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Reducing the brittle-to-ductile transition temperature
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The selected approach of our tungsten research team is the toughening of W and the shiftingof According to Roberts (1993) the BDTT correlates with the emission of dislocations close to the tip.
its high BDTT of ~600 °C by applying a cold deformation achieved by severe cold rolling. If grain boundaries act as dislocation sources, the BDTT will decrease with reduced grian size.
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Two maxima are observed for both materials. The weakly A massive shift of the BDTT of around —600 °C took place A strong work hardening was detected. Interestingly, the
deformed microstructure exhibits a high amount of during cold rolling. Further tests revealed a negligible size hardening exceeds the predictions of the Hall-Petch law. A
LAGBs. The HAGB-peak of the severely deformed effect of about 50 K. Reduction of the BDTT is caused by hyperbolic approach describes very well the hardening
specimen correlates with the texture components. microstructural modifications during the severe cold rolling. behavior of fine-grained and ultrafine-grained tungsten.

T e ""'"""...= s———— S S—
. M‘W - - *I’Dw" !-.“;’:'i :.’-
e e - T AT | e =

pee W=

R
- - R R 3t Y. ¥ 2 - s PPN
o« S T T e v = pige 3 o808 W SO TAE TG IS L2 - - '.3"’...----"-
- e, amP Smem *’ - R S—— - .
"h—“.--_*—s —— and B e ey UYL e S AT .'-'
— —— e V7 G S .
Sl 2% " -c ~e -
- By m.' PEBTIRL™  meemd® mode a8 oSl e
" % e 3- R
bl ) :»- e TS ey B CYGP W s , — >
e m * T RNemmmaloge 2T SWEES . a—— e —
::.’-% - .3"#' w—‘: 22w o e o IS AT _;.m“—nuz-:::.;.m
e arrans. T il : SRR L T
T O P m‘ - —-‘-.'-

-y “

- T N - :‘-o 2 e Q:..“‘ :
o e O 3um =
X TR e e b T e SR - T P R R T e W
Grain boundary character maps of a low deformed sample and of a highly deformed specimen Electron channeling contrast imaging (ECCI) was applied to get a first idea of the dislocation
are represented with view in T-direction. HAGBs are drawn in black, LAGBs are grey. structure and the number of dislocations. An unexpected low dislocation density was observed.

Conclusion

Severely cold rolled W exhibits a tremendous low BDTT of around —50 °C. Cold deformation = most grains, the source of these residual stresses is assumed to be located close to the grain
transforms W in a grain boundary rich material with a growing fraction of HAGBs. The boundaries. The author supposes that W transforms into a grain boundary-controlled material,
hyperbolic hardening is interpreted as residual stresses in addition to the hardening caused by  with highly stressed grain boundaries which are promoting dislocation nucleation. A highly
the Hall-Petch effect. Because of the finding of an unexpected low dislocation density within  boosted dislocation emission rate leads in accordance with Roberts et al. to a lowered BDTT.

Please also note the talk of J. Reiser et al. in session Refractory Metals - Materials 1, RM9 on tuesday 15:20, and the poster of S. Bonk et. al. Rm62 both dealing with severe cold rolled W.
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