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Mod/Sim will deliver a framework for designing
metals that fully accounts for metal chemistry,
exposure, and cycling.

Generalized rupture life criterion sensitive to
chemistry, stress, temperature and for

competing oxides
internal vs. external
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New alumina forming alloy design guidelines. /
Mod/Sim softwares/codes/tools to predict
system performance
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Continuous Al,O, solubility A|diffusivny

Limitations:

Edisonian approaches to material design are reaching
their limits

Trace elements and many-body interactions between
defects and chemical species can rarely be postulated
a priori.
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£ Metal = % Metal

Fe-20Ni-14Cr-2.5Al- Fe-20Ni-14Cr-
0.5V-0.3Ti-0.1C 2.5A1-0.9Nb-0.1C

Limitations:

Edisonian approaches to material design are reaching
their limits

Trace elements and many-body interactions between
defects and chemical species can rarely be postulated
a priori.
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Lifetime
assessment

Empirical laws predicting creep rupture life

(example of the Larson Miller law)

- A TTe——
Pyy: stress function | TTeeal “f ‘*'---__QLM
C; . constant T=- ﬂ%;;--___
. H T ' -h‘-"h
P o) =I[C lo t T o effective stress ~~27a1 4 ———
1m(0) = [Crm +10g10(tR)] T temperature e
tp: time to rupture = b
5 o . wn 104 7 “___ ~
Limitations: 5 NTTTIZBRM  Ta
5 —== 773K - _ <. A
v 823K T~ M. A
Not valid in all temperature regimes. £ BABK N TN :“ : )
. . ) \. ”
Stress dependence is fitted. i g;z E RN R
No sensitivity to material pedigree, microstructure 923 K ™,
Multiaxial loading is approximated (Hayhurst, Huddleston). ~-- 948K . N
Uncertainty quantification ——- 913K RN .
. . . . -—- 998 K *a
No effect of environment (i.e. oxidation) o 1.. \
No sensitivity to chemistry 10° 101 102 10° 104 105 105 107
Time [hrs]

N=[FTRNA AMESLABORATORY < WR i %
TL [rEctnorocy crmg o vy i m)ldoho Nafionol loborciory (LU Moo taboaton: * Los Alamos FOAKRIDCE o cific Northwest 5

LABORATORY

NATIONAL LABORATORY

EST.1943



2.5. Lifetime Assessment Task 5. Material Processing I
(H. Huang) and Design
I 1. Criterion (J. Hawk) I

2. Demonstration on thin
- Processing of model
materials
i Processing of Alumina

wall tube
B -
forming austenitic steels
4.Characterization and testing

2.4. Constitutive modeling and D
homogenization
>  (R.Lebensohn)

2.2. Collective effects on

strength and damage 2.3. Microstructure evolution Curyi
(R. LeSar) (M. Brady) _ (E. Lara-Curzio)
- Dislocation/solute = Precipitation 7 g/lnedc? :Sr][:ﬁgl characterization
(Temperature and stress - Oxide scale Kinetics : :
effects) > Thermodynamics modelinP > Testing on thin wall tubes
lﬁ Cavity nucleation, growth D

2.1. Individual defect properties

(B. Wood) I

> 0 and C diffusivity > Model Material: Fe-Cr-Ni

- Dislocation/solute interactions D Alumina forming alloys
- Dislocation precipitate

D interactions . Chromia forming alloys
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Questions: —
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Can high fidelity physics based model be used == ““er““"“‘

to derive new rupture life model? —-~-41 % -

Can uncertainty be built in the rupture life _ bt

model? S

Can short term creep tests be used to w 10017 o3 e

extrapolate material lifetime (rapid material g | —=- 113k =Lt G

assessment)? v B23K| SN ML, 4 M

c - . = 848 K ~ . RS
? s "
Can a design of experiment be derived- & a73Kk| VI YO
. 898 K N, R
923 K ™ “\ .
LY "\. ,
—— 943 K '\7)/ '\.\ ‘\\
——- 973K N N N
Py (0) = [Copy +1log1o(Eg)]T  Pyy: stress function - 998K ASME™ S N
C;p: constant 101 . - - S N NS

