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T91/TiN - Tube preparation

Glasbrenner, JNM 356 (2006) 213.
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T91 /FeCrAlY Sample preparation

Fe [wt%] |[Cr[wt%] [Al[wt%] [Y [wt%] [Ni, Co [wt%]
powder  [76.7 15.5 7.4 [0.37 <0.03
lcoating __[76.6 15.82 6.39 0.44 NN
+ GESA  [80.5 15.2 3-4 INN NN

|

FeCrAlY-coating & GESA:
Front face only
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Irradiation experiment

Irradiation period: September 19 — November 14, 2005
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Lisorb - Test Section Tube

Beam entrance window
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Lisorb - Stressed Specimen

Sample bent during irradiation:
= non-centric position in the
test section tube

= dpa-correction
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Lisor6 - Gamma Mapping

From the tube

Lisor-6 5pecim
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From the specimen
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Lisor-6 Cutting plan

Probennahme Blechprobe
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Lisor-6 Post Irradiation Examinations (PIE)

 EPMA/SEM inspection of the irradiated, TiN
coated tube, and FeCrAlY/GESA coated
specimen, comparison to unirradiated
references

% Nano-indentation on FeCrAlY/GESA coating

% Bending tests of reference samples:
Behavior of the coatings under
mechanical loading
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SEM Inspection

TiN coating, unirradiated
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SEM Inspection

TiN coating, irradiated to 1.8 dpa
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c: surface facing to flowing LBE; d: surface facing to vacuum. No evident damage.
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SEM Inspection
FeCrAlY/GESA coating, unirradiated
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With some micro-cracks and Al/Y oxides on surface
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SEM Inspection
FeCrAlY/GESA coating, irradiated to 2.5 dpa

surface facing to flowing LBE: slightly oxidized, no evident damage
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EPMA Inspection

TiN coating, irradiated to 1.8 dpa

Confirm SEM observations: no evident damage
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EPMA Inspection

FeCrAlY/GESA coating, irradiated to 2.5 dpa

Confirm SEM observations: no evident damage, Al/Y oxides on surface
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Nano-indentation on FeCrAlY coatings

Hardness (Nano-indentation) measurement
Lisor-6, Z6-DM7
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Coating at bottom, 30 micron

10 micron distance indents Sample of ~0.4 dpa shows irradiation-induced hardening in
both matrix and coating materials.
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FeCrAlY-coated specimen: “In-situ” Bending test
Reference sample

200 pm SEMENT - 10.00 kY SEMMag= 101X  Nokse Reduction = Limo It Done Sigaal A= 5t2  Date c1% Jun Z008 200 pm SEMENT - #0004V SEMMag- 100X Noise Redecton = Line Int. Done Sigmal A= SE2  Date 115 Jun 2008

NN FEIXX|
FIBENT= 000KV FIBMag=11679K%  ScanSpeed =10 N=1  SignslB=SE2  Time 454400 REISY FIBENT= 0.00 W FIE Mag=11679KX  ScanSpeed =10 H=1  SignalPB-SE2 Time 609:12

Nvision 40-38-11 WD = 164 mn  FIE lmaging = SEM FIfl Probs = Undufinnd Sywicen Vacinem = 410-008 b Nvision 40-38-11 WD = 169 man  FIE lmaging = SEM FIB Probes = Undofinnd Systoem Vacimem - 418000 i

A

L
SEMEHT = 4000 &V  SEMMag= 101X Noise Redwction = Lime Int. Done Slgmal A = SL2 Date 215 Jum 2008 ZEINY
FIBENT= 000K  FIB Mag=11679KX  ScanSpeed =10 N=1  SignalB-SE2  Time 48:46402 -
WD = 6.4 mm  FIB lmaging = SEM FIf Probe = Undefined

200 pm SEMENT - 3000 1Y  SEMMag= 101X  Nolse Reduction = Line Int. Done Signal A = SE2 Dt £96 Jum 2008 —
FIBENT= 000K  FIBMag= 1302KX  ScanSpeed =10 NW=1  SignalB-SE2  Time 474347 -

y WVision 40-38-11

 Nvision 40-38-11 WD = 3.4 man  FIB lmaging - SEM FIS Probe = Undufined
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“In-situ” Bending test
FeCrAIY_/GE__S_A coate_d specimen, unirradiated

200 prm SE = 1000 Ky SEMMag= 101X  Nolsn Heduction = Line I, Done Signal A= SE2 Date 14 Jun 200 [N @ um SEMEHT = 10.00 KV SEMMag = 500 KX Wolse Reduction = Line nt. Done Signal A= SEZ7 Dain 14 Jun 7008 [ERSRN
FIBEHT = 000k FIE Mag=11679K % ScanSpewd =10 H=1  SignalB=SEZ2  Tine 00602 ZEINK — FULENT = 000KV FIEMag= 106796 Scan Speed =11 W=1  Signal B SE2 T ZEINX
MVisien 40-38-11 WO = 164 mm  FID Imaglng - SEH FIA Probe = Undefined Systeen Wacmam = 44Jo-106 mbar Nvigion 40-38-11 WO = 364 mm_ FID Imaging - SEE FIB Frobe = Undefined Systenn Vacum = X Tie-006 mbar
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FINENT = 001k FiBMag= 11679 KX ScanSpeed =90 N=1  Qignal B=SE2  Time (495757 £EISS FBEHT = 000ky  FIBMag= 1679K X ScanSpued =11 H=1  SignalB=SE2  Time A0:44:41 ZEISN
- + 1| Mvision 40-38-11 WO = 155 mm  FIN lmaglng - SI4 FIll Probe = Undofined System Vecuum « .54e- 086 mbar Nvigion 40-38-11 WO = 163 mm FID Imaging = SEH FIf Frohe = Undefined Systenn Vacum = XL2e-006 mbar
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“In-situ” Bending test
FeCrAIY/QESA coated specimen, irradiated to 0.48 dpa
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“In-situ” Bending test
FeCrAIYT___/GESA coated specimen, irradiated to 2.5 dpa

/
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“In-situ” Bending test

TiN coated specimen, unirradiated
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“In-situ” Bending test

TiN coated specimen, irradiated to 1.8 dpa
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Conclusions

1) In the present experimental condition, no evident damage
induced by either irradiation or LBE corrosion on both
coatings, which suggests good compatibility of both coatings
with LBE under irradiation.

2) The mechanical stability, or in other word the bounding of the
coating layer with the steel matrix, looks good under the
present irradiation condition, even at a rather high
deformation level, e.g. 3-4% strain after irradiation.

3) The thickness of coating layer should be carefully selected to
avoid large cracks which may result in LME.
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