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Contributing to WnM

Hard alloys based on Fe-Mn-Cr-Ti-V-Ni-Al-Si-C-B:
|dentification of compositions for hard alloys containing:
 martensite and ferrite

e austenite

* metastable austenite

* Intermetallic phases stable over wide T-range
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The SpMCBN database

« Spencer Group Non-Oxide Refractories Database
« B, C, N, Si

« Me =Al, Ca, Co, Cr, Fe, Hf, Mg, Mn, Mo, Nb,
Ni, Re, Sc, Ta, Tc, Ti, V, W, Y, Zr

« Assesed ternary phase diagrams consisting of
— Two Me combined with C, B, N or Si
— Me combined with two of C, B, N, Si

« 186 binary and 203 ternary systems (154 newly
assessed)
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—travelling by
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Chemical Space
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Chemical Space thermodynamics
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Chemical Space
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Binary — Ternary — ... — Denary

/N2

Navigating 10-dimensional chemical space

- ,Everything” is possible to form
-> But: Nothing Is possible to plot

-> Navigation using macros
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Navigating 10-D chemical space

& Equilib - Menu: WnM temp - x
File Units Parameters Help ctsa eTH
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Navigating 10-D chemical space

Initial set of solutions

<

Calculate Equilibria
for characteristic x;,T

<~

All solutions tested?

<

Compare all Gy,
for same condition

<

Add/replace
set of solutions

[

) Converged?

(:‘r
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Navigating 10-D chemical space

Hard alloys based on Fe-Mn-Cr-Ti-V-Ni-Al-Si-C-B.

|dentification of compositions for hard alloys
containing:

martensite and ferrite
austenite
metastable austenite

Intermetallic phases stable over wide T-range
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Navigating 10-D chemical space

Hard alloys based on Fe-

2 SEARCH MATRIX__

Fe 60 70 80

C 0 5 10 20
B 0 5 10 20
Mn 0 5 10 20
Cr 0 5 10 20
Ti 0 5 10 20
V 0 5 10 20
Al 0 5 10 20
Ni 010

Si 010

Mn-Cr-Ti-V-Ni-Al-Si-C-B.

3277 combinations

"~ with =n, = 100.

(avoid Ni to avoid cold welding)
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Navigating 10-D chemical space

Hard alloys based on Fe-Mn-Cr-Ti-V-Ni-Al-Si-C-B.
|dentification of compositions for hard alloys
containing: > SEARCH CRITERIA

« martensite and ferrite @RT: BCC, @HT: BCC/FCC

e austenite @RT: FCC, @HT: FCC

@QRT: Grc=Ggee, @HT: FCC

@QRT: Grc=Gyep, @HT: FCC

« Intermetallic phases stable over wide T-range
Equilibrium @RT = Equilibrium @HT

* metastable austenite
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Navigating 10-D chemical space

Hard alloys based on Fe-Mn-Cr-Ti-V-Ni-Al-Si-C-B.
|dentification of compositions for hard alloys
containing: > SEARCH CRITERIA

« martensite and ferrite @RT: BCC, @HT: BCC/FCC

e austenite @RT: FCC, @HT: FCC

@QRT: Grc=Ggee, @HT: FCC

@QRT: Grc=Gyep, @HT: FCC

« Intermetallic phases stable over wide T-range
Equilibrium @RT = Equilibrium @HT

* metastable austenite
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Searching for austenite

3277 compositions tested @T=300, 500, 700°C.
2380 compositions without Ni.

280 compositions without BCC phase @700°C.

53 compositions without BCC phase @500°C.

5 compositions without BCC phase @300°C.
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Searching for austenite

5 compositions without BCC phase @300°C.:

Fe C B Mn Cr Al Ti Vv Si FCC.
fraction
60 0 ) 20 ) ) 20 5] 5] 40%

- Input for Fact-Optimal
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Fact-Optimal

{? Fact Optimal

Recent...

§ Function Builder

Help

Propetiss "u"arial:uleal Caonstraints Parametersl Hesultsl

—Optirnizatior

f* | property
 rminimize
% mazimize
{7 target

[ T liquidus

[~ logl )

7 2nd property

¥ rninirnize
= maximize
{ target

Linked? |

Activity...
Wapor Preszure
Density
YWalume
Wiszosity [Pa.s]

Function...