e.g. Larson-Miller: T temperature 100 10! 102 10 10* 105 105 107
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973
Questions: el TTsal Tl
’\ \"\\' ."\\\ h
'\\ "'.\\ \\\ 923
Can high fidelity physics based model be used Ssel S N
to derive new rupture life model? 5 e S e N SS a5
. . . . ~ -~ — —_
Can uncertainty be built in the rupture life = SN N ¥
v S Y O
model? i N e g
— LY “ E
Can short term creep tests be used to A 102 - o e (823 8
. o o a o Q N\
extrapolate material lifetime (rapid material 2 ‘e N 3
U N 5 Q
assessment)? R —Y AN N 773 7
. = = —— \
Can a design of experiment be derived? - T \ N\
- . \ \
823.0 \ \
873.0 “ ‘\ 723
— = 0923.0 \ \
Py (o) = [Com + 1081 (tR)IT Ppy: stress function _._ g::{?at Data \ i
C; - constant : | . . 673
T: temperature 1073 1071 10! 103 10° 107

e.g. Larson-Miller:

tr: time to rupture

Time to Rupture (hr)
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grain boundary “‘u“r!_,’i'.f’_“bgram

TEMPERATURE.{'C) . 9
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Ao
) ! Arx =spacing between MX precipitates
/ sub-grain boundary Zsg =subgrainsize

NORMALISED SHEAR STRESS, 0, /u
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HOMOLOGOUS TEMPER&TURE T/ IBIO'I(

Fig. 8.8. A stress/temperature map for type 316 stainless
steel of grain size 50 um.

“=INATIONAL
N: ENERGY

0
AMES LABORATORY \ , u Li %
T L [rEctnorocy \ Idaho National Laboratory ng Kawrence Livermore . | os Alamos %OAK RIDGE Pacific Northwest 9

Crealln 9” lariols & Bawroy Saiin National Laboratory NATIONAL LABORATORY National Laboratory

EST.1943

NATIONAL LABORATORY

TMENT OF ENERGY




@x i'remeMA Tifetime Prediction,

Accelerating the Development of Extreme Environment Materials

U.S. DEPARTMENT OF

{#} ENERGY

&)

grain boundary

mthm a subgram

TEMPERATURE.({C) - "
Lm0 o 200 O G oo 1200 woo , O \
10 IDEAL SHEAR STRI '316 STAINLESS | "‘“dislocati‘qn
d=S5Cum [ |
r + rajm . N Lo ‘
&l s, PLASTICITY | o do /
'\ L
| ‘\h-'-. ---------- ’,o"" I
I P i

/ sub-érain boundary

NORMALISED SHEAR STRESS, 0, /u
SHEAR STRESS AT 300K (MN/m?)

. JES

HOMOLOGOUS TEMPER&TURE T/ IBIO'I(

Fig. 8.8. A stress/temperature map for type 316 stainless
steel of grain size 50 um.

Arx =spacing between MX precipitates

5¢ = subgrain size
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& Experiment
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973
Questions: RS RN
1o, S| ~< 1 923
Can high fidelity physics based model be used S AN R N
. . O N
to derive new rupture life model? 5 RN . a5
- - - - ~ ~ B —_
Can uncertainty be built in the rupture life = L SO N RNy ¥
model? g N N =
i . | go3 B
Can short term creep tests be used to A 107 - e 823 %
. . . . . () S
extrapolate material lifetime (rapid material 2 ‘e AN 3
@) \ ]
assessment)? R —— 6730 AN N 773 F
- - - — — \
Can a design of experiment be derived? - T \ "
. \ \
823.0 \ \
873.0 “ 723
== 923.0 \
Py (o) = [Com + 1081 (tR)IT Py stress function ‘o Basirat bata \
Cpm: constant : . . . 673
_— T: temperature 103 101 10! 103 10° 107
e.g. Larson-Miller: tg: time to rupture Time to Rupture (hr)
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973
Questions:
923
Can high fidelity physics based model be used
to derive new rupture life model? 5 a73
Can uncertainty be built in the rupture life S 3
model? g E
Can short term creep tests be used to 5 102 - r823 8
extrapolate material lifetime (rapid material fzj ' 3
assessment)? E 773 -
Can a design of experiment be derived? -
| @ Basirat Data 723
o: effective stress X Numerical Data
Py (o) = [Cppy + logqo(tr)IT T: temperature | - %
tr: time to rupture : . . 1 673

101 10! 103 10° 107
Time to Rupture (hr)
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Questions:

Can high fidelity physics based model be used
to derive new rupture life model?
Can uncertainty be built in the rupture life

model?

