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SUMMARY

Three heats of modified 9%Cr-steels of the EUROFER97 program were investigated. The
samples were taken from three plates, 8, 14 and 25 mm thick, and one bar, &100 mm. All three
planes of the plates and the bar were investigated by optical and electron microscopy (SEM-
EDX) and hardness measurements were made over the cross sections.

All samples show a fine homogeneous tempered martensitic microstructure with a prior
austenite grain size of ASTM 10.0-10.3. No elongated austenite grains were found. The
microstructure is free of &-ferrite and segregation bands of carbides. However, some segregation
was found in bands of Ti-rich particles and inclusions (sulphides and oxides). To a lesser extent,
concentrations of Ta-rich phases were also found. Ta appears to precipitate as relatively large
particles, with respect to carbides present.

The hardness shows an even distribution over the cross sections, without evident hardness
decrease at the plate surfaces. The plate materials show hardness values of about 212HV30. The
bar material has a somewhat higher hardness, with an average of 220HV30. No significant
variation in hardness with orientation was observed.

Keywords

Eurofer97, 9%-Cr-steels, Plate, Bar, Microstructure, Hardness.
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1. INTRODUCTION

NRG has been investigating modified 9% Cr-steels for use in nuclear reactor applications. In
these installations, this particular class of materials is used in a tempered martensitic state,
where it should combine good post irradiation mechanical properties with other specific
benefits, like abundant H/He-trapping sites and low activation properties. This document is part
of these investigations and targets the metallographic characterisation of Eurofer 97, a reduced
activation steel, candidate for the main construction material for the first wall of a DEMO-type
fusion plant.

Eurofer 97 has been modelled after commercial steels like T91 with a tempered martensitic
microstructure. Other examples of materials out of the same family are F82H [2] and the
experimental 9%Cr steels from Britisch Steel (CORUS) [3]. This microstructure allows
operation at relatively high temperatures up to 550°C and offers a good dimensional stability
under high neutron dose level conditions. However, since tempered martensite has essentially a
ferritic bce-lattice, it is subject to a ductile-to-brittle transition (DBT). Under the accumulation
of neutron irradiation displacement damage there will be degradation of upper shelf toughness
and, more importantly, a shift of the DBT to higher temperatures. This causes severe
embrittlement. Developments in the ferritic/martensitic steels for nuclear applications therefore
tend toward a fine microstructure with small prior austenite grains and a low number of
inclusions to achieve an optimum combination of toughness, strength and high temperature
properties.

The model material T91 is a 9Cr/1Mo0/0.2V/0.08Nb steel. The elements in the composition that
will transmute under fusion-relevant neutron spectra into high-energy radiation emitters with
long half-life have been selectively replaced by other elements for Eurofer 97. These
replacements have similar effects on the mechanical properties but they are more beneficial
from radiological point of view. In the Eurofer 97 steel composition, Mo has been replaced by
its periodic table group co-member W as the main solution hardener. Where 1 wgt% Mo is
equivalent in this respect to 2 wgt% W, the W content has been reduced to nominally 1 wgt%
for reactor operation reasons because of the high neutron interaction of W (and for lower DBT-
temperature as well). Nb, a strong carbide former, has been replaced by its periodic table group
co-member Ta, where the specified Ta-content of 0.07 wgt% was increased unintentionally to
0.14 wgt% in the production process.

Eurofer 97 has been produced by Béhler AG in a 3.5 Mg batch to demonstrate an industrial
production route. In the future, production techniques need to be refined to manufacture actual
low activation material, where the goal is to achieve a hands-on dose level rate of 25 uSvh'1
after 100 y cooling time. The level of impurities in Eurofer 97 has been reduced compared to
precursor laboratory heats, but we must still consider Eurofer 97 a reduced activation steel.

Investigations on various product forms of Eurofer 97 were carried out by ECN/EE, Materials
department for NRG/MMI. More specifically, a general microstructure characterisation was
done with optical and scanning electron microscopy. Data was gathered on prior austenite grain
size, carbide distribution, segregation, inclusions, and hardness.

ECN-C--00-108 5
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2. INVESTIGATION

2.1 Materials

The chemical composition and heat treatments of the investigated materials are given in table 1.
For the investigation samples taken from plates with several thicknesses and bar were made
available. The plate thicknesses were 8, 14 and 25 mm. The bar had a diameter of 100 mm. The
materials specifications as delivered by Bohler are given in appendix I, as well as the origin of
the plates and bar supplied to NRG.

For the investigation, samples were cut by Electro Discharge Machining (EDM). The sampling
plans and the location of the samples for the metallographic examination are given in appendix
I1. The samples for metallographic examination were coded as follows:
- 66/4: sample out of the 8 mm plate
- 4/14: sample out of the 14 mm plate
- 2/10: sample out of the 25 mm plate
(66/4, 4/14 and 2/10 refer to the codes in the Bohler certificates)
- 5 samples (dimensions 15x10x5 mm) with different orientations and taken from different
locations on the cross sections of the bar at M5 (appendix I1):
- L, at 1/8 of the diameter
R, at 1/8 of the diameter
C, at 1/8 of the diameter
- C/M, at3/8 of the diameter
- R/M, at centre of the bar
The rolling direction and orientation of the samples with respect to the plates and the bar, were
indicated on the samples.

