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The knowledge of materials properties and their behavior at high temperatures is of crucial importance in
many fields. For instance annealing phenomena occuring during the thermomechanical processing of materi-
als, such as recrystallization, have long been recognized as being both of scientific interest and technological
importance. Different methods are currently used to study annealing phenomena and submit metals to heat
loads. In this work, we present the design and the development of a laser-based facility for annealing tests.
This experimental setup enables studies at the laboratory scale with great flexibility to submit samples to
various spatial and temporal heating profiles. Due to the possibility to have optical access to the sample, laser
heating can be combined to several non-contact diagnostics such as infrared imaging to control and analyse the
temperature gradients. As case study, we present a set of experiments performed to study the recrystallization
kinetics of tungsten. We demonstrate that samples can be heated linearly with heating rate up to ∼2000
K/s, at temperatures above 2000K, for seconds or hours, with typical errors in the temperature measurement
of around 1% that depend mainly on the determination of sample emissivity. Such studies are of crucial
interest in the framework of nuclear fusion, since the ITER nuclear reactor will operate with a full-W divertor.
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I. INTRODUCTION

Annealing phenomena occuring during the thermome-
chanical processing of materials, such as recrystallization,
have long been recognized as being both of scientific in-
terest and technological importance. Such phenomena
can occur in all types of crystalline materials, on rocks
and minerals during the natural geological deformation,
on ceramics during the technical processing, and so on1.
However, annealing phenomena have been most widely
studied in metals. The requirements of industry have
pushed to perform more and more accurate and quan-
titative studies and to develop physically-based models
which can be applied to metal-forming processes so as
to control, improve and optimize the microstructure and
texture of products. Moreover, such studies have allowed
to understand the evolution of metals when submitted
to specific physical-chemical conditions. Metalworking
and heating procedures have been practised since thou-
sands of years, but only recently we gained some under-
standing of the structural changes induced by annealing
phenomena1,2.

Different methods are currently used to study anneal-
ing phenomena and submit metals to heat loads: resis-
tance heating (i.e. electropulsing treatment)3–6, conven-
tional furnace system7, inductive oven8, electron gun9,10,
rapid immersion cycles in a salt bath11, pulsed and con-
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tinuous laser exposure12–14. It is well known that the
heating rate has a strong effect on the recrystallization
process and on the morphological evolution during an-
nealing and recovery15,16. Low heating rate can result in
nucleation of new grains during the heating stage that
can then accelerate the recrystallization process. It can
also play on recovery - decrease of the intragrain stored
energy - and thus slow-down the recrystallisation pro-
cess. Therefore playing on the heating rate is one way to
control/optimize the microstructure of metals after an-
nealing. Despite this interesting feature, it means that
the measurement of recrystallization kinetics during an-
nealing treatment may be unfortunately heating-rate de-
pendent. To overcome this difficulty the highest avail-
able heating rate should be used. The different tech-
niques listed above allow to induce annealing in a broad
timescale domain, from the from fractions of seconds in
the case of pulse laser system to the hour in the case of
conventional furnace system. In addition to the anneal-
ing timescale, other factors, such as the sample size or
constraints given by the experimental setup, could make
suitable one technique rather than another. In particular,
the use of the laser heating is convenient when a remote
sample processing is required. Actually the laser-matter
interaction can be efficiently used to bring material in
extreme conditions of temperature and pressure at the
laboratory scale. Such conditions can be efficiently ap-
plied to modify the material properties with an accurate
control of the energy deposition in both space and time.

