosilicate
	MS, DS

	Hydrazine sulfate
	DS
	Sodium polysulfide
	MS, DS

	Hydrochloric acid
	DS
	Sodium stannate
	MS, DS

	Hydrofluosdilcic acid
	MS, DS
	Sodium sulfate
	DS

	Hydrogen peroxide
	
	Sodium sulfate
	MS, DS

	Hydroxyacetic acid
	DS, O
	Sodium sulfite
	DS

	Hypophosphorous acid
	MS, DS
	Sodium tripolyphosphate
	MS, DS

	Indium sulfate
	MS, DS
	Stannous fluoroborate
	MS, DS

	Iron oxide
	MS
	Stannous sulfate
	MS, DS

	Isopropanol
	O
	Stearic acid
	O

	Lard oil
	O
	Sulfamic acid
	DS

	Lead fluoborate
	MS, DS
	Sulfur (liquid)
	MS

	Lead oxide
	MS
	Sulfuric acid
	MS, DS

	Lime (calcium hydroxide)
	MS
	Tallow glyceride
	O

	Magnesium sulfate
	MS, DS
	Tartaric acid 
	O

	Manganese carbonate
	MS
	Tetrapotassium pyrophosphate
	MS, DS

	Manganese sulfate
	MS, DS
	Tetrasodium pyrophosphate
	MS, DS

	Methanol
	O
	Toluene
	O

	Monoammonium phosphate
	MS, DS, NH3
	Trichloroethylene
	O

	Nickel carbonate
	MS
	Trichloroethane
	O

	Nickel chloride
	MS, DS
	Trisodium phosphate
	MS, DS

	Nickel sulfate
	MS, DS
	Xylene
	O

	Nickel sulfamate
	MS, DS
	Zinc chloride
	MS, DS

	Nitric acid
	DS
	Zinc cyanide
	MS, DS

	Oxalic acid
	MS, DS
	
	


Source : Adapted from [Freeman 1995]

*MS = metal sludge; NH3 ammonia; DS = dissolved solids; O = organic matter.

CHAPTER- 2
ENVIRONMENTAL IMPACT OF METAL FINISHING

2.1
SURFACE PREPARATION AND CLEANING

Surface preparation and cleaning operations generally result in air emissions, contaminated wastewater, and solid wastes. These operations generate all of the individual waste streams common to the metal finishing industry including heavy metals, hexavalent chromium, cyanide, oil and grease, and toxic organics (Christie 1998).

Solvents used in degreasing and cleaning operations produce vapors, constituting a considerable proportion of the industry's air pollutants. Votalization of solvents during storage is another possible source of air emissions as are fugitive losses. Wastewater generated by cleaning operations is primarily rinsing water. Solid wastes, such as wastewater treatment sludge, still bottoms, cleaning tank residues, machining fluid residues, are also generated by cleaning operations (EPA 1995).

2.2
METAL FINISHING

Three main sources of polluting wastes may be identified in a typical metal finishing process. Firstly, rinse waters need to be discharged, often in the sewage system; secondly, spray resulting from operations such as chromium plating may be liberated into the atmosphere by exhaust fans; and third by, bath solutions that must be disposed of when they cannot be adjusted anymore to operable limits, often find their way to the public sewage system. A secondary form of pollutants is sludge formed upon precipitation of metal salt contaminants (Lowenheim 1978).
The various wastes produced in the most common metal finishing processes are discussed in the following sections.

In summary, three categories of wastes are generated in the metal finishing process, namely air emissions, wastewaters and solid waters (El-Mallah 2001).

In particular, wastewaters include :

· Industrial wastewater : rinse water, cooling water, steam condensate boiler blow down, wash water, and exhaust scrubber solution;

· Contaminated or spent electroplating or electro less plating baths;

· Spent process baths, i.e. etchants and cleaners that are contaminated or spent;

· Strip ad pickling baths containing nitric, sulfuric, hydrochloric and hydrofluoric acids are used to strip metals from work piece racks parts;

· Exhaust/scrubber solutions collected in exhaust and air emission control devices.

Solid Wastes include :
· Industrial wastewater treatment sludge, e.g. sludge containing cadmium, copper, chromium, nickel, tin, or zinc;

· Miscellaneous solid waste, including absorbents, filters, empty containers, aisle grates, and abrasive blasting residues;

· Contaminated solvents used for degreasing.

Air emissions include :

· Vapors from degreasing and treatment processes;

· Vapors from solvents cleaning;

· Mists from plating operations.

A summary of inputs and outputs of the main metal finishing processes discussed above is given in Table 2.1. Also, the waste generated by typical pickling process are summarized in Table 2.2.
Table 2.1 :
Summary of Process Materials Inputs and Outputs

	Process
	Material Input
	Material Output

	
	
	Air emission
	Process wastewater
	Solid waste

	Other metal finishing techniques
	Metals and acids
	Metal fumes and acid fumes
	Metal ad acid wastes
	Polishing sludge’s, hot dip tank dross, ad etching sludges.


Source : Adapted from [EPA 1995].

Table 2.2 :
Pollution Sources and Characteristics

	Process
	Spent process liquor and wastewaters
	Solid wastes
	Air emissions

	
	Chromium
	Other metals
	Cyanide
	Oils
	Solvents
	
	

	Pickling
	X
	X
	
	
	
	X
	X


Source : Adapted from [Freeman, 1995].

CHAPTER- 3

POLLUTION PREVENTION IN THE METAL FINISHING INDUSTRY

INTRODUCTION
Pollution prevention is defined by the United States Environmental Prevention Agency (EPA) as "the use of materials, processes, or practices that reduce or eliminate the pollutants or wastes at the source", (Freeman 1995) clearly underlining the importance of source reduction and recycling.
Pollution prevention often helps reduce raw material losses and achieve higher levels of conservation with regard to energy, chemicals and other inputs. Furthermore, pollution reduction results in decreased reliance on end-of-pipe treatment and disposal practices. It is for all these reasons that pollution prevention is often the most cost-effective way to reduce pollution and associated risks to human health and the environment.
Reducing pollution and recycling require production planning, process or equipment modification, raw material substitution, waste segregation or separation, loss prevention and housekeeping (EPA 1995). In metal finishing industries, process baths and rinsing operations are the source of the largest amount of wastes. Therefore, substitution of chemicals and polluting processes and finding ways of extending bath life are important pollution prevention strategies, while reducing the volume of rinsing wastewater is essential for water conservation (Theodore 1992).
The following is a discussion of major pollution prevention options implemented in specific processes of the metal finishing industry (Figure 3.1). An outline of activities that illustrate the application of clean technology at each step of the process in question is subsequently presented.

3.1
CHEMICAL SUBSTITUTION

Modification of process chemistry and replacement of chemicals by others in order to reduce polluting and hazardous wastes, constitute the basis of chemical substitution. This should be the first pollution prevention action taken by metal finishing firms. Chemical substitutes commonly employed in the metal finishing industry are discussed below.

3.1.1
Trivalent chromium substitute for hexavalent chromium

Substitution of highly toxic hexavalent chromium (Cr+6) by non-toxic trivalent chromium (Cr+3) is highly desirable. In decorative chromium plating, it has been shown that use of trivalent chromium as an alternative to hexavalent chromium eliminates misting problems treatment, while adherence, and throw and coverage power are improved (Gawrilov 1979). However, such substitution is still neither suitable nor commercially viable for hard-chromium plating, since a 20 mils or more thickness of coating may be required (Christie 1998) (Freeman 1995).

Less solid wastes are generated from trivalent chromium baths than from hexavalent chromium baths. Moreover, the resulting wastewater from trivalent baths requires no reduction, only pH adjustments, thus reducing capital cost for wastewater treatment. It should be noted though that these baths contain organic additives in significant amounts, increasing COD loading (Freeman 1995) (Wang 1992).

Figure 3.1 : Pollution Prevention Options
	Chemical Substitution
	(
	· Trivalent chromium for hexavalent chromium

· Alloy substitutes for chromium deposits

· Alkaline non-cyanide copper for cyanide copper

· Bright acid chloric zinc substitute for cyanide zinc

· Zincate substitute for bright cyanide solution

· Mechanical zinc plating as substitute to zinc electroplating

· High pH nickel substitute for copper strike

· Carbon substitute for electroless copper 

· Copper alkaline solutions substitute to cyanide copper

· Zinc alloy for cadmium plating

· Non-cyanide cadmium bath substitute

· Alternative gold/silver plating solutions

· Sulfuric acid substitute for chromic acid in anodizing

· Water-based paint substitute for solvent based paint.

· High-solids solvents paints for regular solvent-based paints

· Miscellaneous

	
	
	

	Reducing solvent emissions from paint application
	(
	· Powder coating systems

· Electrodeposition


	Bath life extension
	(
	· Bath maintenance and regeneration

· Solids removal

	
	
	

	Drag-out minimization
	(
	· Maintaining low solution viscosity 

· Slowing withdrawal rate

· Improving drainage of work piece

	
	
	

	Rinse water volume reduction
	(
	· Increasing turbulence between workpiece and rinse water

· Using cascade rinse systems

· Using valves

	
	
	

	Recycling and resource recovery
	(
	· Rinse water recycling

· Evaporation

· Ion exchange

· Electrolytic recovery

· Reverse osmosis

· Ultrafiltration

· Electrodialysis

· Supported liquid membrane separation

· Centrifugation and pasteurization of machine collants

· Centrifugation and recycling of painting water curtains

· Pervaporation


Miscellaneous substitution options

The use of deionized water instead of tap water in process baths and rinsing operations enhance rinse water efficiency, hinder drag-out recovery, and shorten the process bath life (Wang 1992).

The use of alkaline cleaners instead of chlorinated and nonchlorinated solvents in the degreasing operations prior to processing of the workpiece allows treatment of spent cleaning bath solutions on-site and subsequent discharge to a local treatment plant (Theodore 1992).

The use of non-chelated process chemicals, instead of chelated varieties, helps reduce the generation of hazardous wastes. Chelators, such as phosphates, silicates, and ammonia are usually used for metal etching, cleaning, and selective electrodes plating. Their addition to the bath solution allows metal ions to remain in solution beyond their normal solubility limit. But they increase the difficulty of treating the resultant waste stream. In particular, their presence inhibits the precipitation of metals, necessitating the use of additional treatment chemicals (Christie 1998).

3.2
BATH LIFE EXTENSION
In any metal finishing process, it is necessary to maintain the composition of the bath solution at acceptable level and to regenerate it when needed since the accumulation of impurities will eventually affect performance. pH level and metal content measurements, as well as regular replenishing constitute proper procedures for bath maintenance that extend bath life, reduce the frequency of bath replacement and, consequently, decrease the volume of associated wastes (Theodore 1992).
The removal of solids that accumulate in the process bath constitute an essential alternative for bath life extension. Several techniques can be employed to carry out this task such as filtration, carbon treatment, electrolysis, carbonate freezing, and chemical precipitation. By keeping the bath solution in good operating conditions through the utilization of these techniques, a more consistent product quality is obtained. Furthermore, less liquid wastes are generated, thus decreasing plant loadings of wastewater treatment systems. This should reflect on the overall costs of treatment since fewer chemicals are used and sludge disposal is reduced (Christie 1998).
3.3
DRAG-OUT MINIMIZATION

Drag-out is the amount of solution carried out of the bath by the material being plated and the racks holding the material (Nemerow 1998). Drag-out causes process chemical loss and is the main reason of chemicals presence in the wastewater stream. Workpiece size and shape, bath viscosity, metal concentration in the solution, surface tension, and temperature can affect the drag-out. The following procedures can reduce process chemical drag-out :

· Maintaining the bath chemical concentration within the minimum acceptable operating range; the lower the concentration of the solution the lower its viscosity;

· Maximizing operating temperature to lower solution viscosity, which allows the chemical solution to drain faster from the work piece, thus reducing losses;

· Withdrawing work pieces at slower rates and allowing for sufficient drainage time;

· Using drag-out tanks to recover process chemicals for reuse in the process baths;

· Using air knives and hanging the plating racks above the plating bath for a period of time permitting bath solutions to drip back into the plating tank.

3.4
RINSE WATER VOLUME REDUCTION

The minimization of rinse water volume reduces wastewater since rinsing operations required after every stage of the metal finishing process produce the greatest amount of wastewater. However, product quality being at stake, a compromise must be struck between rinse water volume and rinse water contamination limits for production standards (Wang 1992). Rinsing efficiency as well as water flow control lead to minimization of rinse water discharges (Theodore 1992).

One way to improve rinsing efficiency is to increase the turbulence between the workpiece and the rinse water using spray rinsing systems or rinse water agitation. Spray rinsing requires between 15 and 25% of the volume of the water that a dip-rinse system uses, but may not be used with all types and shapes of workpieces because it may not reach all parts of a workpiece. An efficient combination would be to use spray rinsing first to improve most of the drag-out, then to use a dipping tank to remove the remaining contaminants. Another technique that achieves agitation between the workpiece and the rinse water is the use of air or water jets. The former is found to be most effective in removing process bath chemicals and can be implemented by installing an air pump at the bottom of the rinse tank.
Another method for improving rinse efficiency is the use of multiple-stage countercurrent rinsing, also known as "cascade rinsing". See Section 1.4.4. Cascade rinsing increases contact time between a workpiece and rinse water, thus improving rinse efficiency. However, such systems require more process steps, additional equipment, and a larger working area.
Controlling the flow of rinse water can be implemented using maximum rate-of-flow valves or restriction orifices on the rinse water feedlines, limiting the volume of rinse water and maintaining constant flow of fresh water into the system. These devices also prevent an operator from unnecessarily increasing the rinse flow. Such control can also be effectively carried out using rinse timers and conduct6ivity or pH controllers to manage rinse flow rate.
Double rinsing remains an effective method in improving rinsing efficiency. Additionally, keeping the contaminant concentration in the rinsing tank down to the desired level will reduce water consumption. Once the desired dilution ratio is determined, equipment may be installed to hold the contaminant concentration in the rinsing tank to that ratio. The equipment includes :

· A timer and solenoid valve that deliver a fixed quantity of water;

· A conductivity controller that adjusts additional rinse water feed when contaminant concentration exceeds a present level;

· An agitation device, either mechanical or pneumatic, to hasten mixing in the rinsing tank.

Counterflow rinsing, whereby the water overflowing from the final rinse is used as the input source for the initial rinse, is another method for reducing water consumption in rinsing. Because the same rinse water is used twice, this method cuts the required water flow almost in half.

3.5
RECYCLING AND RESOURCE RECOVERY
A variety of recovery and recycling operations could be implemented to improve metal finishing economics as well as environmental impact. Special procedures and related equipment are often needed. It is often that recovery and recycling are considered following introduction of other more immediate changes such as substitution of certain hazardous chemicals and modifications of some of the more polluting operations including drag-out and rinse water reduction. Equipment needed for this purpose may be costly. Furthermore, recovery and recycling operations eventually lead to increase maintenance workload and operational complexity. However, benefits are generally considered beneficial as they could impact the amount of solid waste generated and yield net savings in input chemical costs. Figure 3.2 given below depicts the general process of reclamation and recycling. Some of the more important and commonly used technologies for recovery and recycling in metal finishing processes are discussed in the remainder of this chapter.
Figure : 3.2
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3.5.1 Rinse Water Recycling 

Reusing rinse water can significantly decrease overall water requirements. In order to maintain quality, however, accurate evaluation of rinse water quality is required and treatment may also be necessary before reuse may be possible. Nevertheless, even out-of-range rinse water may be used for operations in which the water purity is not crucial. An example of such a situation is provided by the multistage cascade rinsing system discussed earlier. Another example is the use of rinse water effluent following an acid-cleaning bath as rinses following alkaline cleaning baths. See Figure 3.3 given below, Reduction in water consumption of more than 50 percent are possible using such methods (Theodore 1992).
Figure : 3.3
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3.5.2 Evaporation
Evaporation of unusable rinse waters and spent bath solutions is a simple and effective way to reduce waste discharges. Furthermore, concentrated rinse and bath water may be processed more effectively to extract constituent components for disposal or reuse. Nevertheless, the recovery of chemicals, such as metal salts, is often hindered by the presence of contaminants in rinse and bath waters (Wang 1992). At any rate, evaporators are usefully employed to concentrate solutions from decorative chromium-, nickel-, and cyanide copper-plating processes (Freeman 1995).

