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* Diamond 2000 W/m/°C
* Steel 50 W/m/°C

e Air 0.01 W/m/°C
* Vacuum 0.001 W/m/°C

Thermal Conductivity /W/(m-K)
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Diamond

Silver, copper, silicon carbide
Aluminum, graphite

Silicon

Metals, iron, steel

Alumnia, carbon bricks
Silicon nitride

Aluminum silicates

Porous ceramics, refractories
Concrete, glass, fire clay
Water

Wood, polymers, coal, helium
Building boards, oil

Fiber boards, fiber insulations
Air, polystyrene (exp.), PUR foams
Krypton, freons (gaseous)

Vacuum insulation
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Thermal conductivity of refractory bricks
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Thermal

Conductivity

What you need to
consider when
measuring

* Heat losses: can increase the
apparent value of thermal
conductivity by 5-10%

* Humidity: can increase the thermal
conductivity by 15-25% in a
porous material

* Heterogeneity and anisotropy: can
vary the thermal conductivity by
10-15%.
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Determination of thermal

Cover
y/ Reference thermocouple

-

_— Insulating layer
2 (see Clause 5.2.8)

conductivity.
Hot-wire methods

Measurement

circuit

BS EN ISO 8894-2:2007

—

[ — Measurement thermocouple

—

|

Parallel wire

BS EN I1SO 8894-1:2010
Cross-array and resistance thermometer

N

Heating circuit
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Laser Flash
Method

* Laser pulse technique

Laser beam

* Sample up to 4 mm thick.

* (325 mm diameter IR sensor
AT) = pT) - c,(T) - al) .
ample
holder
Cooling
water
Where

a: Thermal diffusivity
Cpt Specific heat capacity
p: Density

Laser device

' IR radiation

Sample

L]

Sample

Furnace

<«—— mirror
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Laser Flash
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* Firebrick example £ s o581 §
s 5 o6 3
 Thermal diffusivity (T) : 1
. g . gl 035 toa o
* Specific heat capacity (T) = Y
L 53 sample:  JM30 02
+ Thermal conductivity is Thiceessiaangmn oo %2
Density:  1.014 g/cm
calculated from these. , i g
3 . 0 500 1000 1500 ’
* Density also changed with Temperature / °C
Tem peratu re. Comprehensive characterization of a firebrick containing
69.9% AlLO,, 28.1% Si0,, 1.2% TiO, and some minor amounts
of Fe,0., Ca0, MgQ, Na,0 and K,0.
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Temperature / °C

Thermal diffusivity, thermal conductivity and specific heat capacity of

a brick containing 45% AlLLO,, 29% Si0, and 25% SiC; three specimens

cut from the same brick.
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Thermo-Physical
Properties

* RUL and Creep
* 50 x 50 mm high

* HT MOR
* 25x25x 150 mm bars.

International Standards for Testing Refractory Materials

Standard 1SO

Determination of Refractoriness under Load

(Differential —with Rising Temperature} 1693
Determination of Creep in Compression (CIC) ?162;5

Determination of Modulus of Rupture at Elevated Temperature 5013

DINEN

993-8

993-9

993-7

ASTM

€832-00

€583-00
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Refractoriness
Under Load

&

Creepin
Compression

Variable load 7¢

—{>I<]— — Gasoutlet

Loading column

Protective tube Heating element
Sample

Inner thermocouple
Quter thermocouple —= e Control
thermocouple

Quter tube
Hood type —— Inner tube

furnace

Supporting

Bellows
column

Vacuum-tight seal

Variable
contact force

Gastight
casing
Inductive SEvicELir.:nng
transducer Y
Gasinlet

Schematic of the gas-tight RUL/CIC 421 G/6 for
measurements in protective gas atmosphere
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Sample with
coaxial bore
and inner tube
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Refractoriness
U n d e r L O a d Refractoriness under load curves for refractory bricks

6
* Shrinkage can effect the o
thermal conductivity. -2 \1
. E g 1. Fireclay .
* Porosity decreases ] 2. sillimanite \| s &
& =B 3. Chrom i \ 2
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Temperature, 1,000 deg C
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Refractoriness
Under Load

* Shrinkage can effect the ®
thermal conductivity. 5
c
. g
* Porosity decreases &
-0.54
* Used for Quality Control
1.01
—a— Lab Test
as4 % Product 1; poor result
—&— Product 1; good result
20
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Temperature / °C
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Creep in
Compression

Expansion / %

* Load is applied once
at the test

temperature 0.2+ Firingat(°C)
. —a— 1430
* If your material 01 —e— 1am
‘creeps’ must M st , , ,
consider the effect ’ ’ j “ ”

of this on thermal
conductivity
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Take home points — Thermal conductivity
* Need to consider Thermal conductivity changes with temperature.

* Many factors effect thermal conductivity
* Humidity
* Homogeneity of material
* Heat losses during measurement.
* Creep of material can increase density / reduce porosity

* Laser flash systems measure a wide range of thermal conductivities
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