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ABSTRACT 

 Progress and productivity are the keys to survival, and green manufacturing is a prime source 

for innovation. In the past few decades a slow rate of development in heat treatment has been 

done, due to its ignorance and poor understandability. Recently market has started eyeing on 

heat treatment and surface engineering as the most vital departments were lot of research and 

development is to be done because of the continuous demand of energy efficient, 

environmental friendly, optimum cost process. Heat treatment and surface engineering are the 

key technologies to enhance effective use of materials applied for automobiles, aerospace and 

weapons. After understanding, such a vital role of heat treatment many advanced steps like 

vacuum heat treating, development in quenchants , laser heat treating, electromagnetic 

processing, intensive quenching have been taken which has resulted in 30% increase in case 

depth, 25-30% reduction in process time, 30% reduction in energy consumption and purely 

environmental friendly process. This paper presents a short overview of new trends of heat 

treatment and process optimisation with its future technical possibilities.     

 Keywords- process optimisation, environmental friendly, future in 2020 

 

 

I. INTRODUCTION 

 Heat treatment has changed beyond recognition since the first simple annealing and 

hardening cycles were discovered empirically hundreds of years ago. These changes have 

been driven by a better understanding of the underlying science, increasing demand for 

products and quality requirements, and latterly, social factors such as environmental 

considerations. In addition, the market has been shaped by technological developments, such 

as the changing use of materials and advances in manufacturing techniques, which have 

opened up new opportunities. 
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Pointing out at the new heat treatment process which is vacuum heat treatment, intensive 

quench, direct forge quench with poly alkylene glycol, electromagnetic processing which 

have improved the quality and cost with reduction in cycle time and proving environmental 

friendly [1]. 

Vacuum heat treatment has been looked as a boon to the heat treat industry saving 33-50% of 

cycle time as compared to the atmospheric process [2]. While other development in 

quenchants has increased the case depth  by around 30% and also surface finish. The sparking 

method electromagnetic processing is one of the challenging technologies where a great deal 

of success like acceleration of the transformation phase has been achieved and hence 

enhancement in the property like yield strength of steel by 10-15%.These all methods have 

also proved as a step towards the fulfilling of social duty, that of designing environmental 

friendly process [3]. 

 Optimal quench uniformity is essential if the potential for cracking, distortion, 

residual stress and spotty hardness is to be minimized. This means that heat transfer during 

the film boiling (vapour blanket) and nucleate boiling processes during heat transfer in 

vaporizable liquids such as water, oil and aqueous polymers must be as uniform as possible 

throughout the quenching process. One of the most important factors affecting quench 

uniformity is the design of the quench system. Deficiencies in system design have frequently 

been inadequately addressed by both heat treating engineers and equipment suppliers, often 

with disastrous results. With the exception of a few little-known company specifications, 

there are no industry-wide guidelines for quench system design. Therefore, there is no 

extensive compilation of state-of-the-art design criteria to assist the engineer in the design 

and construction of a quenching system that will provide optimal heat transfer and quench 

uniformity [4]. 

 

II. QUENCHING 

 Quenching has been known for centuries as part of the heat-treatment process and can 

be defined as a rapid cooling of the part (usually in oil) from a given temperature (usually 

above 1,500oF) down to a specified temperature. Quenching is usually a final operation in 

heat-treat hardening of steel and is used to impart required mechanical properties into the 

metal parts. Quenching is usually applied to steel products that require high strength, 

toughness, high resistance to shock, and improved wear characteristics. An important 

principle in heat-treating is that the faster the cooling rate during quenching the higher the 

part’s mechanical properties and performance characteristics. On the other hand, the faster 
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the cooling rate the greater the probability of part distortion and cracking. For example, 

quenching in water provides better part hardness compared to a slower quench in oil, but the 

probability of part cracking or distortion when quenching in water is higher. Heat-treaters and 

steel part designers are always balancing between desired hardness and acceptable distortion 

in choosing the heat-treatment conditions during their processing [5]. 

 

III.  WHAT IS INTENSIVE QUENCH SYSTEM? 

 The IQ process is an alternative way of quenching steel parts. It was developed by IQ 

Technologies, Inc. (IQT) of Akron, Ohio (an EMTEC member-company). While 

conventional quenching is usually performed in environmentally unfriendly oil or 

water/polymer solutions, the IQ process uses environmentally friendly water or low 

concentration water/mineral salt solutions. 

 The IQ method is characterized by extremely high cooling rates of steel parts. In 

contrast to conventional quenching, when parts cool down to the quenchant temperature and 

usually have tensile or neutral residual surface stresses at the end of quenching, the IQ 

process is interrupted when the part core is still hot and when there are compressive stresses 

in the part surface layer. 