Both atmospheric and vacuum evaporators are used (Wang 1992). The former (Figure 3.4 given below) consists of an air blower, a recirculating pump, and a mist eliminator. Air exhaust is discharged to a scrubber to remove residual mist and dust and the concentrate is returned to the bath or waste treatment system (Theodore 1992). The main advantages of this method are :

· Simplicity and consequent low cost;

· Low maintenance loads.

However, heating may be required when humidity levels are high, e.g. exceeding 80%. Low capacity of commercially available evaporators is another point to take into consideration (Freeman 1995).
Vacuum evaporation processes are conducted using two varieties of equipment : simple and two-effect evaporators. Applying heat in vacuum evaporation facilities evaporation but naturally involves an additional expense. One of the advantages of vacuum evaporation is the possibility of obtaining distilled water in addition to a highly concentrated effluent. Condensed water vapor may thus be returned to the rinse tank, while the concentrate is returned to the plating bath or waste treatment system (Wang 1992).
Figure:  3.4 
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3.5.3
Ion exchange
This method allows water recycling following deionization and metal recovery. A typical metal finishing ion exchange treatment system consists of a fixed resin bed with the ability of their affinity for given metal ions. Additionally, for any one resin type this affinity is a function of operating conditions (ESCWA 1999).

When saturated, the resin bed is subjected to regenerative treatment, generally, using dilute acids in the case of cationic resins, and sodium hydroxide solution for anionic resins (Figure 3.5 given below). Water treated using ion exchange resins may be recycled into the rinsing process following more or less straightforward treatment (ESCWA 2001).

Typical applications of ion exchange treatment include removal of nickel, copper, or chromium from their respective rinse. Sequestered metal salts may be returned to the plating bath. Another application is the removal of heavy metals such as ion, copper, and nickel from hard-chrome plating solutions (Freeman 1995).

A disadvantage of ion exchange treatment is the requirement, in certain cases, of somewhat protracted additional treatment before the regenerant stream may be suitable for reuse. For example, a nickel recovery system requires de-acidification of regenerant stream before reuse in the plating bath. In the case of highly concentrated regenerant streams further treatment such as electrolytic recovery may be necessary (Christie 1998). Figure : 3.5
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Ion Exchange Process

Insoluble resins are used for ion exchange, whereby an ion of one kind is interchanged with another ion of similar charge. This reversible process, shown in following figure, can take place because hydrogen ions, present on the resin, can be exchanged with ions of gold, copper, or nickel, present in wastewater or in the dragout solution that runs through the ion exchange system. Although these resins were developed in the beginning to retrieve gold from the rinse water because of its high value, their use became widespread for removing common metals from rinse water since conventional treatment incorporates relatively high hidden costs linked to sludge disposal and related hazards with the heavy ensuing responsibilities.


Chelating resins are newer and more useful in treating spent baths and rinse waters containing chelated metals that result from electroless finishing process. Metals are extracted from the dilute solution by the ion exchange resins, followed by the removal of the cations (e.g. Cu+2 and Ni+2) from the resins upon subsequent regeneration using a concentrated acid solution, such as HCl or H2SO4 at 5 percent concentration.

The following reaction can take place when strong acid cation exchange resins (R) are placed in a solution containing aluminium ions, which are exchanged with hydrogen ions :

Al+3 + 3RH ( R3Al + 3H+
Next, a moderately concentrated strong acid leads to the extraction of the aluminium from the resin through a regeneration process that leaves the solution with higher aluminium concentration as shown in the following equation :

R3 Al + 3H+ ( Al+3 + 3 RH

Aluminium finishing solutions can now be readily purified (decationized) using packaged aluminium removal units (decatonizers) are now available for purification of aluminum finishing solutions.

Acid Sorption

Strong acid (e.g. sulfuric, hydrochloric and nitric acids) can be sorted by the ion exchange resins, while excluding metallic salts. Water is used to elute a purified acid product from the resin. In this process most of the metal is removed (up to 90%), the concentration of free acid remaining practically unchanged.

It is worth noting that operating costs are extremely low since no chemicals or appreciable energy we required to run the process.

3.5.4
Electrolytic Recovery
Electrolytic recovery involves implementation of electrochemical methods to recover metals from rinsing or process baths. Briefly, electrolytic recovery involves electroplating the metal to be removed from spent process solutions onto the cathode of an electrolytic cell (Figure 3.6). Electrolytic recovery works well for process solutions containing cadmium, copper, nickel and precious metals. However, it is not practical for process solution containing chromium or aluminium.
The advantages of electrolytic recovery include :

· Reduction of sludge generation;

· Partial removal of cyanide content;

· Possibilities for reuse or sale of the metal plated out.

Disadvantages, on the other hand, include incomplete recovery whereby some waste is generated, tendency of some plated metal species to oxidize rapidly or undergo spontaneous combustion. Additional energy requirements are also another obvious disadvantage.

Figure : 3.6
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3.5.5
Diffusion dialysis

Diffusion dialysis is a membrane separation process, analogous to sorption method, used for acid purification. Concentration differences constitute the driving force in diffusion dialysis which requires no chemicals to bring about the separation. Additionally, energy requirements for solution pumping are quite small.

An anion-exchange membrane permeable to acids but impermeable to metal salts constitutes the central component. Contaminated acid flows on one side of the membrane, while water flows adjacent to the other side. As a result of the membrane's properties, acid passes through the membrane into the water stream, while metal salts remain behind (Figure 3.7).

3.5.6
Reverse osmosis

Reverse osmosis (RO) is another membrane-based separation technique. It utilizes a high pressure differential to force pure water through a semi-permeable membrane, rejecting impurities and producing a concentrated reject stream rich in metal salts (ESCWA 2001). Relatively high pressures, 400-800 psi, are required to drive RO systems, i.e. to pump water across the membrane from the side occupied by the less concentrated solution to that on which the more concentrated solution flows, i.e. against the concentration gradient. Membranes used in reverse osmosis, separations are made of cellulose acetate and aromatic polyamides. They tend to be somewhat expensive, amounting to 50% or more of the cost of the equipment. Energy, required to drive the system's compressors constitutes another sizable part of running costs.

Additionally, reverse osmosis membranes tend to suffer drastic reduction in performance as a result of mechanical, chemical and biological contaminants. Hence, it is essential that feed solutions are treated to prevent membrane fouling (Freeman 1995) (ESCWA 1999).

Figure : 3.7
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3.6
LIST OF POLLUTION PREVENTION TECHNIQUES FOR THE METAL FINISHING INDUSTRY

	Pollution prevention techniques
	Surface preparation by solvent cleaning
	Surface preparation by chemical treatment
	Plating operation
	Finishing operations
	Cleanup

	Training and supervision
	· Improve solvent management by requiring employees to obtain solvent through their shop foreman.
	
	· Educate plating shop personnel in water conservation during processing and in material segregations
	· Use proper spraying techniques.

· Train operations on improved on improved paint quality, work efficiency, and lower vapor emissions.

· Do not buy excess finishing material.
	

	Production planning and sequencing
	· Pre-clean the workpiece by wiping, squeezing or blowing part with air, etc.

· Use countercurrent solvent cleaning

· Cold clean with a recycled mineral spirit stream to remove the majority of oil before final vapor degreasing.

· Only degrease parts that need to be cleaned. Do not routinely degrease all parts.
	
	· Inspect parts before plating to avoid processing of obvious rejects.
	· Use conventional air spray gun for thin-film-build requirements

· Use airless gun for heavy film application.

· Use air assisted airless spray gun for a wide range of find output.

· Inspect workpiece prior to the application of the finish to prevent painting of obvious rejects.
	· Reduce equipment cleaning by painting with lighter colors before darker ones.

· Reuse cleaning solvents by allowing solids to settle out of solution.

· Wash out equipment first with dirty solvent.

· Use virgin solvents for final equipment cleaning, then as paint thinners.

· Use pressurized air fixed with a must of solvent to clean equipment.

· 

	Process or equipment modification
	· Minimize loss of solvent to the atmosphere from vapor degreasing equipment by:

· Reducing accumulation of grease by using automatic oilers to avoid excess oil applications.

· Use plastic blast media for paint stripping rather than conventional solvent stripping techniques.
	· Use counter-current rinsing

· Recover unmixed acids in the wastewater by evaporation.

· Reduce rinse contamination via drag-out.

· Substitute the cleaning of brass parts by pickling in nitric acid, with the use of a vibrating apparatus with abrasive glass marbles or steel balls.

· For removing oxides of titanium, use mechanical scraping instead of acid bath.

· For cleaning nickel and titanium alloys, use a mechanical abrasive system that cleans with silk and carbide pad and pressure, instead of an alkaline etching bath.

· For cleaning copper sheeting, employ a rotating brush machine that scrubs with pumice, instead of cleaning with ammonium persulfate, phosphoric acid, or sulphuric acid.

· When refining precious metals, reduce the acid/metals waste steam by maximizing reaction time in the gold and silver extraction process.
	· Modify missing methods to control drag-out by

· Utilizing water conservation methods such as cascade-rinsing systems.

· Regenerate plating bath by activated carbon filtration to revenue built up organic contaminants.

· Install pH controller to reduce the alkaline and acid concentration in tanks.

· Install atmospheric or vacuum evaporators.

· Use reactive rinsing and multiple drag-out baths.

· Improve sludge separation, and enhance recycling of supernatant to the process by aerating the sludge.
	· Ensure the spray gun air supply is free of water, oil, and dirt.

· Apply galvanizing processes that require low temperature and does not require flux.

· Reduce material loss by applying any of dip and flow coating, electrostatic spraying, electrodeosition.

· Change from conventional air spray to an electrostatic finishing system.

· Use solvent recovery or incineration to reduce the emissions of volatile organics from curing ovens.

· Regenerative anodizing and alkaline silking baths by recuperating aluminum salts.


	

	Raw material substitution
	· Use less hazardous degreasing agents such as petroleum solvents or alkali washes.

· Substitute chromic acid cleaner with non-fuming cleaners such as sulfuric acid and hydrogen peroxide.

· Substitute cyanide cleaners with less polluting cleaners such as trisodium phosphate or ammonia.
	· Substitute cyanide dip and chronic acid up with a sulfuric acid/hydrogen peroxide dip to brighten copper.

· Use alcohol instead of sulfuric acid to clean copper wire.

· Replace caustic wire cleaner with a biodegradable detergent.

· Replace chromated-desmutting solutions with nonchromated solutions for alkaline etch cleaning of wrought aluminum.

· Replace barium and cyanide salt heat-treating with a carbonate/chloride carbon mixture, or with furnace heat treating.

· Replace thermal treatment of metals with condensation of saturated chlorite vapors on the surface to be heated.
	· Substitute cyanide plating solutions with non-cyanide solutions, such as alkaline zinc, acid zic, acid sulfate copper, pyrophosphate copper, alkaline copper, copper fluoborate, electroless nickel, ammonium silver, halide silver, methanesulfonate-potassium iodide silver, amino or thio complex silver, no free cyanide silver, cadmium chloride, cadmium sulfate, cadmium fluoborate, cadmium perchlorate, gold sulfite, and cobalt harden gold.

· Substitute sodium bisulfite and sulfuric acid for ferrous sulfate in order to oxidize chromic acid wastes, and substitute gaseous chlorine for liquid chlorine in order to reduce cyanide reduction.

· Replace hexavalent chromium with trivalent chromium plating systems.

· Replace conventional chelating agents such as tartarates, phosphates, EDTA, and ammonia with sodium sulfides and iron sulfates in removing metal from rinse water.

· Replace solvent-based photochemical coatings such as methylene chlorine, 1,1,1-trichloroethane, and perchloroethylene with aqueous base coating of 1 percent sodium carbonate.

· Replace methanol with nonflammable alkaline cleaners.
	· Substitute solvent-based paints with alternative coatings that allow a reduction in volatile organic materials use and emissions. These include :

· High solids coatings. This may require modifying the painting process; whereby high speed/high pressure equipment, a paint distributing system, and paint heaters need to be installed).

· Water-based coatings. This results in a drop of 87 percent in solvent emissions and decreased hazardous waste production

· Powder coatings
	· Replace water-based paint booth filters with dry filters. The latter will double paint booth life and allows for more efficient treatment of wastewater.

	Waste segregation
	
	
	· Segregate wastewaters containing recoverable metals from other wastewater streams.
	· Segregate non-hazardous paint solids from hazardous paint solvents and thinners.
	· Segregate solvent waste streams avoid their contamination with water.

	Recycling
	· Recycle spend degreasing solvents on-site using batch stills.

· Use simple batch distillation to extend the life of 1,1,1-trichlororoethane.

· Arrange agreements with supply companies to remove old solvents.

· Arrange a cooperative agreement with other small companies to centrally recycle solvent.
	· Sell waste picking waste acids as feedstock for fertilizer manufacture or neutralization precipitation.

· Recover metals from solutions of resale. For example copper recovered from a bright-dip bath regeneration process employing ion exchange and electrolytic recovery can be sold.

· Send used copper picking baths to a continuous electrolysis process for regeneration and copper recovery.

· Recycle oil quench baths on site by filtering out the metals.

· Extend alkaline wash life by skimming the layer of oil (the skimmed oil may be reclaimed)
	· Reduce generation of drag-out by employing ion exchange, reverse osmosis, electrolytic metal recovery, electrodialysis, and/or evaporative recovery.

· Reuse rinse water.

· Reuse drag-out waste back into process tank.

· Recover process chemicals with fog rinsing parts over plating bath.

· Evaporate and concentrate rinse baths for recycling.

· Use hydrometallurgical processes to extract metals from sludge.

· Convert sludge to smeller feed.

· Install a closed loop batch treatment system for rinse water to reduce water use and waste volume.

· Install an electrolytic cell to recover dissolved copper in drag-out rinses and an atmospheric evaporator to recover chromic acid.

· Oxidize cyanide and remove metallic copper.
	· Do not dispose of extended shelf life items that do not meet the facility's specifications. They may be returned to the manufacturer, or sold or donated as a raw material.

· Recycle metal sludges through metal recovery vendors.

· Use activated carbon to recover solvent vapors, then recover the solvent from the carbon by steam striping, and distill the resulting water/solvent mixture.
	· Install solvent recovery units to recycle spent solvents generated in operations :

· a recovery system for solvents contained in air emissions.

· Batch distillation to recover isopropyl acetate generated during equipment clean up.

· Batch distillation to recover xylene from paint equipment cleanup.

· A small solvent recovery still to recover spent paint thinner from spray gun cleanups and excess paint batches.

· A methyl ethyl ketone solvent recovery system to recover and reuse waste solvents.

· Arrange an agreement with other small companies to jointly recycle cleaning wastes.