2.2 Sampling and investigation

For the investigation cross-sections were made in all three planes of the samples:

- L-LT-plane: parallel to rolling directions and plate surface

- L-ST-plane: parallel to rolling directions and perpendicular to the plate surface
- LT-ST-plane: perpendicular to rolling directions and to the plate surface

Where:

L= rolling direction,

LT= Long transverse (perpendicular to the rolling direction) and

ST= Short Transverse (plate thickness).

The L-direction coincides with the axial direction of the bar and ST with the cross section of the
bar.

The cross sections were prepared by standard metallographic techniques and investigated in the

as polished and the etched condition. Picric Acid was used as the main etchant. To reveal
segregation additionally the Beraha-1 and Brauner-11 etchants were used.
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The microstructure was investigated with respect to:

- the prior austenite grain size (PAG) (determined by the linear intercept method according to
ASTM E112-88),

- carbide distribution,

- inclusions (according to ASTM E7-90b),

- segregation,

- additional phases like &-ferrite,

- hardness profile (HV5) and,

- overall hardness (HV30).

8 ECN-C--00-108



3. RESULTS AND DISCUSSION

3.1  Microstructure

The results of the microstructural investigation are summarised in table I1.

All materials show a fine homogeneous martensitic matrix with a small prior austenite grain
size of ASTM 10.0-10.3, Figure 1-4. The PAG shows no elongation in the rolling directions. On
all three cross sections per sample, similar PAGs were found, see the overview on page 10. The
fine carbides are homogeneously distributed without the presence of clear segregation bands.
However, some segregations of Ta en Ti can be recognised by the presence of small banded
concentrations of Ta rich particles (up to 1 um in size) and Ti rich particles. Most likely these
particles consist of Ta-carbides or borides and combined TiC and TiN. The TiN is characterised
by its typical cubic morphology and the yellow colour. The TiC is characterised by a gray
colour and a more irregular shape [3], Figure 5. Both the Ta and Ti-rich particles are oriented in
the rolling direction.

In general the steels only show small amounts of inclusions (sulphides and oxides).

Studying the inclusions by EDS in detail, shows that they consist out of FeMnS, Figure 6,
Aluminium-oxides, Figure 7, and inclusions enriched in Ta en Ti, Figure 8. The oxides are
aluminium-oxides, Figure 8.

The presence of the Ti-rich particles is somewhat surprising since the overall analyses of the
materials only show 0.006 to 0.009wt% Ti. That the Ti-rich particles have the same orientation
as the sulphides and the oxides indicates that the Ti has segregated and was concentrated.

No &-ferrite was found by optical microscopy.

3.2 Hardness measurements

The results of the hardness measurements are summarised in table 11 and the overview on page
9. The profiles over plate thickness are presented in figure 9.

In general the hardness profiles show an even distribution of the hardness. All plates and the bar
show comparable hardnesses in the range of 210-220HV30.

These hardnesses are in good agreement with those stated in the materials certificates, although
there is a slight tendency towards somewhat lower hardness in the case of the 8 and 25 mm
plates, compare table | and Il. These differences however, fall within the given specifications
for the repeatability of hardness testing machines stated in ASTM E 92-reapproved 87.

The small differences found on the different cross sections per sample, can be explained by

statistical variation. Therefore, from a metallurgical point of view, the materials are similar as
determined by the optical and scanning electron microscopy and hardness measurements.
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Overview of the results of the hardness and grain size determinations. I
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CONCLUSIONS

The following conclusions can be drawn from the microstructural investigation of the
Eurofer97, 8, 14 and 25 mm plate and the &100 mm bar materials:

All investigated materials show similar fine homogeneous microstructures of tempered
martensite.

A Prior Austenite Grain size (PAG) of ASTM 10.0-10.3 (8.8-10.3 um), with a
homogeneous carbide distribution was determined.

No &-ferrite was found in the microstructure.

No marked segregation bands were found in the samples.

Minor concentrations of Ti-rich and Ta-rich particles were found oriented in the rolling
direction.

The material only contained minor concentrations of small inclusions of FeMnS and
Aluminium-oxides.

The Vickers hardness of 210-220HV30 is in agreement with the hardness given in the
material certificates.

The hardness profiles (HV5) show an even hardness distribution over the cross sections.

ECN-C--00-108 11



12

ECN-C--00-108



5. REFERENCES
[1] E.W. Schuring; A Microstructural Study of F82H-Mod; Plate, Powder HIP and EB and TIG
Weldments; ECN-R—98-013, June 1998

[2] E.W. Schuring; Microstructure of 9%-Cr Ferretic-Martensitic Steels; Experiemental
9%CrWVTa Steels, Part I; ECN-CX--00-070; June 2000

[3] George F. Vander Voort; Wrought Stainless Steels, ASM-Handbook, Volume 9 Ninth
Edition, pp 279-287

ECN-C--00-108 13



(a) L-ST plane (SCE957)

(b) L-LT-plane (SCE968)

 — |

(c) LT-ST-plane (SCE974)

|

Figure 1 8 mm Plate. The microstructure in the three investigated planes L-LT, L-ST and
LT-ST
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() L-ST-plane (SCE964)

