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Abstract

Tungsten heavy alloy (97 wt.% W, 2 wt.% Ni, 1 wt.% Fe) was itigeged as an alternative for tungsten (W) as plasma facing
material. It is produced commercially by several compaaiesd compared to bulk W it is readily machinable and conslagra
cheaper. In order to qualify the material for use in the diveof the mid-size tokamak ASDEX Upgrade (AUG) dedicated
laboratory investigations as well as high heat flux testbénrteutral beam facility GLADIS were performed. These itigesions
revealed that the thermal conductivity at high temperaitui@ose to that of W, the magnetisation is small and satsralfteady
at low magnetic field and the hydrogen retention is similéoly as that of W. In high heat flux tests at power densities upto
MWm~2 no failure was observed up to the melting temperatsredl 500 C) of the binder phase. Even at surface temperatures
of up to 2200°C the mechanical integrity was sustained. Mechanical tasifirm the ductile behaviour of the W heavy alloy at
room temperature and finite element analyses using theraémioned data suggest a lower tendency for cracking. Tdrease
of the long term dose-rate resulting from the activation ofiNder neutron irradiations appears to be moderate. Dine@017
campaign more than one fifth of the AUG divertor tiles corglsdf W heavy alloy. Under nominal operation conditions flest
showed no macroscopic failure and no increasgtFaflux into the plasma was detected. Even though a few slemved strong
melting at the edges due to accidental misalignment noréadue to cracking was observed.

Keywords: tungsten heavy alloy, tungsten, plasma-facing componkigfis heat flux testing, ASDEX Upgrade

1. Introduction 2 different W-HA were conducted (see [3]). Since erosion by
» plasma particles and release of alloying elements towduels t

Since 2014 ASDEX Upgrade (AUG) is using bulk tungstenplasma should be as small as possible, an independent bound-

(W) tiles at the outer divertor strike-point. During this-pg ary condition was set on minimizing the amount of alloying

riod discharges with record values of injected power and.enelements. As a consequence of these preparatory invéstigat

ergy were successfully performed. However, regular inspecand considerations W-HA with 97 wt.% W, 2 wt.% Ni, 1 wt.%

tions between the campaigns revealed that a large number gt was chosen for refined analysis and subsequent use in AUG.

tiles sufered from deep cracking attributed to brittle fracture In Sec. 2 earlier preparatory investigations and high hest fl

[1]. Amongst diferent remedial actions [2], the use of W heayy tests are summarized and new results on mechanical preperti

alloys (W-HAs) as a substitute for bulk tungsten was emdslag and hydrogen retention are presented. Section 3 reportseon t

[3]. W-HAs are commercially available in fierent material, behaviour observed in the divertor of AUG and the microscopi

compositions and due to their simpler production procesgh analysis of W-HA tile surfaces at strongly overloaded legdi

are considerably cheaper than W. They consist mainly af \edges. Finally, Sec. 4 concludes the paper and providesithe o

(> 90 wt.%) with admixtures of Ni, Fe or Cu (or other elemenis)look on possible applications of tungsten heavy alloys sido

in varying amounts. Due to their high density and stronghyin devices.

creased ductility in comparison to W, they are used in ingust

(balancing weights), research (radiation shielding) aefeuise_

(penetrators). Only recently they were envisaged as attarae

terial in a spallation source [4], which poses similar higraty  2.1. Initial characterisation

load and fatigue requirements as in fusion applications. s As a result of the preparatory investigations described in
Before the use in AUG, several investigations and tests omore detail in [3], W-HAs with 2 wt.% Ni and 1 wt.% Fe were

2. Propertiesof Tungsten Heavy Alloys

Preprint submitted to Pinboard May 29, 2018



40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

envisaged for use in AUG. They are available from many comfrom weight percentages given by the manufacturer.
mercial suppliers and are produced by pressing and sigterin
of powders or liquid phase sintering. The W-HA finally cho- 2.2. Results of preparatory investigations

sen was HPM 1850 supplied by HC Starck Hermsdorf GmbH. e temperature dependent magnetisation and thermal con-

D185 supplied by Plansee Composite Materials GmbH was alsgyctivities of HPM1850 and D185 had been presented in
tested during the preparatory investigations and revesited 13].

lar properties as HPM 1850.

