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An#incomplete#Overview#of#Integrated#Computa7onal#Materials#
Engineering#at#Sandia#Na7onal#Laboratories#
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Laundry"list"
!  Predic7ng#performance#margins#

!  Goal"is"to"provide"a"science4based,"probabilis7c"underpinning"for"design"and"analysis"
capabili7es"that"links"microstructure"differences"to"macro4scale"property"variability."
hAp://www.sandia.gov/PPM/#

!  Innova7ve#Development,#Selec7on#and#Tes7ng#to#Reduce#Cost#and#Weight#
of#Materials#for#Components#

!  Iden7fy"alterna7ves"to"high4cost"metals"(annealed"316/316L"stainless"
steel)"for"high4pressure"components"in"hydrogen"fuel"cell"systems"

!  Organic#Semiconduc7ng#Materials#for#ThinJFilm#Optoelectronic#Devices#

!  Design/develop"a"organic"polymer"near4infrared"photodetector""
!  MOF@ALD:#A#New,#Integrated#Materials#PlaMorm#to#Improve#DyeJ

Sensi7zed#Solar#Cells#

!  Develop"a"metal"organic"framework"based"dye4sensi7zed"solar"cell""
!  Aging#of#TlBr#

!  TlBr"has"superior"radia7on"proper7es"but"ages"rapidly"which"implies"
vacancy"concentra7on"are"be"orders"of"magnitude"higher"than"expected"2"



Laundry"list"
!  Compliant#Nanoepitaxy:##The#Next#Materials#Revolu7on#

!  "LED"ligh7ng"is"dras7cally"reducing"power"requirements"for"ligh7ng"but"
more"green"is"needed"in"the"output."Indium"is"typically"used"to"increase"
green"output"but"causes"excessive"laNce"mismatch"and"strain"

!  DOE:#HyMARC#

!  The"goal"is"to"understand"hydrogen"diffusion"in"
"hydrogen"storage"materials,"which"also"impacts"
"many"Sandia"problems"especially"on"materials"aging."

!  Soot#incep7on#modeling#

!  Basic"ques7on:""what"determines"whether"a"hydrocarbon"molecule"can"
aQach"to"a"growing"soot"par7cle?"""The"answer"is"crucial"to"predic7ng"
when"soot"forms"(in"combus7on"engines)."

!  Transport#proper7es#at#extreme#condi7ons#

!  Sandia"has"an"interest"in"material"behavior"at"extreme"condi7ons"where"
experimental"measurements"are"difficult."In"some"cases"simula7on"can"
provide"reliable"es7mates"and"physical"insight"

3"



Laundry"list"
!  Fundamental#models#of#3He#bubble#evolu7on#

!  Problem:""3He"bubbles"nucleate"and"grow"in"aging"metal"tri7des"due"to"
the"radioac7ve"decay"of"tri7um."This"bubble"growth"threatens"the"
structural"integrity"of"the"tri7de"and"it"eventually"leads"to"rapid"release"
of"He"gas."Our"goal"is"to"develop"and"parameterize"a"model"that"predicts"
under"what"condi7ons"this"release"occurs"in"a"range"of"Pd"alloys.#

!  SunJShot:#BRIDGE#

!  The"goal"is"to"use"molecular"simula7ons"to"understand"defects"in"CdTe/
CdS"solar"cells.""

"
!  Predic7ng#fracture#toughness#in#geomaterials#

!  Synthe7c#screening#of#baAery#electrolytes#

4"



Fracture#of#geomaterials#
!  Goals:#

!  Develop"fundamental"understanding"of"the"
chemical4mechanical"mechanisms"that"
control"subcri7cal"cracks"in"low4
permeability"geomaterials""

!  Link"atomic4scale"insight"to"macroscale"
observables"and"directly"address"how"
chemical"environment"affects"mechanical"
behavior."