Can short term creep tests be used to
extrapolate material lifetime (rapid material
assessment)?

Can a design of experiment be derived?

Effective Stress (MPa)

—

(e}
N
1

923

T
(o0]
~
w

o

N

w
Temperature (K)

YTo\y 773
"X \.Q)'( \\
X Numerical Data . % ¢ Y
@ Basirat Data ’ ‘\ '-.__ \\ 7193
e 95%ile b |y
- 5%ile -l
1 1 I I 673
03 1071 10! 103 10° 107

Time to Rupture (hr)
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Conclusion: . °73
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By combining high fidelity based constitutive g 923
n o - o - " ., ."\
models with a mechanistic description of e ]
damage with data analytics one can: S NS i
a * & 873 —_
= X ) <
. . o . 0 o
Derive new rupture life criteria applicable to o E
multi-axial stress loading. @ 1071 e B N
2 X 3
. . . . . . O Q
Quantify uncertainty associated with lifetime & 773 F
(pedigree). X Numerical Data X 3% b
@® Basirat Data \‘ \
A . . . . = 95%ile “ \ 723
ssist in rapid screening of new materials. . souile C .
_— LM (2) - X 3. 1
1 1 1 1 1 1 I I 673
Design e>§per|ments (not shown in this 10-3 10-1 Lot 10° 105 107
presentation) Time to Rupture (hr)
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Nucleation model is empirical (Needleman and
Chu, Besson etc.).

Grain boundary sliding is disregarded.

No sensitivity to precipitate type.

Poor model for precipitate strengthening
(dispersed barrier hardening model. Lack of
sensitivity to temperature).
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Nucleation model is empirical (Needleman and

Chu, Besson etc.).

T :

i A0 -.' ‘
AVAv.TY | el

N — Dgp + B(O’e + O'h)
D =_JN 1(epen)?
AGIF.com _ SNmeXp (_2( SN ) )

Example Tveergard and Needleman
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Question:

Is there a correlation between microstructure and
cavity nucleation?

Vacancy distribution Flux into cavity cavity
J, =-D,Vc n, = D, 7€ Ve-dA
dc i — 4n6D’C’[ th () — cth(q)]
- 0=V "™ = Togbja v )T
C

Density 1 —AGy(a)
at void
surface
Average c h(b) exp( >
density in v Q kT

boundary | T

N NATIONAL

~Q _

AMES LABORATORY \H . M Lawrence Livermore os Alamos %OAK RIDGE

TLJis0karcr e o e M‘". doho Nt oboraory {4 Nafional Laboratory  * LOSAMAIMIOS X, i mkilabmmiony  Pacific Northwest 19
U.S, DEPARTMENT OF ENERGY NATIONAL LABORATORY

EST.1943



ex fi‘émeMA rawty nucleation

Accelerating the Development of Extreme Environment Materials

Question:

S c £ £
c . c c < c
Is there a correlation between microstructure and . s 3 B 3
= L} 1 LILBLILLL LILBLILLLLL | LILBLILILLLL | LILBLILLL LILBLILLL LILBLILILLLL | LILILILLLI LILLILLI
cavity nucleation? " A R
10° 200 MPa 4
Vacancy distribution Flux into cavity 10°f normal stress
J» =—-D,Vc n, = D, 7€ Ve -dA 10° L 4
+ F ;
Z 103
dc 476D’ C’ R ]
— — o th th - ]
%—0——‘7'117 nv—w[% (b) — c;(a)] 102 4
10° E
10° é i
10-1 - 1 IIIIIuI Ll | IIIIIuI 1 Ij
10° 102 103 10* 10° 106 107 108
Number of Vacancies
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Question:

Is there a correlation between microstructure and
cavity nucleation?

Conclusion:
Existing physics based models for vacancy
condensation mediated cavity nucleation would predict
that metals do not fail...