The magnetisation of these materials is moderate2(

s Am~2kg™!) and saturates already at very low magnetic field
(< 5000 Oe). The thermal conductivity at room temperature
is a factor of two smaller than that of W (80 WAK~1), but

in contrast to W it rather increases withleading to a similar
thermal performance above 700.

GLADIS Cycling Densimet D185 10.5 MW/m? 2.5's

1150

1100

corr. surface temperature (°C)

1050

0 10 20 30 40 50 60
cycle number

Figure 1: a) and b) SEM images of HPM 1850 with orientationtiast with
different magnifications as well as EDX maps showing the digtabuof c) W,

Figure 2: Evolution of the surface temperature of Densim&8®(corrected
d) Ni and e) Fe.

for different starting temperatures) during thermal cycling exald at the end
of each 10.5 MWm?/2.5 s pulse.
Figures 1a) and b) show typical Scanning Electron Micro-

scope (SEM) images with orientation contrast of a polished High heat flux (HHF) experiments were performed in the
HPM 1850 surface. The rounded shape of the W grains isstypSLADIS facility [5], in order to test the full size W-HA di-
ical for W-HAs. In order to achieve highest densitieffetient:  vertor tiles under power loads expected during the operatio
powder sizes are mixed for the final product. Since duringsthUG. They consisted of

production process no cold work hardening is applied, thesdi - thermal screening, where the adiabatically depositedgpow
ferent grains appear to consist out of single crystals asbean and energy was increased up to damage of the material in or-
identified from the uniform shade of grey of the single grainsder to find the limit for the tolerable load and to investigie

and as it could be confirmed in electron backscattéfratitions: material’s behaviour under overload, and

measurements. As a consequence, one could expect that the thermal cycling using a moderate poyesrergy load, simi-

W matrix will not strongly change its properties when opedat lar to that expected in AUG in order to investigate the lowieyc
close to the recrystallisation temperature. Figure 1b3emes a0 fatigue.

close up of the picture. There it can be clearly seen thatstimo During the screening power loads of up to 20 MWm

all W grains are partly sintered (it can be expected thawtflls.. were applied and surface temperatures of up to 2ZDWere

be even more the case when taking into account all three disneneached. This led to a segregation of Ni and Fe at the sur-
sions). This means that the material’'s properties willrsgig.. face, but no mechanical failure was observed (for detais se
depend on the properties of the bonding of the W grains and thig]). The cyclic loading was performed with 50 pulses at 10.5
properties of the W grains themselves and not just resutt fio MWm~=2 with a pulse length of 2.5 s, leading to typical sur-
the surrounding Ni-Fe phase (see also Fig. 4). Figures d)jc)- face temperatures in the range of 11@) Figure 2 presents
present the elemental distribution measured by EnergyeBisp the evolution of the surface temperature of D185 at the end of
sive X-Ray Spectroscopy (EDX) of a detail of Fig. 1a). Within each pulse during the cycling. During the first phase of the cy
the accuracy of the EDX measurement the grains consist daly @ling sequence the starting temperature of the target \semgyri

W and the Ni-Fe phase shows the 2:1 composition as expectdxkcause it is only clamped onto a water-cooled copper pate t
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simulate the adiabatically loading in ASDEX Upgrade. Afler almost absent. For samples tempered at T&€r one hour

few cycles the start temperature becomes stable and inffig:2 t an even larger strain to rupture (5%) was observed.