H
Cp
5

Bulk. b odulus
Eleptricgl Conductivity

Temperature

b azsdmaol...
Bctivity...
Wapor Prezzure
Drenzity
Wolume
Wigzozity [Pa.z]

Function...

H
Cp
5

E quilib
File

{ Characteriztic points on iquidus suface

[T Alllocal minima
¥ Lowest local minima

Precizian :
% Marmal
Sigma =10
Compozition »= 0.1%
= High
Sigma =100
Compogition »= 0001 &

[T Clozest toinitial paint

[T Fesume from last calculation

Include cost &
 yes
f* no

Mest »»

| UMITS | Temperature : °C, Mass : maol

| SpMCBN-FCC1_FCC_A1#1
] Al
] akc
] akB
[ Crva
IcrC
[CICeE
Fela
[ClFel
[l FeEB
[ Mnva
1 M
[ kB
[15iva
]s5icC
] 5iB
1 Tiva
1 Tic
C1TiE
A
ClwC
A
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Fact-Optimal

G Fact Optimal
Recent.. f Function Builder  Help

|2 Constraints Parametersl Hesultsl

Froperties [ELE

Compaosition % ariable

| Mo | Species | MIN | Me

| Iritial value |

Ma. Species MIN - ALL I M ALl I Initial Walue  ALL I
|1 IFe j [~ Constant ID_E ID_B ID_EE v 0O-Random

| UMITS | Temperature : #C, Mass: mol

Mo Species |mitial W alue
-mm
2 .05

3 E El .05 El

4 il 01 02 016

5 Cr 0 0.1 0

= A I .1 I

7 Ti 0.1 0.2 0.113

g W I .1 I

3 Si 0 0.1 0

[~ Pressure erq:l1 s Im precision - i1_ |nmawa|ue;i1— Newt »»

(:‘r
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Fact-Optimal

{? Fact Optimal

# of Quaszi-Aandom calculations

F'ru::pertiesl "u-’ariahlesl Constraints PEGIEIIELEE

tdaw # of Equilb calculations
Iritial zzarch region
Frecizion :

Tirme out [minutes) ;

Recent.. J Function Builder  Help

Hesults

: | o0

200

0.5

" Small

f* Medium

" Large
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ﬁ Fact Optimal
Recent.. f Function Builder  Help

F'rnpertiesl "Jarial:ulesl Congtraintz | Parameters

Stop

Reszultz

01356

Murber of Equilib calculations: 283/300
Best answer zofar

tazssmol.. {Feval [ERERITERI]
Last zolution ;

Species | rnol | Open in Equilib
Fe 0615

g S-DE? Save Pareto points
M 0z .

Cr 0 Conztraintz ;

Al 0

Ti 0157

Y 1]

Si 0.0m

Status ; Done., Continue Fur >3 |
E00 1 0 100 0 1 100 100 23 0 -98 -1.9999 &
§18 26 0 200 0 0 158 0 0 -999999999 2 -1
12 28 1 198 1 2 156 1 2 -0.325013000000
"
< >
& 8| &
Results
4.00E-01 ; ; ; ; ; ;
= 300601 forco-- MBI L
2 | | ; ; ; ;
3 : - ! ! !
3 | i ; ; ; ;
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P p- Ny T S S T
0 30 100 150 200 250
# of Calculations

| UNITS | Temperature : °C, Mass : mol
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Searching for austenite

Fe C B Mn Cr Al Ti Vv Si fPaFcCtCion
60 0 0 20 0 0 20 0 0 40%
61.5| 2.7 | © 20 0 @ [15.7| o | 0.1 54%
FCC _Al#1 53.7 mol
FCC _Al#2 3.1 mol
BCC_A2#1 2.7 mol
LAVES C14#1 12.5 mol
Ti3SIC2(s) 0.1 mol
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Predicting phase formation
SIC content a = 30%

C Si Mn Cr Ni VvV Al Fe SiC
0.059 1.95 23.72 1451 0.70 22.33 0.88 35.84 100
OQQ

Fe

0.05 | 0.50 | 1.00 | 18.00| 800 | 0.00 | 0.00 |72.45
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C

