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1. Origin of Refractories

Tracing of History indicates that earth was used as a hearth for heating activities.

To improve Thermal efficiency Refractory Bricks were used as lining

Subsequently the concept was extended to line the metallic Vessel 

Bricks were first utilized to build dwelling Units

Around 1500 BC Man had used Bricks to Build Furnaces and smelt natural minerals to extract glass, copper, Iron for shape edged tools.  

Evidence of Bricks usage is from Bronze Age to Stone Age.

Till 16th Century Temperatures were not very high.

Refractory Requirement gained importance from the beginning of 18th Century, coinciding with inception of modern sciences.

Smelting techniques were improved in Iron and Steel.

Unshaped refractories were introduced in 1915 in the form of plastic Refractories and Castable refractories in 1932.

2. Characteristics
Refractories are mainly composed of non –metallic substances to contain and resist heat.

Metal is a common fire resistant material. But they easily oxidize at high Temperature and have high thermal conductivity. 

Refractories are by nature, made up of oxides of elements as principal ingredients.

Therefore, they are very stable against Oxidation.

Role of Refractories: 

 Resist the heat 
and 
Retain the Heat 
Also  to withstand for a long period of time.

Must be strong enough and be resistant to various form of corrosion.

 3. Present trend
Present trend is to use more monolithic refractories than the shaped refractories.

Advantages are:

· Shorter Manufacturing process and do not require firing.

· Faster deliveries, hence less inventories at user’s place.

· Absence of firing saves heat energy.

· Eliminates skilled bricklayers by workforce and simplifies construction of complicated structures.

· Allows building a stronger and larger lining by means of a variety of rigidly fixed support.

· Quite durable even when they are thinner than firebrick lining.

· Brick lining are built with mortar which has loosening effect of structure during operation over a period of time.

· A brick lining in general has more thermal expansion than Monolithic lining which causes higher thermal stresses.

· Monolithic refractories offer wide varieties of application to choose from.

· Localised Repair possible.

· Monolithic are suitable to install gas tight wall.

In 1970’s the ratio of Monolithic refractories to Shaped ones was 18%

In 80’s it became 39%

In 2000’s it is around 50% in Europe and USA.

In India the ratio is lower than international trend and offer wide scope for more monolithic refractories usage.


4. Classification of Refractories

Broader classifications are:

· Shaped Refractories

· Monolithic refractories

Based on Physical State:

· Powder state

· Plastic state

· Paste state

Based on setting Type: 

· Hydraulic Setting

· Air Setting

· Heat Setting

· Chemical setting

Based on application type:

· Pouring

· Troweling

· Gunning

· Vibration

· Ramming

Based on Chemical Type:

· Acid refractories

· Basic refractories

· Neutral refractories

Based on Density Type:

· Very light weight Type –< 700 Kg/Cu.M

· Light weight type -700 -1300 Kg/Cu.M

· Medium weight 1300 – 1900 Kg/Cu.M

· Dense type    1900 – 2900 Kg/Cu.M

· Super Dense >3000 Kg/Cu.M 

5. Refractory materials
· Silica ,Mica Based 

· Fireclay, China Clay and Ball clay based

· Kyanite,Silliminite and Andalusite Based

· Mullite,spinel based

· Bauxite based

· Fused alumina and corundum based.

· Magnesia based

· Zirconia,Zircon Based

· Chrome based.

· Silicon Carbide Based.