measured surface temperature was corrected to a nomirtaksta For comparison, additional tensile measurements were per-
ing temperature of 20C. Taking this correction into accounta formed with W specimen cut from original ASDEX Upgrade
very regular behaviour and only a minor scatter of the serfactiles and treated in the similar way as the W heavy alloy speci
temperature is measured. After the cycling no macroscapien men. The W specimen were cut in the direction of the highest
microscopic damage of the tiles was found. Since the divartothermal stresses (see Sec. 3.1) which is in the plain of, but
surface temperature in AUG stays well below 12@0in most.. perpendicular to the rolling direction. In total, five W spec

of the discharges these results provided enough confidence ten without thermal pre-treatment and five specimen tendpere

install the tiles in AUG. s at 1100C for 1 hour were tested. The ultimate tensile strength
1us deduced from the valid tests was in the ranged of 340 - 540 MPa
2.3. Mechanical behaviour s 1N the case of the as-received specimen and 380 - 470 MPa in

. ) o w7 case of the tempered ones. As expected for a brittle material
In order to provide further input for the Finite Element agsal the elongation was very small ( 0.1%), and the ultimate tensi

ysis _(see Sec. 3), the mechanical pro_pertles were measi:llrgd gtrength showed a large scatter but no influence of the temper
ter different heat treatments (for details see [6]). It turned ou}ng
150 .

that tensile test specimen machined from as targets shawhed o

a strain to rupture in the range of 0.5% at room temperature;j“"
However after treatment at elevated temperatures, elmmgat
in the range of ten percent were achieved. An example for thi# ;
investigations on HPM 1850 which was tempered at 2C00r
one hour is presented in Fig. 3. There the stress strain sofve
several specimen are plotted. The tensile tests were peetbr
with specimen (gauge length 12 mm) proportional according t Figure 4: SEM images of the fracture surfaces of HPM 1850-apesived and
the standards in ASTM E8 and the loading speed wagi®!. ) after tempering at 1100C for 1 hour.

The strain was deduced contact-less from image evaluation i

order to eliminate artefacts from the testing setup. 151 In order to gain insight into the |mpr0\{ed ter.1$|le propestie
12 Of the W-HA, the fracture surfaces were investigated by SEM.
1000 : : : 152 Figure 4 shows the fracture surface of HPM 1850 in its a) as-
: //—— 1« received state and b) after tempering at 12@0for 1 hour.

o]
o
o

155 From the appearance and the shape of the surfaces one can
15 conclude, that in the as-received state the fracture islynost

17 intergranular, whereas in the tempered state the adhesion o
tesing@rt. s the grains appears to be much stronger and the final failure
’f,‘?,,‘?,t’,‘,’,i,‘?f,,”fc,'fif‘? ,,,,,,, 1 IS mostly intragranular. Obviously, the tempering leadsato
] 1o Strengthening of the bonding at the grain boundaries withou

e embrittling the material.

600 -

200

engineering stress (MPa)
B
o
o
-

engineering strain (%)

_ _ w2 2.4. Hydrogen retention
Figure 3: Stress - strain curves for HPM 1850 tempered at 1000r 1 hour.

163 Another important question for the use of a material in a fu-
Remarkably, all the tested specimen show very similar yieldsion device is its interaction with hydrogen. A major adayet
strength, ultimate tensile strength and elongation, wieflects:s of W is its low hydrogen retention [7] which is seen as a prereq
the ductile behaviour (in contrast to tungsten which tyllyea uisite for its use in a fusion reactor. Although this propest
fails brittle at room temperature). However, no obviouskiegs: not of predominant importance in present day devices, tsecau
was observed during plastic deformation. Another intémgst they typically operate only with hydrogen and deuteriung th
feature discovered during the tensile tests is the factttiat use of material with high hydrogen retention could strorigly
as-received samples show a very similar yield strength @s thfluence the overall hydrogen retention and eventually ekren t
tempered samples, however the region of plastic deformétio edge plasma and thereby hamper other plasma wall intenactio
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investigations. In order to determine the hydrogen retendfiss fluences. For the highest fluence the retention in HPM 1850 is
HPM 1850, samples were exposed together with W samples tamost a factor of two lower than that of W, whereas for low
the low energy laboratory deuterium (D) plasma in the Gaxchfluences the ratio is opposite. Currently, there is no clear e
ing PlaQ device [8]. The targets were biased and the mean epianation available, but most likely this observationigked to
ergy of the impinging deuterium ions was 38/&Wh. The sam~. different properties of the materials with respect to deuterium
ples were loaded with threeftérent D fluences, namely with diffusion into the depth. The apparenffdsion codicient of
103,107 and 1G° Dm~2 and kept at a temperature of @ D in W depends very strongly on the density of trapping sites
After the loading, the samples were subjected to tempezaturand the respective trapping energies. An increase of tipe tra
programmed desorption at a rate of 15 KmfinMore details ons  density can lead to an increased retention and at the sarae tim
the exposure and the desorption can be found in [9]. Figure & less deep diusion into the sample material. In addition the
28 Fe/Ni binder phase provides an additional very fagtidiion
29 Channel into the bulk. In principle one could expect a lower
a)>] wTLSe | 20 H-retention in W-heavy alloys, because the large grainsisbn
$ an Of single crystal W (as mentioned in Sec. 2) with fewer defect
than rolled tungsten. Nuclear reaction analysis investiga
2001 > |t 213 Of the D depth profiles are ongoing and will be presented in a
' 2. forthcoming paper [9]. However in the frame of this inveatig
25 tion it can be stated the the retention of both materialsmslat