!  Why#Atomis7c#Simula7on?###

!  Cracks"start"at"the"atomis7c"scale"–"a"crack"
is"ini7ated"by"the"breaking"of"bonds"(e.g.,"
Si4O)"at"the"rock4fluid"interface."

!  Crack"7p"forma7on"and"crack"propaga7on"is"
impacted"by"interfacial"fluid"and"surface"
chemistry"(e.g.,"development"of"surface"
charge,"impact"of"adsorbed"species"along"
fracture"surface)." 5"

Fracking 

Sequestration 
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Chemical#Effects#on#Subcri7cal#Rock#Fracture#

T.A. Michalske & S.W. Freiman, 
Nature (1982) 

Silica Glass 

hi pH, 
basic 

low pH,  
acidic 

Orders of 
magnitude  
difference in 
the rate  
of fracture with  
chemical 
environment 

StressJCorrosion#Cracking#

rate of  
bond breaking chemical+ mechanical 

rSiO     =A x exp(-H+b K/KbT) 

Mechanisms for stress-corrosion: 
 diffusion, ion exchange, dissolution, microplasticity, pressure solution,…  

Quartz 

P. M. Dove, J. Geophys. Res. (1995) 



Connec7on"to"Aging"

7"

within the block, and the proportion of the different alter-
ation products.

3.4.1. Large cracks
They are located in the periphery of the block or in

radial position. Their average thickness is 400–500 lm
and they are filled with brown alteration products. The
chemical profiles analyzed by the electron microprobe

perpendicular to the crack and alteration front show
two zones (Fig. 6). On both sides, there is pristine glass.
The end of this zone and the transition to the alteration
products are characterized by a significant drop in so-
dium. This central phase is rich in silicon
(65 < SiO2 < 75 wt%) like glass, but enriched in magne-
sium, iron (center), causing brown color of the phase,
and aluminum (at the interface with the glass).
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Fig. 5. Percentage of altered surface area for each type of cracks. (a) Border zone; (b) internal zone.
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Fig. 6. (a) SEM-photograph of a large altered crack (Back-Scattered Electron) and (b and c) EPMA analyses section along the crack.

A fractured glass block altered for 1800 years in seawater 5377

In the long run chemical changes dominate 
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Using stained glass windows to understand the durability of toxic
waste matrices

Jerome Sterpenich a,b, Guy Libourel a,c,)´ ˆ
a CRPG-CNRS, BP20, 54501 VandoeuÕre-les-Nancy, France`

b UniÕersite Henri Poincare Nancy1, BP239, 54506 VandoeuÕre-les-Nancy, France´ ´ `
c ENSG-INPL, BP40, 54501 VandoeuÕre-les-Nancy, France`

Accepted 9 February 2000

Abstract

Using stained glasses sampled from French and German cathedrals, and from different archaeological sites, this work
presents an estimation of the effect of weathering conditions and glass composition on glass dissolution. Due to accurate
dating, we also show that stained glass windows allow the determination of the average dissolution kinetics of many toxic

Ž .elements contained in the glass including transition and heavy metals, actinides, lanthanides . Therefore, a significant
advantage of using stained glass windows, over other natural glasses, is that they permit the direct study of non-stoichiomet-
ric elemental dissolution rates, under natural conditions of alteration, averaged over more than a thousand years, and hence
to constrain the long-term behaviour of vitrified waste matrices. q 2001 Published by Elsevier Science B.V.

Keywords: Glass dissolution; Weathering conditions; Glass composition

1. Introduction

An important consideration by several countries
for waste management is to confine the toxic prod-
ucts of nuclear, industrial or municipal wastes in
silicate glass matrices, and to store them in reposito-
ries both underground and on the surface. Despite
numerous experimental studies devoted to glass dis-
solution, determining the behaviour of vitrified
wastes for periods of hundreds, to tens of thousands,
of years remains problematic. Until now, the lack of
reliable information concerning long-term natural

) Corresponding author.

weathering of glass prevents validation of laboratory
dissolution models. Although volcanic glasses have