Insulation Type:

· Vermiculite

· Mica

· Haydite

· Perlite

· Insulation aggregate

· Bubble alumina

Binders:

· High Alumina Cement (Calcium aluminate Type)

· Low purity 40% Alumina ,5% Ferric

· Medium Purity 50-60% Alumina,2% Ferric

· High Purity 70-80% Alumina,0.4% Ferric 

· Colloidal Silica

· Sodium silicate

· Dextrine

· Lignin

Insulation:

· Calcium Silicate Insulation

· Asbestos Mill Board

· Alumino-Silicate Ceramic Fibre

· Mineral Wool(Glass Fibre)

Insulation Types:

· Boards

· Paper

· Bulk Wool

· Blanket

· Modules

· Blocks

6. Manufacture and Properties
Manufacturing involves the following processes:
· Mixing of Raw Materials

· Forming to Shapes such as :

· Pressing

· Ramming

· Precasting

· Slip casting

· Extrusion

· Vacuum Forming

· Drying

· Firing

· Finishing

· Packing 

Properties:
· Bulk Density: Weight of Refractory Used

· Compressive Strength: Construction Requirement strength

· Modulus of Rupture: Bending Strength 

· Permanent Linear Change: Volume stability.

· Thermal Conductivity: Heat Transfer

· Pyrometric Cone Equivalent: Temperature Resistance

· Refractoriness under Load/Creep: Deformation under stress.

· Apparent Porosity:Permeabilty 

· Particle Size: Application Requirement

7. Wear Mechanism/Defects 

· Solid Environment -  Abrasion by particles/processed materials

· Erosion by Mechanical Force.

· Liquid Environment – 
· Corrosion by the liquid  - 

· Process Involves :
· Corrosion due to reaction 
· Corrosion due to penetration
· Corrosion due to dissolution
· Gaseous Environment – Disintegration by gases e.g. Carbon Monoxide, Sulphur Dioxide atmospheres.

· Thermal Cycling environment: Spalling.

· Thermal Spalling

· Structural Spalling

· Mechanical Spalling 

8. Designing and selection Criteria
Basic Features:
· Operating Temperature of Furnace/
· Furnace gas analysis

· Furnace Pressure

· Furnace Operation

· Furnace weight limit

· Shell Temperature and Heat Loss

· Product impact on refractories 

· Installation.

Lining Feature:
· Selection
· Layers

· Thickness

· Height

· Thermal Expansion

· Shrinkage

Lining Supports:
· Anchors/Studs
· Shelf Flats

· Welded wire mesh

· Chain Link Wire Nettings

9. Foundry  Areas Melting 
· Induction Furnace
· Electric Arc Furnace

· Cupola Furnace
· Converters

    Metal Transfer Process :

· Transfer Ladle

· Holding Ladle

· Treatment Ladle

Casting Process :

· Insulation Sleeves

· Exothermic Sleeves

· Coating Materials

· Insulation Covering Compounds

Refractory Measures :

In terms of Productivity efficiency :


· Consumption in Grams per ton of Liquid metal

In terms of Quality Efficiency:

· Refractory inclusion in casting is Nil

· Rejection and Rework due to refractory Nil

In terms of Cost Efficiency :

· Cost per ton of Liquid Metal

· Low Inventory Cost by JIT Delivery 

In terms of Delivery Efficiency:

· Equipment idleness on account of Refractory is NIL

· Cycle time to reline refractory is Short ( debricking Relining and Preheating)

In Terms of Safety and Services 
· Reduction in manpower for relining work by Gunning

· Precast solution by casting and transporting ladle 
10. Installation:

· Brick Laying: Qualified masons, Skilled Workers to identify products.
· Mortar: Adherence ability.

· Brick Cutting Machine.
· Castable Laying: Equipment preference.

· Mixer, Vibrators, Forms, Welding accessories.

· Potable Water, Measuring gauges, Thickness Control.

· Water Curing before handling.

· Heat up/Dry out as per needs.

11. Testing:
· As Received Inspection:

· Verification of Test Certificate

· Visual Inspection.

·  Storage/Shelf Life

· As Installed Inspection:

· Water Control

· Temperature Control

· Batch Size

· Setting/Hardening

· Sample Preparation

· Post Installed Inspection:

· Sound Test/ Sonic Tests

· Visual/Cracks

· Sample Tests for adequacy.

12.Standards
· BIS : 1528 & 10570

· ASTM : C 401

· BS : 1902