HPM: T, =850°C

[rc
N
N

QMS signal (cps)
o
8
Tiumace

B S S M 26 and the desorption from HPM 1850 starts already at lower tem-
time [s]
b) *° a7 peratures.
1.8 | }
81 28 2.5. Activation properties
2124 L}
R e i 219 For a possible application in a fusion reactor, the tranamut
2 0.8 i ) ) 3
0o \ 20 tion and activation behaviour under neutron load must bertak

21 INto account. As a first step, the dose rate after 5 full power
— — - 22 years in a DEMO reactor is derived from the data provided in
fuence (orm 2: [10]. Since the W-HA would be intended as a plasma facing
24 Mmaterial the activation data resulting from the neutrorcspen
impinging the first wall were used.

Figure 5: a) Thermal desorption spectra of HPM 1850 (sohéd) and ﬁs

(dotted lines) after exposure to2P0D m~2 (details see text). b) Ratio of D 106
retention in HPM 1850 and W for three D fluences. Pe—————"_— a-Fe
—
10 a
shows the results of the desorption measurements. The tbp pa § —Ni
5a)) shows the preprogrammed temperature which was ramped < 10° =W
preprog p p >
up to 850C in the case of HPM 1850 and up to 1080in the %100 , W2Ni1Fe
case of W, respectively (temperature scale at the right D'h T \\\,\
desorption spectra are presented for the case of the hifjirest % 10 N~
ence (18° D m2). As can be easily judged from the figure, the © o >
maximum of the desorption peak is at significantly lower tem- \.
perature in the case of HPM 1850 @#00° C) compared to W 1007106 104 102 10° 102 10°
(~ 55C¢ C). For HPM 1850 there are two spectra shown (red, years after irradiation

green) belonging to two fferent samples. The spectra overlay
Figure 6: Calculated dose-rate (after 5 full power years&#MD) from W, Ni,

almost perfectly hinting to very homogeneous propertigbef _ _ _
. L Fe and W heavy alloy with 2% and 1% Ni and Fe, respectivelyc(tated from
material and to the good reproducibility of the measurement,,,., given in [10] (details see text).

The integral under the desorption spectra seems to be smalle

in the case of HPM 1850 compared to W. This is confirmed in Figure 6 presents the dose-rate per mass for the three con-
Fig. 5b) where the ratio of the retained D (integral below-des stituents separately and the weighted sum for the W-HA with
orption spectrum) of HPM 1850 to W is plotted for all three 2% Ni and 1% Fe (as for example HPM 1850). Because of its
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long-lived activation, which is about a factor of 10 highlearn stress in torodial [
that of W, Ni should be avoided as a material. Conversely, the <" ("% ‘B
dose-rate from iron for similar n-irradiation is about attac Zgg
of 5 lower than that of W. As a consequence the W-HA shows §§§
very similar dose-rates as pure W up to a year after irraghati ;%;
and less than a factor of two higher dose-rates aftéryg@rs. e
Although the longterm activation should be reduced as much -

as possible, this slightly higher dose-rate might be aed@eif

other simpler technical solutions with W-HA were found whic plane of
allow to reduce the overall amount of material (for examgle fl symmetry torodial direction depth
tiles instead of monoblocks). top view cross section

