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Abstract 

 
 
This presentation shows how significant savings in fuel consumption and 
reduced maintenance downtime can be achieved in furnace operations by 
adapting a technique developed by an Indian company. The technique is now 
popularly implemented in furnaces like BRFs (billet re-heating furnaces) and 
heat-treatment furnaces. The process involves improving thermal shock 
cracking resistance of refractory lining, emissivity enhancement, improved 
corrosion resistance and preventing carbon deposits on the burner blocks. 

 
 
 

Hot rolling involves plastic deformation of heated metals and alloys into flat 

products ( plates) or long 

products (wire rods, angles, 

channels, I sections, TMT bars, 

etc.). Some of the hot rolled 

products are heat treated.   

 

Hot forging is a similar process 

of heating ingots or billets and 

forming them into automotive or 

engineering parts. Most of the 

forged parts are heat treated.  

 

In these important metal forming 

operations, refractory and fuel for the 

reheating furnaces and heat treatment 

furnaces are the major costs. Refractory 

lining consists of alumina bricks. 

Popular fuels are furnace oil, pulverized 

coal or gas. Electricity is used as fuel in 

the automotive parts heat treatment 

industry.  

 

Any process or technique to reduce costs of fuel and refractory brick lining will 

automatically improve the profitability of the hot forming organisation. This 

article introduces a practical method of achieving these results. The technique 

is popularly used in hot rolling, hot forging and heat treatment industries. It can 

be implemented in all types of organisations, big and small. 
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Refractory plays a major role in the fuel consumption and also in the 

maintenance of the furnace. Hence, it is important to know the problems of 

refractories. 

 

 

The following problems are encountered in the case of refractories: 
 

a) Thermal shock cracking: 

 

Thermal shock is caused by the exposure of refractory lining to rapid heating and 

cooling conditions which cause temperature gradients within the refractory 

bricks. Such gradients, in the case of uneven cooling or heating, may cause 

cracking. Thermal shock is unavoidable in furnace operation, however much care 

may be taken. Thermal shock cracks cause energy leaks through them. This loss 

may be as high as 33% of the total energy consumption. Thermal shock cracks 

lead to ‘spalling’ and reduced refractory lining life.  

 

b) High thermal conductivity: 

 
      Conductivity of alumina bricks increases as refractory lining wears out over time.            
      This leads to increased furnace outer shell temperature over a period of time.   
      Reduction in thermal conductivity will lead to retention of heat within the furnace.  
 

c) Low Emissivity: 
  

Refractory lining has a low emissivity of 0.2 and hence hampers furnace 

efficiency. Improving the emissivity value to 0.5 or more will prevent heat 

absorption by the refractory lining, leading to fuel saving. However, it is 

difficult to measure emissivity. Measuring  thermal conductivity is easier.   
 

d) Corrosive Action: 

  
Furnace oil contains sulphur dioxide and vanadium pentoxide. These 

compounds corrode the refractory lining. This is one of the reasons why burner 

blocks wear out much faster. 
 

 

e) Vicious sand blasting effect: 

  
The flame impinging on the refractory lining has a vicious effect of sand 

blasting. Combined with the corrosive effect, the flame damages the refractory 

lining and reduces its life span. 
 

f) Carbon deposit on the burner blocks: 

  
Unburnt carbon deposits on the burner blocks, and 

over a period of time, sufficient carbon build up 

takes place. Due to this build up, the flame 

geometry is impaired and heating efficiency is 

lowered. This problem is more pronounced when 

the fuel used is furnace oil. The operators try to 

remove these deposits by inserting metal rods from 

outside the furnace, near the burner, thereby 

damaging the burner block.  
 

 

 



Effects observed in furnaces due to refractory problems:  

 

Owing to problems mentioned above, a number of adverse effects are observed 

in the furnace. These are: 

 

1. Increased fuel consumption: It is observed that fuel consumption increases 

for achieving the same temperature and heating efficiency, after a time gap of 

say, six months, from the date of relining the furnace refractory. This is due to 

energy leaks from cracks due to thermal shocks and wearing out of the 

refractory lining.  

 

2. Increased furnace outer shell temperature: Conductivity of refractory lining 

and thermal shock cracking together contribute to increased temperature of the 

furnace outer shell, over a period of time.  

 

3. Formation of ‘hot spots’ on furnace outer shell: In some cases, only 

selective areas of the refractory get highly damaged from inside the furnace. 

As a result, the outer shell becomes very hot and at times, red hot. These are 

called hot spots. 

