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Introduction

Deliverable D1-8 of Work Package 1 Functional grading provides in the form of a database an overview
of all the test results obtained during testing of the coupons.

This includes the intended materials for the printing of the coupons. It should be mentioned that not
all materials initially indicated are actually applied. The proposed materials and the characterisation
techniques envisaged are also included in this page.

In the subsequent sheets the test results of each of the demonstrators are mentioned. Details of the
wires applied and test results can be found in the deliverable 1.1, 1.3 and 1.5.

page 4 A1l database: Testing results demonstrator A1 Coupons (MAN)

page 9 A2 database: Testing results demonstrator A2 Coupons (EDF)

page 13 B1 database: Testing results demonstrator B1 Coupons (V&B)

page 18 B2 database: Testing results demonstrator B2 Coupons (GKN)

page 21 B3 database: Testing results demonstrator B3 Coupons (Shapers)
page 27 B4 database: Testing results demonstrator B4 Coupons (Gorenje)
page 29 B5 database: Testing results demonstrator B5 Coupons (Gorenje)
page 31 B6 database: Testing results demonstrator B6 Coupons (Kuznia-Jawor)
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GRADED SPECIMENS - PROPOSAL Specimens produced |[Optical SEM-EBSD [TEM *1 chemical |Tensile *5 |Tensile at |Impact Microhard |Corrosion |Fatigue Surface Dilatomet |Abrasive |Scratch
3 analysis *2 levated |(Charpy) |ness (ocp) er*3 wear
Demonstr End-user Applicatio dimensions test — & e € & & = & a & € & & < <
x P = S S g 3 T © 2 7] 2 ] g & © = =
ator n coupon (Ixwxh) in o n = I a . [=] 9 [} o o a a IS a (0] = o a a
@ @ e < I = - - B B B =) = = =) =) =) o =) = a =)
mm = @ K ) 2 = S 3 & 2 3 3 F = = =4 2 = =
° > = 0 = = S > > > > > a
n = 2 E wn n wn & = = 7 ° ° ° ° °
n T ] o 0 n < S S @ s s S s s
az 2E 'y 2 a 2 2 & b 2 2 = 2 2
L e == N Ll L E = ° ) 3 2 2 g I
o8 © B S S S z z 2 IS IS IS S ~
Q2 89 Q Q S & 3 5 < o o o ® ®
© 3 =5 N S S = = 3 > x > =
MAN ES Maritime  wall 200x60x300, Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
surface graded
200x100x20
Mobile Energy wall M9dec20 |Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
ring monomaterial:
hydroelect 200x100x80/30,
ric plant bimaterial:
Mould for |Villeroy&B [Home surface sample jt Yes Yes Yes Yes Yes Yes Yes
och ware 200x100x20,
200x8x150 ($355);
Graded wall
GKN Aerospace wall 150x25x200 Ves Yes -Ves Yes Yes
Arrk Automotiv multimaterial M10 jan 21 |Yes Yes Yes Yes Yes Yes Yes Yes
Shapers e 200/100x100x50
Gorenje Automotiv 200x100x20 M12 March 2 Yes Yes Yes Yes Yes Yes Yes Yes
e
steel parts
Forming  |Gorenje White 200x100x20 M7 March 2: Yes Yes Yes Yes Yes Yes Yes
die for goods
stainless
steel parts
Kuznia Heavy 200x100x20 Yes Yes Yes Yes Yes + Troom Yes Yes Yes
Jawor lifting.

*X-Ray tomography in case required

*1 TEM in case required

*2 EDS/EPMA

*3 CTE, multi-axis expansion

*4 optical (keyence/confocal)

*5 TUD callibrated equipment, not ISO certified
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Propeller MAN ES, RAMLAB

monomaterial AM35 tensile testing
AM35 Specimen ID Notes Emod F at 0.2% plastic strain Upper yield point Fmax
Leg;endr No. GPa MPa MPa MPa
@ | 3| Asoe 230 408 [ 436 503
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e 7 A502 193 404 417 503
(S 8 | A503 199 | 431 451 527
= 10 A504 | 231 398 422 501
16 A505 209 432 463 531
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@ | 20 A402 ' 210 429 458 | 523
@ o A403 201 391 413 508
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@ A405 201 394 415 | 506
® A406 201 394 406 | 505
@® | = A407 196 | 393 405 496
& | 27 | Ag08 215 | 413 433 507
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chemical composition across interface AM35-AM316L

Table 2.2: corrosion data on 316L deposit on AM35, 3.6 mm from the interface.