In this paper, we describe the design and development
of a high power laser facility to submit materials to ex-
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treme heat loads. We present some possible applications
of the experimental facility, in particular focusing our at-
tention on the laser-induced annealing of tungsten (W).
Annealing phenomena of W are of crucial interest in the
framework of nuclear fusion. The fusion reaction could
become a viable way to generate electricity. To perform
this reaction, reactors confine magnetically plasma in a
vacuum chamber. However, plasma confinement is im-
perfect and energy losses are directed mainly on the lower
part of the vessel called divertor. The ITER (Interna-
tional Thermonuclear Experimental Reactor) nuclear re-
actor will operate with components made up of chains of
W monoblocks bonded to a CuCrZr tube, with a pure
Cu interlayer in between17,18. These components will
face to heat flux up to 20 MW/m219. Due to high heat
flux, strong temperature gradients are generated on a
thickness of 7 mm, leading to extreme temperature val-
ues from 2300 K at the loaded surface to 800 K near the
cooling tube20. Such temperatures are large enough to al-
ter the tungsten microstructure causing recrystallization
and mechanical properties losses and then damages such
as macro cracks in the material21,22. Recrystallization
is the phenomenon that consists in the replacement of a
deformed microstructure by new grains, that are virgin
of dislocations or subgrain boundaries. The usual con-
sequence of recrystallization is the decrease of mechani-
cal properties. In the case of tungsten, recrystallization
could also affect in a negative manner the Brittle to Duc-
tile Transition Temperature23. The deterioration of the
thermal shock resistance24 may lead to the premature
development of macro-cracks on these components dur-
ing transient divertor re-attachment in ITER25. For such
reason it is mandatory to study in detail the recrystal-
lization kinetics of the W.

II. EXPERIMENTS AND METHODS

A. Laser-induced heat loads configuration

We propose in this work to use laser remote heating
to generate heat loads and to conduct annealing tests at
high temperature on materials for plasma facing com-
ponents. We will restrict the discussion about the ex-
perimental configuration and our examples to tungsten
samples even if the technique can be applied to other
materials of interest. Based on the optical properties of
tungsten, a laser in the near infrared spectral range is op-
timal for this work since we can benefit both from the rel-
atively low total (diffuse+specular) reflectivity (between
50 and 60%26) to have good coupling of laser light in
the material and from available high power lasers (Laser
diodes or Ytterbium fiber lasers). We have worked with
a high power Ytterbium fiber laser emitting at a wave-
length of 1080nm, with a corresponding reflectivity of
62%26.

Thermal annealing tests require homogeneous heating
in the whole sample for correct interpretation of results,

as a minimal time for ramping up and down the tem-
perature. We have therefore firstly conducted thermal
simulations in order to find the best compromise on sam-
ple size, that needs to be sufficient enough to analyse the
microstructure, but needs to be small enough to minimize
the thermal gradients since the laser radiation is absorbed
on the surface. Moreover a reasonable amount of power
is required to reach the required temperature (few hun-
dred watts). Additionally, for practical purposes (cutting
of samples from a W part), the samples have a paral-
lelepiped geometry and the beam has a Gaussian spatial
profile. This dimensioning of the experiment has been
achieved by numerical simulations with COMSOL Mul-
tiphysics Software (Finite Elements Method), with ther-
mal parameters extracted from ITER Database. Based
on the described constraints, we have worked with sam-
ples of few mm3: parallelepipeds of 4x4x5 mm3 (purity
99.95 wt%) with laser-induced heat loads applied from
both sides to ensure temperature homogeneity (Fig. 1).

Figures/Fig_simu_W_3D.pdf

FIG. 1. Numerical simulations of laser heating on 4x4x5mm3

W samples. (left) Incoming heat flux on opposite sides of the
samples. The laser intensity distribution is Gaussian, cen-
tered on the sample faces : (right) Temperature isotherms
obtained in steady state regime.

In this configuration the calculated temperature gra-
dients, difference of temperature between the center of
surface exposed to the laser (maximum) and sample edge
(minimum) has been calculated for different steady state
annealing temperatures. The gradient is below 20 K for a
temperature of 2000 K (see example on Fig. 1) and below
10 K for a temperature of 1700 K. However during the
transient heating and cooling the gradient can be higher.
This is illustrated in Fig. 2 where we have simulated a
typical sequence under consideration: a linear increase at
200 K/s (on faces exposed to the laser flux) up to 2300
K, followed by a plateau of 10 s and then cooling back
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to the ambient temperature.
In such a case the temperature gradient reaches 40 K

in the transient sequence, versus 20 K during the plateau.
This corresponds to temperature deviations in the sample
below 2% compared to the temperature setpoint.

