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Outline

e Impurity Segregation

e Theoretical Characterization of Precipitation
Reactions

— Long-Range Ordering (LRO)
— Tetrahedrally Close-Packed (TCP) Phases

— Effects of Grain Boundaries, Weld Microstructure

e Processing Effects on Stability
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Grain Boundary Segregation of P in Steels
After Two Temperature Cycles

Temp. (°C) Time (days) |Segregation
(Typical thermal embrittlement temperature cycle in steels)
575 0.04 0.84
538 0.08 0.88
524 0.5 0.89
496 2 0.91
468 3 0.93
350 5 0.97
(Thermal profile for earlier repository designs)
200 1825 0.005
180 36500 0.011
140 365000 0.012
80 3650000 0.012 |
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Grain Boundary Segregation of P In Steels
After Two Temperature Cycles

e Using thermodynamic and diffusion kinetic
arguments, P segregation in C-steel was shown to be
negligible for the thermal cycle expected for the VA
design

e Similar calculations are planned for Alloy 22
e Current designs have lower peak temperatures
e Ab516 has 0.035 max P vs. 0.02 max for Alloy 22

o Segregation not expected to be significant in Alloy 22
with projected thermal profiles
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Approach to Phase Stability Predictions

e Precipitation reactions are very strongly temperature
dependent (exponential dependence)

e No precipitation reactions have been observed below
about 400°C

e Reaction kinetics are measured at higher
temperatures as a function of time and temperature
and extrapolated to lower expected repository
temperatures

e Experimental observations are supplemented with
theoretical calculations to increase confidence in
long-time extrapolations

R eecssmmm—— Y UCCA MOUNTAIN PROJECT
BSC Presentations_YMP Peer Review_YMSummers_0318-1902.ppt 5




Phases Forming in Alloy 22

Frank-Kasper (Tetrahedrally Close-Packed or TCP)
and carbide phases: localized corrosion and

embrittlement
Phase Structure Type Crystal Structure
M Fe W4 Rhombohedral
a=0.904, «=30.5°
P CrgMo,,Niy Orthorhombic
a=1.698, b=0.475, c=0.907
c CrFe Tetragonal

a=0.880, c=0.454

Welds: TCP phases and segregation in the as-

welded condition

Ni2(Cr,Mo) (Pt2Mo-type structure) ordering below
approximately 600°C: possible effect on H

embrittlement and SCC
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Alloy 22 Phase Stability —

Thermodynamics
o At low temperatures, three
phases are predicted to be 1.0 , I

thermodynamically stable (p and

P phase are similar and are not

treated separately here): OP6 0.8
(which refers to the LRO phase), '
P and the FCC solid solution

phase. The ¢ phase is only
stable at higher temperatures

e Calculations made using
THERMOCALC, an
internationally recognized
software program for calculation
of phase equilibrium

Alloy 22 |

0.6

Liquid

Phase Fraction

e Larry Kaufman, an early pioneer
in phase diagram calculations, is
a consultant for this work

e  Theoretical predictions agree " 300 600 900 1200 1500
well with experimental
observations

Temperature °C
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Theoretical Calculation of Alloy 22
Precipitation Kinetics

Temperature (°C)
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——LRO Ni-21.1Cr-7.5Mo -8~ LRO Ni-33Cr - P phase 2% Ni-21.1Cr-13.5Mo
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Time-Temperature Transformation
Diagrams for Alloy 22
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Temperature (°C)

Time-Temperature Transformation
Diagrams for Alloy 22
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Calculated Temperature Profile
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Effect of Processing

Most of the waste package will be in solution
annealed condition; previous results apply

Laser peening being evaluated for any effects on
stability; even if several orders of magnitude faster,
no instabilities in 10,000 years at temperatures on the
order of 160°C

Induction annealing being done to minimized
temperatures above 500°C

— Prototypical weld heated to 1150°C such that temperature
above 500°C for less than 10 minutes

— Samples from prototypical weld being evaluated for crevice
corrosion and metallurgical changes
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Evaluation of Induction Annealed
Mockup Samples

Weld

A
.’!\‘jax Magnaemq!m Figure 4: ‘::e;::(:i:;r(lji::l:f Test Specimen Near End T
Samples are being cut from the v
induction annealed mockup weld Side Fillet Welds

for evaluation of metallurgical
structure and corrosion behavior.
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Summary

P segregation calculations indicate no problems
expected in steel; Alloy 22 segregation expected to
be small

Theoretical calculations and experimental results
show that TCP phase precipitation and LRO would
not occur under projected repository conditions

Processing being evaluated to ensure that it has no
detrimental effects

TR YU CCA MOUNTAIN PROJECT
BSC Presentations_YMP Peer Review_YMSummers_0318-1902.ppt 14