Ecorr (mV) Icorr (MA) Ba (mV) Bb (mV)
A1001 -13,54 0,011 177,9 72,7
E values obtained vs. saturated Ag/AgCl electrode (Esce = Eqiq ag/agci~
44 mV)



Exposed area is 0.785 cm’. iy = loo,,/0.785 pA/cm’

0 1 . 3 4 5 6 7 8
location (mm)

Microhardness across the interface AM35-AM625
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Figure 2.6: Composition across the interface AM35 - AM625
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The interface region. The bottom part is AM355, and top region is AM625 superalloy (a): optical microscopy image, (b): SEM-BSE image

The microstructure of deposited AM625 superalloy
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EBSD results for bi-material of AM355 steel -AM625 superalloy; a): Building direction-IPF map of Bi-metal AM355 steel -AM625 superalloy
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The pole figures (PFs) of different parts of the bi-material of AM355 steel -AM625 superallo

Table 2.3: corrosion data on alloy 625 deposit on AM35, 4.1 mm from the interface.

Ecorr (MV) leorr (HA) Ba (MV) By (MV)
A1 001 130,096 0,02 199 215
E values obtained vs. saturated Ag/AgCl electrode (Escg = Eqiq ag/agci-
44 mV)

Exposed area is 0.785 cm”. icorr = leors/0.785 uA/cm2
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Monomaterial block

Amas

Am316L

hardness

Mobile ring EDF, NAVAL Group

R
[wocrir - - =
hardness. b= -
e E )
!
'~ () [ERAa E
Crre—— [oemomber &3z 1 = ] e
‘macro/microstructure Hardness along lines indicated in figure left
, G mesmies cmg e i e
O O I S N T
max 177.79 766.867 1066.13 2.72818 2.98738 535.277000 41.31300 T ® - ommon
avg 187.476 804.095 1083 8.50948 38.6655 571.678667 44.99360 2 . £
Em0d yields tensiles elong RA Impactw Impact) g | 1 * H
L Gpveatuelies gep o n e £ o
avg 181.007 914.352 1099.3 13.3788 48.0747 663.725333 52.234333 E 500} A“K
E_mod yield S tensile s elong. RA Impact W  Impact_) 4
. s R
s J-
.
e s s
in Ji °C for 2hrs.
P
s o atnetags20 o 2ans s 20°¢
i
°C, 2hr,
P
v-direction_ 3 8.9 58
R
i
e
e
2 :
i
e -
st i ok
B,
long bead) n 5
(atong d ®in 205.474 606.353 665.903 32.1469 76.636 # X-orentation
A 66.581 54335y 61370 27.a7ed 6aimed el & ¥ oamaton |
Te 18656 e dens 20.5573 627 g o 2-onenaon [0
D3 Lieee ms esen 2iel aeses 3 i
¥/ Transverse dir. E_mod yleld_s tensile_s elong. Ra 2 2
e B S Bt B : H
e mie dm e A H
oy e wn mem e - %
H
P croe yicles wnstles  clong W LI H
L, : .
€_mod: Elastic modulus (Gpa) ’ diffrent
(tem

1o
tenstes: Uimate ensle surength (MPa]
elong: £ 4

nat fracure
A Recucionof area (MPo]

Hardness as a function

of Heat Treatment
275 275
250 250
- A1AOD 0205702087
B + 225
= NG 22w we een
g 200 + 120 RO A )
Eus 75 we o me wm e
150 10 Mk w0 900 208
125, 125 ALLAD:As bl coniion
B0205T.1hsook @580C
100 100 2hsoak @580
AT 550/ heating 535G/ heating 2l
ThSBOC sank  2n@SBOC soak
S5 cooling 55C/h codling
for awmss