CHAPTER-4

TREATMENT AND CONTROL TECHNOLOGIES
INTRODUCTION
Although cleaner production and pollution prevention reduce the quantities of wastes and eliminate some pollutants from the waste stream, waste treatment and disposal are still required to reach acceptable discharge values in effluent waste. Many countries have national regulations or standards for pollutants in wastewater aiming at the protection of the aquatic environment. Wide variations do exist between adopted standards in various countries and even between localities within the same country. But these standards constitute indicator for pollution control and protection of the environment.  Annexure - A gives wastewater discharge limits, in selected countries, for common pollutants produced by metal finishing industries. Some countries without such standards may require each metal finishing firm to obtain a permit with a limitation on the quantity of effluent and the concentration of the pollution chemicals.
End-of-Pipe treatment technologies for the metal finishing industry

	Air emissions control
	(
	· Gaseous emissions control

· Particulate matter removal

	
	
	

	Wastewater effluent control
	(
	· Conventional method

· Cyanide destruction

· Chromium removal

· Heavy metal removal

· Treatment of complex metal waste

· Removal of other toxics

	
	
	

	Solid and hazardous waste control
	(
	· Sludge treatment


4.1
AIR EMISSIONS CONTROL

Air emissions produced during the cleaning and finishing stages are, to some extent, photo chemically reactive and odorous, and therefore, require treatment to reduce toxics to acceptable levels prior to discharge to the atmosphere. Moreover, the workers need to be protected from the hazardous fumes through the use of exhaust hoods and good ventilation systems. The various technologies used for treating gaseous and particulate air emissions are discussed in the following sections.

Removal of Gaseous Emissions

"Gaseous emissions control technologies include : sorption, oxidation and wet scrubbers. Sorption includes both adsorption and absorption, and involves both physical and chemical reactions using a sorptive medium such as activated carbon. Oxidation involves catalytic and thermal techniques to remove VOCs. Wet scrubbers use water or any other liquid to dilute, dissolve and neutralize the chemical component of the gaseous stream" (Christie 1998). Two common scrubbing devices are the wet-packed scrubber and the composite mesh-pad mist eliminator. A wet-packed scrubber is shown in Figure 4.1 and consists of a spray chamber filled with packing material through which the polluted air is blown while water flows on the packing material. Contaminants carried by the air stream are diluted in the flowing water and the resulting cleaned air is released into the atmosphere. The composite mesh-pad mist eliminator is effective in removing chromic acid emissions from the air. Fiber pads are used to slow down the airflow causing the formation of chromic acid droplets condense on the fiber pads (Christie 1998).

Removal of particulate matter

The following Figure 4.1 also shows various control technologies used for the removal of particulate matter, namely : settling chambers, cyclones, bag filters, electrostatic precipitators, and wet scrubbers. Each of these technologies is appropriate under specific conditions relating mainly to airflow rate and particle size, as well as collection efficiency and available pressure drop. Therefore, the decision to use a particular method should be based on the particular situation and circumstances. For example, as has described above, wet scrubbers can be efficiently used in the removal of water-soluble contaminants/gases. This method could be employed to reduce soluble nickel discharge to the air, which should not exceed 0.1 mg/ m3. In all these devices, collected particulates should be disposed of appropriately (Christie 1998).
Figure : 4.1
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4.2
WASTEWATER EFFLUENT CONTROL

While several process stages in the metal finishing industry produce liquid waste, batch solutions and rinse water are considered the main sources of wastewater. In metal finishing industries, the treatment of wastewaters aims at their neutralization to a pH range of 7-10, as well as the removal of cyanides, chromium and other metals, and skimming oils and greases, before safely releasing them into public sewer or waterways.

Preventing pollution and reducing treatment procedures can best be accomplished through the use of biodegradable surfactants and organic products and limiting the use of phosphates, heavy metals, fluorides, and mercury.

Commonly used technologies are based on the removal of metal ions from the waste stream by formation and precipitation of insoluble hydroxides. The method termed "conventional" is discussed at length in the following section. Other systems covered in this chapter such as evaporation (distillation), ion exchange and reverse osmosis, are used for producing high quality water and perform metal recovery.

Typical maximum effluent levels of pollutants in wastewater permitting direct discharge into surface waters are given in the following table 
Table  :
Effluents from the Metal Finishing Industry

	Parameters
	Maximum value (mg/l)

	pH 
	7-10

	Total suspended solids (TSS)
	25

	Oil and grease
	10

	Arsenic
	0.1

	Cadmium
	0.1

	Hexavalent chromium
	0.1

	Total chromium
	0.5

	Copper
	0.5

	Lead
	0.2

	Mercury
	0.01

	Nickel
	0.5

	Silver
	0.5

	Zinc
	2

	Total metals
	10

	Free cyanides
	0.2

	Fluorides
	20

	Trichloroethane
	0.05

	Trichloroethylene
	0.05

	Phosphorous
	5


Source : Adapted from (World Bank 1998).

4.2.1
Conventional Method

This method leads to hexavalent chromium reduction, cyanide oxidation and chemical precipitation in neutralization tanks. Clarification is used next followed by filtration, since the former is not a fully effective solid separation technique. It is becoming common to eliminate the clarification stage totally including polymer flocculation, in favor of direct microfiltration. The sludge from both separation stages is stored, thickened in a sludge tank, and then dewatered through a filter press.
Steps in conventional method

Definitions for the steps in the conventional method of end-of-Pipe treatment are given below.

Flocculation is the process of producing bulky insoluble particles (flocks) that more readily settle in a clarifier. It is employed to permit the flocks to grow in size for subsequent removal from neutralized wastewater. Flocculation is aided by gentle stirring with slow moving paddles.

Clarification is the process by which the flocks are separated from the liquid portion of the wastewater.

Effluent polishing refers to removal of suspended solids from the clean water that overflows from the clarifier to meet more stringent discharge requirement or for water reuse. Sand filters are used for this purpose.

Sludge thickening and dewatering is a vital of wastewater treatment. Sludge dewatering devices fall into three essential categories :

· Centrifugal;

· Vacuum filtration;

· Pressure filtration (the most widely used dewatering devices in metal finishing industry).

Cleaning operations generally result in oils and greases floating on the surface of treatment tanks, which may be skimmed off and possibly incinerated in an approved facility. Depending on their volume, emulsified oils are usually treated in one of two ways. If their volume is significant, precipitation out of the solution is carried out before effluent neutralization. This is done by adding sulfuric acid to a pH of 3-5, calcium chloride, alum (aluminium-potassium sulfate) and/or polyelectrolytes, thus leading to oil absorption and surfactant breakdown. Phosphates and silicates in the solution would also precipitate. If the oil volume is small, treatment is left until the final neutralization and precipitation is performed simultaneously with the heavy metals. 
Applications of conventional treatment method

The conventional treatment method could be utilized in various metal finishing processes, including the following : {source EL-Mallah 201}
(i) 
Conversion coating waste

Since toxic chromic acid is contained in chromating baths, it is necessary to neutralize and detoxicate chromate-containing rinse waters. The treatment of chromates is relatively simple and consists of reducing hexavalent chromium (a quite rapid reaction) and precipitating the resulting trivalent chromium with milk of lime as chromium hydroxide. The rate of reduction depends on the pH value, which should be kept below 2.

The effluents formed during phosphating belonging to the acidic category, neutralization with milk of lime is required in an additional treatment. Calcium, zinc, manganese and iron phosphates are precipitated and can be disposed of in the same way as in plating effluents.

Metals such as copper and zinc present in the effluents as a result of oxidation should be precipitated by bringing the pH of the solution exactly to 9 and excess alkalies in effluents are neutralized.

(ii)
Anodizing of aluminum

As a result of anodizing, some effluents are classified as alkaline-acidic wastes, while others are considered as chromium wastes. The alkaline-acidic wastes require neutralization with milk of lime followed by precipitation of heavy metals (pH = 9). These wastes comprise waters resulting from various processes such as degreasing, etching, brightening, chemical or electrochemical polishing, and anodic oxidation. Influents that contain chromic acid or chromates require treatment in order to reduce hexavalent chromium to its trivalent form using sodium sulfite with sulfuric acid added (pH = 2-3). Subsequently, these wastes are combined with the alkaline-acidic effluents in order to precipitate insoluble chromium hydroxide.

(iii) Electroless plating

Conventional chemical treatment of electrodes plating baths and rinse waters involves neutralization and subsequent separation of the precipitated metal hydroxides, and disposal of the sludge. More advanced techniques may also used to treat these baths.

4.2.2
Chromium removal
Removal of chromium is performed in two stages : reduction followed by precipitation. In the first stage, hexavalent chromium (Cr+6) present in the wastewater is reduced to trivalent chromium (Cr+3) using reducing agents such as FeSO4, SO2 or NaHSO3, while maintaining the pH at a very low level (3-0). In the second stage, an alkali is added to neutralize the acid and precipitate the trivalent chromium. This treatment method, using ferrous sulfate, is illustrated by the following chemical reactions (Nemerow 1998) :


H2Cr2O7 + 6FeSO4 + 6H2SO4 ( Cr2(SO4)3 + 3 Fe2(SO4)3 + 7H2O



Cr2(SO4)3 + 3Ca(OH)2 ( 2Cr(OH)3 + 3CaSO4


Fe2(SO4)3 + 3 Ca(OH)2 ( 2Fe(OH)3 + 3CaSO4
Reduction of Cr+6 to Cr+3 with sodium bisulfite (NaHSO3), followed by precipitation of Cr+3 hydroxide (at pH < 2) using HCl) is illustrated by the following reaction (El-Mallah 2001) :


4Cr+6 + 6NaHSO3 + 6H2O ( 4Cr+3 + 3H2SO4 + 3Na2SO4 + 12H+
The following Figure 4.2 illustrates typical treatment processes for reduction and precipitation of chromium-bearing wastes as found in metal-finishing facilities.

Ion exchange can also be used for chromium recovery from waste baths as well as removal from the rinse waters. This is performed by making the plating solution passed through cation exchange resins that remove ions such as Fe3+, Cr3+ and Al3+. Chromic acid, however, is not removed by the resins and is returned to the plating baths or stored. Removal of chromium from rinse water is performed by letting the water go first through a cation exchanger to remove metal ions, then through anion exchanger to remove chromate, resulting in demineralized makeup water (Eckenfelder 2000, ESCWA, 1997).
Figure : 4.2

[image: image15.emf]
Removal of Heavy Metals
The removal of heavy metals, as well as oils and greases, can be performed through collective treatment of oxidized cyanide and reduced chromium wastes. Heavy metals are precipitated using lime or caustics to produce metal hydroxides, or by adding sulfide compounds to produce metal sulfide precipitants. Then the wastewater is left to rest or driven through a filter to collect the heavy metal salts (Christie 1998).

(i)
Hydroxide Precipitation

Hydroxide precipitation involves three main steps : pH adjustment, flocculation, and sedimentation (see Figure 4.3 given below). Lime or sodium hydroxide is added to a rapid-mix tank or to sedimentation tank in order to adjust the pH level. Coagulation aids can be added to accelerate the settling of solids and are normally added prior to sedimentation. When several metals need to be precipitated, each at a different pH, a multiple stage precipitation system is required, with the first stage operated at the lowest pH level and increasing the pH, after the solids are removed, at each of the following stages. Filtration should be carried out after sedimentation using an appropriate filter type, e.g. gravity, pressure, or continuous backwashing filter. The resulting metallic sludge being harmless can be dried by lagooning quite economically (Nemerow 1998). The hydroxide precipitation of heavy metals can be described by the following reaction :
NaOh + Mx ( M(OH)x(s) + Na+
where M is any heavy metal to be precipitated. 
Figure : 4.3
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(ii)
Sulfide precipitation

The removal of heavy metals can also be achieved through sulfide precipitation with sodium sulfide (Na2S) or sodium bisulfide (NaHS). This effective alternative to lime precipitation can be described by the following equation :

NaS + Mx ( MsSx(s) + Na+
where M is any heavy metal to be precipitated.
A neutralization step is included in sulfide precipitation processes and requires lime or sodium hydroxide, solids flocculation, and solids settling. Very low pH and short detention time are needed since sulfides posses high reactivity. This process can be applied for the precipitation of metals such as arsenic, copper, cadmium, and mercury (Nemerow 1998). The following table summarizes the pros and cons of sulfide precipitation over hydroxide precipitation.
Table: Pros and Cons of Sulfide precipitation over Hydroxide Precipitation

	· Reduction and precipitation of hexavalent chromium in a single step.

· Removal of all metals in the solution in a single step

· pH control is not crucial


	· Poor settling of small-sized sulfide precipitants.

· Release of excess sulfide in the form of H2S

· Production of a large volume of sludge.


Source : Wang (1992).
4.2.3
Treatment of complex metal wastes

Since chelated and complexed metals found in the wastewater resulting from plating operations cannot be precipitated by hydroxide or sulfide emissions, special chemical additives are needed to dissociate the metal. One common additive, sodium dimethyldithiocarbamate, produces free metal ions removable by standard hydroxide precipitation and sedimentation (Wang 1992).

4.2.4
Removal of other toxics

Oily wastes can be removed by any one of various techniques including skimming, coalescing, emulsion breaking, flotation, centrifugation, ultra filtration, and reverse osmosis.

4.3
SOLID AND HAZARDOUS WASTE
Two types of solid wastes are generated by metal finishing industry : non-hazardous trash resulting from routine business operations, and sludge resulting from the treatment of waste streams. The latter has high metal content and should be treated as hazardous waste. Sludges are usually thickened, dewatered, and stabilized using chemical agents, then sent off-site for metal reclamation or disposal in an approved and controlled landfill.
Some Reuse & Disposal of Heavy Metal Sludge Formed After Treating 
Effluents From Waste Water

1. The possibility of the replacement of raw material for cement production by heavy metal containing sludge from surface finishing and electroplating industries :
(a) The effect of heavy metal content in the cement raw mix on the crystalline formation in cement production was also examined by XRD analysis. It was found that both sludges were applicable for the replacement of raw mix for cement production by mode ate conditioning of sludge compositions with several compositional parameters.

(b) The replacement of raw mix of sludge was 15%, the formation of tricalcium silicate (C3S) phase in cement would be enhanced by the introduced heavy metals. While owning to a high level of heavy metals concentration > 1.5% in cement raw mix, C3S crystalline in cement would be inhabited by a large sludge replacement (> 15%).

(c) During the sintring process over 90% of the high volatile solid such as lead would evaporate in high temperature, while 90% of the less volatile elements such as Cu, Cr and Nickel would be trapped in clinkers.

(d) Most of all the results of the leaching test shows that the trapped elements in hydrated samples would not leach out under acidic conditions.

(e) The re-use of the heavy metal containing sludge as cement raw material would be cause leaching hazard from sintered clinkers.

(f) Heavy metals containing sludges thus should have the potential to be utilized as alternative raw material in cement production.

Elsevier Science, New York ETATS-VINIS (1971)

(1) Shihpai – Haung, (2) Chuang Jun-Eun (3) Lu Hsing Cheng, Chiang Li Choung

2.
Industrial sludge slag is employed as a fiNe aggregate to determine the mortars leaching tendency, the %age replaced was 0, 10, 20, 30, 40, 50% (weight to weight ratio) and the cement mortar was cured for 7, 28 and 90 days. Toxicity characteristics leaching procedures (TCLP) and semi-dynamic leaching test (SDLT) were used to determine the leaching characteristic of both sludge slag and cement mortars.

Both the TCLP and SDLT leading results comparatively satisfy the regulations, providing the safety and suitability of slag utilized as fine aggregates in cement mortar.

ASCE – Journal – January, 2004, Vol.8, page.1-64.

Study Yichin Huang & Kong-Cheh Li

4.4
RECOVERY OF TREATMENT COSTS
It should be noted that, in general, operating costs for the above-mentioned relatively simple treatment operations can be recovered by reducing wastes and extracting chemicals from the wastewater solutions and solid wastes and converting them into a form that allows their reuse in the same plant or their selling for alternative, often less demanding applications. In one instance, recovery of gold and nickel, as well as reduction in sludge generation and in sodium metabisulphate for chromium treatment, led to considerable savings allowing payback of additional equipment in about a year and a half (Environment Australia 1997).