 Over the last several years, IQT has conducted hundreds of IQ feasibility trials with a 

variety of steel products and has proven that the IQ process produces a number of benefits, 

many of which directly relate to the objectives of the DOE solicitation. These benefits 

include: IQ technology provides high residual compressive stresses in the part surface layer. 

In current heat-treating practice, when residual surface compressive stresses are required, a 

very long, highly energy consuming and environmentally unfriendly carburizing process is 

used or shot peening operations are applied. The IQ method, in many cases, can fully 

eliminate or significantly shorten the carburizing cycle, or it can fully eliminate shot peening. 

IQ process provides much less part distortion compared to conventional quenching, since the 

compressed part surface layer works like a “die” maintaining the initial shape of the part and 

minimizing part distortion. Minimizing straightening operations results in reduced heat-

treatment energy usage and costs. IQ process can significantly reduce duration or fully 

eliminate an energy consuming environmentally unfriendly carburization cycle. IQ method 

can be effectively applied immediately after the forging operation is completed using the part 

residual heat and eliminating the necessity of reheating the part for following quenching. In 

addition to energy savings, this application of the IQ process provides better part mechanical 

properties resulting in improved part performance characteristics.IQ technique uses plain 
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water instead of hazardous, environmentally unfriendly oil or water/polymer solutions. This 

significantly reduces the heat-treatment cost and the environmental impact. Application of the 

IQ method to forging and metal casting tooling (dies, die components, etc.) significantly 

improves both tooling wear and fatigue resistance resulting in longer tooling life, increased 

press and casting machine productivity, and in the reduction of forging and metal casting 

operating costs. 

Significant cost reduction of heat-treatment, forging and metal casting operations due to the 

use of the IQ technology results in improved competitiveness of the U.S. heat treating, 

forging, and metal casting companies in the world marketplace. Part metallurgy and 

performance characteristics are improved [4]. 

  

Fig. 1. Intensive Quenching Phenomena. 

 

IV. TYPES OF INTENSIVE QUENCH SYSYTEM 

1.  Intensive quenching system (IQS) 

1.1 IQ-1 Intensive Quenching Method  

 The IQ-1 quenching method is a two-step cooling process. It is used for medium-alloy 

and high-alloy steel parts. At the first stage of quenching, steel parts cool slowly from the 

austenitizing temperature down to the martensite start temperature Ms (for example,in hot oil 

or in high-concentration water/polymer solutions). There is an insignificant temperature 

gradient throughout the part cross-section within this slow cooling stage. Therefore, the initial 
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temperature throughout the entire part can be assumed equal to the temperature Ms at the 

beginning of the second stage of cooling.The second stage of quenching is very intensive and 

it takes place within the temperature range of martensite transformations. Water jets or 

directed streams of quenchants around the steel part provide high cooling rates. Intensive 

cooling results in the formation of high compressive stresses on the part surface. These 

compressive surface stresses “fix” the low part distortion obtained in the first, slow cooling 

stage, and also provide additional strengthening or “super strengthening” of material. 

 However, a shortcoming of IQ-1 process is that a) oils or high-concentration polymers 

are used at the first stage of cooling, and b) the second stage of cooling is conducted in a 

separate chamber. The use of quench oils or high concentration of polymers in water (20% to 

24%) considerably reduces the hardening capacity as a quenchant for steel parts. The 

necessity of a second cooling chamber complicates the hardening process and makes it 

difficult to maintain in practice and more expensive. A more advanced steel quenching 

method, IQ-2 has been developed to alleviate the shortcomings of IQ-1. 

 

 

Fig. 2. Graph of surface stress vs. time. 

 

1.2 IQ-2 Intensive Quenching Method 

 The IQ-2 technique is a three-step procedure: a) fast cooling under quenchant nucleate 

boiling heat transfer conditions on the part surface, b) slow cooling in the air, and c) 

convection cooling in the quenching tank. In IQ-2 quenching method, the duration of a 

sporadic film-boiling stage is minimized to avoid part cracking and distortion. This is the 

main reason why the plain water is not the preferred quenchant in the IQ-2 process. Various 

low concentrations of mineral salts in water are effectively used to eliminate film boiling and 
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stop part corrosion. A water/salt solution eliminates film boiling as follows: The water/salt 

solution contains negatively charged ions. The heated part (at austenitizing temperature) is 

always positively charged.When the positively charged part is immersed into the quench tank 

the negative ions are attracted to the part surface. The salt ions together with quenchant flow 

physically destroy the vapour blanket. Note, that the quenchant flow velocity need not be as 

high as in IQ-3 systems.However, the agitation should be more intensive compared to 

conventional oil quench tanks. 