3 |
B ;
F ol .
i |
160 1]
ol |
s

Hardness (HV,)
g

“As received|
420°c

m0°¢

300
050 100 150 200 250 300 350 400 450 500 550 600 650 700

Temperature °C

AMa6 Impact energy for dfferent directions ond conditions

PostWeldheat  Testing condition
wreatment
Asreceived None Room temperature.
HTand20c  SSCwarmup,1h  -20C (cooled down
503k @ 580C, 55C/h  with liuid nitrogen)
cool.down

200 None. -20C (cooled down
with liquid itrogen)

XOrientation _n___AVG MN
Recoved 3 1897 W84 1920
Wand20c 2 1579 w1 e
20 3 e 103 ns
Vodentstion 0 AV s M

o - - - B
Wrand20c 3 100 a1 1558 1659
200 2 s 201 s ;s
Zodenation _n___AVG s M

s Receved 0 - - - N
Wrand20c 2 191 46 1915 2006
200 3 ims xss s amss

results for samples under

1hr)



X orintation 2- orientaion

o o0 _ o
§ oo £ 100
i f0
200} 200 % 200
a102m620 a104ah620 &0 a6 om0
* | P
L i
i ! == ¥
* x oy
AMBOHD
- 3o -
a) b)
grain HAZ, o
somen  aane sm a1 oo
| y !
i % V= ¥ i
+ e e

Hardness data of AMBOHD, left side of the groph

Charoy imoact data for several orinted materials includina heat treatments in different directions

X orentation ¥ orentation 2. orentation
200 ocs ot 03 oz oas a00 oo oo 035 o0 oz ac0_ogs oo o33 o0 oz
: g w0 =gt ™
ke oo 7 w0 w0 7 ol | ' a0
g g £ |
H oo & w0 oo & w0 -
| - 88105
oo a0 a0t o L N oot i ol oh w
samot) s ot) oot}
for
SiMaterial blocks
AMS printec on AMA10
08, .
mi. | e
= . 0
g = 1 w0 " -
b4 ¥ s talaer andlaver
i B
] “ . L .
Ly AMAE AMAE AMAE 30 l’_‘m
- sstlavar 2ndlayer Idlaer
w itartace } ofdiferent grains which 546 seel (M: martensit ferite,and P polygorl
- The SEM imagesof @
o Biduieeessnsneinn
w  w w @ . 1 i oz s 1 a8 4 as i -
Jocaon () losston )
awmas, .
awva
1000um .
~ ‘Some EBSD results from the 410 stainless steel side (a): BD-IPF map, (b): The grain boundaries distribution map. wo
Macroarash of the intrfoce btueen AMA10 1o AMAS The microstructure of 410 stailes el 5o
AM41 printed on AMAG
= Weo o0 0. LR 0
fme =t s
H . B % N
G i H P IR P
5. ¥
0 AMAE  AMA10, st layer AMA10, 20d layer g
Avae Awazo © .
© 3
otatace " Tecea .
w0 20 edees®ety o, o, .l .
Microgrash at interface between AM4S and AM410 2
nnn 20 a0 &0 100 120 10 160 180 80— R
i 1= w0 s a0 a5 s as
potton (mm)
Hardess across th interfoc from AM46 t0 AM410 rees omn oo acr o

Elemental composition from 15t deposited AMA6 to AM410

of AMa10

CuAl8 printed on AM410

L . b): SEM-SE image

L
Sov [N .

Phase Map.




Ist deposit of CuA i the interface

H

Hardnes 1102
H

B8

B

cuns

tocation (mm)

Hardness across the interface from AM410 to CuAls,

and cracks the interface

% Lstlayer 2nd layer Irglayer L thlayer

AMA10 interface o & cuni

compositon wis)