Predicting phase formation

Si

Mn

Cr

Ni

\'

Al

Fe

0.059 1.95 23.72 14.51 0.70 22.33 0.88 35.84

Phase formation as f(a,3,T)

a: SIC content

B: intermixing between
powder and substrate

SiC

100

NS

Si

Cr

V

Al

Fe

0.05

0.50

1.00

18.00

3.00

0.00

0.00

72.45

(:‘r
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—LIQU#1 —BCC1#1 —M3SI#1 NiAl —FCC1#1 —MS5SI#1
—CuB1#1 ——CR32 —D88 —M7C3 —HCP1#1 —Cr3Mn5(s) B — O
—CSi(s) V3C2 BCC1#2 M3C2 —Mn3Ni(s) —FCC1#2
—LIQU#2  —Ni2Si(s) ——Ni5Si2(s) —BCC1#3 —MSI
120
100 /
80 ]
a: SIC content
60 B: intermixing between
owder and substrate
40 p
0 A
0 200 400 600 800 1000 1200 1400 1600 1800 2000
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0.05

—LIQU#1 —BCC1#1 ——M3SI#1 NiAl —FCC1#1 —M5SI#1

—CUB1#1 ——CR32 —D88_ —M7C3 —HCP1#1 —Cr3Mn5(s) B — O

—CSi(s) V3C2 BCC1#2 M3C2 —Mn3Ni(s) ——FCC1#2

—LIQU#2  —Ni2Si(s) ——Ni5Si2(s) —BCC1#3 —MSI
120
100
80 ]

a: SIC content
60 B: intermixing between
powder and substrate
40
20 \/\
— . I/\
0 WN\ ™
0 200 400 600 800 1000 1200 1400 1600 1800 2000
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—LIQU#1 —BCC1#1 —M3SI#1 NiAl —FCC1#1 —M5SI#1 :
—CUB1#1 ——CR32 —D88 —M7C3 —HCP1#1 —Cr3Mn5(s) B — O
—CSi(s) V3C2 BCC1#2 M3C2 ——Mn3Ni(s) ——FCC1#2
—LIQU#2  —Ni2Si(s) ——Ni5Si2(s) —BCC1#3 —MSI

120

100

80

a: SIC content
B: intermixing between

60
powder and substrate
40
20
0 X/M \
0 1000 1200 1400 1600 1800 2000




—BCC1#1

—CR32
V3C2

—Ni2Si(s)

a=0.15

—M3SI#1 NiAl —FCC1#1 ——M5SI#1

—D88 ~ —M7C3  —HCP1#1 ——Cr3Mn5(s) B — O
BCC1#2 M3C2  ——Mn3Ni(s) —FCC1#2

—Ni5Si2(s) —BCC1#3 —MSI

GTT-Technologies
—LIQU#1
—CUB1#1
—CSi(s)
—LIQU#2

120
100

80

60

40

20

-

s

a: SIiC content
B: intermixing between
powder and substrate

600

800 1000 1200 1400 1600 1800 2000
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—LIQU#1 —BCC1#1 ——M3SI#1 NiAl —FCC1#1 —M5SI#1
—CUB1#1 ——CR32 —D88_ —M7C3 —HCP1#1 —Cr3Mn5(s) B — O
—CSi(s) V3C2 BCC1#2 M3C2 —Mn3Ni(s) ——FCC1#2
—LIQU#2  —Ni2Si(s) ——Ni5Si2(s) —BCC1#3 —MSI
120
100 /—
80 ]
a: SIC content
60 B: intermixing between
powder and substrate
o Y
20 —1 \
0 L ——=——
0 200 400 600 800 1000 1200 1400 1600 1800 2000
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Enthalpy

Beta=0 Beta=0

—AIlpha 0 —AIlpha 0.1 —Alpha 0.2 —Alpha 0 —Alpha 0.1 —Alpha 0.2

100
90

N w
m rm
- -
il a

[HEY
Mm
+

92

notiger Warmeeintrag [J/100g]

Phasenanteil der flissigen Phase
[Gew.%]
Ul
o

OE+0 0
0 500 1000 1500 2000 OE+0 1E+5 2E+5 3E+5
Temperatur [°C] Warmeeintrag [J/100g]
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Thank you for your attention!