 —

(b) L-LT-plane (SCE965)

(c) LT-ST- plane (SCE973)

1

Figure 2 14 mm Plate. The microstructure in the three investigated planes L-LT, L-ST and

LT-ST

ECN-C--00-108

15



(b) L-LT-plane, (SCE966)

FeMnS sulphide

| SCE 966 P25C-LLT plane | RN NN R e

'[_ (c) LT-ST- plane (SCE967)
|

l

l

|

|

|

|

SCE967 P2SB-LT-ST plane
Figure 3 25 mm Plate. The microstructure in the three investigated planes L-LT, L-ST and
LT-ST
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(a) RM-plane (SCE969)

(b) R-plane (SCE971)

|

. (c) C- plane (SCE972)

|

Figure4 100 mm Bar. The microstructure in the three investigated planes RM, R en C
sections
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(a) Optical microscopic image: Ti-rich particles in bar section L (SCE950)

ECN COMPD 15.8kY ’, 5900

(1 s I B |

(c) EDX-analyses of the Ta-rich particles in (b) (EUR2)

Figure 5 Concentration of the Ti and Ta rich particles and EDX analyses of Ta-rich particles
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(a) P25a003 (SEM image)

Element | A B C Selected Area EDX analyses
Indication for the matrix composition

Al 9.2 | 7.6 0.5
W 14
Cr 5.3 5.8 10.3
Fe 424 | 22 | 324 87

Mn 04
\% 24 0.1
Ta 51.2 11.1 0.3
Ti 1.1 | 16 | 36.41 -

Si 44 -

(b) Results EDX analyses of the phases A, B and C indicated in (a). (Composition in wt%)

Figure 7 25 mm plate. SEM photograph of Ta-rich inclusion (A) and intermetallics (B, C).
(P25a003)
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Figure 8 EDX analyses of an aluminium-oxide (EUR3)

Hardness (HV5)

Hardness profiles of the 8, 14 and 25 mm plates
250
—=— 14mm
230
—&— 8mm
220
210 -%AW
200 A
190
180
170
160
150 T T T T T
0 5 10 15 20 25 30
Distance

Figure 9 Hardness profiles of the 8, 14 and 25 mm plates. The hardnesses of the plates are

20

comparable
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Tablel  Chemical composition, heat treatments and Hardness according to the Bdhler
certificates for the materials
Sample
Plates bar Specification
Thickness/Diameter | 8 mm \ 14 mm 25 mm @ 100 mm for Eurofer-97
Certificate ref E83698 E83697 E83699
(heat, Bohler)
Chemical composition (avg taken from Heat analyses in appendix I)
C 0.12 0.12 0.12 0.09-0.12
Si 0.04 0.06 0.07 <0.05
Mn 0.49 0.46 0.44 0.20-0.60
P <0.005 <0.005 <0.005 <0.005
S 0.004 0.004 0.004 <0.005
Cr 8.93 8.90 8.97 8.50-9.50
Mo <0.0010 0.0023 <0.001 <0.005
Ni 0.020 0.022 0.007 <0.005
\Y 0.20 0.20 0.19 0.15-0.25
W 1.08 1.07 1.10 1.0-1.2
Cu 0.0019 0.0039 0.0022 <0.005
Co 0.006 0.006 0.004 <0.005
Ti 0.006 0.009 0.009 <0.01
Al 0.009 0.008 0.008 <0.01
Nb 0.0017 0.0020 <0.001 <0.001
B <0.001 <0.001 <0.001 <0.001
N 0.021 0.020 0.017 0.015-0.045
Pb <0.0003 <0.0003 <0.0003
Ta 0.15 0.15 0.14 0.05-0.09
@) 0.006 0.0007 0.0012 <0.01
As <0.005 <0.005 <0.005 As+Sn+Sb+Zr
Sn <0.005 <0.005 <0.005 <0.05
Zr <0.005 <0.005 <0.005
Sh <0.005 <0.005 <0.005
Heat treatment
Normalising 980°C — 980°C - 979°C -
Tempering 27 min— air-cool | 30.6 min-air cool | 1 h 51 min - air
Tempering 760°C — 90 min | 760°C — 90 min — 739C -
air-cool air-cool 3h 42 min - air
Hardness according to appendix |
Hardness HV30 218- 208- 221-222 Edge: 227
221 216 D/4: 221
Centre: 220
D/4. 217
Edge: 220
Avg: 221+4
NOTE: The chemical compositions are homogenous throughout the billets.
ECN-C--00-108 21



Table Il

Summary of the investigation results

Sample
Plates bar
Dimensions 8 mm 14 mm 25 mm & 100 mm
Item\Heat no. E83698 E83698 E83697 E83699

Microstructure

e Fine martensitic matrix with a homogeneous carbide distribution.

e Some segregation can be recognised by the distribution of Ta-rich and Ti-
rich phases.

e No marked segregation bands in the form of concentrations of carbides
were found.