Žbeen used as analogues for vitrified wastes Ewing,
1979; Grambow, 1985; Heimann, 1986; Jantzen and

.Plodinec, 1984; Lutze et al., 1985 , we suggest here
that medieval stained glass windows are better ana-
logues for the study of toxic waste confinement

Žmatrices. Manufactured from natural materials e.g.
.sand, limestone, plant ashes and coloured by addi-

tion of transition and heavy metals, medieval stained
glass windows allow, by analogy, to decipher the
long-term behaviour of polluting elements in glasses

Žunder natural conditions of alteration see also Mac-
.quet and Thomassin, 1992 .

Thanks to a study of the altered layer, we will
show that medieval stained glass windows allow to

0009-2541r01r$ - see front matter q 2001 Published by Elsevier Science B.V.
Ž .PII: S0009-2541 00 00315-6

A fractured roman glass block altered for 1800 years in seawater:
Analogy with nuclear waste glass in a deep geological repository

Aurelie Verney-Carron a,*, Stephane Gin a, Guy Libourel b

a Commissariat à l’Énergie Atomique, BP17171, 30207 Bagnols-sur-Cèze Cedex, France
b Centre de Recherches Pétrographiques et Géochimiques, CNRS/UPR 2300, BP20, 54501 Vandoeuvre-lès-Nancy, France

Received 22 April 2008; accepted in revised form 15 August 2008; available online 11 September 2008

Abstract

Fractured archaeological glass blocks altered 1800 years in seawater are investigated because of their morphological
analogy with vitrified nuclear waste. They provide an opportunity for understanding glass alteration in variable confined
media (cracks), by studying an actual ancient system in a known stable natural environment. Characterization of the crack
network from two-dimensional trace maps (length, alteration thickness, orientation) allows us to determine the three-dimen-
sional geometric parameters (crack density, fracture ratio) and the percentage of alteration, using stereological relations. This
methodology could be applied to nuclear glass. From a representative archaeological glass block, we showed that the surface
developed by the cracks is 86 ± 27 times greater than the geometric surface but the volumetric alteration is 12.2 ± 4.1%, which
is only 12 times greater than the volumetric alteration of the block periphery (about 1 vol%). This unexpected low value is
explained by the large variation of the alteration thicknesses in the different types of cracks in relation with their location
in the block. The alteration thickness is usually smaller in the internal zone than in the border zone. The alteration layers
resulted from three main mechanisms (interdiffusion, glass dissolution, and secondary phase precipitation) leading to two
different alteration products (a sodium-depleted layer and mainly a Mg-smectite). Geometric parameters such as the glass
surface area/solution volume ratio and transport parameters (renewal of the alteration solution) strongly affected the glass
dissolution kinetics. The confined conditions and the diffusive transport of reactive species favor low alteration kinetics.
The precipitation of secondary phases also results in sealing of the cracks. Consequently, although it is not known if
subcritical crack growth occurred, internal cracks account for only a minor contribution to the overall alteration. These
results improve our understanding of alteration in cracks for assessing the predominant physical and chemical parameters
that must be considered in long-term nuclear glass modeling.
! 2008 Elsevier Ltd. All rights reserved.

1. INTRODUCTION

Glass alteration by aqueous media is a subject of consid-
erable attention in many fields, especially in geochemistry,
since interactions between seawater and basalts influence
water chemistry (e.g. Staudigel and Hart, 1983), and in
the nuclear field because vitrified high-level wastes will be
stored in deep geological repositories. Predicting the long-
term behavior of nuclear wastes under these conditions is

based largely on an understanding of the leaching mecha-
nisms and on thermodynamic and kinetic models developed
from experimental data.