Figure 7: Stress distribution along the toroidal direct{only half of the tiles

) ) is plotted) as well as in the tile’s cross section after 5eydf thermal loading
3. Exposurein the ASDEX Upgrade Divertor (details see text).

3.1. Finite Element analysis of stresses under thermal loat  3.2. Performance of W-HA during the 2017 campaign

273 As stated in the introduction, the installation of W-HA ireth

Finite element analyses were performed for the AUG diverdivertor was part of a strategy to prevent deep cracking f th
tor tiles (size: 15x 77 x 227 mn¥) consisting of W and W, divertor target tiles [2]. Within this strategy W-HA tilesene
heavy alloy, respectively. The temperature-dependereniadl, installed at the sector boundaries, since at these losattbe
properties of W-HA were partly measured previously [3] andhighest electro-mechanical loads due to halo currents were
partly taken from the literature [11]. Further details o#tRE,; pected. Having 16 sectors in AUG, this means that there are
model can be found in [12]. Under the same thermal loading -32 edge tiles. Since some of these edge tiles are specific tile
15 MWm2 for 2.5 s — the maximum temperature of a W taggetwhich were not exchanged presently, 28 W-HA tiles out of a
reaches 102&, and that of W heavy alloy target is at 13C5,, total of 128 divertor tiles were installed before the 201hea
Figure 7 shows the stress distribution of a W and a W-HAtilepaign. During 2017 almost 1000 plasma discharges were per-
in toroidal direction, i.e. the stress component which &p;,;  formed, about 40 of them had an auxiliary heating power of
sible for the opening of deep cracks in poloidal directioérfi.., more than 15 MW and several of them were heated with up
cally). The stress field was taken after 5 thermal loadindesye to 20 MW (see also Fig. 7 in [2] for more details). During
(2.5 s loading, 30 s dwell time) in the cooled-down state. .Fhemany discharges one W-HA tile was monitored spectroscopi-
stress distribution in the two targets resulting from thiéedent;, cally. Unfortunately, the sensitivity of the diagnosticstawer
thermal conductance, modulus of elasticity and yield stege:; than expected. Nevertheless the (small) W influx from thestil
markedly diferent. The maximum stress appears at the top,suicould be regularly detected but no Fe or Ni lines were evident
face in the W target, while it is below the surface in the W-HA suggesting that the influx of Fe and Ni was as low as expected.
target. The maximum stress in the W target is higher than,800 After six months of operation the machine was routinely
MPa, while it is about 500 MPa in the W heavy alloy target. opened during the summer break to repair minor defects of
Compared to the W target, the W-HA has a larger area of sife3FCs and diagnostic. Due to high halo currents during dis-
concentration. 204 FuUptions resulting in large moments and forces to the PF@s an

In the cases of W, the calculated stress is higher than thesnetheir mounting, some of the divertor mountings were slightl
sured tensile strength of the material used in AUG (seexSetwisted (see [1, 2]) exposing the edges of the tiles at the sec
2.3)) which hints to the fact that the observed cracks in Wsearor boundary. Due to the almost perpendicular impact of the
indeed be induced by the thermal stresses during targekscoplasma, these edges receive about 10-20 times higher power
down. Even when using W grades with higher tensile strengthpad than the ordinary divertor surfaces, which easily $efad
brittle cracking due to thermo-mechanical fatigue, iil@sw melting conditions for W-HA and W within seconds. Figure 8
fects or other loading sources, would be more critical fat: Wshows the view into the divertor of AUG displaying three rieig
because its fracture toughness is lower than that of W heavyouring tiles. As marked in the figure, the left and the right
alloy at room temperature [13, 14]. w3 ONe consist out of tungsten, whereas the middle one is made
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Figure 9: SEM (a), b) and d)) micrographs and (c)) a DM topphieal map