UAIB (wtsé)
Toble 38,
Corrosion
dato for b
materal
printed
parts.
oo, [
somple Aun (V) (08 " fem*) R (mm/yr)
(my) wsem’) ol
[Ea i1 amam o1 oxs  %oam 77 0026 AMA10.0n Awds
w2z 2 a1s  s27 oo oo 2z 77 o000z AMA10.n AMds
wizzicz 1 392 aaesor  2on 2637 228 77 00295 AMA00n AMas
naisic 1 2532 aseesr 3523 4ass  3se1 778 00734 Cullson AMAL0
st 1 265 eeam 54 cors w7 01125 cullsonAMAI0
Trkmateral bocks
fe———
Ukl printed on AMA10 it interayer Monel o Nis3wtTs
wle © 410 monel CuAlg
oot .. . SO -l i
0 "
50 R
Lozation (mm) 2
AR I IR
Hordnessdistibtion AMA10 - monel - CuAlS L el . i
locaton )
o et aN oMo o 0 ok
Macrograph of N21_46_51_Monel CuAl8_4 layers. £05 scan acros ntrface ANH410-Monel-CuAlS
Ni3wxT
2
= im g
- wd y B A
b e teeew 0 L
» @
N o 410 NITi3 Cunlg
Locaton ()
I} P B 3

@) Macroaraph of N21 46 51 Ni3Ti CuAl8 4 loyers, b) enloraement

Bimateria blocks
Cusi3 on AM410

410_CuSi3 Hardness
b cen
= I RRTRRIAN
1 (| a0 Cusi 1stioyer cusis nd layer
o

Distance ()

Vickers hardness ocross interface AMA10 - CuSi3.

Hordness distribution at interface NI3T-CuAls of N21 4 51 NI3TI CuAlg 4 laver

EDS scan across interface AMA10-NITI3-CuAl

—— sum SED

1 (a) and (b): optical

thenterface of

Image quality + B0-IPF maps




CUMNI3AI7 on AMA10

410_CuMin

w0z

0 a0 Cuntn 1stayer

Distance ()

CUMNI3A17 deposited on AMA10, indications of LME




B1 Mould for Bathtub showface Villeroy &Boch, RAMLAB

single wall X - orientation ¥ - arientation Z - arientation
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stress - strain curves for the printed AM35 steel in the welding direction (x) and the building direction (z).
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Bi material
AM35 - AM410

Bi-material block AM35 bottom part and martensitic stainless steel AM410 top part. Interface region without apparent discontinuities, Etchant: Nital 5 %
Interface region, top martensitic stainless steel AM410, bottom fine grained AM35. apparent discontinuities, Etchant: Nital 5%.
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Hardness HV2, along the building direction of coupon R-1121-(PRJ-B1-002

Meas. instrument: Mahr-MeasCard X:3,79; 2:3,79
Drive unit: CD 120
Probe: PCV 350/ 33 mm
Lt 42.29 mm
Ls: -
VB: +/-25000.0 pm
Vit 0.20 mm/s
Points: 42283
E
E]
PRFOL: W [LC GS 2.5 mm]; Wt 9,7 pm
o] 5,000
o i
0 S —— ——
1 -5,000
2.50 mm/div 35.00 mm
PRF04: P
5,000 i
7 o
or




-5,000}

1.00 mm/div 10.00 mm

PRFO4: W [LC GS 0.8 mm]; Wt 2,6 ym

& 2,000
um
0
-2,000
1.00 mm/div 8.00 mm
[ T T T T T T T T T 1 T T T I T T
10 15 20 25 30 35 40 as mm

Roughness profile of polished sample surface

440 T T
am |- = - .|
L]
g 400 |- ! } - top bead
B0 |- ‘g | B ] i
= 4 4 L ] - . - i -
g 360 |- 1 = ‘... LN ] L
340 : :
'
3o | L L - 1 -
300 ) s -
[H 5 10 15 20 15
locatiom (mim)
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micrograph of heat treated 3Dprint AM410NiMo

Thermanit16/05 Mo

lacation {rmm}

Hardness measurements in the build direction, location 0 is at the top surface. average 336 HV ,,, st dev 8.4 HV ,,, untreated
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Micrograph of Thermanit16/05 Mo, untreated

Thermanit16/05 Mo 440
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location (mm)

Hardness measurements in the build direction, location 0 is at the top surface, heat treated
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Micrograph of cross section, heat treated.
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B2 Mandrel tool for GKN Aerospace, RAMLAB
1.3912 - FeNi36

macrographs GMAW

Cross section of FeNi36 block 3
with indications of intergranular cracks
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Hardness distribution HV1 along FeNi36 block 3