4.5
annealing  & pickling processes for finishing in stainless steel coils
Metals are essentially artificial and unstable materials, this is to say they are not found as such in nature (except gold and copper) and they tend, under the influence of weather, waters and similar corrosive exposure, to revert back to a non-metallic state. It is convenient for reasons of cost, strength, and ease of working to manufacture metallic articles without too much regard to their external appearance or to their behavior against corrosion, and then to deal with these purely surface characteristics by a subsequent treatment, which may therefore designated in general as surface treatment of metals.

Since iron and steel are by far the most commonly used metals, and also unfortunately among the most prone to rust, decay and corrosion, they figure largely, but not by any means exclusively, in the general subject of surface treatment of metals. The main purpose of surface treatment of metals are predominantly twofold, with emphasis on one or the other different degrees in different cases, viz:

1. To improve appearance

2. To improve resistance to corrosion, tarnish or staining under the conditions of use which are foreseen.

The surface treatment of metals almost invariably consists of applying a coating of some kind to the metal, and thus providing an external skin that can be selected for its appearance and corrosion resistance. If such a coating can be applied without any discontinuity, and if it is firmly adherent to the base, then the surface behavior and appearance become entirely a question of the behavior of the coating. Such external coating must be invariably thin, unless the whole character of the article is changed.
Before any surface coating \can be applied it is essential that a clean, sound surface must be provided on the article to be coated. In particular, scale and oxide, grease and dirt remaining from the manufacturing operations, must be removed; the surface usually must be smoothed. We can carry out chemical treatment to get a clean, sound surface. The term chemical treatment can be applied to any chemical process or chemical processes used to prepare metal surfaces for subsequent finishing processes. The main steps in a complete chemical treatment schedule could be:

(i) Cleaning to remove oil, grease, heavy oxide film rust or scale from the surface.

(ii) Formation of a chemical conversion coating to impart enhanced bonding, corrosion resistant or anti-wear properties to the surface.

(iii) Application of an organic finish to impart lubricity, corrosion resistance or decorative appeal.
4.5.1
Metal Cleaning
 Selection of a cleaning process is influenced by the following factors:

(i) Type of soiling to be removed (oil, grease, soil, rust or scale)

(ii) Rate of production required (occasional, batch, continuous)

(iii) Size and shape of the articles to be cleaned.

(iv) Cost and floor space available.

Various types of metal cleaning processes are briefly described as below:

(A)
Alkaline Cleaning

In alkaline cleaning soiling is removed from a metal surface by one or more of the following cleaning mechanisms:

(a) Emulsification – by which means the soil film is broken up and suspended in the cleaning solution as minute liquid globules.

(b) Dispersion – reduces the concentration of soil at the metal/cleaner interface.

(c) Film shrinkage – the contaminating oil film is broken up into minute globules, which then coalesce to form large globules and are removed from the metal surface by a combination of low interfacial tension and the difference in SG between the globules and the aqueous medium.

(d) Saponification – animal and vegetable based oils can be removed by this mechanism, but the reaction is usually rather slow. Cleaner formulations vary considerably, governed largely by cost, cleaning efficiency required, metal to be cleaned and method of application. Typical soak cleaner operating conditions are 5-15 minutes at 10-40g/1 and 70-900C. Typical spray cleaner operating conditions are ½-2 minutes at 1-15g/1 and 40-700C (spray pressure 0.7 kgf/cm2).

Cleaning equipment is relatively inexpensive as mild steel can be used throughout its construction. Immersion and spray system are of straightforward design. High-pressure hot water or steam coils, direct gas heating or electric immersion heater can supply heating.

(B)
Emulsion Cleaning

In emulsion cleaning soil is removed by the surface by the use of common organic solvents dispersed in an aqueous medium with the aid of an emulsifying agent. Operating temperature may vary, depending upon the solvent used, from an ambient temperature to 800C. Emulsion cleaners may be classified into four types, as follows (shown in ascending order of cleaning efficiency):

1) A stable single-phase emulsion in which the discontinuous phase is dispersed throughout the continuous phase (water) and does not require agitation.

2) Unstable single-phase emulsion requiring agitation to maintain dispersion of continuous phase.

3) Diphase emulsion which forms two layers. Work is immersed through the solvent layer into the aqueous solution below, permitting both phases to come into contact with the surfaces to be cleaned.

4) Emulsifiable solvent system where, after treatment, the surface to be cleaned is spray rinsed with water which emulsifies and removes the solvent and soil.

Processing time will vary with the method of application. Operating temperature varies from ambient to 700C. Emulsion cleaning is suitable for removing a wide variety of soils from metal parts and is generally used where rapid superficial cleaning is required.
(C)
Vapour Degreasing
Vapour degreasing is a method of cleaning in which hot vapours of a chlorinated solvent condenses upon a surface to be cleaned, dissolving oil and greases or waxes. The solvents most commonly used are trichloroethylene and perchlorethylene, which have high solvency for oils and greases, with a low heat of vaporization and low specific heat to obtain maximum amount of solvent condensing upon a given weight of metal at minimum heat requirement.

Vapour degreasing has a wide range of application and is suitable for all metals. It is more costly than other methods of cleaning and requires more expensive equipment. The chlorinated hydrocarbons used in vapour degreasing are toxic when inhaled.

(D)
Solvent Cleaning
Solvent cleaning is a means of removing oil, grease and soil from articles, by the use of common solvents such as petrol hydrocarbons and chlorinated hydrocarbons. Cleaning is usually carried out at room temperature, the parts being immersed or soaked in the solvent, often with agitation. Articles too large to be immersed would be sprayed or wiped with solvent.

Almost all types of soil may be removed by solvent cleaning by varying the solvents and the methods of application. It is expensive, having high material and labour costs, and there may be additional hazards of fire and toxicity.

(E)
Acid Cleaning
Acid cleaning is a process in which a solution of mineral acid, organic acid or acid salt in combination with a wetting agent and detergent is used to remove oxide, oil, grease, and soil from metal surfaces. The difference between this process and acid pickling is simply one of degree.

A large number of formulations of this type have been used, often as proprietary compounds, and may be conveniently classified as follows : 

· Mineral acid solutions

· Organic acid solutions

· Mixtures of the above

· Acid solvent mixtures

· Solutions of acid salts

The strength of acid solutions can vary from pH 5.5 of an acid solution to the equivalent of strong pickling acids. Inhibitors are often used in acid cleaning solutions. Acid cleaners may be applied by immersion, by spray technique or by wipe on/wipe-off. The latter requires only the most simple of equipment, such as acid resistant buckets, brushes and protective clothing.
The wiping method is practical only for large and bulky parts or where production is very low. Spray cleaning is generally8 carried out in multi stage washing plants. Parts are conveyorised through the plant and are rinsed and often dried after the cleaning operation. Strong mineral acids are seldom used. By far the most common application is that of the four stage acid clean/iron phosphating plant, where the first two stages contain a weakly acid alkali-metal phosphate solution, followed by a cold-water rinse and a final hot water or warm chromate rinse. Parts are finally dried by air-blast. Cleaning is carried out in the first stage and completed in the second stage where a thin amorphous coating of iron phosphate is produced. Operating temperature of the cleaner phosphating section varies from 50-700C, spray periods 30-90 seconds. The capital investment for spay cleaning equipment is high and is only justified where there is a large production throughput.

The immersion technique is very versatile and is commonly used, varying from hand dipping in small containers to highly automated plants. Any of these types of acid cleaners may be used in immersion technique. Higher concentration than those used for spray are usual and some form of agitation may be of assistance.

4.5.2
Pickling of Iron and Steel
Acid pickling is defined as the removal of oxides in the form of scale or corrosion products from metallic surfaces, usually by means of an acid solution. Many acids and combinations of acids are used for pickling, depending upon the base metal and the type and thickness of the oxide.

When iron or steel is heated, oxide scales are formed, the composition and thickness of which depends upon the temperature and duration of heating, the composition of the atmosphere in the furnace, and on other factors For many purposes this scale has to be removed, either mechanically or by pickling in a solution of acid {Mcleod}. The acid most commonly used is sulfuric or hydrochloric; it has been claimed that improved results are obtained by using a mixture of these two acids. Other solutions used for pickling are phosphoric acid, hydrofluoric acid, and mixtures of sulfuric acid and hydrofluoric acids. It has been shown that the scale formed when iron is heated in an oxidizing atmosphere consists generally8 of three layers, of which the outer layer is ferric oxide (Fe2O3), the middle layer is magnetite (Fe3O4), and the inner layer is ferrous oxide (FeO) {Winterbottom &  J.P.}.

When treated with acid the inner layer of ferrous oxide dissolved to give a ferrous salt, thus loosening and detaching the scale. Higher oxides may be reduced during pickling, yielding also a solution of ferrous salt. To reduce the attack of acid on metal, an inhibitor is often added to the pickling bath. Most inhibitors are proprietary compounds and their composition is not disclosed.

Chemistry of Pickling

Sulfuric acid has traditionally been the pickling medium for descaling steel. The reason for preponderance is economics and suitable materials of construction.

Since 1963, hydrochloric acid has been replacing sulfuric acid at an ever-increasing rate.

The reasons for this are:

1) the availability of low cost by-product hydrochloric acid from chlorination process in the chemical industry;

2) the steeply rising cost of sulfuric acid;

3) faster speed of pickling by hydrochloric; acid and 

4) the greater ease with which spent pickle liquor from hydrochloric acid pickling can be disposed of or regenerated.

The chemical reactions in the pickling of steel with sulfuric acid are:


FeO + H2SO4 = FeSO4 + H2O
____________
(1)


Fe2O3 + 3H2SO4 = Fe2 (SO4)3 + 3H2O
____________
(2)


Fe + H2SO4 = FeSO4 + H2
____________
(3)


Fe + Fe2 (SO4)3 = 3 FeSO4
____________
(4)


Fe2 + (SO4)3 + H2 = 2 FeSO4 + H2SO4
____________
(5)

Ferric and Ferro ferric oxide are slow to dissolve in sulfuric acid. Ferrous oxide and iron, however, are quick to dissolve. In the pickling of steel with sulfuric acid, the reactions given in equations (1) and (3) predominate. In order for sulfuric acid to remove mill scale from hot rolled steel, the acid must penetrate the outer scale through pores and cracks and attack the more readily soluble ferrous oxide layer next to the iron.

It is only to pickle with sulfuric acid when there was numerous cracks in the mill scale through which the acid seep and undermine the outer scale while attacking the base metal and the ferrous oxide. The reaction pf the acid with metallic iron generates hydrogen gas. The gas exerts a pressure on the outer sale and essentially pops it off. This in turn exposes more iron and ferrous oxide to the action of the acid. The mill scale on the coils and sheets of steel is often deliberately cracked to speed the pickling action. This is done by flexing the steel by passing it over small diameter rolls or by cold rolling it lightly on a temper mill. Higher oxides of iron dissolve slowly in the acid. Only small amounts of ferric ions are ever found in the pickle liquor because of reactions given in equations (4) and (5). Inhibitors are often used to reduce the loss of metal by slowing the reaction represented buy the equation (3), the attack of acid on base metal. In case of sulfuric acid, this use of inhibitor also tends to slow the pickling rate by reducing the hydrogen formation and retarding some of the reactions.

The chemical reaction in the pickling of steel with hydrochloric acid are similar to those, which occur when sulfuric acid is used.


FeO + 2HCl = FeCl3 + H2O
____________
(6)


Fe2O3 + 6HCl = 2FeCl3 + 3H2O
____________
(7)


Fe + 2HSCl = FeCl3 + H2
____________
(8)


2FeCl3 + H2 = 2 FeCl3 + 2HCl
____________
(9)


Fe + 2FeCl3 = 3 FeCl3 
____________
(10)

Winterbottom, A.B., and Reed, J.P {1932} found that the mechanism of hydrochloric acid pickling at room temperature is similar to that of sulfuric acid-the rapid dissolution of the underlying ferrous oxide to undermine the slow dissolving mill scale. At higher temperatures (170-2000F) it has been found that the dissolution rate of iron oxide in 10% acid is eight times as fast in hydrochloric acid as it is in sulfuric acid and it is thirty times as fast in 15% acid {The Dow Chemical Co., Midland Mich., 1964}. The fundamental nature of pickling of steel with hydrochloric acid at elevated temperature is thus one of dissolution of the scale as opposed to its undermining by attack on the inner layers .

The attack of hydrochloric acid on the base metal (eqn.8) is much slower than it with sulfuric acid (eqn.3). Nevertheless, is has been found highly beneficial to use inhibitors in hydrochloric acid pickle liquors to retard the dissolution and reduce the waste of free acid.

Because of the more rapid dissolution rate of the mill scale with hydrochloric acid, much higher pickling rates are possible-even at lower temperature than those used with sulfuric acid. The mechanism of pickling with hydrochloric acid has made scale breaking unnecessary {Hudson & Waring}.
The table below compares the average time required to pickle eight different carbon steels in hydrochloric acid with the time required to pickle the same eight steels in sulfuric acid. It will be noted that the effect of cracking the scale is one of reducing the sulfuric acid pickling time by one half, whereas there is only a negligible effect on the hydrochloric acid pickling time.

Table 1 – Pickling Time to Descale Carbon Steel a {B.A. Southgate}
Pickling Conditions

	Acid.
	Fe,
	Temp.,
	Without
Temper mill
Scale breaker
	With
temper mill
scale breaker

	(g/1)
	(g/1)
	(0F)
	(sec.)
	(sec.)



	H2SO4, 280
	10
	200
	37
	18

	HCl. 100
	10
	175
	23
	23

	HCl. 100
	10
	200
	17
	14


aAverage of eight steels

Much lower acid concentration can be used when pickling with hydrochloric acid because of high reaction rates. Common practice is to use only 10% hydrochloric acid in contrast to 25% sulfuric acid. Spent pickle liquor from sulfuric acid baths often contains 7% free acid whereas it is uncommon to dispose of hydrochloric acid pickle liquor containing more than 1% free acid.

As pickling proceeds, the bath becomes more concentrated in ferrous chloride but there is essentially no reduction in the pickling rate because of this increase. High concentrations of iron salts can thus be tolerated in hydrochloric acid pickle liquor and in practice this occurs. Iron concentrations of 10-15% are 

4.5.3
Stainless Steel Pickling
The stainless steels are those iron based alloys that are characterized by their high resistance to corrosion. The high corrosion resistance is primarily imparted to the steels by their chromium content, but many other elements are also added to increase this corrosion resistance and to impart other valuable engineering properties. Presently there are over thirty different types of stainless steel which are considered standard or popular grades and a considerable number of other grades which are commercially available for specialized applications. Each grade of steel has its own characteristics, but most of them can be separated into two broad classifications, i.e. the straight chromium nickel grades.

As the number and percentage of alloying elements in stainless steels are increased to make them more resistant to corrosion, the scale produced and the base metal itself become increasingly resistant to acid attack and thus more difficult to pickle. Stainless steels are more resistant to attack by pickling solutions than the mill scale, and the undermining action responsible for the removal of mill scale from carbon steel is no longer applicable. The scale itself must be dissolved, but complete dissolution of the scale would require long time. In practice, the scale is attacked and disintegrated so that it is easily removed from the surface.

Sulfuric, hydrochloric, nitric, and hydrofluoric acids are all commonly used in the pickling of stainless steels. Combinations of these acids are often favoured, as is the practice in successive baths of different compositions. Combinations of nitric and hydrofluoric acids are often preferred because the resulting pickled steel is stain free and pleasing in appearance. The rate of pickling of mixtures of nitric and hydrofluoric acids is also faster than the rate in other acids. Sulfuric acid is particularly slow; its appeal is its ease of handling.

The two general categories in which stainless can be classified for pickling purposes are:

(1) the chromium-nickel grades AISI 300 series and chromium grades AISI 400 series, which contain more than 17% chromium, but excluding the free machining grades;

(2) The AISI 400 series, containing less than 17% chromium, and including the free machining grades. The latter is more difficult to pickle, requiring a two-step process.