B. Experimental setup

The experimental setup, called ChauCoLase
(Chauffage Controlé par Laser, laser controlled heating
in english), is based on a high power CW Ytterbium
fiber laser (SPI laser Qube 1500) which can deliver 1500
W of maximum power with a monomode laser beam
and with typical rising time of few microseconds. The
main beam can be splitted in several beamlets with
the appropriate optical components, that can be sent
through laser windows in a dedicated vacuum chamber
with a base pressure of 2×10−2 mbar. As shown in
Fig 3, the sample of interest is placed at the center of
the experimental chamber on a sample holder made of
high temperature resistant materials such as graphite.
Laser beam diameter on the sample surface was set to 4
mm diameter (diameter at 1/e2). Only one side of the
sample is in contact with the holder to minimize thermal
losses. Numerical simulations have been performed in
this configuration and the sample holder has negligible
effects on the thermal gradients in the sample.

The optical instrumentation around the sample is a
key point to monitor and control the temperature, there-
fore optical diagnostics such as thermal imaging and op-
tical pyrometry have been implemented through differ-

FIG. 2. Simulation of a laser-heating sequence on a
4x4x5mm3 W sample, in the configuration described in the
previous figure. The laser power is adjusted to obtain a linear
temperature increase at 200 K/s, followed by a temperature
plateau. The laser flux is shut-off at the end of the plateau
and the sample cooled back to the ambient due to radiation
losses. The maximum and minimum temperatures on the
sample are plotted in the top panel while the bottom panel
shows the amplitude of the temperature gradient.

FIG. 3. Schematic of the experimental chamber and sam-
ple holder. The sample is placed at the center of a chamber
equipped with 8 viewports for laser beams and optical instru-
mentation.

FIG. 4. Top-view picture of the ChauCoLase setup.

ent viewports of the experimental chamber. Other ports
are available for thermocouple vacuum feedthroughs or
pressure measurements. A picture of the experimental
configuration is given on Fig. 4.

The temperature of the sample is monitored with sev-
eral diagnostics: a type-C thermocouple, an infrared
camera (FLIR, model A655sc) working at 7-14 µm in
the 233-2273 K temperature range, several optical py-
rometers operating in the near infrared spectral range,
through an anti-reflective coated window in the spectral
range of interest. In the present work, we employed a
monochromatic (MC) pyrometer (SensorTherm, model
Metis M313) working at 1.27 µm in the 873-3800 K
temperature range, a bichromatic (BC) pyrometer (Sen-
sorTherm, model Metis H322) working at 1.45-1.65 µm in
the 823-1673 K temperature range. All pyrometers used
have a high optical resolution: the measurement spot size
on the sample has a diameter below 1 mm. An integrated
laser pointer ensures that the measurement spot size is
positioned at the center of the sample surface, where the
laser spot is centered. The thermal camera can also be
used to observe the temperature gradient on the stud-
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ied sample, as a CMOS camera operating in the visible
range for sample monitoring during the experiments. A
PID (Proportional, Integral, Derivative) feedback loop
has been implemented to ensure well-controlled heating
ramps and stable temperature set-points. It is based on
the temperature measured with the pyrometer that is
used as the input signal of a PID program controller (Sen-
sortherm Regulus) that controls the laser power output
via a 0-10 V analog output. We will discuss about the
performances of this system in the next section.