During the first stage of cooling, martensite forms rapidly in the part surface layer. To avoid 

surface cracking in IQ-2, the fast cooling is interrupted when there is less than 50% of 

martensite formed in the surface layer of the part and the surface layer is still “plastic.” The 

steel part is removed out from the quenchant. Note that the boiling point of the quenchant on 

the part surface should correspond to the 

temperature on CCT or TTT diagrams providing approximately 50% martensite. After 

“interruption” of the intensive stage of cooling, the part cooling continues in the air. During 

this second stage of IQ-2, the part surface layer or “shell” is self-tempered by the heat coming 

from the hot core. The part temperature equalizes throughout the cross sectional area. Also, in 

this second stage,the part compressive surface stresses (developed in the first stage of 

cooling) are fixed. As a result of the self-tempering process, the martensitic surface layer 

strengthens eliminating possible cracking during final stage of the IQ-2 cooling. In the third 

phase of the IQ-2 quench, the part is returned to the intensive quench tank for further 

convection cooling to complete the required phase transformations in the surface layer and in 

the part core. 

 A shortcoming of the IQ-2 method is that the water/salt solution boiling temperature 

does not always coincide with the martensite finish temperature of the alloy. To avoid this 

shortcoming, an IQ-3 intensive quenching process was proposed. 

 

Fig. 3. Graph of hardness vs depth. 
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1.3 IQ-3 Intensive Quenching Method  

 IQ-3 is the most intensive and best hardening method in terms of creating high 

compressive surface stresses, to an optimum depth; IQ-3 yields the highest amount of “super 

strengthening” of the part for a given material or alloy. Simply stated IQ-3 gives the most 

“bang for the buck.” IQ-3 involves one-step “intensive” cooling in contrast to the multistep 

cooling rates of the IQ-1 and IQ-2 processes. When the IQ-3 process is applied, part surface 

cooling is so fast that both the film boiling and nucleate boiling are completely avoided and 

the basic heat transfer mode on the part surface is simply convection. Therefore “direct 

convection cooling” is the first key element to the IQ-3 process. In the IQ-3 method, 

intensive cooling is continuous and uniform over the entire part surface until compressive 

stresses on the part surface reach their maximum value and optimal depth depending on part 

geometry. These maximized compressive surface stresses will be diminished if the core of the 

part is cooled further, e.g., to the quenchant temperature. Therefore, the second key element 

of the IQ-3 process is to interrupt intensive cooling at the proper time – when compressive 

surface stresses are at their maximum value and to the optimum depth. 

 In practice there are three major issues to implementation of the IQ-3 quenching 

method. The first one is that it is not always possible to provide a high-velocity water flow 

uniformly around the entire part surface area. This is especially difficult to do for a part with 

complex geometry. The second limitation relates to quenching of relatively thin parts with the 

thickness of less than about ¼”. With such thin parts it is very difficult to provide a proper 

temperature gradient within the part to get a 100% martensitic structure in the part surface 

layer, and, at the same time have an austenitic core that will convert to a hardened 

intermediate structure in the part core. For thin parts, the required high water flow velocity 

and the short time to “interruption” become in many cases impractical. Finally, IQ-3 method 

is not as adaptable to batch quenching of steel parts since it is practically impossible to 

provide high water flow velocity and uniformity throughout the entire batch. To quench 

intensively parts of complex shape,thin parts or parts in batches, the above IQ-2 quenching 

technique should be used. However, parts of thick cross-sections (more than ¾”) and parts of 

relatively simple geometry are ideal candidates for IQ-3 quenching [2]. 
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TABLE I. Comparison between oil and intensive quench

 

 

Table II Sprocket tested by both methods. 

 

 

Bearing cages that were carburized for only 50% of a standard carburization depth and 

intensively quenched have a better hardness profile than the same bearing cages that were 

carburized to 100% of the specification depth and quenched in oil per the standard production 

practices [5]. 

 

 

Fig. 4. Formation of  Martensite  during Quenching 

                        

2. Intensive Quench Proven Benefits 

          The IQ technology provides the following benefits Reduced energy consumption in 

heat-treating and forging operations due to a significant reduction or full elimination of the 

energy consuming carburization cycle. Higher production rates of heating and quenching 

equipment, shorter cycle times, and reduced lead times. 
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Reduced part distortion and less post-heat-treat processing. Cleaner and safer working 

environment; reduced hazardous waste generation in heat treating 

operations (no oil). Improved market competitiveness for USA’s equipment manufacturers, 

part suppliers, and heat-treaters. Products with improved quality and performance 

characteristics (better metal hardness, strength, wear resistance, and service life, lighter but 

yet stronger product, etc.) [4]. 