1.3912 - FeNi36 GTAW




a) b)

:two examples of cross section of FeNi36 deposits a) I= 130 A, V y1qve) = 4.6 MM/s, V ;e =21.7 mm/s, heat input 200 J/mm, b) 1= 218 A, V y1qve; = 3.3 mMm/s, V e =49.4 mm/s, heat input 550 J/mm

/1000um

Intergranular Crack

a) b)

a) construct welded with low heat input 200 J/mm, b) construct welded with high heat input 550 J/mm, showing an intergranular crack

3 mm

55% Ni
48% Ni - - -
42% Ni C——301mm Fe K C—//3 041 mm Fe K C——3 01 mm Fe K
Ni 38.64 wt.% Ni42.83 wt.% Ni 55.60 wt.%
b)
38% Ni
32% Ni

a)
a) Graded FeNi wall, b) EDS measurements at bottom, middle and top of the wall showing a homogeneous distribution of Ni and Fe



Coefficient of thermal expansion of FeNi36 plate material. Comparison induction heating, material specification and furnace heating for different temperature ranges. Induction heating TUD, furnace heating at Element (Sweden)

Mean CTE Induction heating (x 106 °C?) Material specification (x 105 °C')  Furnace heating (x 10® °C1)
20-100 °C- 2.04 1.30 1.36
20-149 °C- 2.50 2.11 2.01
20-260 °C- 5.12 4.18 4.67
20-360 °C- 8.21 7.60 7.57

Coefficient of thermal expansion of FeNi 36 plate material, furnace heating conducted at UTwente and at Elements, for different temperature ranges

Mean CTE UTwente (x 106 °C1) Elements (x 10°® "C1)
RT-100 °C- 1.33 1.36
RT-200 °C- 2.69 2.70
RT-300 °C- 5.84 6.01
RT-400 °C- 8.36 8.63
RT-500 °C- 10.14 10.32

Coefficient of thermal expansion of FeNi 36 printed material for a heat input of 200 J/mm and 550 J/m for samples in the building direction (vertical) and the printing direction (horizontal). Furnace heating carried out at UTwente

Mean CTE 200 J mm1 Vertical (x 106 °CY) 200 J mm! Horizontal (x 106 °C1)
RT-100 °C- 1.40 1.39
RT-200 °C- 2.74 2.67
RT-300 °C- 5.85 5.73
RT-400 °C- 8.34 8.15
Mean CTE 550 J mm1 Vertical (x 106 °CY) 550 J mm! Horizontal (x 106 °C1)
RT-100 °C- 1.48 1.27
RT-200 °C- 2.79 2.60
RT-300 °C- 5.92 5.81
RT-400 °C- 8.32 8.36
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Monoblock of AM62

tensile tests

X - orientation
01 02

Y - orientation
01 02

Moulding tool for Shapers, NAVAL Group

Z - orientation
01 02
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Sample  Run OPun  f V) e teA) T Ew o(afem®)  CR(mm/yr)
(mV) (uAfem®)
Né6200C2
(Shapers 1 -638 -571,2 8,038 10,234 28,61 7,86 0,1218
Sol)
N6200C2
(3.0wt Nacl) -636 -573,3 8,008 10,196 28,61 7,86 0,1214
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Tri layer deposit

AMB62 + FeFe2 + AM62

interface

Tocation (mm)

Hardness across the interface from LMN MoNi to LMN 4M, interface
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location (mm)

Chemical composition across the interface LMNMoNi -LNM 4M (FeFe2

Macrograph bottom layers LNM MoNi, top layers LNM 4M (Fe-Fe2)

Second deposited material
(LVIN 4M steel)

First deposited material
(LMN MoNi steel)

The microstructure of top layer of deposited LMN 4M steel, SEM-SE images in different magnifications

Hardness profile over the cross section, right hand side is top of the sample (AM62), a) global profile, b) local (starting from location 8 mm in a) to 15 mm)

Macrograph of coupon N-626162 Tri

hardness

The microstructure of the interfacial region between LMN MoNi and LMN 4M steels; SEM-SE images in different magnifications
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Micrograph detail of interface LNM MoNi - LNM 4M