Pickling differ for the two classification of stainless steels, as show in Table-2 below. Before pickling, all oil, grease, and similar soil must be removed by an alkaline cleaner, vapour degreasing, solvent cleaner, or sand or shot blasting.

Table-2 Pickling Baths for Stainless Steel

	AISI 300 Series, with more than 17%
Chromium (except type 303)
	AISI 400 Series, with less than 17%
Chromium

	
	

	20% Nitric Acid, 3% Hydrofluoric Acid, From room temperature to 1300F. Until clean and free of smut or 10% ferric sulphate, 2% Hydrofluoric acid, at 120-1400F Hydrofluoric acid,
	Step 1: scale softening-10% Sulfuric acid, 150-1700F
Step 2: 2:scale removal-10% nitric acid, 1.5% at room temperature immerse 10 minutes or until clean and free of smut. 


In the cold working of stainless steels, the metal is rapidly work-hardened and must be often be softened by intermediate annealing. Straight chromium grades can be annealed at the temperatures in the range of 15000F, but chromium-nickel grades must be annealed at temperatures as high as 21000F. The annealing is commonly done in air and results in a scale formation on the surface. The chromium-nickel grades comes out of the anneal with a heavy oxide which requires a strong acid solution such as nitric-hydrofluoric to remove it.

Some of the annealing temperatures and typical acid pickling solutions that can be used in the treatment of stainless steels are listed in Table-3 on next page. The pickling solutions listed are more apt to be used in batch picklers than in continuous stand annealing and pickling lines.

Table-3 Typical Annealing and Pickling Conditions for Stainless Steels

	Type of Stainless Steel
	Full Anneal, 0F
	Pickling Treatment
	

	
	
	Solution
	Temperature, 0F

	501, 502
	1525-1550
	8-12% H2SO4
	150-170

	403, 410, 416*
	1550-1650 slow cool to 1100
	8-12% H2SO4
6-10% H2SO4 + 6-10% HCl

10% HNO3 + 1%HF
	150-170

130-140

120-130


	420
	1550-1650 furnace cool to 1100
	Same as above
	

	430
	1500-1550 furnace cool to 1100
	Same as above
	

	440
	1550-1650 furnace cool to 1200
	Same as above
	

	446
	1500-1600 air cool
	Same as above
	

	302, 316, 317, 321, 347, 302B, 303, 309, 310
	1850-2050

water quench

2000-2100

water quench
	20% HCl

10% HNO3 + 2% HF

same as above
	120-130

120-130


*Do not use 10% HNO3 + 1% HF solution on 416

4.5.4
Wastewater Generation
After pickling, the work is washed, either by dipping in running water or by spraying with water, and may then be dipped in water containing lime or other alkali. There are thus normally two types of wastewater, (1) spent pickle liquor discharged intermittently, containing oxide sludge and free acid and a ferrous salt (usually sulfuric acid and ferrous sulphate or hydrochloric acid and ferrous chloride), and sometimes containing a small quantity of inhibitor and (2) washing water, discharged continuously, containing diluted pickle liquor. If, as is usually the case, the pickle liquor is discarded at intervals, the washing water will contain a relatively high concentration of acid and relatively low concentration of ferrous salt immediately after a new batch of pickle liquor has been made up; just before the liquid is discarded the concentration of acid in the washing water will be low and that of ferrous salt will be high.

The proportion of pickle liquor carried over into the washing waters depends on the shape of the work pickled, and the methods of operation; one estimate is that from 20 to 40 percent of sulphate ion is carried over in this way, but that the loss could be reduced to 20 percent in all cases by changes in operation {O.Manitus, 1938}. Sierp {Julius} states that at some mills acid and ferrous salt carried away in the washing waters are equivalent to 50 percent or more of the acid used, but claims that by alteration in techniques this loss could be reduced to 2 to 4 percent. He recommends dipping the pickled work first in water (which is later used for making up a new batch of pickle liquor) before washing it in running water. Avoidance of loss of acid and ferrous salt in washing water is of importance where spent liquor is treated for recovery of valuable products; washing water contains too low and a concentration of dissolved substances for recovery to be economic.

The composition of spent pickle liquor differs widely in different sections of the industry; {Hodge, 1939} from the results supplied by certain steel companies in America quotes figures of 1.5 to 5 percent free acid and 4 to 30 percent ferrous sulphate for batch and 7 percent free acid and 12.3 to 15.7 percent ferrous sulphate for continuous pickling. Mantius found from 1 to 9 percent H2SO4 and from 16 to 22 percent FeSO4 in  spent pickles from American mills, and considers that the average for good pickling should be about 6 percent H2SO4 and 18 percent FeSO4. {Winterbottom and Reed} suggest that spent pickle liquor when discarded should contain 1 percent H2SO4 ​or less and nearly 22 percent ferrous sulphate, or 1 percent or less HCl and about 27 percent FeCl2 Samples of spent liquor from pickling with hydrochloric acid on Tees-side contained from 1.3 to 3.1 percent HCl and 36.5 to 40 percent ferrous chloride {Water Pollution Research London}.

The concentration of acid and ferrous salt in washing water varies considerable at different mills; apart from differences in pickling practice, the volume of washing water used varies from one works to another.

Polluting effect of the discharged effluent

When discharged to surface waters, iron-pickling wastes render them acidic and the ferrous salts in the wastes are oxidized at the expense of the dissolved oxygen in the water to ferric compounds, which are deposited s a reddish brown flocculent precipitate. Such pollution may render the water unusable as a source of a domestic or industrial supply; the vegetation on the banks may be killed, the water rendered unsightly and unfit for watering cattle, and the fish destroyed. Waste water from pickling may also cause difficulty if allowed to percolate into underground waters; apart from the fact that iron, even in very small quantities, is undesirable in water for domestic supply, it may give rise to growths of "iron bacteria" which form a gelatinous mass containing the iron oxide which is an end product of their metabolic processes. At an American generating station, use of water polluted by pickling wastes led to deposition of iron oxide in the condenser tubes; removal by mechanical means was not satisfactory and periodic treatment with 5 percent hydrochloric acid had to be adopted {Carmichael, 1928}. At a borehole in England from which water is pumped for a purpose for which the quality is not specially important, the presence of soluble iron compounds causes rapid growth of iron bacteria, which necessitated the periodic removal of the pumping machinery and the cleaning of the pumping main; it is probable that the growth of the bacterial will have to be controlled by addition of chlorine. A detailed account of the iron bacterial and of their economic importance is given by Ellis {Ellis, 1919}
It is generally agreed that discharge of too high a proportion of pickling wastes to a sewage disposal works may interfere seriously with the operation of the plant. Difficult may arise from (1) the corrosive effect of free acid on concrete and metals, (2) reduction of sulphates to sulphide in the sewage; this may give rise to foul odours and may cause corrosion, (3) the action of acid on sewage sludge, causing particles of the sludge to rise to surface of sedimentation tanks, (4) the growth of filamentous organisms, (5) the clogging of diffuser plates in the activated sludge process, and (6) the clogging of percolating filters {Mc Nicholas, 1939 & Mahlman, 1941}. A serious case of clogging of diffuser plates occurred at the activated sludge plant of the Calumet Treatment Works in the Sanitary District of Chicago.

If the industrial effluent is discharged into public sewers without proper treatment, it may8 cause sewage treatment problems, deteriorates sewer and its appurtenances. The toxic element present in the effluent are inimical to biological activity in the treatment plant.

4.5.5 Characteristics Of The Discharged Effluent
The typical characteristic of the effluent generated by a pickling industry situated in Delhi are illustrated below:
	S.No.
	Parameter
	Unit A
	Unit B
	Unit C
	Unit D
	Typical Rage

	1
	pH
	1.9
	1.0
	2.0
	<1
	0.7-2.0

	2
	Total Suspended Solid
	86
	208
	136
	44
	25-350

	3
	Iron
	147
	703
	4390
	298
	50-5000

	4
	Hexavalent Chromium
	0.03
	20
	70
	0.05
	0.05-100

	5
	Total Chromium
	30
	117
	390
	43
	40-800

	6
	Copper
	7
	61
	170
	36
	5-150

	7
	Nickel
	3.5
	67
	137
	17
	5-150

	8
	Oil & Grease
	<1
	<1
	<1
	<1
	0.5-10


Operational guidelines for the effluent treatment plant

1) The wastewater generated from Acid Bath, Washing tank, pressure wash water and other sources like floor washing etc. should be collected into the equalization tank.
2) In order to optimum quantities of acid bath solution and rinsing water, the tanks should be marked appropriately.
3) The wastewater collected in equalization tank should be treated along with other wastewater in two batches.
4) The wastewater form the underground equalization tank should be pumped into Reaction cum settling tank. An overflow pipe should also be provided.
5) About 100-125kg. of lime solution of 25% (commercial grade0 should be used per batch of treatment in one reaction cum settling tank. However the quantity of lime requirement will vary depending upon the pH or acidity of wastewater and purity of lime. The dosing should be allowed by a gravity flow.
6) The lime addition should be done continuously with mixing done by agitator in the reaction cum settling tank. A close monitoring of pH of wastewater should be carried out through pH paper of pH meter. As soon as the pH reaches 8.0-9.0, the lime addition should be stopped. Mixing should be carried out for half an hour. pH should be between 8.0-9.0 in final treated water.
7) The lime treated wastewater in Reaction tank should be allowed to settle for at least two hours.
8) After solid-liquid separation, the sludge allowed to drain in Sludge Collection tank.
9) The clear water should be drained out through two side valves provided at the sides after visual observation that sludge has settled at the bottom.
10) The sludge from the sludge collection tank should be pumped to the filter press for dewatering.
11) The filtrate from filter press should be drained back to the equalization tank.After dewatering, filter cake should be removed from the filter press and filter cloth should be cleaned to make the filter press ready for next batch. The filter cloth wash water should be drained to equalization tank.

table for influent charactersitcs

	S.No.
	Parameter
	Unit A
	Unit B
	Unit C
	Unit D
	Typical Range

	1
	pH
	1.9
	1.0
	2.0
	<1
	0.7-2.0

	2
	Total Suspended Solid
	86
	208
	136
	44
	25-350

	3
	Iron
	147
	703


	4390
	298
	50-5000

	4
	Hexavalent Chromium
	0.03
	20
	70
	0.05
	0.05-100

	5
	Total Chromium
	30
	117
	390
	43
	40-800

	6
	Copper 
	7
	61
	170
	36
	5-150

	7
	Nickel
	3.5
	67
	137
	17
	5-150

	8
	Oil & Grease
	<1
	<1
	<1
	<1
	0.5-10


NOTE – All parameters are in mg/1 except pH.

4.5.6
Alternative Methods Of Treatment
The methods adopted by the units mentioned above or for maximum number of units operating in NCT of Delhi, are for the batch treatment of the effluent. There are other methods of treatment also, by which we can treat the effluent byway of continuous treatment. The other options have been described briefly as under :

Steel Pickling Waste and Acid Rinse Water Treatment using Crushed Lime Stone as a Neutralizing agent {Pilot Plant Studies, 1977}. 
This is a continuous method of treatment in which crushed limestone can be used as a neutralizing agent. A pilot plant was made in this regard and experiments were conducted on the same. After the experiments conducted on the pilot plant following conclusions could be arrived at: 
1. Fluidisation of lime stone bed with air seems to be essential to avoid precipitation of metal hydroxide in lime stone reactor.
2. Aeration of effluent from limestone is required to cause exsolution of CO2 which improves the quality of effluent further.
3. The metal hydroxide coated lime stone can be revitalized by thorough backwash similar to filter back wash.
4. The particle size distribution after neutralization reaction reveals that the effective size of lime stone had increased after reaction indicating the consumption of fines.
5. In the aeration tank oxidation of Fe++ to Fe+++ seems to occur beside expulsion of CO2 while treating the waste containing Fe++ iron.
6. The utilization of lime stone is maximum when strong acidic waste is treated.
7. Lime stone neutralization method is a feasible method of treatment of H2SO4 pickling waste and HCl pickling waste.

Recovery of Acid Values {Envir. Eng. Handbook}. 
Recovery of Acid value refers to the removal of iron salt from the spent liquor by concentrating then cooling the liquor, which crystallizes the ferrous salts. The resulting mother liquor contains less iron, and its acid strength is returned to operating levels by the addition of concentrated acid. Ferrous Sulphate crystallizes as heptahydrate. If the crystal is collected, dehydrated to monohydrate, and added in excess to the sulphuric acid spent liquor, the liquor dehydrates and the heptahydrate forms and can be crystallized out of the cooled liquor. Recovered iron salts can be used as soiled stabilizers and in water and wastewater treatment plants.
Regeneratin of Acid and Iron Values {Envir. Eng. Handbook}. 
 The regeneration of acid and iron values from hydrochloric acid spent liquors requires either a wet process or an elevated temperature process. In the wet process, the liquor is treated with lime, with or without oxidation, to precipitate the iron. The resulting calcium chloride solution is treated with sulphuric acid to precipitate gypsum and to produce hydrochloric acid for recycle to pickle line. The thermal process is usually of two steps. The first step involves drying the ferrous chloride by evaporation of free water and HCl; it is then oxidatevely decomposed to Fe2O3 or Fe3O4 with further release of the chloride (as hydrogen chloride) by the following endothermic reaction:

2FeCl3 + 2H2O + ½ O2
Fe2O3 + 4HCl

In some thermal units, the two processes occur simultaneously, while in others the processes occur in two different areas, which are heated to different temperatures. Evaporation can be performed at 5000C to 6000C. roasters. Fluidized beds, and multiple hearth incinerators are used, producing an iron oxide, that is removed as an ash form he vapour steam by cyclones. The water and hydrogen chloride in the vapour are condensed to produce 20% hydrochloric acid for recycling to the pickling line. Various economizers are used to cool the leaving gases and to preheat the air and spent liquor feed.
Recovery of Ferrous Sulphate (Rao & Dutta}
Ferrous sulphate recovery from the spent is also one of the method meant for pollution control. The ferrous sulphate can be recovered in one easy method where sufficient amount of scrap iron and iron oxides are added to he waste pickling liquor when the free sulphuric acid is converted to ferrous sulphate, reducing the acid content to about 0.1%. The resulting solution may be settled and used as liquid coagulant after proper dilution or the ferrous sulphate crystals is recovered from the solution by evaporating the solution to dryness.

Alternatively both the acid and ferrous sulphate may be recovered from the pickling waste by extracting with 1:1 Acetone. The 85% of ferrous sulphate precipitates after mixing and is crystallized; the acid concentration at the same time rises to about 71%. About 97% of the used acetone can be recovered for further use.
4.6 SLUDGE MINIMIZATION DURING THE TREATMENT OF PICKLING EFFLUENT 
{Research Paper published in Journal of Environmental Science and Engineering Vol. 48 no. 2, pg. 109-112, April, 2006by NEERI, Nagpur}
Rapid industrialization led to geometrical rise in the level of air, water, space, noise and land pollution. One of the major concerns in India is the increasing level of land pollution largely due to the uncontrolled disposal of industrial solid and hazardous waste. With rapid industrialization, the generation of industrial solid and hazardous waste has increased appreciably and the nature of waste generated has become complex. Their impacts on the ecological bodies are noticeable.

Waste is classified by USEPA as a hazardous waste, if it exhibits any of the following :corrosivity, ignitability,  reactivity or toxicity. Other characteristics, such as careinogenicity, bioaccumulation or photo toxicity etc., are also classified as hazardous.