e No d-ferrite in the microstructure

PAG (ASTM)  [10.2+0.4 10.240.3 10.0+0.3 10.3+0.2
Inclusions e Ti-rich phases (TiCN)
e Ta-rich phases in segregegation bands
e FeMnS inclusions
e Al-ox particles
Avg. Hardness
HV5 209+2 20643 208+2
HV30 213+3 212+3 210+3 2204
22 ECN-C--00-108
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ABNAHMEPRUFZEUGNIS 3.1.B
INSPECTION CERTIFICATE 3.1.B

BOHLE

CERTIFICAT DE RECEPTION 3.1.B BLECHE
nach/according to/selon EN 10204 '
Blatt/Sheet /Feuille 1 von/ofide 3 Attest Nr/ Certificate No: 200556 did. 02.11.19

Besteller/Purchaser/Commetant
Bohler Edelstahi GmbH
Mariazellerstr. 25

8605 Kapfenberg

T ————

Bestell-Nr./Purchaser's Order No./No.de commande =

111/27187 dtd. 03.11.1998
Auftrags-Nr./Works Order No./No. de commande d'usine Lieferschein/Dispatch note/Avis d'expedition
115554 dtd. 18.11.1998

Anforderungen/Requirements/Exigence

Annex A Technical Specification NET 97/917

Erzeugnis/Product/Produit

Lohnfertigung von Blechen / hire production of Plates "BOHLER T512", EUROFER 97
warmgewalzt, vergiitet und gebeizt, Ausf. [Vbv

hot rolled, hardened and tempered, pickled, finish I/bv

Umfang der Lieferung/Description/Liste descriptive Gewicht kg Schmelze Priaf]
Pos. Stk./Pcs Weight/Poidskg ~ Heat/CouleeNo  Test/Epro
10 It. Zeichnung Nr. / acc. to drawing no. IMF [-FE-8 x 8 mm 22 E83698 66F

Blech Nr. / Plate No.: 66/1 - 66/12, 77/1 - 77/10
Los Nr. /Lot No.: 248 - :
20 1t Zeichnung Nr./ acc. to drawing no. IMF I-E-14 x l4mm 27 E83698 3F
Blech Nr. / Plate No.: 3/1 -3/12,4{1 - 4/15
Los Nr./LotNo.; 249
. 80 It Zeichnung Nr. / acc. to drawing no. IMF FE-25x25mm 15 E83694 IF
' Blech Nr./ Plate No.: 1/1 - 1/15
Los Nr./ Lot No.: 251
30 1t. Zeichnung Nr./ acc. to drawing no. IMF [-E-25 x25mm 15 E83697 2F
Blech Nr./ Plate No.: 2/1 - 2/15 .
Los Nr./LotNo.: 250
40 1t. Zeichnung Nr./ acc. to drawing no. IMF [-E-1.5x 1,50 mm 24 E83698 IF
i Blech Nr./ Plate No.: 1/1 - 1/12,2/1 - 2/12 ' ’
Los Nr./ Lot No.: 247

Nichtmetallische Einschliisse geméB / Non metallic inclusions acc. to ASTM E45:

Prisf. Nr./ A B ' . c D
test no.
dinn/thin | dick / heavy | diinn/thin | dick / heavy | dinn/thin _|dick/ heavy |dinn/thin dig

66F/248 - - - - - - 1,0

3F/249 - - - - - - 1,0

1K/251 - - - - - ' - 1,0

2K/A250 - - - - - - 1,0

1K/247 - - - - - - 1,0

Chemische Zusammensetzung ( Schmelzanalvse)/Chemical Composition (heat analyses)/Composition chimique (%

Siehe BEG Material Attest Nr./ see BEG material certificate no.: 029035, 029037, 029044

yd



BOHLER

' ;
L ABNAHMEPRUFZEUGNIS 3.1.B Vs BOH LE ABNAHMEPRUFZEUGNIS 3.1.B
| INSPECTION CERTIFICATE 3.1.B BLECHE INSPECTION CERTIFICATE 3.1.B ey =
-‘ CERTIFICAT DE RECEPTION 3.1.B BLECHE

CERTIFICAT DE RECEPTION 3.1.B

nach/according to/selon EN 10204 ' : .
. | /selon EN

Blatt/Sheet /Feuille 1 vom/ofide 3 Attest Ni./ Certificate No: 200556 did. 02.11.199 g?;g;;‘:;d,}niﬁ:eé‘mvon/;ggg‘; Aest N/ Conteate Nox 200556 did. 0.1
1cate INO: .02.11.1999

]
=
e
1
E-
5

/C tant .
Besteller/Purcaser Lommetan Produktanalyse / Product analysis:

Bohler Edelstahi GmbH
Mariazellerstr. 25 Schmelze Prif-Nr.
8605 Kapfenberg - Heatno. testnmo. C Si Mn P S Cr Mo vV W Ti N
Bestell-Nr./Purchaser’s Order No./No.de commande SRy E83698 66F 0,12 0,040 048 0,005 0,004 891 <0,0010 020 1,08 0,006 0020
111/27187 did. 03.11.1998 'i " E83698 3F 01l 0040 047 0005 0004 882 <0,0010 020 1,09 0,005 0020
Auftrags-Nr./Works Order No./No. de commande d'usine Lieferschein/Dispatch note/Avis d'expedition : E83694 IF 0,10 0,050 045 0,005 0004 887 00027 020 115 0,005 0,017
115554 dtd. 18.11.1998 ' E83697 2F 0,02 0060 047 <0005 0,004 893 0,005 020 1,07 0,009 0,018
Anforderungen/Requirements/Exigence ’ E83698 IF 0,01 0040 049 <0005 0,004 896 <0,0010 020 1,08 0,006 0:021
Annex A Technical Specification NET 97/917 : Schmelze Priif-Nr.
Erzeugnis/Product/Produit ' Heatno. testmo.  Ni Cu Co Al Nb B Ta O As Sn
Lohnfertigung von Blechen / hire production of Plates "BOHLER T512", EUROFER 97 E83698 66F 0,020 0,0015 0,006 0,009 0,0017 <0,0010 0,14 0,0008 <0,005 <0,005
warmgewalzt, vergiitet und gebeizt, Ausf. [/bv ; E83698 3F 0,020 0,016 0006 0,009 00016 <0,0010 0,13 0,0010 <0,005 <0005
hot rolled, hardened and tempered, pickled, finish I/bv E83694 IF 0,028 10,0035 0,006 0,008 0,0025 <0,0010 0,14 0,0009 <0,005 <0.005 |
E83697 2F 0,022 0,0036 0,007 0,008 0,0022 <0,0010 0,14 10,0012 <0,005 <0,005 |
Umfang der Lieferung/Description/Liste descriptive Gewicht kg Schmelze Priif- E83698 33 0,020 0,0018 0,006 0,009 0,0015 <0,0005 0,14 0,0009 <0,005 <0,005
Pos. Stk./Pcs Weight/Poidskg  Heat/CouleeNo  Test/Eprol Schmelze Pruf-Nr. '
10 1t. Zeichnung Nr. / acc. to drawing no. IMF I-E-8 x 8 mm 22 E83698 66F Heatno. testno. Zr ) l
Blech Nr. / Plate No.: 66/1 - 66/12. 77/1 - 71/10 E83698 66F <0,005 <0,005 ]
Los Nr. /Lot No.: 248 - . E83608 3F  <0,005 <0,005 |
20 1t. Zeichnung Nr./ acc. to drawing no. IMF -E-14 x 14 mm 27 E83698 3F E83694 IF <0,005 <0,005 ‘
Blech Nr. / Plate No.: 3/1 -3/12,4/1 -4/15 : -, E83697 2F <0,005 <0,005 ‘
Los Nr./LotNo; 249 : EB3698 1F <0,005 <0,005 j
15 E83694 IF

. 80 It. Zeichnung Nr. / acc. to drawing no. IMF I-E-25 x 25 mm

Blech Nr. / Plate No.: 1/1 - 1/15 Abweichungen vom Kunden toleriert./deviation accepted by the client.

Los Nr./Lot No.: 251
30 1t. Zeichnung Nr./ acc. to drawing no. IMF [-[E-25 x23mm 15 E£83607 2F Mechanische Eigenschaften/Mechanical Properties/Characteristiques mecaniques
Blech Nr./ Plate No.: 2/1 - 2/15 . Priif-Nr. Probe| Temp | RP0,2 | RP1,0 | RM AS Z Temp ISO-V AV 30
Los Nr./ Lot No.: 250 Test No. Nr. | °C |N/mm2|Nmm2|Nmm2| % | % °c J
40 lt. Zeichnung Nr./acc. to drawing no. IMF -E-1.5x 1,50 mm 24 E83698 IF Eprouvette i
i Blech Nr./Plate No.: 1/1 - 1/12,2/1-2/12 ’ anforderungen: | Min |RT, | 500 600 | 15 . RT, 200, 200
Los Nr./ Lot No.: 247 ' casrements/ 550°C | 300 info_| info | 9°C*,-20°C | 150%, info
. Exigences: Max 240
Nichtmetallische Einschliisse cemif / Non metallic inclusions acc. to ASTM E45: @ RT 524 661 |- 2521695 200/211/209 218-221
‘ . S % 174/174/172
Prif. Nr./ A B o c D _ -20°C . 164/173/170
test no. 550°C | 379 430 18 | 79
dinn / thin | dick / heavy | dinn/thin |dick / heavy | donn/thin _|dick / heavy |diinn/thin |dick RT 537 665 | 19,8 | 74.4 220221215 208216 1
66F/248 - - - - - - Lg 0°C* 198/214/209
3F/249 - - - - - - 1, 20°C __ ]204/190/216
1K/251 - - - _- - - 1,0 _ 550°C | 358 402 200 83 | -
2K250 - - - - - - i g . IF RT 550 673 | 2481739 223/224/224 216-221
1K247 - - - - - - L R 0°C* 218/210/216 .
: _ o -20°C 181/217/211
Chemische Zusammensetzung { Schmelzanalyse)/Chemical Composition (heat analyses)/Composition chimique (/% 550°C | 358 399 | 18,0 ] 83 .
ﬁ RT 552 679 (24,0722 233/235/241 212
Siehe BEG Material Attest Nr./see BEG material certificate no.: 029035, 029037, 029044 ' : : 0°C* 219/225/236
-20°C 22072447219

