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Thermal diffusivity, specific heat, and thermal dantivity samples can be measured by the flash adeth
utilizing a NETZSCH LFA 447 Nanoflas¥ instrument. This instrument and method conforrA$d M
E1461-07, “Standard Test Method for Thermal Diffityi by the Flash Method”.

Thermal Diffusivity

Transient heat transfer problems occur when th@éeature distribution changes with time. The
fundamental quantity that enters heat transfeaigns not at steady-state is the thermal diffigivi is
related to the steady-state thermal conductivityugh the equation

D=2 (1)

where

D = thermal diffusivity
A= thermal conductivity
Cp = specific heat

p= density

Thermal properties of materials are measured bgraxgntally establishing a heat flow boundary value
problem, solving the theoretical equations, and tineasuring the necessary temperatures or heasflux
to determine the thermal property by matching ottteoretical solution. Thus, the easiest thealetic
way to measure the thermal conductivity is to gea steady-state, linear flow of heat through the
material and apply Fourier's equation. This apgrdes led to the development of a number of methods
for measuring the thermal conductivity including tjuarded hot plate and linear rod methods. These
methods are time consuming and can be susceptibledrs arising from non-realization of the assdime
boundary or steady-state conditions. The flash autlof measuring thermal diffusivity remove the
steady-state condition at the expense of measteingerature as a varying function of time.

The measurement of the thermal diffusivity of aeniat is usually carried out by rapidly heating ande
of a sample and measuring the temperature ris& @amthe opposite side. The time that it takestfer
heat to travel through the sample and cause theeieture to rise on the rear face can be used asune



the through-plane diffusivity and calculate theotigh-plane thermal conductivity if the specific head
density are known. The through-plane measuremetgpited in Figure 1.
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Through-Plane Method and Analysis

The basic method is sketched in Figure 2. The samplormally a disk with a standard diameter o712
mm and a thickness ranging from about 0.1 to 3 aithpugh disks and square samples of various sizes
can also be accommodated. With the NETZSCH LFAM4&iioflash" system, the sample is aligned
between a Xenon Flash Tube/Reflector assembly (emagth: broadband, visible to near IR,
approximately 170, 280 and 508 pulse widths) and an indium antimonide (InSbii#Rector in a
furnace. A Type K thermocouple in contact with aenple tray controls the sample and its surroursding
at any temperature between 20 and 300°C. Onceathple has been stabilized at the desired
temperature, the flash lamp is fired several tiovr a span of a few minutes and the necessaryglata
recorded for each “shot”. The flash energy striked is absorbed by the front surface of the sample,
causing a heat pulse to travel through the samflieness. The resulting sample temperature sise i
fairly small, ranging from about 0.5 to 2 degreed fiis temperature rise is kept in the optimum eabnyg
adjustable filters between the flash lamp and tineace. The sample lies in the field of view of lRe
detector and the temperature rise signal vs. tnaeriplified and recorded with a high speed A/D
converter. Figure 3 is an example of an actual exatpre rise curve.
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The instrument is fully automated to control akt®ms and record, analyze and report the thermal
diffusivity, specific heat and the calculated thatmonductivity.

Samples that do not naturally have a high valuenagsivity or absorptivity are coated with a graphi
film before testing. The graphite increases thegnabsorbed on the flashed side and increases the
temperature signal on the back side of the sarfjolene materials are transparent to infrared orleisib
radiation and can be coated with a metal film apipnately 1000A on both sides. This prevents
penetration of the flash energy into the sampléherfront side, and on the back side it preverdgs th
viewing of the IR detector into the sample.
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In the through-plane measurement depicted in Figutiee sample can be thought of as part of a stieet
material infinite in two dimensions but of finiteitkness. Before the flash, the temperature oftmeple
and surroundings is at some uniform temperatuttectrabe taken as zero. Immediately after the flash
the front surface of the sample is at some higiraperature, { The heat flux lines are parallel and
directed through the sample; there is no heat iitothie plane of the sample. The boundary conditions
consist of radiation heat transfer from the framil aear faces into a surrounding space at thaliziéiro
temperature. There have been many solutions obthiadary/initial value heat equation problem in
different forms. The first to apply the solutiontte flash diffusivity measurement was Parker £t al
Using the notation of Koskithe resulting equation for the rear face tempeeaas a function of time is

o _Yalratl? n
T(a; t) = 2Tf Zn:l (Y]:ZI—(ZZ)(}/%):;S:/ZL) exp(_)/nyt/az) (2)

where
T; = final adiabatic sample temperature
D = thermal diffusivity
t =time
a = sample thickness