Option 1: Problem solved

Option 2: Thermodynamics should be reconsidered

= £
s E i E
<

107 L L L O AL AR |||||c|'|('|) T ||||T||| T ||||f;|) T ||||(r§
10°F 200 MPa 4
ook normal stress ]
10°k 4

+ F ]
T F E
1
10 e
10°é i
101 i 1 1 1 1 N O O T O T N AT 1 |:§

10°© 10 102 103 10* 10° 10% 107 108
Number of Vacancies
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Question:

Is there a correlation between microstructure and
cavity nucleation?

Conclusion:
Existing physics based models for vacancy
condensation mediated cavity nucleation would predict
that metals do not fail...

Option 1: Problem solved

Option 2: Thermodynamics should be reconsidered

= £
s E i E
<

107 L L L O AL AR |||||c|'|('|) T ||||T||| T ||||f;|) T ||||(r§
10°F 200 MPa 4
ook normal stress ]
10°k 4

+ F ]
T F E
1
10 e
10°é i
101 i 1 1 1 1 N O O T O T N AT 1 |:§

10°© 10 102 103 10* 10° 10% 107 108
Number of Vacancies
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BULK

Question:
Is there a correlation between microstructure and
cavity nucleation?

Homogeneous Precipitate Dislocation

,\ ® ?

TRIPLE
JUNCTION
QUAD POINT

GB
C
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BULK

Question:
Is there a correlation between microstructure and
cavity nucleation?

Homogeneous Precipitate Dislocation

; ® ?

] TRIPLE
E JUNCTION
] QUAD POINT

GB
C

Ll L1l

10-1 Ll il Ll Ll il Ll il Ll Lol L1111l
1(7' 10? 103 10 10° 10° 107

Number of Vacancies

N= TenA AMES LABORATORY <_B R : ) %
\ l"l doho Nafonal Laborcory M Lawrence Livermore . Los Alamos %OAK RIDGE

T L IE%SIE“A)'II:g RGYY [t P 2 Py Selem National Laboratory NATIONAL LABORATORY National Laboratory Pacific Northwest 24
0.5, DEPARTMENT OF ENIROT NATIONAL LABORATORY

EST.1943



QX ff@meM A ravity nucleation

Accelerating the Development of Extreme Environment Materials

Question:
Is there a correlation between microstructure and 105 S —
I TolaWs - ]
cavity nucleation” o — | 200 Mpa ]
10%t 975 K 1
Conclusion: -X)\' -
103k E
I
: 102 = ?
Cavity nucleation rates are strongly biased in the ?)\_ T i
presence of dislocations : :
L e i
Connection with material pedigree? X/
Derivation of new nucleation models? vot L i e i i
10 102 103 104 10° 106 107
/ Number of Vacancies
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No sensitivity to precipitate type.
Poor model for precipitate strengthening
(dispersed barrier hardening model. Lack of

- ~ Y
By M T

Y ]
N They

e e B ey I o |

\ sensitivity to temperature).
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Alumina forming austenitic steel
Nb stabilizes alumina oxide
Target phase equilibria at 750°C

Question:

Can a model engineering metal can be designed to
improve our understanding of precipitate
strengthening?

Al addition tends to favor the formation L12 and B2
Fe2Nb type Laves phase

L12 strengthened AFA

(Fe-32Ni-14Cr-3AI-Nb-Ti base, 750°C/100MPa) GB decoration by Laves phase

Design 2 types of alloys:

L12 strengthened Laves+carbide

Similar composition without L12 Similar composition without laves+ carbide

Y. Yamamoto et al. / Scripta Materialia 69 (2013) 816-819 Y. Yamamoto et al. / Met.Mate.Trans.A 42A

- - (2011) 922-931
Fe-14Cr-3Al-(25-40)Ni + Nb, Ti (wt.%) Fe-14Cr-3Al-20Ni + Nb, Ti, Mo, W, and C (wt.%)

Starting point Starting point
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Ni-3.0A1-14.0Cr-46.0Fe-1.0Nb-1.0T1i wt(%o)