TM1/QM ‘
02.11.1999 : IGE)
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ABNAHMEPRUFZEUGNIS 3.1.B
- INSPECTION CERTIFICATE 3.1.B

BOHLER

CERTIFICAT DE RECEPTION 3.1.B . BLECHE
nach/according to/selon EN 10204 )

Blatt/Sheet /Feuille 3 von/of/de 3 Attest Nr./ Certificate No: 200556 dtd. 02.11.199¢
Komgrosse / Grain size; 9 Los-Nr. /Lot no.: 248,249,250, 251

10 Los-Nr./Lotno.: 247

Delta Fem@halt / Delta Ferrite Content: 0%

Wirmebehandlung / Heat treatment: __gehértethardened : __980°C /27 min. / Luft/air Pos./item 10,20
980°C /30,6 min. / Luft/air __ Pos/item 30,40
angelassen/tempered: 760°C /90 min. / Luft/air Pos./item 10-40

Spektrographische Verwechslungspriifung an jedem Blech: Ohne Beanstandung
Spectrographic test on each sheet:  Satisfactory

Ultraschallpriifung nach / Ultra-sonic test acc. to SEL 072/77 Tafel 1+2: Ohne Beanstandung / Satisfactory

Erschmelzungsart/Steelmaking Process/Procede d'acieration: E :
______g__g___J__g_Kennzelchnu.n /Marking/Marquage Besichtigung und Nachmessung: in Ordn
Markenbezeichnung/Grade/Nuance: X Inspection and checking of dimensions: satisf'act;]
Werkstoff Nr./Material No./Materiaux No.: - Inspection et controle des dimensions: satisfaisan
Schmelze/Heat No./No. de coulee: X Ergebnis der Priifungen: -
Kd. Best. Nr. / customer order no. 111/27187, Dimension: X Test results:
Los Nr./ Lot no., Blech Nr. / Plate No.: X Resultat des essais:

Die gestellten Anforderungen sind erfillt.
Zeichen des Lieferwerks: Zeichen des Priifers: /-,A The material has been furnished in accordance wif
Brand of Manufacturer: - requirements.

Marques de l'usine: Le material a ete trouve conforme aux exigences.

\

BOHLER BLECHE

Anlage / Enclosure: 1) Ultraschallprifberichte Nr./ Ultra-sonic test reports no. 68352/1,68352/2, 68353,68354,75328,7 51

2) Schnitt- und Kennzeichnungsplan Nr. / cutting- and marking plan no. IMF I-E-8, IMF I-E-14,
IMF I-E-25, IMF I-E-1,5

I's

/N
/&8
TMI/Q1 ‘

02.11.1999 ' (PFR WERKSSACHVERSTANDIGE)




ABNAHMEPRUFZEUGNIS 3.1.B

INSPECTION CERTIFICATE 3.1.B
CERTIFICAT DE RECEPTION 3.1.B

nach/according to/selon EN 10204
Bilatt/Sheet /Feuille 3 von/of/de 3

Kormgrosse / Grain size: 9

Los-Nr. /Lot no.: 248, 249,250, 251

10 Los-Nr./Lotno.: 247

Delta F errit)gehalt / Delta Ferrite Content: 0%

Wirmebehandlung / Heat treatment: _ gehéartet/hardened :

Spektrographische Verwechslungspriifung an jedem Blech: Ohne Beanstandung

980°C /27 min. / Luft/air

980°C/30.6 min. / Luft/air __ Pos./item 30,40
angelassen/tempered: 760°C /90 min. / Luft/air

BOHLE}

BLECHE

Attest Nr./ Certificate No: 200556 dtd. 02.11.199

Pos./item 10,20

Pos./item 10-40

Spectrographic test on each sheet: Satisfactory

Ultraschallprifung nach / Ultra-sonic test acc. to SEL 072/77 Tafel 1+2: Ohne Beanstandung / Satisfactory

Erschmelzungsart/Steelmaking Process/Procede d'acieration:

Kennzeichnung/Marking/Marquage
Markenbezeichnung/Grade/Nuance:

Werkstoff Nr./Material No./Materiaux No.:

Schmelze/Heat No./No. de coulee:

Kd. Best. Nr. / customer order no. 111/27187, Dimension:

Los Nr./ Lot no., Blech Nr. / Plate No.:

Zeichen des Lieferwerks:
Braad of Manufacturer:
Marques de l'usine:

BOHLER BLECHE

Anlage / Enclosure: 1) Ultraschallprifberichte Nr. / Ultra-sonic test reports no. 68352/1,68352/2, 68353,68354,75328,75)
2) Schnitt- und Kennzeichnungsplan Nr. / cutting- and marking plan no. IMF [-E-8, IMF I-E-14,

Zeichen des Priifers:
\ Symbol of Inspector:
/ Symbol de l'inspecteur:

7
&

02.11.1999

/2\
// r&}%{
TMI/QI ‘

X o

Rl

Inspection and checking of dimensions: satisfact
Inspection et controle des dimensions: satisfaisanl
Ergebnis der Priiffungen:

Test results:

Resultat des essais:

Die gestellten Anforderungen sind erfiillt.
The material has been furnished in accordance wif
requirements.