The main mechanisms of silicate glass alteration by
aqueous species have been extensively studied: (1) ion
exchange or interdiffusion, during which glass modifier
cations, such as alkalis, are replaced by hydrogen species
(H+, H3O+, H2O) in solution causing selective leaching
and an increase in pH (Rana and Douglas, 1961a,b; Dore-
mus, 1975; Lanford et al., 1979; Dran et al., 1989; McGrail
et al., 2001; Ferrand et al., 2006); and (2) dissolution by
hydrolysis of ionic-covalent bonds (Si–O–Si, Si–O–Al)
which constitute the glass network (Iler, 1979; Bunker,

0016-7037/$ - see front matter ! 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.gca.2008.08.018

* Corresponding author. Fax: +33 04 66 79 66 20.
E-mail address: aurelie.verney-carron@cea.fr (A. Verney-Carron).
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Geochimica et Cosmochimica Acta 72 (2008) 5372–5385
Serendipity experiments show 
that over the long run chemical 
changes dominate 
 



Method"to"upscale"atomis7c"simula7on"to"
con7nuum"fracture"toughness"

8"

•  A"slit"is"inserted"through"bonds"
crossing"x1"<"0,"x2"=0""

•  A"farJfield#displacement#from"
an"elas7c"solu7on"is"applied"to"
the"red"annulus"of"atoms"

•  Atomic#data#is#upscaled#to"
con7nuum"stress"and"
displacement"fields"

•  J#is#evaluated#on"the"black"
contour"

-0.2
 0

 0.2
 0.4
 0.6
 0.8

 1
 1.2
 1.4
 1.6
 1.8

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

J 1
/2
γ

(KI/KIc)
2

loop 0
loop 1
loop 2
loop 3
loop 4
LEFM

J =

Z

@V
S · dA



Developing"prac7cal"Li4air"baQeries"

Microelectronics Grid Scale Transportation 
Portable Electronics 

Lighter, Smaller 

Luntz and McCloskey, Chem. Rev., 2014, 114, 11721–11750. Bruce et al. Nat. Mater., 2011, 11, 172–172. 9"
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1000s of electrolyte candidates Prediction of transport 
properties via GK+MD 

PDE battery model 

Electrolyte downselect via simulation 

power & capacity 

Electrochemical tests 

Diffusion & ionic 
conductivity 

Electrolyte composition 
has greatest impact on 
cell function 



Modeling"and"experimental"feedback"
!  Predict"actual"baQery"func7on"

!  Self4consistency"between"experimental"
inputs"and"valida7on"

!  Use"voltammetry"as"a"tool"for"
valida7on"

#

#

!  Extract:"
!  Diffusion"coefficients"of"mobile"species"
!  Local"O2"concentra7on"
!  Role"of"electrode"geometry"
!  Influence"of"electrolyte"composi7on"

!  Solvent,"anion,"salt"concentra7on"etc."

New materials 

11"



Basics"of"the"model"
!  Assump7ons"

!  Irreversible"electron"transfer"
!  Secondary"reac7ons"are"fast"

!  Flooded"porous"electrode"
!  Metallic4like"electrode"

conduc7on"
!  No"cross4species"diffusion"
!  Average"concentra7on/

diffusion"of"O2"is"one"
dimensional"

!  Fundamental"founda7on"
!  Butler4Volmer"kine7cs"
!  Reac7on4diffusion"equa7on"

12"

Oxygen Reduction (Discharge) 
(1)   O2 + e- " O2

- (rate limiting) 
(2)   O2

- + Li+ " LiO2 
(3a)  2LiO2 " Li2O2 + O2 
(3b)  LiO2 + Li+ + e- " Li2O2 



Diffusion"and"reac7on"dynamics"

!  Oxygen"is"depleted,"replaced"by"diffusion"from"
separator"and"air"interface"
!  Reac7on"profile"peaks"at"ends"of"electrode"

!  I"varies"with"average"of"concentra7on"across"electrode"
!  Oxygen"deple7on"""voltammetric"peak"current"
!  Bulk"oxygen"diffusion"""secondary"peak/tail"

!  At"long"7mes,"diffusion"rate"dominates"

Electrode Separator Forward Reverse sweep 

13"

Simplest possible model that represents the data 
 


