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Hydrogen uptake
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Welding Problems

mechanical
restraint intensity

material strength
toughness

shrinkage "\ transformation plasticity

restraint /' Residual stress state
of a welded structure

thermal

. metallurgical
cooling time

<4 — phasetransformation temperature < —p filler material

Post weld treatments do not help always !
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Hydrogen-assisted cracking
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LM image of blistering in ARMCO (technical iron)
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Information necessary to understand
damage mechanism

» triaxial residual stress state of the bulk material
= surface stress state (crack propagation)

» effect of stress & strain on hydrogen diffusion

= diffusion mechanism of hydrogen

» stress-induced phase transformation

* hydrogen-induced phase transformation
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Some considerations with respect to NR

* more information accessible?

concentration profile below surface, hydrogen distribution in
microstructure etc.

« easy and well defined neutron experiments possible ?

key experiments, full use of detector’s spatial and temporal
resolution and its dynamic range possible

 In-situ analysis of hydrogen transport during welding ?
additionally to XRD@synchrotron
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Experimental Part
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Austenitic Stainless Steel (1.4301)

balance / wt% 0.07

18.3 0.09 0.01

- Hreduces tensile stress?
- Hinduces phase transformations
(to € and/or a‘ martensite)?

Mechanisms?
Role of H diffusion?

= . D?7?77?
LM image of microstructure
S - 1 G. Schuster, C.J. Altstatter, Met. Trans 14A (1983) 2085
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Carrier gas hot extraction

CGE for Duplex Stainless Steel
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low energy traps austenite/precipitations
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Carrier gas hot extraction Il

= guantitative gas concentration analysis
= Kissinger analysis = activation energy of “traps”

HYDROGEN EVOLUTION (PPM)

300 Ar Flow Rate ; 10mlmin ﬂT :—;ﬁﬂ '-"G .

2o || oo enaring 1307 28 Traps:

200 * strain regions around dislocations

150 | (20kJ/mol)

h | * grain boundaries (22.5-28.5kJ/mol)

50

6 WPEE-Ts s « dislocations (34.8—40.3 kJ/mol)

o 200 400 600 800 1000 _ _ _ _
TEMPERATURE (°C) « vacancies / austenite—ferrite interfaces

dual-phase steel: retained austenite, (50.2-57.4 kJ/mol)
ferrite, martensite
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Hydrogen charging

= Cathodic hydrogen charging
* 1,=10 mA/cm? for 48 h
* Electrolyte: 0.05 M H,S0O, + 0.1 M NaAsO, (ratio 1:500)

Charging cell :
ging Pt-wire

Pt-electrode

Specimen

Electrolyte Specimen
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Neutron radiography@ANTARES (FRM II)

+ total scattering cross section: H! = 82,02 barn Fe = 11,62 barn

+ I=lpexp(-ud)
+ AX < 100um, At = 20 s, 16-bit gray value resolution
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Results

reference — standard image corrections
— take mean values (yellow)

sample — normalize with standards (blue)

3004} --

250 -

I, (au)

200 -

TC

150 -

T T T T T 1
(0} 25 50 75 100 125 150

Frame number (n)

% calibration standards (TiH, + SiC)

BAM %%WM " M/rm{

14



Analysis

« conversion of Al(t) into C(t) for all images
« fitting solution of Fick's equation (surface evaporation conditions)
to isothermal data
assumptions

gross transport is a single diffusion mechanism

diffusion-controlled transport
C =0

H, atmosphere

C:H,bulk = CH,surface
aM / ot « (CH,surface - CH, atmosphere)

D(C,) = const.

M, :(Mj{exp(hzm)erfc(hﬁ)—1+ih\/ﬁt} h= /D
h Jr
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Concentration profiles

Duplex Stainless Steel - 350 °C
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Diffusion coefficients in DSS
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Concentration profiles

1500 - ARMCO - 350 °C
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 good agreement with permeation experiments*: D _x = (5E-8 - 5E-9) m?/s
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Hydrogen Blister

5 mm

LM image of blistering in ARMCO (technical iron)
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Concentration profiles
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» good agreement between NR and CGHE
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Conclusion

* |n-situ measurement of hydrogen effusion in steels using
neutron radiography possible

= Determination of effective diffusion coefficients
= Direct measurement / visualization
= Accurate measurement of Cyyo5en < 20 ppmy,

= Development of calibration standards
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Outlook

= Simultaneous mapping (with good spatial and temporal

resolution) during welding of
1) triaxial residual stresses ¢ in the weld material
2) 3D-distribution of T & C
3) mapping of all phases (equilibrium and non-equilibrium)
4) lattice deformation (due to H, thermal treatment, external
forces)

= Ax<1lpm, Aft<1s, AC, < 1ppm
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Bragg-Edge- + Transmission Radiography

polychromatic polycrystalline
neutron beam material
7\4“

Transmission image

VLA

Energy-dispersive imaging:
Where do phase transitions take place? \
Which phases?

Intergration of all wavelength:

Hydrogen distribution?

\. Kardjilov etal, 2012y diffraction contrast image
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Wish List

* Tensile/compression/bending apparatus with heating

option and temperature diagnostics

= Sample manipulator with tilting/rotation during residual

stress measurement
* High sample through-put

» Complementary analytic methods on-site: XRD, p-focus x-

ray tube

= EXxpress-line for industry
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Thank you for your attention!
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