III. EXPERIMENTAL PERFORMANCES

A. Temperature calibration

As already said in the previous section, the temper-
ature is measured by different diagnostics. The use of
each diagnostic is suitable for different applications and
materials. The optical diagnostics are ex-situ methods
and they do not require any constrains in terms of sam-
ple structure. On the other hand, due mainly to the
different working spectral range, each optical diagnos-
tic is appropriate for a specific material: the use of the
MC pyrometer is suitable for tungsten sample since the
working wavelength is in the X-point region (emissivity
does not vary as a function of temperature) of W27,28.
This represents a major advantage since, for a given W
sample, the emissivity determined at room temperature
can be used in a large temperature range. The main ad-
vantage of the BC pyrometer is that it can be used for
all types of samples, but emissivities (ε) at 1.45-1.65 µm
(and their ratio) have to be known (or determined) for
each temperature. The infrared Camera is suitable only
for high-emissivity materials (e.g. graphite) and it allows
to determine temperature gradient on the studied sample
without accurate knowledge on the absolute temperature
in case of W. Finally, the thermocouple can be only used
for specific samples equipped with a hole where the ther-
mocouple is inserted for calibration purposes.
Since the main part of experiments has been performed
on W samples, in the present work we focus in particular
on the calibration of the MC pyrometer. The MC pyrom-
eter was firstly calibrated through a black body source
up to 1473 K. In the present case ε was fixed to 0.99 and
the deviation between black body source and pyrometer
measurement was lower than 2 K. Secondly, we compared
MC and BC pyrometer measurements. We have varied
emissivity values for BC pyrometer (ε1.45µm, ε1.65µm, and
ε1.45µm/ε1.65µm) while keeping the same value for the MC
(ε1.27µm was fixed in the 0.25-0.35 range), trying to min-
imize the deviation between the temperature measure-
ments of the two pyrometers. We have used the starting
emissivity values from28. The temperature differences
between pyrometers was minimized for ε1.27µm=0.32 with
a minumum of ±25 K in the 873-1673 K. One can note
that 0.32 is only strictly valid for the used sample, since
emissivity can drastically change as a function of sur-

FIG. 5. Detail of the experimental configuration employed
during temperature calibration.

FIG. 6. Temperature measured through a thermocouple type
C and a monochromatic pyrometer (λ ∼1.27 µm) on a tung-
sten sample as a function of temperature, corresponding to
different laser power level. The top panel shows the deviation
between thermocouple and pyrometer measurements. The
emissivity was set to 0.32.

face state (e.g. oxidation or roughness). MC pyrometer
was also calibrated by comparison with type-C thermo-
couple measurements on the same type of W sample.
The thermocouple was provided by OMEGA, it had a
3 mm plait ending with a 0.32 µm diameter weld joint.
It was inserted in a 3×0.4 mm (depth/diameter) hole
and fixed by using a high temperature ceramic adhesive
(CeramabondTM 552, AREMCO), as shown in Fig. 5.
We have used the following in-house voltage-temperature
calibration for the thermocouple:

T = − 1.83769 + 82.31452 · V − 9.92347 · V 2

+ 2.04927 · V 3 − 0.25700 · V 4 + 0.01945 · V 5

− 8.91613 · 10−4 · V 6 + 2.42492 · 10−5 · V 7

− 3.59821 · 10−7 · V 8 + 2.24361 · 10−9 · V 9 (1)

Fig. 6 shows the comparison between temperature of
W sample (bottom panel) measured via the thermocou-
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ple and the MC pyrometer as a function of power. In
the top panel, we have plotted the deviation TMCpyro-
Tthermocouple vs the temperature. The mean value of
the deviation is ∼ 50 K with a maximum value of 75 K
at 1680 K. A positive value of such deviation was ex-
pected for two reasons: firstly, the thermal contact be-
tween thermocouple and sample was not perfect due to
the difference in thickness between weld joint and the
hole; moreover, the temperature was not measured ex-
actly at the weld joint due to the presence of the 3 mm
plait. Secondly, in the present experiment the sample
was submitted to the heating loads only on the front
side. As already explained, such heating configuration
is responsible of a temperature gradient between front
side where the temperature was measured by the MC
pyrometer and the back side where the thermocouple is
installed. To precise the difference, we estimated exper-
imentally and theoretically the error in the temperature
measurement as a function of emissivity ε. In Fig. 7, we
show the temperature deviation T (ε) − T (ε = 0.32) with
different experimental setting of ε, 0.25 < ε < 0.35, for
two different temperatures (1330 K on the top and 2100
K on the bottom) measured at ε=0.32.