L = heat loss factor (Biot number)



Eachyy, is found by solving the transcendental equation

2ynL
tany, = V%:lLZ 3)

The finite width of the flash energy puldg, can affect the measurement of thin and/or hiffasivity
samples because the heating of the front surfate@donger be considered instantaneous relatitiesto
time for the heat to diffuse through the sampleinotude this effect in the analysis, the pulsetivid
folded into the results by convoluting Equation\{&h the pulse shape. If there is no heat loes| =0,
and the finite pulse can be ignored, then Equdfdteads to the Parker expression

_0.1388a?

D (4)

tso
wheretsg, the half rise time, is the time for the back feamperature to reach 50% of its maximum value.
The constant value of approximately 0.139 is knawnhe Fourier number. Equation (4) is a very usefu
expression for calculating optimum sample thickreess expected rise times if the approximate
diffusivity is known.

Equation (2) can be used to generate the tempenasar curve if the diffusivity and the loss facawe

known. The analysis of the flash data requiresriterse of this operation; the temperature riseeis
known and the diffusivity is to be determined. Dagliag on the sample and measurement conditions, the
measured temperature-versus-time curves of thetdet@re analyzed using the NETZSCH LFA Analysis
software. The software has several different maithelscan be selected including combinations dafac
and radial heat loss, finite pulse effect, semigparent materials, and two and three layer systéhes
models are based on non-linear regression routirasake the entire measurement curve (normaldp20
points) into consideration by adjusting the unkndaliffusivity and heat loss factor until the error

between the theoretical and measured temperasgeuives is minimized.

Specific Heat Capacity

The specific heat capacity (or specific heat) ofaterial is defined as the amount of energy reduive
raise a unit mass of material by one unit of terapge at constant pressure,

Q

Co = AT
where:
Cp = specific heat
m = mass

AT = change in temperature



Q =energy

Specific heat can be measured with the flash mablyagbmparing the temperature rise of the sample to
the temperature rise of a reference sample of krepegific heat tested under the same conditidfigs
temperature (voltage) rise is recorded during iffagsivity measurement, so the specific heat can be
calculated from the same data with a suitable ktitn. Assuming that the flash energy and its togp

to the sample remain essentially unchanged betaamiples:

Q = absorbed energy = (meAT)ref = (mC,AT)

sample

and:

(meAT)ref _ (meAV)Testample

Psample (mAT)sample (mAV)sampleGref

(®)

A reference sample is measured at each tempextimerest to calibrate the change in output \geta
(AV) of the IR detector (or thermocouple for low tesngiture measurements) resulting from the absorbed
energy. The measuréd/ divided by the detector amplifier gain (G) wikk lproportional to the

temperature riseA(T), as long as the temperature rise is small. Ghiibration gives the “absorbed

energy” or a calibration factor in terms of the myapecific heatAV and G for reference sample
measurement. When a sample of unknown specificia@a¢asured, the “absorbed energy” divided by
the product of the mass an¥/G of the test sample, Equation 5, gives thegasiple specific heat.

The measuredV will be affected by heat loss during the measumeinso in order to use ratios of the
measured\V in Equation 5, the heat loss factor L (see Equal) of the reference and test sample
should be similar. If the heat loss factors areificantly different, ratios of the theoreticaV/ are used.
The theoreticalV, or final adiabatic sample temperaturedan be calculated from Equation 2 once the
diffusivity and loss factor L have been determiasdiescribed above.

Testing has shown that the flash energy is stabia pulse to pulse within about +2%, so the aveaige
several pulses at each temperature is used iratbealations. The absorptive efficiency of the front
surface of the samples to the flash energy andattiative efficiency of the back surface to the IR
detector are controlled by coating the referencktast samples with the same thin layer of graphite

Thermal Conductivity and Thermal Resistance

The sample thermal conductivity can be calculatgld Equation (1), with measurements of the
diffusivity and specific heat as described abowe, &ith a measurement of the sample bulk denshg. T
bulk density is normally calculated from the measisample volume (calculated from the measured
sample dimensions) and mass.

The thermal resistance is defined as

(6)



where ;
R = thermal resistance

a = sample or layer thickness
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