Micrograph top layer LNM 4M
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SEM-SE images showing the microstructure of deposited LMN MoNi steel located in the middle region of the sample



Micrograph of cracks in FeFe2 and mixed zone FeFe2-AM62

LNM NiFe + cast iron G-500-7

204 layer

1* layer

Formation of some defects during fabrication of bimetallic structure in the
(a) first and second deposited layers and (b) following layers
Cross section of the interface between cast iron (bottom) and LNM Nife (top), showing the distribution of the grafite and defects in the top layer

Castlron

Deposited Fe-55%Ni alloy

WD L—-TD

The low magnification optical image of the deposited layers

cross section of the interface between cast iron (bottom) and LNM NiFe (top)

+ SEM images of the microstructure around the graphite nodules in PMZ

The microstructural change across the interfacial region between PMZ and deposited material (a) SEM image and (b)BD- IPF image from EBSD data 600000
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EDS maps taken from the PMZ/deposited alloy interface
multi material blocks deposits on cast steel
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EDS measurements on NS562_R of elements Si, Cr, Mn, Ni and Mo across the interface

Micrograph of fusion line between first and final layer of Fe-Fe2. Hardness Vickers indents are seen

NS56261_M hardness.
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SEM-micrograph of crack in Fe 620 along fusion boundaries and in the weld beads

EDS mapping of elements Nb, Mo, and Cr in the area surrounding a crack in Fe 620 show segregation of Nb and Mo
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B4 Forming die for Gorenje Orodjarna, RAMLAB
AM FedMC1 deposited on the GGG70L steel
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a) indication of the hardness measurement pattern; b) hardness measurements of the as
weld and after PWHT of AMFe4MC1 ( GRADE 2XLB4-05) deposit on GGG70L

Overview and micrographs of the deposited sample.



B5

material

Forming die for stainless steel parts for Gorenje Orodjarna, RAMLAB

Base material 1.2312 / cladded with patented Aluminium Bronze

P20

Base material 1.2312/patented Aluminium Bronze

copper aluminium iron flux core wire CuAl13,5Fe4,0 or alternative material to be specified by LSW

1 == Im"mY Mo
Hardness
N Vz.1/ Vz.2/ Vvz.3/
§ B5 B4-1 B4-2
E g Sample |Sample |Sample
22 Hardnes |Hardnes |Hardnes
=S |sHRe] |sHRe] |s[HRc]
1 23,60 23,20 18,30
2 24,30 27,30 20,50
3 2220 13,00 17,20
4 23,00 11,10 20,10
5 26,70
Average 20,26 23,28 19,03
Required _

Top view tested samples and profile of the wear, a) AMPCO25

Top view tested samples and profile of the wear, b) 1SO 24373 - S Cu 6338 (CuMn13AI8Fe3Ni2) .

Hardness measurements of B5 sample, ISO 24373 - S Cu 6338 (CuMn13AI8Fe3Ni2)
expected hardness 220 HB according technical data sheet which is roughly 20 HRC

Sample 1 (patented Aluminium Bronze)
Test 1: 75.92 +/-4.05 * 10-6 mm3/N.m (6 mm radius)

Test 2: 77.44 +/-3.70 * 10°® mm3/N.m (8 mm radius)

Sample 2 (S Cu 6338)
Test 1: 316.16 +/-59.70 * 10-6 mm3/N.m (radius 6 mm)

Test 2: 120.94+/-40.81 * 10-6 mm3/N.m( radius 8 mm)
Test 3: 163.70 +/-39.04 * 10-6 mm3/N.m

S355 + ASME SFA 5.7 Class ER CuAl-A2 (buffer) + copper aluminium iron flux core wire CuAl13,5Fe4,0

o 26 0 2 2 O 0N 48D 0K 420 GO0 N0 0KD 060 OO 1O

W 6 10 A 0
Edge distance (nm)

S355 steel plate, + buffer material hardness

W0 40 T U 20 080 400 030
Edge distance (nm)




S355 steel plate, + hard-facing material  hardness
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B6 Forging die for Kuznia Jawor, RAMLAB