Moreover, we have estimated the dependence of the
relative error made on the temperature as a function of
∆ε by using the following relation

eT
T

≈
∣∣∣∣λTc2

∣∣∣∣ eεε ≈ 10−4 T
eε
ε
, (2)

where lambda is the pyrometer working wavelength, C2

is Planck’s second radiation constant, eε is the emissiv-
ity error. As shown in Fig. 7, calculated and measured
temperature are in good agreement. One can note that
the relative error is directly proportional to the sample
temperature, this is the reason of the change of slope
of relative error as a function of emissivity for the two
different temperatures.

FIG. 7. Measured (dots) and calculated (lines) temperature
deviation T (ε) − T (ε = 0.32) with 0.25 < ε < 0.35 for two
different temperatures (1330 K top panel and 2100 K bottom
panel) measured at ε=0.32

B. Thermal gradient during laser heating

We have discussed in the previous section about the
issue of possible thermal gradients in the sample dur-
ing the laser annealing sequence. In order to experimen-
tally investigate these thermal gradients, we have used a
fast and high definition thermal camera (FLIR x8500sc)
to record the surface temperature of the sample during
some annealing sequences. The camera, based on a InSb
detector, operates in the range 3-5 µm and is calibrated
by the manufacturer from ambient to 2273 K. Images
were taken with a 50 mm objective through a ZnSe view-
port, which transmission was calibrated on a black body
source, at a frame rate of 250 Hz. The absolute temper-
ature reported in these measurements should then been
taken with caution since the emissivity is temperature
dependent in the operating spectral range, nevertheless
the relative gradients of interest are accurate.

We give on Fig. 8 example of images extracted from a
heating sequence up to 1673 K and the following cooling
phase. We have plotted on Fig. 9 the thermal profile
along the line shown on Fig. 8, corresponding to the
temperature plateau of 1673 K. The temperature devi-
ation on the sample surface is +/-15 K which in fact
corresponds to the sensor accuracy (given as +/-2% of
the temperature reading by the manufacturer). We can
also observe negligible thermal gradient along the surface
which is not exposed to the laser flux. This lead us to
conclude that in this configuration the laser heating tech-
nique does not introduce significant thermal gradients, in
accordance with the numerical simulations.

C. Ramp temperature

The use of high power laser as heating source is very
useful to submit samples to fast heating ramps. Panel a
of Fig. 10 shows some examples of linear heating ramps
from 873 to 1600 K for six laser heating duration (0.1, 0.3,
0.5, 1, 4.5, and 9.5 s) obtained using the PID controller.
Fig. 10b presents the heating ramp in K/s as a function
of irradiation time obtained by derivation of Fig. 10a.
The temperature was measured via the MC pyrometer
as shown in Fig. 5. The heating ramps are linear except
in the case of 0.1 s irradiation where the ramp starts at
∼7000 K/s and reaches 4000 K/s at the end of laser ir-
radiation (i.e. 0.1 s). In the other cases, the ramps are
linear for the entire heating time with fluctuations lower
than 10 % of the initial ramp. Linear ramps range from
2400 to 73 K/s for 0.3 and 10 s heating time, respectively.
The heating ramp strongly depends on the used sample
and faster heating ramps could be attained for thinner
samples. Moreover, we stress that in the present experi-
ments, we have never used the full laser power (1500 W)
that can certainly reduce the heating time. At the mo-
ment, the acquisition time of the temperature software is
10 ms and it represents the main limitation to measure
faster heating ramps. We point out that both PID and
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FIG. 8. Observation of a heating and cooling sequence with a thermal camera. The time between each frame in this sequence
is 0.5 s. The sample, a 4x4x5 mm3 W block in the configuration described previously, is observed through a view-port of the
chamber at 45 degrees incidence with the laser.

