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1. Classification of Properties
The purpose of Refractories is as follows:

· To withstand high temperatures

· To contain the heat

· To protect metallic Shell/Structure

· To withstand Abrasive atmosphere inside the furnace

· To facilitate less thermal load

·  To facilitate lesser downtime of the equipment
In order to meet the above requirements, the refractories must possess combination of various properties which are classified as under:

1. Physical Properties

2. Chemical Properties

3. Mechanical properties

4. Thermal Properties

5. Hydraulic properties
2.Physical Properties:
· Bulk Density: 
· Significance: To determine the Weight of Refractory Used in a furnace/Kiln and to determine the handling requirements.
· Formula Used: Weight(W) by Volume (V)

· BD=W/V

· Apparent Porosity: 

· Significance: To determine the Open pores in a refractory and to monitor the permeability indirectly. It also gives indication of Compaction during forming process..

· Formula Used: 

· AP=W-D/W-S

· Where D = Dry Weight, W=Soaked weight and S=Suspended weight

· Water absorption:
· Significance: To determine the Water requirement for a Monolithic refractory. Higher Water absorption leads to higher water demand which makes the behavior of product erratic.

· Formula Used: 

· WA=W-D/DX100

· Where D = Dry Weight, W=Soaked weight and S=Suspended weight

· Particle Size: 

· Significance: To determine the Application Requirement and Installation Techniques it is used. It also influences the packing density of refractories during forming process.

·  Equipment Used: 
· Meshes 

3. Chemical Properties
· Chemistry : 

· Significance: To determine the chemical constituents and to determine the behavior in case of chemical attack from furnace operations. Indirectly tells the melting point/Softening point of refractory.

· Alumina (Most sought after)

· Silica

· Ferric Oxide

· Alkalies

· Titania

· C

· SiC

· Methods available: 

· Wet Method(includes gravitational method and EDTA)

· Spectro graphy

· XRF

4.Mechanical Properties

· Compressive Strength: 
· Significance: It is a Construction  Requirement strength and also gives the indication of degree of sintering that has been achieved in a refractory.
· Formula Used: 

· CCS:=Load applied in KN (L)/Area of applied load(A)

· Where L = Load in Newton units and A=area of the cross section of the body.

· Note: Height is not taken into account for calculation.
· Modulus of Rupture: 

· Significance: It is a Bending Strength and is also Construction Requirement strength and also gives the indication of degree of bonding that has been achieved in a refractory.

· Formula Used
· MOR=  3WL/2Bd*d
· Where W =Load applied in Newton, L is the span Length, B=Width of the specimen and d=Thickness of the specimen

· In special cases HMOR is carried out.
5.Thermal Properties

· Permanent Linear Change: 
· Significance: It is an indication of   Volume stability.

· Formula Used
· PLC = (Lf-Li/Li)x100 and expressed in Percentage, where Lf =Final length and Li=Initial length
· Thermal Conductivity:
· Significance: It is an indication of   Heat Transfer by Conduction and the assumption is heat transfer does not happen through convection and radiation in refractory.

· Formula Used
·  K =Q t/A*(Th- Tc)
· Where Q =Heat transfer, t=Thickness of the Lining, A=Area of the Lining (length x Breadth) ,Th=Hot face temperature and Tc= Cold face Temperature. K is expressed in W/mk or

· Kcal/m.hr.C

· Pyrometric Cone Equivalent: 
· Significance: It is an indication of   Melting point of Refractory and is compared with Standard specimens. It also gives the indication of heat input that is required for a refractory to soften.
· Formula Used
· Comparative cone is used and expressed in Cone Number.(Orton/Seger)
· Refractoriness under Load/Creep: 
· Significance: It is an indication of   Load bearing capacity of Refractory under a load. It is a measure of Deformation under stress.

· Formula Used
· Creep: Load is applied for a constant time at given temperature and the deformation is  measured .

· (Ex creep @1500 Deg c for 50 Hours @25 Psi Load)

· RUL: Load is applied on the specimen with continuous rise in temperature and the deformation of 0.6% is measured and the temperature at which 0.6% deformation takes place is known as Ta value and is expressed in temperature  .

· (Ex :RUL is Ta =1650 Degc @28 Psi Load)

· 6.Hydraulic Properties

· Setting Time 
· Significance: It is an indication of   Setting of a Castable beyond which it cannot be worked further. Setting is an irreversible process.
· Formula Used
· Vicat Method Initial and Final Setting.

· Flowability:

· Significance: It is an indication of workability of a Castable beyond and the reduction in flow ability indicates that the product cannot be worked further. Flow is time dependent like setting.
· Formula Used
· Flow = (Df-Di/Di)x100 and expressed in Percentage, where Df =Final Dia after 15 Seconds vibration and Di=Initial Dia before Vibration
7 .Inspection of Used Refractories

Inspection of Refractory Lining can be classified in to 4 Grades.