with details of molten parts of a HPM 1850 tile from the dieerof AUG.
Figure 8: View into the divertor of ASDEX Upgrade after 6 miomibf opera-
tion. From left to right: W tiles with langmuir probes, HPM8Btile, W tile,, of the melt nose consists mostly of pure W. The structure and
The width of each tile is 77 mm. a2 the elemental composition of the top surface layers fudiery

s from the fully molten area is presented in Fig. 10. In thisaare

out of W-HA (HPM 1850). The right W tile is a specially iIf- {he temperature was below the melting temperature of W but
strumented tile (shunt tile) and was therefore kept Wittt 5p0ve the melting temperature of Ni and Fe. Due to a small ver-
changes from the previous campaign. On this tile a dis{incficq| step at the crack which probably originates from thdtme
crack network developed in the strike-point area (lowendthi, eyent, the area to the left of the crack seems to be erosion dom

the tile). As described in more detail in [2] this network 6@1s,,  jnated and to the right deposition seems to prevail (Fig))L0a

of shaI.Iow and dgep cracks some of the Ia_tter even reachig thrpe small pores, clearly visible in the left part of the figuep-
back side of the tile. The sector boundary is between theVeft eqent areas where the/Ré filler is lost. Some of the missing

tile (whichis a equipped with flush-mounted Langmuir probes material can be found as surface layer on top of the W grains
and the W-HA tile. Due to an evolving misalignment (see ex-(rigs. 10b) and c)). Interestingly, the loss of the filler evéls
planation above) these two tiles were exposed to perpeldicu yoes not necessarily lead to a loss of W grains, since thbé-ad
plasma impact leading to heavy melting in the strikepoiRf,re sion 1o other W grains (see Sec. 2) is obviously strong enough
gion. Although details on the exact power loads at the l&gdin, keep the W skeleton intact. Since the W grains anyway were
edges are not available, it appears that the regitet®d by, jready recrystallized in the as-received state of the riahte
melting looks very similar for both materials. w7 N0 strong evolution of the material’s mechanical propertie
s expected, as also found in the tempering experiments testri
3.3. Microscopic investigations of strongly thermally BYe 410ve and in more details in [6]. The surface in the 'depusiti
loaded areas = zone' (right part of Fig. 10a)) is covered by a thin layer offii
During the short vent the molten tiles were retrieved ang:re{Fig. 10e)), and already a fewm in the depth of the tile Nire
placed by new W and W-HA tiles, respectively, and the composeems to be similarly distributed as in the as-received niahte
nents were realigned to avoid further melting. The W-HA was(Fig. 10d)), in accordance with findings in the GLADIS HHF
investigated in detail with SEM and a Digital Microscope (pM tests [3]. The latter is true also for the material on thedafe
measuring the surface topography and the elemental compogif the crack as could be deduced from the FIB cuts also shown
tion (see Figs. 9 and 10, respectively). Figure 9 presengilsie in Fig. 10a).
of the heavily molten area, revealing a grainy surface aacksr
(Fig. 9a)). The surface is covered by melt noses and pods (Fi
9b)) with vertical dimensions in the order of several hudre
um, according to the DM measurements (Fig. 9c¢)). ThesfFo- The investigated tungsten heavy alloys (W-HA) are compos-
cussed lon Beam (FIB) cut in Fig. 9d) reveals that the toprlayeite materials with a large fraction of tungsten and a binderge

6
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ratio is opposite, which could be due tdfdrent D transport in
the Ni/Fe filler material.