Le material a ete trouve conforme aux exigences.

Besichtigung und Nachmessung: in Ordnq

IMF I-E-25, IMF I-E-1,5

ULTRASCHALL PRUFUNG Werks-Aufirag Pos
 ONTROLE AR | WorksOrder 115554 |fem 01
’ T —
~\ T.
&\\ BOHLER PRUFBERICHT B /REPORT B | Traveller (FP/WP) No. 98266
Bleche PROCES-VERBAL TYPE B _| No. de fiche suiveuse
N Rahmenvorschrift
r Main Specification
1132 68352/2 No, de spécification SEL 072-77/Tafel 142
) d’approvisionnement
pratiek Specitcton
;:ctc o:i:géllée BLECH No. de spécification de AV4/0252/74/REV.01
contrdle
Besteller Prizfbereich
Purchaser Béhler Edelstahl GmbH Inspect. area 10 MM
Client Zone soumise au contrdle
Stitckzahl Priifumfang
Quantity 1 Insp. coverage RAND U.RASTER 200MM
Quantité Etendu du contrdle
Kennzeichnung Koppelmittel
Identification - Couplant WASSER
Identification Produit de couplage
Abmessung Registriergrenze
Dimension 2170 x 1000 x 8.00 Registration level KSR 11 MM
Dimensions Seuil d’enregisrement
Werkstoff Justierung
Material T512 Adjustment RWE 80% BSH
Matiére Adjustage
Schmelze Nr. Referenzreflektor 8
Heat No. E83698 Reference reflector RUCKWAI.\ID'
No. de coulée Réflecteur de référence WERKSTUCK
Fertigungszustand Justi
Stage of production ust.xerktlsrper_
Etat d’avancement de BESCHNITTEN gfhb::t;on; piece K3
fabrication oc d'ctalonnage
Oberflichenzustand Prilfgerat/Nr. Priitkdpfe
Surface condition FREI VON ZUNDER Equipment/No. Z126{ Probes MSEB-4H
Etat du surface Appareil/No série Palpeurs
Skizze/Priifergebnis Entspricht / entsprieht-nieht der Vorschrift
Sketch/Test Within / get-withia specification
Croquis/Résultat Conforme / pas-conforme-aux-exigenees de la spécification
grﬂfvemntworﬂicher/Stufe [\J Pritfer/Stufe
upervisor/Level . Operator/Level
Responsable de contrdle / TIPPEL -3 4 ) Operateur/Niveau de WEISS - 1
Niveau de qualification . qualification
Pritfort . Datum
Place of exam. MURZZUSCHLAG Date 15.10.1999
Lieu de controle Date

(MFR WERKSSACHVERSTANDIGE) |
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ULTRASCHALL PRUFUNG |y c Ay firag Pos.
ULTCR(;*ggkNggﬂpﬁmG Works-Order 115554 |lem 02
i U T UL ONS ;t;:: ::/:j:;; interne Repére
. r.
& BOHLER PRUFBERICHT B/ REPORT B | Traveller (FP/WP) No. 98267
Bleche PROCES-VERBAL TYPE B _ | No. de fiche suiveuse
Rahmenvorschrift
Ne. 68353 Main Specification SEL 072-77/TAFEL 142
No. —_— No. de spécification ,
) d’approvisionnement )
Prfobjekt Specfioation
Test object BLECH Np 4 e AV4/0252/74/REV.01
Pisce controllée o. de spécification de
contrdle

Besteller Pritfbereich
Purchaser Baéhler Edelstahl GmbH Inspect. area 10 MM
Client Zone-soumise au contrdle

Stitckzahl Pritfumfang

Quantity 2 Insp. coverage RAND u. RASTER 200 mm
Quantité Etendu du contrdle

Kennzeichnung Koppelmittel )

Identification - Couplant WASSER

Identification Produit de couplage
Abmessung Registriergrenze

Dimension 2570 x 1000 x 14.00 Registration level KSR 11 MM
Dimensions —— Seuil d’enregisrement

Werkstoff Justierung

Material T512 Adjustment RWE 80% BSH
Matiére Adjustage

Schmelze Nr. Referenzreflektor

Heat No. E83698 Reference reflector %%%i\gﬁ?&

No. de coulée Réflecteur de référence

Sage ot rodueton . Justierkdrper

Etat d’avancement de BESCHNITTEN Cahbre}t'xon piece K3

Sbrication Bloc d’étalonnage

Oberflichenzustand Priifgeréit/Nr. Priafképfe

Surface condition FREI VON ZUNDER Equipment/No. Z126] Probes MSEB-4H
Etat du surface Appareil/No série Palpeurs
Skizze/Pritfergebnis Entspricht / entspricht-nieht der Vorschrift

Sketch/Test Within / netwithia specification .