" L12@750C: 11.55 mole%

y '

b

L_JRIwIN] o]
I Ganha
W samma_PRIME
W sicua

Mole % Phase

G600 Too 800 q00 1000 1100 1200 1300 - 1400 1500 1600
Temperature(C)

ata: E [ Phases details Options: @ @

#01: Fe-14Cr-3AI-35Ni-1Nb-1Ti
(L1, strengthening)

- FCC solvus: 881.4°C

- L1, at 750°C: 11.55 mole%

Ni-2.54Al-15.68Cr-50.7Fe-0.21Nb-0.25Ti wt(%)

&Loun
W Ganma
[ Ganhia_PRIME
[_Ele
WAL
ECC

Mole % Phase

o

4

L12@750C: 11.55 mole%

2

a5
BO0 Ton 800 400 1000 1100 1200 1300 1400 1600 1600
Temperature(C)

pta [F5h] [Ph] (€0 [T ] (S Ce) | (B[S 0 7oeeee soii- | opions: [ (@t]oc) 0] (S | () 660 5 o) ()
#02: Fe-15.68Cr-2.54A1-30.63Ni-0.21Nb-0.25Ti
(FCC only at 750C)

— Calculated FCC composition of 35Ni-1Nb-1Ti alloy at 750C

- FCC solvus: 750°C
— L12 at 750°C: 0O mole%
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Process 1: Gas-surface interactions
Process 2: Transport in alloy and oxide scales
Process 3: Solid-solid interface chemistry
Process 4: Solute dislocation/boundary interaction

SWface chemistry

(Adsodtion/desorption) ~

N ,‘
S .
A 4 Nucleation & outward

CHEMISTRY

Spallation

Metal alloy
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-metal interfaces Dislocations &
diffusion in defect-solute/precipitate

>

- E Iti-component interactions in alloys
E % systems
g % -
R Semiempirical/

n © quantum-

C o .

© % derived
2 2 Tight-binding and

3 g reactive force field

o — approaches

S g Alamos  r-cific NOK:: .

8 GEJ . T NATIONAL LABORATORY E m p irica I

< O Embedded-atom (EAM)

molecular dynamics
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theory

O inward growth Fe outward growth
State No.
N Fe;0, | FeO Fe L4 Fe;0, | FeO Fe
B % -\ S ()= Fe
c # 0
D # o
E 0 Vee..
= 3.0 T T T T 2
i., 5 5 | O tobulkinterstitial i o L [ /LI ' T ] |
§ 20 - . — 1 L L 0, dissociation’ _ 1
= 1.5 | | o — ) - - Ea~14eV
S 10 7OtoVF.e: e | ) a L _
= g — : : —
= 0.5 HO to void " - 6 . . .
E 0.0 —— ] I L | _8 i I 1 __ i
E D C B A A B C D E
V,, Location V. Location

Conclusion:

Using SCAN potentials, DFT
was used to compute the
thermodynamics of O,
dissociation at different oxides.

Inward growth is not dominant
at the onset of the oxidation
process
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Density functional

theory: NOTB
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Oxide-metal interfaces
& diffusion in
multi-component

e Surface oxygen systems
dissocation barrier

Oxygen and metal
vacancy diffusion in
oxide

* DFT-NOTB

potential
parameterized for

FeCrNi
e O, Cdiffusivity ?

Chemical properties and heterogeneity

Accuracy/transferability

Dislocations &
defect-solute/precipitate
interactions in alloys

NOTB binding energy (eV/atom)

DFT binding energy (eV/atom)

e EAM potential

Conclusion:

A Density functional theory based
non-orthogonal (i.ehandling
paramangetism) tight-binding
potential was derived for FeCrNi
systems.

It provides the tool to numerical
compute O and C diffusivities over
a large compositional space

for FeCrNi
Efficiency
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iﬂemeMA FONCLUSION

Effective Stress (MPa)

Rupture life model Engineering alloys for strength

Cavity nucleation model

973 Ni-3.0AI-14.0Cr-46.0Fe-1.0Nb-1.0Ti wt%}
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DFT binding energy (eV/atom)

DFT TB for Fe Cr Ni

DET for Oxidization

O diffusivity
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Grand challenge:

Can mod/sim be used to
accelerate the design and
certification of existing and
future alloys subjected to

extreme environments?