Bi Material Block

Fe3MC1-S355

DES M0 PR BE_ ook
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The printed H20-PRJ-B6-001 coupon
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(a) The macrostructure of deposited Fe3MC1 alloy, (b) The SEM image of the first deposited layer and (c) The SEM image of the following deposited layers Composition along building direction from 1st layer of Fe3MC1 (TUD

ep 8
WDL’TD

(b) Fe-6.0Cr-0.7Mn-2.5M0-0.4Ni-0.58i-0.7V-2.0W-0.3C-0.02P wt(%

®Laup
WrerRITE
& AUSTENITE

SEM image showing the formation of fine precipitates in Fe3MC1 alloy.
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The EDS map of the precipitated Laves phase

o 200 400 600 800 1000 1200 1400 1600
Temperature(C)

Formation of Laves phases in deposited Fe3MC1 alloy, (a): SEM image and (b) analyses of the solidification path using the JMat-Pro software.

Points TV & Fe Nl Mo W Total(Mass%)
2875 348 7.83 3751 0 144 803 100
012 29 582 3551 0 3122 2444 100

1
@

3 003 225 6 3614 0 3226 2332 100
4 1036 116 562 7255 0 576 456 100
s

018 062 6 8445 0 48 396 100

Total
Points Ti V & Fe Ni Mo W (Mass%)

6 098711704579 0 16311066 100
7 064208 7 7629 0 827 572 100
8 1117.44 7.17 5904 0.14 1602 907 100
9 0583176177386 0 852 7.71 100

10 033441734703 0 1095 668 100



Phase Fraction
[ iron (Wpha) 0997
Austenite 0003 stenite 0,005

(a) : BD-IPF of martensitic structure in third deposited layer, (b) Reconstructed prior austenitic structure grains for fig. 19a, and (c) Different pole figures of martensite extracted from Fig. 19a

180 0202

Some EBSD results from deposited Fe3MC1, left column: the first deposited layer and the right column is: following deposited layers (a) and (d) BD-IPF map, (b), and (e): Phase map, (c) and (f): The grain boundaries distribution map

true stress - strain curve 1600 Engineering stress - strain curve
1800 me R po.2 Rm At
1600 1400 GPa MPa MPa %
1400 £'1200 1 _transverse
51200 s - 205,01 1108,48 1502,70 6,2
[ Y /
S %1000 Y
121000 —1_transversely 7 —1_transversely 2_transverse
g 800 —2_transversely ® 800 — 3 transversely ly 172,46 1038,92 1369,15 4,8
3 600 —3_transversely § 600 —3_transversely 7
= —4_transversely kS —4_transversely y_transverse
400 —1_alongside ::f 400 —1_alongside /y 239,28 900,20 1219,88 44
—2_alongside —2_alongside 4_transverse
200 3_alongside 200 3_alongside F_
. 4 alongside , 4 alongside y 196,14 967,87 1351,46 4,6
0 0.01 0.02 0.03 004 0.05 0.06 0.07 0.08 0.09 0 1 2 3 4 5 6 7 8 9 1_alongside 197,20 1327,67 1328,42 7,9
True strain Engineering strain [%] 2 _alongside | 205,80 880,20 1221,55 7,1
3 alongside | ---------- | --------- 1368,34 6,0
4_alongside 205,73 1025,52 1347,15 84
Youngs Modulus, Yield strength, Ultimate tensile strength and Area reduction of tensile tests at 500 °C (PWR)
true stress strain curves at 500 °C Engineering stress strain curves at 500 °C
Average
temperature H?;dkr;;ss hardness
(HRC)
o layer is not
1 41,83 41,43 tzm it
41,9 &
27,73
2 35,67 32,08
32,84
485°C
35,10
5 36,61 34,13
30,70
35,21
4 41,21 39,02
40,66

Hardness test results of B6 coupon, AM Fe3MC1, at 485 °C Vickers hardness (HV0.1) map at the sample surface at room temperature. Left image indicates the base plate blue (S355J2) Right side the top-layer of the coupon. (PWR)



	(WP 1) Materials and testmatrix
	A1 Database
	A2 Database
	B1 database
	B2 database
	B3 database
	B4 database
	B5 database
	B6 database
	Blank Page
	D1_8 v1-public database_titel.pdf
	Introduction