· Grade 1: Refractory Lining is in excellent Condition. No need to carry any maintenance.
· Grade 2: Refractory lining has shown some changes due to wear and tear and immediate major repairs are not needed. It will warrant minor repair during the next shutdown at the end of next campaign.
· Grade 3: Refractory Lining has undergone wear and tear. Minor Repair required now and planning for major repair during next shutdown.
·  Grade 4: Refractory lining in bad condition and warrants replacement immediately. 
· The above classification facilitates appropriate management of Refractory Maintenance 
8 Typical Data on Porosity and thermal Conductivity
Typical Open Porosity for LCC:

	Product

	Dried 110

	Fired 1100

	Fired 1300

	Fired ST(1550 DegC)


	LC45

	12

	16

	15

	-


	LC60

	12

	16

	15

	16


	LC70

	10

	16

	16

	16


	LC 80

	10

	16

	16

	15


	LC 90

	8

	14

	14

	15


	LC 90 ABR

	8

	16

	16

	16


	LC 60 ABR

	10

	16

	16

	16


	LC SiC

	8

	12

	12

	12


	LC AZS

	8

	12

	12

	12


	LC 60 SI

	10

	16

	16

	-


	LC 80 SI

	10

	16

	16

	-



	


Thermal Conductivity  Comparison data 

	Sl.No
	Conventional Castable
	Low cement Castable

	1
	50% Low Purity : 0.85 Kcal Units
	50% LC : 1.45 Kcal Units

	2
	60% Conventional: 1.1 Kcal Units
	60% LC : 1.6 Kcal Units`

	3
	90% Conventional : 1.8 Kcal Units
	90% LC : 2.8 Kcal Units

	4
	900 BD Insul Castables:0.14 Kcal units
	900 BD High Purity : 0.20 Kcal Units

	5
	1200 BD Insul :0.31 Kcal Units
	1450 BD Insul : 0.4 Kcal Units



	
	
	


9.New Development in Business
	Previous
	Present

	1.Conforming to Product Specification


	Conforming to Product Performance

	2.Supply of refractory Products
	Supply of Refractory Package.



	3.Refractory was treated as a fixed Cost
	Refractory as a variable cost



	4.Refractory lining was viewed as a Non –Value addition
	Refractory lining viewed as a source of Value addition.



	5.Brick lining Preferred
	Monolithic lining is on increase

	6.Refractory cost was an issue


	Energy Savings are the issue & has priority 

	7.Thicker Lining with Low Cost Refractory


	Thinner lining with High performance Products

	8.Skilled Manpower dependent


	Equipment dependent

	9.Long curing and heat up cycles preferred


	Short commissioning cycles

	10Refractory lining is done as a Breakdown Maintenance


	Routine inspection of lining and preventive maintenance is carried out.


10.New Development In Products

	Earlier Practice
	Present Practice

	1.Mullite
	Mullitisation of Bauxite,Silliminite,Kyaniye and Andalusite

	2.Mag-Al spinel
	Spinelisation of Aluimina System



	3.Limited Mfg Facility
	Broadened Mfg Facility



	4.Vibro Cast


	Self Flow

	5.Pouring


	Pumping

	6.Gunniting


	Shotcreting

	7.Focus on Purity
	Focus on Minimising impurities

	8.High Density Product
	Low Density Product

	9.Emphasis on Water Content
	Emphasis on Flow

	10.Importance of CCS
	Importance of Porosity


Portland Cement Vs High Alumina Cement
	Portland
	High Alumina

	1.Phases:C3S,C2S,C4AF

	CA,CA2,C12A7 and C2AS

	2.Lime Stone and Laterite
	Hydrated Lime and Bauxite or Calcined Alumina


	3.Kiln Size4.5 Metre Dia ,72 M Long
	Kiln 1.2 M Dia and 18 M long


	4.Raw Meal in Powdered form
	In nodulised Form


	5.Coal Firing and coal ash is good for clinker

	Oil Firing and Low sulphur is a prerequisite

	6.Time Dependent Strength

1day,3days,7 Days 28 days

	Temperature Dependent strength

110 deg C,800 1000 deg C 

	7.Setting adjusted by gypsum and grinding

	Setting adjusted by Phases 

	8.Fe2O3 Very High

	Very Low

	9.Heat of hydration is mild

	Very high

	10 Price 4500 Per Ton

	Price 32000 per Ton 


Salient Features in Hot patch Vs Castables

	Castables
	Hot Patch 

	1.Hydraulic Bond
	Chemical Bond

	2. Cao.Al2O3 is the source for setting characteristics.
	P2O5 is the source for hardening characteristics.

	3. Hydraulic reaction is slow.
	Hardening action is faster.

	4.Hand Cast/Vibration/

Trowel


	Hand Pack/ Ramming

	5. Requires Curing cycle to develop strength.


	Requires immediate heat up to develop early strength.

	6. Adhesion to worn out surface is poor.


	Adhesion to worn out surface is better.

	7.Patching Castables(conventional)has weak strength between 800-1100 Deg C
	Hot Patch develops uniform strength at service Temperatures similar to Low Cement Castables.

	8. Lime tends to form slag during metal contact. 
	Bonding resists any inclusion.

	9. Open Porosity is very high due to excess water.
	Open Porosity is controlled by binder packing.

	10. Abrasion resistance is poor. 
	Good Abrasion resistance upon heating.

	11. Patching is done in cold condition.
	Patching is possible in hot condition.