In order to support the Finite Element analysis of the stress
state in the W-HA divertor tiles, tensile tests were perfedm
with HPM 1850 specimen and with W specimen cut from the
AUG W tiles tempered at fierent temperatures. Whereas the
W-HA reveals a strain to rupture of more than 10% depending
on the tempering temperature, the elongation of the W speci-
men was in the range of 0.1%. The calculated stress distribu-
tion after loading looks to be ratherftirent for W and W-HA
and in the case of W the calculated stresses exceed its tdtima
tensile strength. In the case of the W-HA the stress is less th
its tensile strength and due to its higher fracture toughités
expected that brittle cracking is much more critical for e
target.

a0 During the routine operation of AUG the W-HA tiles neither
Figure 10: SEM micrographs and EDX maps on cross sectionsapge by s show any specific behaviour nor was any increasghlifeflux

FIB with details of overloaded parts of a HPM 1850 tile frone tthivertor of .
AUG. In the EDX maps, the blue colour represents W whereasetiearea¥” or plasma content measured. Even under the accidental expo-

predominantly consist out of Ni and Fe. «s sure of leading edges as a consequence of evolving misalign-
s Mments at segment boundaries, the loss of the filler mateticls
not lead to a loss of W grains. Instead the W skeleton seemed to

407
consisting of NiFe in the percentage range. In respect to bul o . o
9 NA, P i 9 9 P s remain intact and when melting conditions for W were reached
W, these materials are considerably cheaper due to the facil . - : .
: . ) .00 . the W-HA tiles behaved very similar to their W neighbours.
itated sintering process and they reveal improved mechhnic " L
roperties as machinability and ductility at room tem s Although the presented results are rather positive anidyust
prop L y . y _ .1 the further use of W-HA in AUG, some remaining questions
As part of the activities to eliminate the cracking of thekbul . .
_ ) _ a2 have to be answered before W-HA can be seriously considered
W divertor tiles, 28 (out of 128) W-HA (HPM1850) tiles were . .
) ) : 43 for other future devices. One of them, mainly the long term
installed at the most loaded areas in the divertor of AUG.-Sub . . .
stantial preparatory investigations were performed feefor™ behaviour under thermo-mechanical, electro-mechanazal |
prep y g P s as well as particle load will be further investigated in ASDE

stallation, as it was the first use of this kind material in sidn . . .
device and there is no similar application reported in dimréle Upgrade. If positive, W-HA may qualify as a practical surro-
bp P .7 gate for W PFCs in other mid-size devices like Wendelstein-

a .

i L . a18 t7X or or the planned divertor test tokamak. Although the tem-
their magnetisation and thermal conductivity are accdetain . .

_ L _ _ a9 perature range for the use of W-HA is restricted to tempera-
the intended application. High heat flux tests in GLADIS with . ! .

20 tures below the melting temperatures of the filler material (
power loads of up to 20 MWn# and surface temperatures of up o - o
= Tsurf < 1400°C), this limit maybe relativised in view of the fact

to 2200°C revealed that when operated below the melting tem-

) ) T éhat W starts to recrystallise around 13@ and recent inves-
perature of Ni, no damage is observed even under cyclic loa

) , . _tigations (see [15]) suggest that the operational tempezdior
Above the melting temperature of the binder phase, Ni and Feg ( [15]) sugg . P p .
_ ) <4 tungsten should kept below this value to preserve its aaigin
were segregated at the surface, but still no mechanicaléail . . S
s mechanical properties. For an application in a future mact
was observed.

« dedicated investigations on the evolution of the hydrogen r

HPM 1850_ samples were exposgd to low energy d-eut(;zgiur{bmion and the mechanical properties (i.e. embrittlejnemnt
(D) plasmas in order to deduce their hydrogen retention PLOPder neutron irradiation need to be performed in order to confi
erties. They were loaded with D fluences up t6°1lDm2 at_

a temperature of 10C. Independent of the fluence, the maxi-

mum of the D desorption peak is at a significantly lower tem-
) P P g y .0 - Acknowledgement

perature in the case of HPM 1858 @400°C) compared to W.

For the highest fluence the retention in HPM 1850 is almast a The authors want to thank G. Matern for helping with the

factor of two lower than that of W, whereas for low fluencessthemetallographic preparation of the samples and B. Boswianth
7

the rather advantageous properties.
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