Design cycle

500

300

Average Temperature for Rupture in 100,000 hours (°F)

1100 1200 1300 1400
[ THaynes262 = 1 = —T 170
Y0 Ingonel 740 .
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e / ¥
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a0 Enhanced Ferritic Steels N Alloys (Super 304H, _
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Calculated with IMatPro
v.9 + “Ni database”

Available “L1,-gamma-
prime” and “B2-NiAl”

Ni content is a strong
factor to stabilize L1,
phase

Evaluate 25, 30, 35, and
40 wt.% Ni

Nb is required for
stabilizing alumina scale
and L1, phase

Up to 1 wt.% to minimize
the formation of other
phases

Ti is required for stabilizing
L1, phase

Up to 1 wt.% to avoid
Ni;Ti eta phase formation

Ni-3.0A1-14.0Cr-58.0F¢ wt(%)
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Calculated with IMatPro
v.9 + “Ni database”

Available “L1,-gamma-
prime” and “B2-NiAl”

Ni content is a strong
factor to stabilize L1,
phase

Evaluate 25, 30, 35, and
40 wt.% Ni

Nb is required for
stabilizing alumina scale
and L1, phase

Up to 1 wt.% to minimize
the formation of other
phases

Ti is required for stabilizing
L1, phase

Up to 1 wt.% to avoid
Ni;Ti eta phase formation

Ni-3.0A1-14.0Cr-57.0Fe-1.0Nb wt(%a)

= 25Ni-1NDb
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CHEMISTRY

Spallation

Solid solution + Carbides/Nitrides + Intermetallics
.: ‘: .: .: .: .: .: .: .: .: ‘: .: .. ‘. . : L) % : U L) . : L] . i _:o_t; . i .ﬁé .& ?‘:.. .l&\.v.
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Carbides, nitrides, carbonitrides:

M(C,N): M = Ti, Zr, Hf, V, Nb, Ta (cubic); a good size stability, low super-
saturation (= less availability of nano-scale precipitation in FCC
matrix)

M,;C;: M = mainly Cr (cubic); formed in the grain interior and on the
grain boundary with ~100nm-1um range

M,C: M = Fe, Cr, Ni, Mn, V, Mo, W, Si (cubic); typically observed on grain
boundary

M,C: M = V, Nb, Ta, Mo, W (hexagonal); typically observed in low alloy
steels

Z-phase: Cr(V,Nb)N compound (cubic); formed in N-rich steel with Cr
and Nb

Intermetallic compounds:

(Fe,Ni)Al: AB compound (B2, ordered BCC); formed in Al (+Ni)
containing steel, typically coupled with Laves-phase precipitates
when Nb exists

Laves: A,B compound (hexagonal or cubic), A = Fe, Cr, B = Ti, Zr, Mo,
Nb, W, Ta, Hf; typically equilibrated directly with Fe solid solution
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Alumina
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chrried outin. 203

O sinsprret

* Internal vs external oxidation

» Dynamics competition between rapid
transient base metal oxidation and

Spallation establishment of a continuous protective layer

(Cr,03, Al,O4, SiO2)

CHEMISTRY

“ » Effect of of alloying on O/N/C permeability?
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CHEMISTRY

Not considered this year

Spallation

N=|Naronat —. A W/

AMES LABORATORY  \ N IAHIL. . M Lawrence Livermore %OAK RIDGE

TL IE%SI:(A)II__ngYY Cesoling Materials & Ensrgy Solutians . “l |d0h0 NOiI0n0| LObOFGTOfy National Laboratory ¢ NLA% ﬁlgm-gé National Laboratory Pacific Northwest 43
U.S, DEPARTMENT OF ENERGY E5T.1943 NATIONAL LABORATORY




	XMAT:�Modeling and Simulation���Laurent Capolungo����Acknowledgements: Mickael Brady, Yuki Yamamoto, Brandon Wood, Mark Cawkwell, Romain Perriot, Arul Kumar, Aaron Kohnert, Richard LeSar, Youhai Wen, Ricardo Lebensohn, Nghiep Nguyen, Hai Huang, Ben Spencer, Millicent Orondo�����
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Introspection
	Slide Number 18
	Cavity nucleation
	Cavity nucleation
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Introspection
	Material Design
	Design for L12 strengthening
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Design for L12 strengthening
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43