One of the major environment problems for the steel industry arises from pickling plant waste. Steel finishing operation such as pickling involves a surface cleaning process to eliminate scale, rust and dust. This process is carried out by immersion of steel in hot acidic solution. Pickling solutions are specifically listed in Hazardous Waste (Management & Handling) Amendment Rules 2002. The reference for this has been given in Table 1.

	Process
	Hazardous Waste

	Metal surface treatment, such as etching, staining, polishing, galvanizing, cleaning, degreasing, plating etc.
	Acid residues

Alkali residues

Spent bath/sludge containing sulphide, cyanide and toxic metals

Sludge from bath containing organic solvents

Phosphate sludge

Sludge from staining bath

Copper etching residues

Plating metal sludge

Chemical sludge from wastewater treatment


As per the available literature, no study has been reported so far on minimization of the quantity of pickling sludge. Hence, a study has been undertaken to minimize the mass of pickling sludge during the treatment of pickling effluent.

Material and Methods

The pickling effluent samples were collected from a company in Wazirpur Industrial, Delhi, India. In this industry, stainless steel components and sheets are picked by using sulphuric acid.

Treatment of Pickling Effluent

Spent acid was taken for the study. Pickling effluent was characterized as per the standard methods and the values obtained are indicated in Table 2.

Chemicals used

First of all, spent liquor was treated with sodium bi sulfite (4%) solution to reduce the hexavalent chromium into trivalent chromium. After that, pickling effluent was treated with lime, sodium hydroxide and combination of both. Lime purity = 80% as CaO, NaOH purity = 97%.

In the treatment of pickling effluent, first of all pH was raised up to 11.5-12.0 by lime or NaOH or combination of both, them alum was applied to decrease pH up to 7.5. Free settling was allowed. Different combinations tested for the treatment are given in Table 3.

Table 2 : Characterization of Pickling Effluent

	Parameter
	Value

	pH
	0.92

	S.S. (Suspended Solids)
	160 mg/L

	TDS (Total Dissolved Solids
	18.92 mg/L

	BOD5,20
	180 mg/L

	COD
	2420 mg/L

	DO
	Nil

	Total Chromium (as Cr)
	2.4 mg/L

	Nickel (as Ni)
	1.1 mg/L


Table 3 : Treatment details of pickling effluent with lime or sodium hydroxide or combination of both.

	S.No.
	Code
	Untreated pickling effluent volume
	Lime (4% solution)
	Sodium hydroxide (3% solution)
	mL of lime solution consumed
	mL of Sodium hydroxide solution consumed
	mL of alum solution consumed (4% solution)

	1.
	A
	100 mL
	100%
	-
	140 mL
	-
	20 mL

	2.
	B
	100 mL
	-
	100%
	-
	80 mL
	15 mL

	3.
	C
	100 mL
	90%
	10%
	122 mL
	13 mL
	18 mL

	4.
	D
	100 mL
	70%
	30%
	84 mL
	36 mL
	18 mL

	5.
	E
	100 mL
	50%
	50%
	55 mL
	55 mL
	17 mL

	6.
	F
	100 mL
	30%
	70%
	31 mL
	74 mL
	16 mL

	7.
	G
	100 mL
	10%
	90%
	9 mL
	78 mL
	16 mL


Results

Treated effluent was analyzed as per the standard methods are results are given below (Table 4 and Fig.1 to 3).
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Fig. 1: Neutralization with lime or NaOH or combination of both
Table 4 : Treated water parameters

	Code
	pH
	S.S.
	TDS
	BOD5
	COD
	Total Cr
	Ni

	A
	7.51
	20.0 mg/L
	3.02 g/L
	20.0 mg/L
	113 mg/L
	0.02 mg/L
	BDL

	B
	7.52
	26.0 mg/L
	10.31 g/L
	26.0 mg/L
	151 mg/L
	0.11 mg/L
	0.03 mg/L

	C
	7.50
	23.0 mg/L
	4.44 g/L
	21.0 mg/L
	120 mg/L
	0.03 mg/L
	0.02 mg/L

	D
	7.53
	23.0 mg/L
	5.92 g/L
	23.0 mg/L
	125 mg/L
	0.05 mg/L
	0.02 mg/L

	E
	7.52
	24.0 mg/L
	7.16 g/L
	25.0 mg/L
	131 mg/L
	0.07 mg/L
	0.02 mg/L

	F
	7.51
	24.0 mg/L
	8.86 g/L
	24.0 mg/L
	138 mg/L
	0.08 mg/L
	0.02 mg/L

	G
	7.54
	23.0 mg/L
	9.22 g/L
	25.0 mg/L
	142 mg/L
	0.09 mg/L
	0.02 mg/L
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Fig.2: Neutralization with lime or NaOH or combination of both
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Fig.3 : Neutralization with lime or NaOH or combination of both
Table 5 : % of Total Dissolved Solids Removal

	Code
	TDS in pickling effluent
	TDS in treated water
	% TDS removal

	A
	18.92 g/L
	3.02 g/L
	84.04

	B
	18.92 g/L
	10.31 g/L
	45.51

	C
	18.92 g/L
	4.44 g/L
	76.53

	D
	18.92 g/L
	5.92 g/L
	68.71

	E
	18.92 g/L
	7.16 g/L
	62.16

	F
	18.92 g/L
	8.86 g/L
	53.17

	G
	18.92 g/L
	9.22 g/L
	51.27


Table 6 : Treated sludge characterization

	Code
	Total Chromium (%)
	Total Chromium
(mg/kg)
	Nickel
(%)
	Nickel
(mg/kg)

	A
	0.038
	380
	0.016
	160

	B
	0.021
	210
	0.011
	110

	C
	0.035
	350
	0.015
	150

	D
	0.033
	330
	0.014
	140

	E
	0.029
	290
	0.014
	140

	F
	0.028
	280
	0.015
	150

	G
	0.026
	260
	0.013
	130


Note :

· Chromium in treated sludge in all samples (A, B, C, D, E, F & G) exceeds the limit of 50 mg/kg as per the Schedule '2' of Hazardous Waste Management & Handling Rules, 2003 (MoEF).

· Nickel in all samples (A, B, C, D, E, F & G) in treated sludge found within the limit of 5000 mg/kg as per the Schedule '2' of Hazardous Waste Management & Handling Rules, 2003 (MoEF).

Sludge generation

The details about sludge generation are given below :

Table 7 : Sludge generation

	Sample Code
	Sludge generation in treatment of pickling effluent (quantity 100 mL)
	Percentage reduction in sludge generation

	A
	12.159 g
	Control

	B
	2.553 g
	79.0%

	C
	8.276 g
	31.9%

	D
	7.814 g
	35.7%

	E
	7.287 g
	40.1%

	F
	4.698 g
	61.4%

	G
	3.062 g
	74.8%


Economic analysis


Cost of Lime 

:
Rs.6 per kg


Cost of Alum


:
Rs.20 per kg


Cost of NaOH pellets
:
Rs.190 per kg

Cost of treatment of pickling effluent with Lime or NaOH or combination of both is given below :

Table 8 : Cost of Treatment

	Sample Code
	Cost of Treatment
	Increase of Cost

	A
	Rs.0.0336
	Control

	B
	Rs.0.4560
	13.57 times

	C
	Rs.0.1034
	3.08 times

	D
	Rs.0.2254
	6.71 times

	E
	Rs.0.3267
	9.72 times

	F
	Rs.0.4292
	12.77 times

	G
	Rs.0.4465
	13.29 times


Observations

1. By the treatment of 100% Lime, Total Dissolved Solids (TDS) decreased to a very low value, but with 10% NaOH, TDS in treated effluent found on higher side.

2. BOD, COD, Total Cr, Total Ni and SS values were found within the acceptable limits by treatment of Lime or NaOH or combination of both.

3. Treated sludge found yellowish red when pickling effluent was treated with lime only.

4. Treated sludge found brick red when pickling effluent was treated with sodium hydroxide only.

5. Settling rate of sludge was found fast, when pickling effluent was treated with lime as compared to treatment with sodium hydroxide only.

Conclusions

The following conclusions can be drawn from the study :

· Economy may be achieved by the application of combination of lime and solution hydroxide, both in the treatment of pickling effluent.

· It is recommended from the study to use the combination of 10% sodium hydroxide and 90% lime in the treatment of pickling effluent. This will be an economical solution for sludge reduction without affecting the quality of treatment.

· Lesser sludge generation will result in lesser cost of sludge handling, i.e. sludge collection, transportation and disposal.

Brief Summary of Study

1. The study was conducted to reduce the sludge formation at the pickling stage of stainless steels components and sheets Industry by using sulfuric acid. 
2. The tests with various concentrations of lime, NaOH and Lime and NaOH in combinations were used to treat the spent acid and removing the various heavy metals e.g. chromium, nickel and improving the quality of effluent like S.S., pH value, TDS, BOD, COD etc. 

3. The results with various concentrations were compared and drawn to the pickling waste industry
4. The result of the study was very fruitful and positive. The study concluded that 90% of the lime combined with 10% of NaOH are very useful for reducing and minimizing the sludge formed by the Conventional Method. Also, the treatment cost is very economical. 
ANNEXURE A  
WASTEWATER DISCHARGE LIMITS IN SELECTED COUNTRIES

	Parameter
	Discharge values (mg/l)
	Discharge limits to sewer systems (mg/l)
	India#

	
	Sweden
	France
	USA 

(daily maximum)
	USA 

(monthly average)
	Baden 

Wurttenberg 

(FRG)
	Melbourne 

(Australia)
	Italy
	Singapore
	1

	Cadmium
	0.1
	0.2
	0.11/0.69*
	0.07/0.26*
	1
	10
	0.02
	1
	2

	Chromium (Total)
	1
	2
	2.77
	1.77
	2
	10
	4
	5
	1

	Chromium (Hexavalent)
	0.1
	0.1
	-
	-
	0.5
	0.2
	-
	-
	-

	Cyanide (Free)
	0.1
	0.1
	0.86
	0.32
	-
	-
	-
	-
	2

	Cyanide (Total)
	1
	1.2
	-
	-
	0.2
	1
	2
	-
	3

	Copper
	1
	2
	3.38
	2.07
	2
	10
	0.4
	5
	0.2

	Lead
	1
	0.2
	0.6
	0.43
	2
	10
	0.3
	5
	1.5

	Zinc
	2
	5
	2.61
	1.48
	5
	10
	1
	10
	3

	Nickel
	1
	5
	3.98
	2.38
	3
	10
	4
	10
	-

	Tin
	1
	2
	-
	-
	5
	10
	-
	-
	-

	Silver
	1
	-
	0.43
	0.24
	1
	2
	-
	-
	3

	Iron
	2
	5
	-
	-
	10
	30
	4
	50
	-

	Aluminum
	2
	5
	-
	-
	10
	-
	-
	-
	-

	Fluorides
	-
	15
	-
	-
	-
	-
	-
	-
	-

	Sulfides
	-
	-
	-
	-
	10
	1
	-
	-
	-

	Sulphates
	-
	-
	-
	-
	400
	300
	-
	-
	5

	Phenols
	-
	-
	-
	-
	100
	100
	-
	-
	-

	Oil and grease
	-
	5
	52
	-
	100
	200
	-
	-
	600

	Suspended matter
	10
	15
	60
	-
	50
	-
	80-200
	-
	-

	COD
	-
	150
	-
	-
	-
	-
	-
	-
	-

	pH range
	-
	6.5-9
	6-9
	-
	6-9.5
	6-10
	5.5-9.5
	6-9
	5.5-9


Source : UNEP, 1989, "Environmental aspects of the metal finishing industry : a technical guide" and "Electronic Code of Federal Regulations", Chapter I (Environmental Protection Agency), Subchapter N (Effluent Guidelines and Standards).

*Lower value is for industrial sources, higher value for existing sources.
# CPCB of India
 CASE STUDIES FOR METAL FINISHING INDUSTRIES
E.T.P. REPORT FOR THE WASTE WATER GENERATED BY ANNEALING AND PICKLING LINES (AP LINES) AT HISSAR COLD ROLLED DIVISION OF STAIN LESS STEEL PLANTS OF JINDAL GROUP







Acidic Characteristic – 

Ph – 2

(Acid Treatment Effluent)
Rinse Water



Ph-4 to 6
(Rinse Water Effluent)

There are Two E.T.P. Units for two AP lines (Presently Working in the C.R. (Division) Hissar)
Total Discharge
E.T.P. (I)
: 1.25 m3/Hour for Spent Acid






: 120 m3/hour for Rinse Water
Total Discharge
E.T.P. (II) Unit : 10 m3/Hour

E.T.P. (II) : 10 m3/Hour Installed by Nagpur Pollution 
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The acid concentration for the ETP system as above is approximated to HF-2.5%, HNO3 – 10 to 14% depends upon the grade of the steel in consideration HF -% increased for the 300 series steel, higher nickel HF concentration will be more.

a) HF & HNO3 % used Depend upon the Grade of the coil.

ETP-1

ETP-1 unit is designed on the total effluent capacity of -1.25m3/hr. Consultant & Installed by – Ion Exchange


Treatment for Rinse Water

COMISSIONED BY ETP-I (Ion Exchange Ltd.)
Spent Acid
The ETP-I is designed at the continuous flow rate of 1.25 m3/hr for the spent Acid Unit flow diagram as given on the previous page. An extra provision for the reverse holding tank is given for the upspent Acid. Rest of the system will works with the helps of the pumps to lift the acids to the neutralization tank & treated sludge to the Filter press unit.

Rinse Water Unit
The plant for the filter press unit is designed at the Capacity of 120 m3/hr. The waste water from the API & APII, Blade units got collected in the equalization Tank because the flow is non-uniform to have a uniform flow the equalization tank is needed. The water from the equalization tank is pumped to the Neutralization Tank where it get mixed with the lime slurry for making the pH of 7-8. The treated water then pumped to the Clarifier unit.

Clarifier Unit

There is the basic difference in the clarifier unit is that it is constructed above the ground level AND THE TREATED WATER is pumped to the center of the clarifier. The capacity of the clarifier unit is 120 m3/hr. It is having the separation in the MS Sheet from the upper & Bottom section. The upper area is divided by the plastic sheet. The whole surface of the upper layer is divided into the four sections.

i) The middle section m where whole of the waste water remains.

ii) Treated water after the waste water section.

iii) Electrolytic solution is added in this section to remove any chemical & sludge etc.

iv) Treated fresh water effluent is discharged to the fresh water collection tank.
The water from the water collection tank is fed to the Filter units for the filtration purpose & the sludge from the center of the slopped floor of the earlier is collected in the sludge tank where it is pumped to the Filter press unit.

Filter Unit
The treated water from the clarifier unit is fed to the Multigrade filter of capacity 45 m3/hr. From where it is collected to the filtered water tank. Where it is recycled in the plant for use in the various treatment processes.

Treatment For the SPENT Acid in ETP-II


Treatment & Oil Recovery for Cutting Oils & MS Sheet Lubricants






(Oil will be collected in another tank)






(Water with Oil if any Left is Collected in another smaller tank)






Oil Out

Water Out (This water goes for preparing the lime solution)

About Acids Used in the Various Operations

HF Concentration ( 2.5% Will Depend upon the series or Grade of Coils/Foils

HNO3 concentration ( 10-14% ----------------- do-----------------

Higher Nickel ( HF Concentration will more.

ETP Plant 2 : Commissioned by Nagpur Pollution

Equalization Tank

The Rinsed water from the brushing unit & spray header unit with acidity of 5-6 pH with the hourly discharge of 10 m3/hr got collected in the Equalization effluent Tank from there it is pumped to effluent collection tank at the constant rate of 10 m3/hr.

Effluent Collection Tank

Rinsed Water at constant rate of 10 m3/hr is pumped to the neutralization tank for the neutralizing purpose in the neutralization tank, lime solution from the lime mixing tank is mixed with rinsed water to get the required pH of 8 (8pH is maintained in the neutralization tank.

