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Which is colder?

Both materials have been sat in the room for the same time,
theoretically they should be the same temperature. But do they
feel that way?
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Which is colder?
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What is thermal conduction?

Thermal conduction is “the process by which heat flows from the
hotter regions of a substance, to the colder regions without there
being any net movement of the substance itself” — Roger
Muncaster

- The transfer of heat through physical contact

-The mechanism of heat transfer depends upon the nature of the
material itself
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What causes thermal conductivity?

Heat is

a form of energy

When we heat up an object, we are transferring more
energy to that object....... also known as thermal
energy

Atoms
vibrate
As we

and molecules within a material move or

due to kinetic energy
increase the temperature of the object, the

molecules move more
The molecules can eventually break free from each

other

High Entropy
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What is thermal conductivity?

What is Entropy

* A measurement of the degree of randomness of energy
in a system.

*The lower the entropy the more ordered and less
random it is, and vice versa.

High Randomness Low Randomness
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High Disorder Low Disorder

Examples: gallon of gas, prepared food, sunlight have low entropy.
When these are “used” their entropy increases

Mingus, C. (2005, April 15). Two opposing types of order. Retrieved from
http://www.everythingforever.com/st_order3.htm
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Heat transfer and energy loss

Rate of heat transfer and affecting
factors;

-Temperature gradient
-Cross — section & path
-Material properties

-Coefficient of thermal conductivity of a
material is a measure of the rate of heat
flow per unit area, per unit temperature Source: NASA. Heat resistant carbon-

gradient composite tiles on the nose of space shuttle]
Discovery

-Thermal conductivity increases with
temperature!
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Conductivity of materials
- Gases
- Non-metallic solids and liquids

- Metals
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Conductivity of Refractory materials

- Differing types of refractories

- Refractories with high conductivity

- Insulation types (Insulating gunnite and
castable, different fibre types, microporous
products, insulating firebrick)
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Thermal conductivity of refractories

- Can be beneficial where thermal shock is a factor
- Magnesia — Carbon bricks
- Applications: Electric arc furnaces, BOS vessels, Ladle

linings
High thermal conductivity Low thermal conductivity
Graphite Zirconia
Silicon carbide Silica

Doloma Fireclay
Magnesia Alumina
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Heat transfer and energy loss

Why minimise thermal conductivity?

-Energy loss & associated financial and environmental
costs

-Protect the refractory,

-Damage to material / shell = ££££,

-Thermal shock,

-Allows for work to be conducted in and around the area
of the outer shell.
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Turbines Electricity generator
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Types of Insulating refractories

Fibre
insulation
Insulating
firebrick
Insulating
gunnite /
castable

Microporous
insulation
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Why use insulating refractories?

BLAST FURNACE COOLING

FURNACE
SHELL

I STAVE COOLER
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How refractory materials help
reduce heat transfer

- Porosity (air as an insulator)
- Density
- Atomic structure

Institute Of Refractories Engineers

Thermal Conductivity Values (Ambient)

W/mK
Air, atmosphere (gas) 0.024
Rubber, natural 0.13
Timber, ash 0.16]
Insulating Firebrick 0.25
House Brick 0.9
Glass, window 0.96
Granite 1.9
80% Alumina brick 1.9
Fired Magnesia Brick 3.6
Magnesia Carbon 7
Blast furnace Carbon 18
Carbon Steel 54
Aluminum 205
Gold 310
Copper 401




Institute Of Refractories Engineers

Thermal Conductivity with Temperature

Carbon Materials for Blast Furnace
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Thermal Conductivity with Temperature
Dense Castables
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Thermal Conductivity with Temperature

THERMAL CONDUCTIVITY i W/ mK

Insulation Materials
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Thank you
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