FIG. 9. Temperature profile of the tungsten sample after 5
s of laser heating along the line shown in Figure 8 (the first
frame of the bottom panel).

MC pyrometer have sampling times of 1 ms and 100 µs
respectively.

IV. APPLICATION

As presented above, the laser facility ChauCoLase can
be used to submit materials to extreme heat load with a
large flexibility in terms of sample size, maximum tem-
perature, spatial and temporal heating profiles. Chau-
CoLase was employed for the laser treatment of different
materials, like graphite, W, and UO2

29. In the present
paper, we show a set of experiments performed on W
to study and characterize its recrystallization kinetics.
To determine the recrystallization fraction, post-mortem
hardness measurements (Vickers hardness test) and Elec-
tron BackScatter Diffraction (EBSD) microscopy were
performed before and after annealing. From hardness
measurements, recrystallization fraction (X) was calcu-
lated from:

X(t) =
HV0 −HV (t)

HV0 −HVrecr
(3)

where HV0 and HVrecr are the Vickers hardness values of
the material prior to and after 100 % of recrystallization.

EBSD was used to determine the grain size distribu-
tion, the density of high and low angle grain boundaries

FIG. 10. Panel a: Temperature increase of a tungsten sample
from 873 K to 1573 K as a function of laser heating duration
(0.1, 0.3, 0.5, 1, 4.5, and 9.5 s). Panel b: Heating ramps as a
function of time for data shown in panel a.

such as the crystallographic texture. All these param-
eters are known to highly affect recovery and recrystal-
lization kinetics1. During primary recrystallization, the
new grains grow at the expanse of the strain hardened
microstructure, the driving force being the stored energy
associated to dislocations and sub-grain boundaries. This
stored energy induces an intragranular crystal orienta-
tion gradient, that can be measured using EBSD30, as
shown for a rolled W in Fig. 11. In the case of tungsten
for which cold or warm deformation microstructures are
mostly composed of subgrain boundaries (i.e. the low-
angle boundary, LAB), an efficient approximation to es-
timate the recrystallized fraction is to assume that grains
with no LABs are recrystallized grains.

The time evolution of the W recrystallized frac-
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tion for a fixed temperature was described using the
Johnson-Mehl-Avrami-Kolmogorov (JMAK)1,31 isother-
mal model:

X(t) = 1 − exp(−BnA (t− tinc)
nA) (4)

where B is a parameter, na is the Avrami exponent, and
tinc is the incubation time. All these parameters follow
an Arrhenius-type dependence on temperature.

W-sample were cut with Electrical Discharge Machin-
ing (EDM) technique and it is well known that the sur-
face integrity of materials machined by EDM is typically
poor32. The presence of significant carbon and oxides
contamination at surface after machining33,34 are respon-
sible of an evolution of optical properties of materials.
Moreover, the contamination depends on the physical-
chemical conditions present during EDM machining and
it can change from one sample to another cut from the
same batch. For such a reason, the exact determination
of the emissivity after cutting is a critical issue when
using optical systems to determine the sample temper-
ature. On the other hand, the emissivity measurement
of each sample would be difficult and time consuming
since surface state and contamination evolve during the
initial phase of the annealing. To circumvent this is-
sue each sample was submitted to a ”cleaning” laser an-
nealing sequence. Samples were heated to 1400 K for
300 seconds. Fig. 12 shows a sample before and after
the cleaning sequence. We stress that the cleaning se-
quence of 300 second should induce a negligible change
(few per mil) on the recrystallization fraction. As shown
by Alfonso23 (Table 6 at page 61), a warm-rolled tung-
sten presents only a X=14% after 950 hours at 1423 K.
Once the sample cleaned, the annealing temperature Ta
is reached for the time ta. Laser is stopped after the se-
quence and the sample is cooled down by natural conduc-
tion/radiation. We show in Fig. 13 the temperature pro-
file recorded on the center at the laser-exposed face of a
sample annealed to 2073 K for 600 seconds. Similar laser

FIG. 11. Inital microstructure of a rolled W (from EBSD mea-
surement) : High Angle Boundaries (Black lines), Low Angle
Boundaries (Red line), Substructures (grey level contrast –
band slope).