 

4. Rejections due to chipping of refractory lining and roof damage: Due to 

thermal shocks, the refractory lining begins to chip off or spall and fall off. 

This falling of refractory pieces may cause rejections of materials being heated 

or heat treated in furnace. Examples: Ceramic tiles and ceramic items being 

heated in furnaces get immediately rejected even if small refractory pieces fall 

on them. Refractory pieces may cause rejection of automotive parts that are 

being heat treated in a highly controlled environment.  

 

5. Non-uniformity of temperature leading to uneven heat treatment: In 

highly controlled heat treatment operations (like those in sealed quench 

furnaces), non-uniformity of heat by a few degrees leads to uneven heat 

treatment and the desired characteristics of parts are not achieved. This may 

lead to rejections.  

 

6. Furnace downtime for refractory repair or re-lining: For repair of 

refractory or for its relining due to damage, unplanned furnace shut down has 

to be implemented. This results in loss of production time and loss of energy in 

cooling and re-heating the furnace. 

 

An effective solution: 
 

Steel Plant Specialties LLP, a Mumbai based firm, has developed a unique 

solution to overcome all the above problems. The entire refractory lining of the 

reheating furnace is coated with a special ESPON coating. This coating 

contains zircon, proprietary additives and binders, developed over many years 

of research. The coating was tested in reputed laboratories and then 

implemented on industry scale in the year 2005. Since then it has undergone a 

number of upgrades to make it the best version available today. 

ESPON refractory coating is in the paste form. It can withstand heat up to 

1900 deg. C. After attaining temperature of 200 deg. C, the coating is slightly 

plastic in nature, thereby preventing cracks due to thermal shocks. 



ESPON coating has very low thermal conductivity. It reflects the heat back 

into the furnace.  

 

A single coating of ESPON on refractory has proven to reduce thermal 

conductivity by approximately 11%. If two sides of refractory bricks are 

coated with ESPON, the thermal conductivity is further reduced substantially 

by up to 18%. The two sides of refractory bricks to be coated are hot face (side 

facing the heat inside the furnace) and the opposite side. However, it may not 

be practical to coat two sides of refractory bricks. Hence, the furnace shell is 

coated from inside, before laying the refractory lining. After laying refractory 

lining, the hot face of bricks is coated with ESPON. 

  

The coating procedure includes surface preparation, primer coating and final 

coating with ESPON, complete drying of coating and slow furnace firing. 

Step-by-step training is provided to re-lining team by experienced technicians 

of SPS. Videos for each of these steps are also provided. 
 

Some successful case studies of ESPON refractory coating in billet re-heating 

furnaces and heat treatment furnaces are presented below: 

 

1. ESPON refractory coating on billet re-heating furnace in a hot rolling mill:  

Saving fuel and saving time to achieve heating temperature. 
 

A hot rolling mill producing 200 tons per day of structural steel has achieved 

significant savings in oil consumption. 
 

The reheating furnace is put off  at 06.00 p.m. daily. 

 

Before coating: To achieve the working temperature of 1150 deg.C, furnace is 

fired at 02.00 a.m. At this time, furnace temperature is 300 to 400 deg.C. Billet 

heating temperature of 1150 deg. C. is achieved at 05.00 a.m. 

 

After ESPON refractory coating: To achieve billet heating temperature of 

1150 deg. C. at 05.00 a.m., the same furnace is fired at 03.00 a.m. At this time, 

furnace temperature is around 700 deg. C due to heat retention.  

 

Saving: 1 hour of fuel consumption and time for achieving desired 

temperature. 

 

Explanation: When the refractory lining is coated with ESPON, emissivity of 

refractory lining is increased and thermal conductivity  is reduced. As a result, 

heat is retained within the furnace for a longer period of time, even after 

switching off the furnace.  

 

Monetary savings in above case:  

In one hour, 600 litres of oil are saved daily. 

In six months, oil saving is 90,000 litres. ( 600 ltrs x 25 days x 6 months) 

At Rs.31/- per litre, value of fuel saving in six months: Rs. 27,90,000/- 

Cost of coating material : Rs. 3,60,000/- 

Net saving in six months: Rs. 24,30,000/- 

 



2. ESPON refractory coating in ingot soaking pit furnace in a steel making 

company: Save fuel and reduce outer shell temperature. 

 

Temperature inside ingot soaking pit reaches up to 1300 deg. C. In this case, 

the outer shell temperature of the ingot soaking pit was as high as 130 deg. C. 