 

 

 

Fig. 5. High-Velocity IQ System 

 

3 Domestic and Worldwide Technology Status 

 At the present time, both domestic and overseas heat-treating companies do not use 

the IQ technology as defined above: very rapid and uniform quenching that is interrupted 

when residual surface compressive stresses are at their maximum value. Some U. S. 

companies, for example Caterpillar and Ford Motor Company, apply intensive (or as they call 

it “drastic”) quenching processes in water or in brine to their products. However, these 

processes do not yield maximum residual surface compressive stresses since they are not 

interrupted at the optimum time. These “drastic” quenches were developed based on limited 

practical data rather than computer simulations. The IQ process is actually the only new 

technology for hardening steel parts that is currently emerging in the U.S. heat-treating 

market. While there is currently no known direct competition to the IQ process, there is non-
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direct competition to some of the intensive quenching benefits. For example, a new method 

of creating surface compressive stresses, laser shot peening, is emerging. This method, in 

contrast to conventional shot peening, does not impair conditions of the part surface. 

However, unlike IQ technology, laser shot peening is still a very expensive method and it 

cannot be applied to parts of complex geometry. Another example of competing technology 

is micro alloys that allow quenching of steel parts in air providing the proper hardness and 

minimum part distortion. The disadvantage of this method is that micro alloys are quite 

expensive and cooling the parts in air slows the heat-treating process [4]. 

 

V.  HEAT TREATMENT FUTURE IN 2020 

 The future of heat treatment is very bright and hence development in it is at a rapid 

speed. In mere future that is in the year 2020 some drastic change in technology of heat 

treatment would occur resulting in innovation of energy efficient, cost effective, 

environmental friendly process and materials. In 2020 following points will be achieved: 

 Reduction in production cost by 75%. 

 Increase in furnace life by 10 fold. 

 Reduction in price of furnace by 50%. 

 Reduction in energy consumption by 80%. 

 Achieve zero distortion and maximum uniformity in heat treated process. 

 Development of hybrid natural gas/electric heating system to minimize energy cost. 

 Development of steels for induction that permits even faster processing times. 

 Development of materials that are suitable for rapid heating technologies [6]. 

 

CONCLUSION 

 Challenges towards the development of design and production technologies of light, 

durable and environmental friendly materials will proceed further and competition in material 

seems to become more severe. In spite of the existing well used heat treatment processes, 

there is possibility to increase energy and processing efficiency, and improve product quality 

by the development of advanced processing methods. To meet and overcome these 

challenges we must think in this way that “All innovations are built on rejections”. An 

innovation is one of those things that society looks at & says, if we make this part of the way 

we live & work, it will change the way we live & work. Hence concluding that though there 

are various hurdles in the path of success but heat treatment in 2020 will be at its milestone. 



International Journal of Computer Application                                                Issue 4, Volume 3 (May-June 2014)                                                                                                                  

Available online on http://www.rspublication.com/ijca/ijca_index.htm                                       ISSN: 2250-1797 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 243 
 

REFERENCES 

[1]  K. Funtani, “Emerging technology in heat treatment and surface engineering of 

automotive components”,IFHTSE conference,2009.   

[2]  N.I.Kobasko ,M.A.aronov ,J.A.Powell ,L.C.F. Canale ,G.E.Totten , “Improved 

production of automotive parts by intensive quenching processing”,2
nd

 international 

conference on Heat treatment and surface engineering in automotive applications, pp 13-

22,20-22 June 2005. 

[3]   Daniel Herring ,Frederick J. Otto , “Low-pressure vacuum carburising”,Midwest 

thermal –vac 

Kenosha,2009 (online). Available : http://www.heat-treat-doctor .com. 

[4]  Dr. Michael A. Aronov, CEO,“Intensive Quenching Technology for Heat Treating and 

Forging Industries “,Final Technical Report,April 2008 – September 2009. 

[5]  Daniel Herring, “Technology trends in vacuum heat treating ,part two:processes and 

applications”,Midwest thermal –vac Kenosha,2009 (online). Available : 

http://www.heat-treat-doctor .com. 

[6]   George E. Totten, “Heat treating in 2020:what are the most critical issues and what will 

be the future look like ?”,International Federation of Heat Treatment and surface 

engineering,2011. 

[7]  Donald Jordan, “Vacuum gas nitriding furnace produces precision nitrided parts”,ASM 

Heat treating society, September 2009 [online]. Available : http://www.asminternational 

.com. 

[8]  Daniel Herring, “Technology trends in vacuum heat treating ,part one:markets,processes 

and applications”,Midwest thermal –vac Kenosha,2008(online). Available : 

http://www.heat-treat-doctor .com. 

[9]  Daniel Herring, “Technology trends in vacuum heat treating ,part three:new technology 

and future developments”,Midwest thermal –vac Kenosha,January 2009(online). 

Available : http://www.heat-treat-doctor .com. 

http://www.heat-treat-doctor/
http://www.heat-treat-doctor/
http://www.asminternational/
http://www.heat-treat-doctor/
http://www.heat-treat-doctor/