Clarifier Unit

In the clarifier unit the neutralized effluent having a pH of 18 is pumped at the constant rate. The polyelectrolyte dosing is given in the clarifier to segregate the neutralized solution into sludge & water. The treated sludge is collected in the bottom of the clarifier through the slopped surface towards the center. The pure water from the clarifier is fed to the collection tank under gravity.

Filter Unit

The treated water from the clarifier unit is fed in the multi layer filters which are having the agitation type of filtering media so that the self cleansing of the media is maintained and the filter may not clogged. The waste is taken away periodically. After the filteration the water is re-circulated in the plant for use in the various operations.

Filter Press Unit

The treated sludge from the clarifier unit collected in the waste collection tank is further pumped to the water press unit where the water from the sludge is extracted through the vertical filters under pressure. The central pipe which is perforated collects the solid sludge part. Exactly below the filter press unit there is given the provision for the Tractor Trolly in which whole of the sludge got collected. The collected sludge is taken away to the sanitary landfills sites for the final disposal.

The water which is extracted from the filter press unit is fed under gravity in the lime mixing unit which fill up the water requirements for making the lime slurry

Water Quality Parameter Maintained


T.S.S. ------------- 5 mg/l


pH
-------------- 7 to 8
Actual Parameter Maintained
I.
Water Quality at the Inlet of the E.T.P. Unit.

II.
Water Quality at the Outlet of the E.T.P. Unit.

Parameter

Test Report




I

II
pH


4

8.7

T.S.S.


70

16

COD


25

11

BOD (5) at 20 oc
>5

>5

Oil & Grease

3.8

1.00
All Parameter in mg/l Except BOD

THE STUDY FOR TREATING THE WASTE WATER GENERATED FROM ANNEALING AND PICKLING LINES OF SALEM STEEL PLANT BHILAI

 Major Sources and Composition

The major sources of water pollution in the existing plant are the effluents from the Sendzimir Mill, various waste acidic streams from continuous Annealing and Pickling Lines, etc. The total effluent generated at present is about 69 cum per hour.

(a) Electrolytic Unit Fume Exhaust System : The wash water from the scrubber provided in this system containing sodium sulphate is pumped to the Acid Storage & Treatment Plant (ASTP).

(b) Brightening Unit Fume Exhaust System : The wash water from scrubber provided in this system as above containing sodium fluoride, sodium nitrate, ammonium nitrate and excess sodium hydroxide is pumped to continuous neutralization section in ASTP.

(c) Acid rinse water from Brightening Units containing nitric acid, hydrofluoric acid, nickel, iron, trivalent chromium, etc. is also pumped to the ASTP.

(d) Neolyte Rinsewaer : The pickling of stainless steel scale in the neutral electrolyte section as well as in the Brightening Unit (Mixed acid bath) gives rise to effluent containing hexavalent chromium, nickel, iron, sodium sulphates, etc. which is treated in ASTP.

(e) Spend Acid : Waste acid containing nitric acid, hydrofluoric acid, trivalent chromium, iron, nickel, etc. is stored in holding tanks for further treatment in Acid Storage and Treatment Plant.

Acid Storage & Treatment Plant (ASTP)

All the effluents mentioned above are treated in Acid Storage & Treatment Plant. The process scheme adopted is shown in Drawing No.SSSP-1-P9-1521. Ferrous sulphate is used to reduce hexavalent chromium to trivalent chromium and milk of lime is used for precipitation of heavy metals such as nickel, iron, chromium and also for netralisation.

Neolyte rinse water containing hexavalent chromium is treated with ferrous sulphate to reduce the same to trivalent chromium. Acid rinse water and fume scrubber wash water along with neolyte rinse water (after chrome reduction) are neutralized with milk of lime in the twin compartments of continuous neutralization tank. By addition of lime, metals such as nickel, chromium and iron are precipitated as insoluble hydroxides. Also, all the dissolved fluorides are precipitated as calcium fluoride. Alum is added to aid defluoradation.

The precipitated sludges are removed in an inclined clarifer and the effluent can be treated for pH adjustment in the final neutralization tank by addition or hydrochloric acid if required. The sludge from the inclined clarifer is further filtered off in a fliter press and the filtrate is sent back to final neutralization tank.

The solubility of calcium fluoride in water is around 8 ppm. Hence defluoridation cannot be achieved below 8 ppm level by precipitation and filtration process alone. However, addition of Alum brings down the fluoride level. To bring the fluoride level to 2 ppm level, the effluent is further diluted with water before final discharge.

The spent acid containing waste nitric acid, hydrofluoric acid, nickel, trivalent chromium, iron etc., is treated with milk of lime in a discontinuous neutralization tank. The sludge formed is filtered off in a filter press. The filtrate is again sent to final neutralization tank for pH adjustment and further dilution as indicated above.

In the Acid Storage & Treatment Plant, following on-line monitoring facilities are provided :

· pH meters are installed in the neutralization pit to control addition of lime.

· pH meters are provided in the final neutralization tank to check pH of final effluent so that dilute HCl can be added if required to adjust pH.

For reducing hexavalent chromium to trivalent chromium.

Zero Discharge from Plant

Protecting environment and maintaining safe working conditions is a way of life at Salem Steel Plant. This is evidenced by Salem Steel winning several awards in the areas of safety and environment management. And now, Salem Steel Plant is the first plant in the SAIL family to have achieved Zero Discharge.

As a result of several water conservation methods practiced by SSP, the actual levels of water consumption and effluent generation have come down drastically from the originally designed values. At the current level of operations, the water consumption is of the order of 12 lakh cum/annum (about 144 cu m/hr). In the township, which has 750 dwelling units, the water consumption is of the order of 48 lakh cum/year (about 56 cum/hr).

The treated effluent from the plant conforming to the norms prescribed by the Tamil Nadu Pollution Control board used to be discharged into a natural drainage course and the sewage from the township after treatment was let into a storm water diversion canal.

In order to gainfully utilize the effluent water from the plant and the sewage water from the township, Salem Steel Plant has embarked upon a massive afforestation scheme. Every year 10,000 to 20,000 lakh trees are being planted covering both plant and township areas. The entire treated effluent from the plant and the treated sewage from the township are being utilized for irrigation purpose resulting in zero discharge from the plant and township. This has also resulted in saving of precious fresh water and power.

The treated effluent from the plant was being let out into an RCC channel which joined the natural storm water source near the plant boundary. A masonry weir has now been constructed in the RCC channel to form a sump. A 15 HP pump set with level switch arrangement has been provided main provided with outlets at intervals to feed the earthen canals formed in the afforestation area of 110 acres. As a result, there is zero discharge of the plant effluent.

About 700 cum of township sewage waste water was being let out unused into the storm water diversion channel every day. In order to utilize this township sewage waste water, a sump has been constructed across the diversion canal to form a reservoir A separate pump house has been constructed and about 3500 m of piping had been laid for pumping this treated sewage for irrigating about 70 acres of land in which 1 lakh tree samplings have been planted under the afforestation scheme.

 CHAPTER – 5

IMPLEMENTING POLLUTION PREVENTION
Best results in pollution prevention may be obtained within comprehensive pollution management strategies and derived programmes instituted and elaborated at the national, and sometimes regional, levels. Concerted efforts by government(s) and private industrial firms are needed to formulate, plan and implement effective pollution prevention strategies and programmes. Proposed roles for the government and private sector institutions are discussed below, noting that this discussion applies to all industrial pollution prevention endeavors, including the metal finishing sector.

5.1
ROLE OF THE GOVERNMENT

Pollution prevention strategies and derived programmes should be arrived at within the framework of appropriate national policy. Their implementation will require national regulatory framework providing valuable incentives for private sector enterprises to adopt cleaner production methods. According to the World Bank Group (World Bank 1998) key factors that should be included in any governmental regulatory framework pertain to the broader macroeconomic context involving resource prices, investment initiatives in environmentally sound technologies. "A predictable and flexible regulatory regime with regard to emission standards, and industrial waste management" is also propounded (World Bank 1998). Here, the aim is to promote predictability that encourages investment in environmentally sound technologies and in new pollution management procedures. Flexible regulatory regimes will, furthermore, allow enterprises to adopt the most cost-effective solutions. Nevertheless, a credible enforcement system remains the backbone for any regulatory schemes.

Additionally, well advertised and detailed measures intended to assist enterprises in adopting cleaner production are all needed. Government intervention is particularly needed where small traditional enterprises are concerned, to help introduce pollution prevention measures in line with national environment requirements. Such interventions would need to provide technical assistance to determine environmental impact status and to improve existing in-house capabilities to implement sound pollution prevention/reduction practices. Assistance to metal finishing enterprises should include training for management, workers, and auditors as well as access to financial resources to introduce changes. Funds would also be immensely useful in establishing start-up model enterprises.
5.2
ROLE OF THE PRIVATE SECTOR

Government policies and regulations should set the foundations for the implementation of pollution prevention schemes in industries. Incentives may be provided by government to motivate private sector firms to adopt environmental protection measures. The following Table lists a number of factors that may be translated into incentives for metal finishing enterprises as a result of implementing environmental protection measures as well as possible barriers to the implementation of pollution prevention regulations.

Table: Benefits of Environmental Protection Measures and Possible Barriers to Pollution Prevention
	Benefits of Environmental Protection
	Expected Barriers/Requirements

	· Reduced operating costs :

· Long-term savings on the basis of reclamation of inputs and reduced disposal costs.
	· Additional capital requirements may be needed:

· Environmental protection measures often require capital investments.

	· Improved worker safety :

· Reducing toxics improves the work environment and could reduce or eliminate the need for protective equipment.
	· New process specifications are often required :

· Replacing toxic or hazardous materials with safer and more environmentally sound alternatives may require development efforts to specify new processing conditions.

	· Reduced compliance costs :

· Pollution prevention measures reduce regulatory exposure and could eliminate the need for frequent monitoring, saving time and money.
	· Product quality issues may need to be reconsidered :

· Pollution prevention measures may alter product quality and, thus, necessitate development work.

	· Enhanced productivity :

· More efficient use of raw materials and recycling improve operational productivity.
	· Customer acceptance :

· Changes that affects quality or perception of quality could affect customer acceptance.

	· Increased environmental protection :

· Reduced waste generation improves firm's image and reduces future liabilities.
	· Immediate production concerns and inertia :

· Companies may be hesitant to change, especially if the process is still functioning properly.

	· Overall quality improvements :

· Pollution prevention can be an integral part of a company's Total Quality Management
	· Time and technical expertise requirements :
· Sufficient time and expertise will be needed.


Source : Adapted from [Freeman 1995].
Pollution prevention and environmental protection strategies should ensure effectiveness and sustainability. This can only be achieved if the necessary measures are integrated into prevailing business practices through a comprehensive pollution prevention programme. Such programme should incorporate a strategy to continuously reduce all generated wastes, as well as procedures for prioritization and systematic reduction of these wastes. A relatively recent manual for pollution prevention in industrial firms summarizes steps (Shown in Figure 5.1) leading to the execution of a sustainable pollution prevention programme [Freeman 1995]. Each of these steps is briefly defined in the following paragraphs
Figure : 5.1
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Initiating Environmental Protection and Pollution Prevention Measures

Daily firm activities should clearly incorporate environmental protection pollution prevention measures. This may be achieved through [Freeman 1995] :

· Formulating an environmental protection and pollution prevention strategy and deriving specific measures with specific overall objectives;

· Designating a coordinator with responsibilities for setting up a team to undertake environmental protection and pollution prevention tasks;

· Setting up the team with representatives from all levels of management and all departments who possess intimate knowledge of the industrial processes and waste generating operations;

· Conducting meetings to ensure progress towards set goals for pollution prevention;

· Developing a written plan for environmental protection and pollution prevention with specific goals that tally with the above overall objectives;

· Laying down measurable short-, medium- and long-term goals and modalities to monitor progress;

· Enacting programmes to help enhance employee awareness and involvement in the development and implementation of the environmental protection and pollution prevention programme;

· Instituting training programmes for management as well as production workers on new environmentally sound technologies and environmental protection and pollution prevention measures;

· Introducing incentives to motivate personnel and work units through award schemes for participation and compliance with the pollution prevention program.

The following paragraphs elaborate some of the main issues raised by the above tasks.

Support from top management

Long-term commitment by the top management to the underlying philosophy and process of sustainable implementation of a pollution prevention strategy and related programmes is of the essence. Enhancing awareness at the level of top management should be a primary objective of any pollution prevention programme. Government agencies as well as well as non-governmental institutions need to focus on promoting the adoption of a pollution prevention programme at top management level in private enterprise (Freeman 1995).
Process characterization
A review of the detailed operations which each unit within the facility is essential in order to specify raw materials, establish accurate material balance and identify wastes and waste generation mechanisms. The resulting material balance sheet constitutes basis for identifying and quantitatively characterizing environmental protection and pollution prevention opportunities (Freeman 1995).

Assessing wastes and identifying pollution prevention opportunities

Analysis of waste streams will need to be based on volume and toxicity of their components as well as an assessment of the industrial processes involved. The objectives will be to identify opportunities to minimize or eliminate toxic and hazardous material (Freeman 1995).

Various pollution prevention techniques that may generally be adopted by metal finishing industries are listed in Annex D. Naturally, no single list may exhaustively deal with the particularities of each possible variant on the numerous metal finishing processes. It may, however, provide a starting point in the search for more environmentally sound technology options.

Cost considerations

A detailed costing procedure has to be established covering the costs of all process phases, including : purchasing, storage and inventory, in-process use of materials, air and water emissions, solid waste collection, waste storage, on-site treatment or recycling, waste disposal, waste transportation, lost raw materials, and labor costs. On the basis of these costs a detailed economic analysis should be conducted to establish the full cost of waste streams for each suggested environmental protection and pollution prevention option before determining its feasibility and devising measures for its implement (Freeman 1995).
Identifying and implementing pollution prevention opportunities

Human and physical resources required for the implementation of environmental protection and pollution prevention options need to be evaluated in order to determine their feasibility (Freeman 1995).

Program evaluation

Regular evaluation of environmental protection and pollution prevention measures adopted should be implemented. This evaluation is required at two levels : that of the individual process or operational unit and that of the whole enterprise (Freeman 1995).

Sustaining the environmental protection and pollution prevention program

Sustainability of the environmental protection and pollution prevention programme is to be attained through increased benefits to the enterprise. The introduction of emission standards, or changes therein will need to be considered as does the economic situation in the area under consideration (Freeman 1995).

Sustainable environmental protection and pollution prevention programmes will also rest upon the ability of enterprises to continuously acquire assimilate and dissemination cost effective environmentally sound technologies (ESCWA 1999). This will require support from local and national research and development institutions in developing and adapting technologies and improving related handling equipment and product/process quality monitoring modalities.
5.3
Environment protection laws 

[

The Environment protection Act provides for protection and improvement of environment and for matters connected therewith. 

The United Nations conference on human environment, held in Stockholm in June 1972, proclaimed that " Man is both creator and molder of his environment, which gives him physical sustenance and affords him the opportunity for intellectual, moral, social and spiritual growth. In the long and tortuous evolution of the human race on this planet a stage has reached when through the rapid acceleration of science and technology man has acquired the power to transform his environment in countless ways and on unprecedented scale. Both aspects of man's environment, the natural and man made are essential to his well being and to the enjoyment of basic human rights even the right to life itself. 

"Environment" includes water, air, and land and the interrelationship that exists among and between water, air and land and human beings, other living creatures, plants, micro-organism and property.

"Environmental Pollutant" means any solid, liquid or gaseous substance present in such concentration as may be, or tend to be injurious to environment.

"Hazardous Substance" means any substance or preparation which, by reasons of its chemical or physico-chemical properties or handling, is liable to cause harm to human beings, other living creatures, plants, micro-organism, property or environment.