Workmen found it difficult to operate nearby the furnace due to high 

temperature. 

 

The use of ESPON refractory coating sealed off all gaps and cracks in the 

refractory lining and enabled retention of heat within the furnace. As a result, 

furnace outer shell temperature reduced by 20 deg. C.  

 

When outer shell temperature is reduced, it is a sure indication of fuel saving 

due to reduced conductivity of heat through refractory lining. In this case, 

more than 5% of fuel was saved owing to increased heat retention in furnace. 

 

 

3. ESPON refractory coating in billet re-heating furnace of a rolling mill: 

Increased refractory lining life and reduced fuel consumption. 

 

In a billet re-heating furnace of a TMT bars rolling mill, ESPON refractory 

coating was used with the aim of reducing furnace maintenance downtime.  

 

Before coating: Re-lining of this furnace was carried out once every 12 months 

due to regular wear out of refractory. Occasional shutdowns once every few 

months were required to carry out ‘patch work’ or repair of refractory.  

 

After ESPON refractory coating: Refractory lining life increased from 12 

months to 21 months. Fuel saving of 5% was recorded. Unplanned furnace  

shutdown was prevented. 

 

4. ESPON refractory coating in annealing  furnace used for heat treatment of 

cold-rolled coils: Substantial savings in fuel consumption.   ROI= 1 month! 

 

In this Organisation, annealing furnaces designed and supplied by Andritz, 

Germany, are used. Temperature is 1250 deg.C. The fuel efficiency and 

refractory lining life are excellent. Furnace outer shell temperature is steadily 

maintained at 45 deg.C. There are no problems faced in this furnace.  

 

The only aim of using ESPON refractory coating in this furnace was to further 

reduce fuel consumption. Thermographic analysis was carried out  before and 

after use of ESPON coating. Fuel consumption is recorded accurately as the 

furnaces have inbuilt software to monitor fuel efficiency. 

 

After application of ESPON refractory coating in this already highly fuel 

efficient furnace, a further reduction in fuel consumption by 1% was recorded. 

 

Even with a 1% reduction in fuel consumption, the Return on Investment 

(ROI) was 1 month only! 

 

Owing to the excellent results, this organization has given a ‘blanket approval’ 

for use of ESPON refractory coating in all the furnaces. 



5. ESPON refractory coating in sealed quench furnaces: Reduced outer shell 

temperature and increased uniformity of heat within furnace.  

 

In the heat treatment of automotive parts, uniformity of heat throughout the 

furnace is very important to achieve desired metallurgical characteristics in the 

parts being heat treated. 

Maximum temperature 

in sealed quench 

furnaces is 900 deg. C.  

 

In two esteemed Indian 

organizations 

manufacturing bearings 

and gears, very similar 

problems were faced: 

Temperature variation 

of more than 9 deg. C., 

in various zones of their 

sealed quench furnaces. 

Skin temperature of 

furnaces was much 

higher. 

 

Both sealed quench 

furnaces were coated 

with ESPON refractory coating. The following results were recorded: 

 

Uniformity of heat increased from +/- 12 deg. C. to +/- 8 deg. C. 

Furnace skin temperature reduced by up to 15 deg. C. 

 

 

6. ESPON refractory coating in continuous carburizing furnace: Reduced 

outer shell temperature and reduced fuel consumption.  

 

In this organization which is one of the top 3 

Indian tractor and passenger car manufacturers, 

the continuous carburizing heat treatment furnace 

relining was due. They were referred by their 

associates to try out ESPON refractory coating. 

Maximum temperature in continuous carburizing 

furnaces is 925 deg. C. 

 

After coating the continuous carburizing furnace 

with ESPON refractory coating, the following 

results were recorded: 

 

. Furnace skin temperature reduced by up to 15 

deg. C. average. ( Temperature readings of 5 

locations on each furnace wall were taken)  

. Saving of 7% of fuel consumption was recorded. 

 

Here too, the Return on Investment (ROI) was 

one month only! 



SUMMARY 
 

1. Use of a special ESPON refractory coating holds high promises to any rolling 

mill, forge shop or heat treatment unit that is interested in reducing fuel 

consumption and increasing refractory lining life. 
 

 

2. This technique is a proven method of achieving savings by reducing fuel 

consumption and reducing furnace maintenance issues.  
 
 
 

PHOTOS 

 

Refractory lining before coating 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Burner blocks before coating 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

Refractory lining after coating with ESPON 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Burner blocks after coating with ESPON 
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