FIG. 12. Picture of W samples before and after the cleaning
annealing sequence.

FIG. 13. Typical laser heating sequence used in this work.
The zoom-in shows the overshoot of the initial phase of an-
nealing sequence.

heating sequences are employed in this work by changing
Ta and ta. One can note that an overshoot is present
in the initial phase of annealing sequence: zoom-in of
Fig. 13 shows the longest (∼ 5 s) and most intense (± 35
K) overshoot measured in our experiments. Typical over-
shoots present a temperature deviation from Ta of 12 K
for 0.5 s. Overshoot is caused by a ”slow” response of PID
controller and its intensity depends mainly on two param-
eters: heating rate and Ta. It could be reduced by a fine-
tuning of PID parameters (in particular I parameter) for
each annealing temperature. Nevertheless, in the present
work we did not pushed forward with the tuning of PID
parameters since ta >> tovershoot and temperature error
∆Ta ∼ Tovershoot. In other words, we considered negli-
gible the recrystallization fraction during the overshoot
with respect to the annealing sequence. Fig. 14 presents a
typical recrystallization kinetics of W measured through
Vickers hardness test. Here, the samples were annealed
at Ta=1873 K for times ranging between 296 and 3000 s.



8

FIG. 14. Recrystallization kinetics of W annealed at 1873 K.
On the right, EBSD images for two different annealing times
(296 and 598 s).

The W microstructure and initial microstructural state
are assessed with Electron Back Scattering Diffraction
(EBSD) analysis as shown on the right side of Fig. 14
for two different annealing times (296 and 598 s). In this
figure, the microstructure is partly recrystallized consist-
ing in a mixture of recrystallized grains and deformed
grains (recovered matrix). As expected the higher the
annealing time the higher the area of defect-free grains
(no stored energy). Let us note that the recrystalliza-
tion fraction measured from hardness data and EBSD
can differ significantly since both recovery and rerystal-
lization plays on hardness. It may even be difficult to
state from EBSD if a defect-free grain is the consequence
of recrystallization or recovery. The transformation in
grain morphology from rolling induced elongated grains
to equiaxed grain is a good indicator of the recrystalliza-
tion process. Therefore Fig. 14 clearly pointed out that a
recrystalization process happens during annealing of W
at 1873 K.

V. CONCLUSIONS

In this work, we presented a high power laser facil-
ity developed to submit materials to extreme heat loads.
Such facility is of particular interest to investigate mi-
crostructure evolution - such as recrystallization - during
a heat treatment at a very high temperature. The laser
remote heating presents different advantages with respect
to other annealing techniques: (1) it is a contactless tech-
nique which can easily drive materials to extreme tem-
peratures with very high spatial precision and temporal
control; (2) a fast and homogenous heating rate can be
reached, which minimizes sample microsctrure evolution
before the annealing temperature is reached; (3) with fo-
cused laser beam application, the sample being tested es-
sentially acts as its own containment vessel, avoiding any
contaminants, and virtually without affecting the sur-
roundings because only a small part of the material is
being treated; (4) due to the possibility to have optical

access to the sample, laser heating can be combined to
several non-contact diagnostics such as infrared imaging
to derive meaningful thermo physical properties avoid-
ing interferences that would normally occur with direct
contact measurements of temperature.

We presented some applications focusing our attention
to a set of experiments performed on W to study and
characterize its recrystallization kinetics at elevated tem-
perature.
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