Environmental pollution means imbalance in environment. The materials or substances when after mixing in air, water or land alters their properties in such manner, that the very use of all or any of the air water and land by man and any other living organism becomes lethal and dangerous for health.

5.4
POWER OF CENTRAL GOVERNMENT TO TAKE MEASURES TO PROTECT AND IMPROVE ENVIRONMENT








 

· The Central Government, shall have the power to take all such measures as it deems necessary or expedient for the purpose of protecting and improving the quality of the environment and preventing controlling and abating environmental pollution. 

· Such measures may include measures with respect to all or any of the following matters, namely:

i. co-ordination of actions by the State Governments, officers and other authorities-
(a) under this Act, or the rules made thereunder, or 

     (b)under any other law for the time being in force which is relatable to the objects of this Act; 

ii. planning and execution of a nation-wide programme for the prevention, control and abatement of environmental pollution; 

iii. laying down standards for the quality of environment in its various aspects; 

iv. laying down standards for emission or discharge of environmental pollutants from various sources whatsoever: 
v. Provided that different standards for emission or discharge may be laid down under this clause from different sources having regard to the quality or composition of the emission or discharge of environmental pollutants from such sources; 

vi. restriction of areas in which any industries, operations or processes or class of industries, operations or processes shall not be carried out or shall be carried out subject to certain safeguards; 

vii. laying down procedures and safeguards for the prevention of accidents which may cause environmental pollution and remedial measures for such accidents; 

viii. laying down procedures and safeguards for the handling of hazardous substances; 

ix. examination of such manufacturing processes, materials and substances as are likely to cause environmental pollution; 

x. carrying out and sponsoring investigations and research relating to problems of environmental pollution; 

xi. inspection of any premises, plant, equipment, machinery, manufacturing or other processes, materials or substances and giving, by order, of such directions to such authorities, officers or persons as it may consider necessary to take steps for the prevention, control and abatement of environmental pollution; 

xii. establishment or recognition of environmental laboratories and institutes to carry out the functions entrusted to such environmental laboratories and institutes under this Act; 

xiii. collection and dissemination of information in respect of matters relating to environmental pollution; 

xiv. preparation of manuals, codes or guides relating to the prevention, control and abatement of environmental pollution; 

xv. such other matters as the Central Government deems necessary or expedient for the purpose of securing the effective implementation of the provisions of this Act. 

· The Central Government may, if it considers it necessary or expedient so to do for the purpose of this Act, by order, published in the Official Gazette, constitute an authority or authorities by such name or names as may be specified in the order for the purpose of exercising and performing such of the powers and functions (including the power to issue directions under section (5) of the Central Government under this Act and for taking measures with respect to such of the matters referred to in sub-section (2) as may be mentioned in the order and subject to the supervision and control of the Central Government and the provisions of such order, such authority or authorities may exercise and powers or perform the functions or take the measures so mentioned in the order as if such authority or authorities had been empowered by this Act to exercise those powers or perform those functions or take such measures. 

As considerable adverse environment impact has been caused due to degradation of the environment with excessive soil erosion and water and air pollution due to certain development activities therefore it is necessary to protect the environment. This can be achieved only by careful assessment of a project proposed to be located in any area, on the basis of an environment impact assessment and environment management plan for the prevention, elimination or mitigation of the adverse impacts, right from the inception stage of the project
The Central Government has passed certain notifications laying that the expansion or modernization of any existing industry or new projects listed shall not be undertaken in any part of India, unless it gets environmental clearance by the Central Government, or the State Government.

5.5   GENERAL STANDARDS* FOR DISCHARGE OF ENVIRONMENTAL POLLUTANTS 
           


 Part - A : Effluents
	S. No. 
	Parameter 
	Inland surface water 
	Public sewers
	Land for irrigation 
	Marine/coastalareas

	.
	2
	
	3
	.
	.

	.
	.
	(a)
	(b)
	(c)
	(d)

	1
	Colour and odour 
	See 6 of Annexure-1I
	
	See 6 of Annexure-1I
	See 6 of Annexure-1I

	2
	Suspended solids mg/l, max. 
	100 
	600 
	200 
	(a) For process waste water
(b) For cooling water effluent 10 per cent above total suspended matter of influent. 

	3
	Particle size of suspended solids
	shall pass 850 micron IS Sieve
	-
	-
	(a) Floatable solids, solidsmax. 3 mm
(b) Settleable solids, max 856 microns

	4
	pH value 
	5.5 to 9.0 
	5.5 to 9.0 
	5.5 to 9.0 
	5.5 to 9.0 

	5
	Temperature
	shall not exceed 5oC above the receiving water temperature
	
	
	shall not exceed 5oCabove the receiving water temperature

	6
	Oil and grease, mg/l max,
	10 
	20
	10
	20

	7
	Total residual chlorine, mg/l max
	1.0 
	-
	-
	1.0 

	8
	Ammonical nitrogen (as N),mg/l, max. 
	50 
	50 
	-
	50 

	9
	Total kjeldahl nitrogen (as N);mg/l, max. mg/l, max. 
	100
	-
	-
	100

	10
	Free ammonia (as NH3), mg/l,max.
	5.0
	-
	-
	5.0

	11
	Biochemical oxygen demand (3 days at 27oC), mg/l, max.
	30
	350
	100
	100

	12
	Chemical oxygen demand, mg/l, max.
	250
	-
	-
	250

	13
	Arsenic(as As). 
	0.2
	0.2
	0.2
	0.2

	14
	Mercury (As Hg), mg/l, max.
	0.01 
	0.01 
	- 
	0.01 

	15
	Lead (as Pb) mg/l, max
	0.1 
	1.0 
	- 
	2.0

	16
	Cadmium (as Cd) mg/l, max
	2.0 
	1.0 
	-
	2.0

	17
	Hexavalent chro-mium (as Cr + 6),mg/l, max.
	0.1 
	2.0
	-
	1.0 

	18
	Total chromium (as Cr) mg/l, max.
	2.0 
	2.0 
	-
	2.0 

	19
	Copper (as Cu)mg/l, max.
	3.0
	3.0
	-
	3.0

	20
	Zinc (as Zn) mg/l, max. 
	5.0
	15
	-
	15

	21
	Selenium (as Se) 
	0.05
	0.05
	-
	0.05

	22
	Nickel (as Ni) mg/l, max.
	3.0
	3.0
	-
	5.0

	23
	Cyanide (as CN) mg/l, max.
	0.2
	2.0
	0.2
	0.2

	24
	Fluoride (as F) mg/l, max.
	2.0
	15
	-
	15

	25
	Dissolved phos- phates (as P),mg/l, max. 
	5.0
	-
	-
	-

	26
	Sulphide (as S) mg/l, max.
	2.0
	-
	-
	5.0

	27
	Phenolic compounds (as C6H50H)mg/l, max.
	1.0
	5.0
	-
	5.0

	28
	Radioactive materials: 
(a) Alpha emitters micro curie mg/l, max.
(b)Beta emittersmicro curie mg/l 
	10-7




10-6 
	10-7




10-6 
	10-8




10-7 
	10-7




10-6 

	29
	Bio-assay test
	90% suivival of fish after 96 hours in 100% effluent 
	90% suivival of fish after 96 hours in 100% effluen
	90% suivival of fish after 96 hours in 100% effluen
	90% suivival of
fish after 96 hours
in 100% effluen

	30
	Manganese 
	2 mg/l 
	2 mg/l 
	-
	2 mg/l 

	31
	Iron (as Fe) 
	3mg/l 
	3mg/l 
	-
	3mg/l 

	32
	Vanadium (as V) 
	0.2mg/l 
	0.2mg/l 
	-
	0.2mg/l 

	33
	Nitrate Nitrogen 
	10 mg/l 
	-
	-
	20 mg/l 


* These standards shall be applicable for industries, operations or processes other than those industries, operations or process for which standards have been specified in Schedule of the Environment Protection Rules, 1989.
CHAPTER – 6

THE ENVIRONMENTAL SELF-ASSESSMENT FOR THE METAL FINISHING INDUSTRY

6.1
GENERAL

The following checklists are guides designed to be used by anyone involved in the day-to-day operations associated with the metal finishing industry. In order to incorporate pollution prevention measures into their daily operations, businesses are advised to conduct routine self-assessments to identify pollution prevention opportunities.

Each section of the self-assessment that is relevant to the business should be reviewed with the plant operator or facility manager who is most familiar with that particular part of the operation. Responses to the questions should show whether potential hazards or polluting activities are occurring that may be pollution activities are occurring that may be pollution prevention opportunities that can be addressed by an operational change, product substitution or better housekeeping.

This self-assessment is only one in a series of steps that your business should take to determine its regulatory compliance and to identify suitable methods of waste reduction. For many small facilities, the self-assessment will likely be as useful as a thermometer would be for a person with a fever; the symptoms may be measured, but an expert opinion may be needed to diagnose the problem and develop corrective measures.

The Environmental Self-Assessment for the Metal Finishing Industry was developed to be used with the Environmental Compliance and Pollution Prevention Guide to the Metal Finishing Industry. Following the completion of the self-assessment, industries are advised to consult this guide for additional information on the nature and type of pollution prevention techniques that have been successfully applied by other metal finishing facilities.  
Progressive facilities will use the environmental self-assessment to achieve two goals : to evaluate current business practices and to develop an ongoing program in pollution prevention.

Don’t be discourage by the sometimes difficult process of identifying and addressing environmental problems. Over the long haul, the measurable benefits of conducting and responding to regular environmental self-assessments may include reductions for your company in the following areas : environmental hazards, enforcement actions, fines, insurance rates, waste handling costs and accidents. Other benefits may also include improved worker health, a better work environment, better relations with regulatory agencies, improved employee morale, favorable publicity, and a stronger community reputation for integrity.

The Environmental Self-Assessment for the Metal Finishing Industry is intended to provide useful information to help your facility start to identify possible opportunities for pollution prevention. However, not all potential pollution prevention measures for your particular facility can be listed given the varied scope of the metal finishing industry.

6.2
MATERIAL HANDLING, INVNETORY CONTROL & STORAGE

To reduce waste and disposal costs, facility managers should insure there is a system in place to keep track of the purchase, handling, storage and inventory of chemicals and other materials. The over purchasing and improper storage of chemicals can result in significant waste generation.

	Material Handling, Inventory Control & Storage 
	Yes
	No
	Not Applicable
	Can't Determine

	Have the employees responsible for purchasing chemicals at your facility been trained to manage inventory and keep accurate records of all chemicals used?
	(
	(
	(
	(

	Does your facility keep chemical inventories to a minimum (keep only as much chemical supply on site as needed for current production) and purchase chemicals in the smallest quantities practical?
	(
	(
	(
	(

	Does your facility use materials based on "first in, fir out"?
	(
	(
	(
	(

	Have your employees been trained to safely handle the chemicals received and their containers?
	(
	(
	(
	(

	Does your facility limit access to the chemical storage area?
	(
	(
	(
	(

	Have your employees been trained in the hazardous waste regulations (e.g., labeling, storage and manifesting requirements) related to their job?
	(
	(
	(
	(

	Does your facility maintain and make readily available to employees Material Safety Data Sheets (MSDS) for all chemicals used at the facility? (This is an OSHA requirement)
	(
	(
	(
	(

	Has facility staff been directed to identify alternative, less toxic products to reduce the amount of hazardous chemicals used in your facility?
	(
	(
	(
	(

	Do you store all hazardous waste in an area labeled as a "hazardous waste storage area" at your facility?
	(
	(
	(
	(

	Do you date all wastes to properly identify the date of generation?
	(
	(
	(
	(

	Do you store all materials and wastes within a protected storage area at your facility?
	(
	(
	(
	(
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6.3
MATERIAL REUSE, RECYCLING AND RECOVERY
Facility managers should investigate ways to reuse, recycle and recover products and resources to reduce waste, operating costs and pollution.

	Material Handling, Inventory Control & Storage 
	Yes
	No
	Not Applicable
	Can't Determine

	Does your facility use any methods to recover and return process chemicals to the process baths (e.g., evaporator baths)?
	(
	(
	(
	(

	Does your facility use ion exchange to treat rinse water and to allow the recovery of process chemicals?
	(
	(
	(
	(

	Does your facility return drag-out back into process tanks for reuse?
	(
	(
	(
	(

	Does your facility recycle non-contact cooling water?
	(
	(
	(
	(

	Does your facility take measures to reduce the use of hazardous chemicals?
	(
	(
	(
	(

	Does your facility implement water recycling/ reuse systems to reduce water consumption in plating and other processes?
	(
	(
	(
	(

	Does your facility reclaim solvents for reuse (i.e., on-site or off-site filtration, gravity separator or distillation)?
	(
	(
	(
	(

	Does your facility reuse spent cleaning baths as pH adjusters in your waste treatment systems whenever possible?
	(
	(
	(
	(


 CONCLUDING REMARKS
From the viewpoints of environmental pollution and safety consideration the metal finishing industry in particularly in the cold rolled division of the stainless steels industry is in need of considerable improvement. Structural features that characterize the industry combine with a number of other factors producing situation of serious, even extreme, hazards. Feedback from visits and interviews conducted within the framework of the present study point to a number of issues in need of urgent attention. These include inadequate know-how, old-fashioned industrial management practices, lack of legislative and regulatory frameworks and, where they exist, their shy application to attain improved environmental and safety conditions. Inadequate enterprise profitability and reduced competitiveness have also been quoted by some operators as reasons for limited adoption of technologies and work procedures that guarantee better environmental protection and worker safety.

The situation in the country clearly calls for concerted efforts by many parties. Concerned government departments and in states and centre are required to formulate and launch nation-wide initiatives directly aimed at tackling some of the more urgent environmental and safety problems posed by metal finishing particularly in cold rolled division of the stainless steels industry. Work will need to progress on many fronts. In the first place, there is great need procedures both in the workplace and in relation to waste collection and disposal. Many observations would support the view that important strides towards an improved environmental profile could be made on the basis of relatively simple measures such as waste segregation and diligent housekeeping.

Awareness raising would need to proceed together with action on the many fronts mentioned above, legislative, regulatory and technological. National initiatives are needed with a view to attain better environmental compliance by the metal finishing industry. Such initiatives ought to be fueled by the realization that improved compliance is especially important for the country, which already suffer severe water resource shortages and water and soil pollution problems. As indicated above and as evidenced by the experiences of other countries around the globe, effective solutions must come as the result of adopting environmentally sound technologies.

However, dissemination of such technologies must come as culmination of efforts in many spheres, legislative, regulatory, managerial and technological. For it is only within appropriate legislative and regulatory frameworks and incentives that "new" environmentally sound technologies may be taken up and disseminated.
Encouraging signs are possible to discern all around. Many states have taken on the task of formulating environmental action plans. Some have already introduced regulations governing industrial effluent discharges. Nevertheless, there is still need to tackle short-term issues particularly those posed by small operators.
Implementing measures that guarantee compliance by small operators is never an easy task. Technical solutions may alleviate some of the more immediate hazards. In the long run, however, there is need for effective action involving a variety of measures including incentives for relocation, agglomeration and collective waste treatment and disposal.

The role that private sector institutions and enterprises could play in the dissemination of environmentally sound technologies, in the manufacture of relevant equipment and even in collective processing of certain especially hazardous wastes are to be emphasized in future national initiative targeting improved environmental compliance by this industry. The experiences of numerous, mostly developed and industrializing, point to the exceedingly important part played by private enterprises in achieving worthwhile results.

Equally important, in national initiatives aimed at improving the environmental performance of metal finishing activities, will be the role of local science and technology institutions. These institutions are generally capable, perhaps with little extra support, of undertaking essential tasks in monitoring environmental compliance, on the one hand, and in the development, design and validation of "new" environmentally sound technologies, on the other.
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