Croquis/Résultat Conforme / pes-conforme-awx-exigences de la spéciﬁmﬁon

Pritfverantwortlicher/Stufe ' C\-/ Prifer/Stufe )

Supervisor/Level Operator/Level T -

Responsable de contrdle / TIPPEL - 3 ,\&" Operateur/Niveau de POTZ-2

Niveau de qualification qualification

Prufort . Datum

Place of exam. MURZZUSCHLAG Date 29.09.1999

Lieu de contréle Date
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ULTRASONéC TESTING Works-Order 115554 |Item 02 2 ! 2 £
i UT C%I_II’R L(E)lng No. de comande interne Repére ; —E g ; )
22 EKK (FP/WP) Nr. Z = o
6\ BOHLER PRUFBERICHT B/ REPORT B | Traveller (FP/WP) No. 98267 0 ES5| = 2|3
Bleche PROCES-VERBAL TYPE B__| No. de fiche suiveuse EZ| ag]l L3
Nr Rahmenvorschrift N ' 2 s o v
: Main Specification R &5 Ly, —
gg. 68353 No. de spécification SEL 072-77/TAFEL 1+2 . £ .:g 5. =
. d’approvisionnement ) (6 ~§ g = % =
i tu
Prafobjekt Prafvorschit (O 2
Test object BLECH P i AV4/0252/7T4/REV.01 i *
J No. de spécification de
Piéce contrliée - €& 5P on £ s
contrdle ) g g g
Besteller .| Prifbereich Q i N
Purchaser Bohler Edelstahl GmbH Inspect. area 10 MM Lﬂ 30
Client Zone soumise au contréle H - . §
Stitckzahl , Pritfomfang [1Q) gl © i 3 -
Quantity 2 Insp. coverage RAND u. RASTER 200 mm < f = 2
Quantité Etendu du contrdle ‘ s - 3
Kennzeichnung Koppelmittel : ) § = 23 T
Identification - Couplant WASSER < 0 ; z b 3
Identification Produit de couplage } N H b sal.
Abmessung Registriergrenze 3 3 § E gl % -3
Dimension 2570 x 1000 x 14.00 Registration level KSR 11 MM g. I A 3
Dimensions S— Seuil d’enregisrement °3 ' 5
Werkstoff Justierung 0001 =
Material T512 Adjustment RWE 80% BSH , . ooot 33 3
e : Adusiage 0Z| 007 | 007 TEE | €EE | EEE . P 3 s
chmelze INr. eferenzreflektor WAND- S22 a
Heat No. E83698 Reference reflector %/%(I:{I?(SWCK o g E &1 > 0 gg z fﬂi
No. de coulée Réflecteur de référence m ) o) o) Ay X Ay = ; =1 E
Fertigungszustand . < 5 > 2 2ERANE
Stage ofproduction BESCI_INITIEN Just'lerki?rper. K 3 'l bk %g 3 3 2 3
FEtat d’avancement de g?;‘cb?z;‘l‘o!:::: T ~ \:9 E F SH }'5-
fabrication 8 S o V) o - =
Oberflachenzustand PrifgerdtNr. Pratkopfe < ‘%1 M~ o0
Surface condition FREI VON ZUNDER Equipment/No. Z126{ Probes MSEB-4H * ,}% = = = e -
Etat du surface Appareil/No série Palpeurs : Pl
Skizze/Prifergebnis Entspricht / entsprieht-nieht der Vorschrift
Sketch/Test Within / net-swithin specification , ' L X N o 1
Croquis/Résultat Conforme / pas-cenforme-awe-oxigenees de 1a spécification S )] )| -(i\ E § ) X0 e
‘ 2| < > =
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Pritfverantwortlicher/Stufe Pritfer/Stufe A et}
Supervisor/Level C\/ Operator/Level e (ﬂ
Responsable de controle / TIPPEL -3 /4" : Operateur/Niveau de POTZ -2 C() . = ¥ S - %/{ -
Niveau de qualification qualification g \ .§ 3 0
Pritfort . Datum . % >
Place of exam. MURZZUSCHLAG Date 29.09.1999 s Q) v -~ . § q{
Lieu de contrdle Date - Q - > B " X :‘E
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s 2
[ [~
d ©u
= 5 n =
= 35| 2 "’ ULTRASCHALL PRUFUNG | werke. Aufirag Pos.
g 5 = e ULTRASONIC TESTING | works-Order 115554 |[Item 03
= O'- & CONTROLE PAR No. de comande interne Repére
g 5 x UT ULTRASONS :
&S5 ‘ > EKK (FP/WP) Nr.
23| 27 A BOHLER PRUFBERICHT B /REPORT B | Traveller (FP/WP) No. 99099
s = 5 Bleche - PROCES-VERBAL TYPE B | No. de fiche suiveuse
e wd Rahmenvorschrift
- Nr. . A
. No. 75328 N afeation SEL 072-77/TAFEL 1+2
_LL_ £ No. d’approvisionnement
uga K Pridfvorschrift -
g Priifobjekt Specification
z WE: Test object BLECH Ny e oitfeationde | AV4/0252/74/REV.01
5 '§ L] 3 Piéce contrdliée controle
g ?‘ Besteller Priifbereich
2 2 Purchaser Bohler Edelstahl GmbH Inspect. area 50 MM
§ = kb Client Zone soumise au.contrdle
HEES g Priiffumfang
e kzahl
HIR 1 Oty 1 nsp. coverage SEL 072-77/TAFEL 1+2
5 i § .B'@m 3 Quanﬁt§ - it:;:; :: ttcec:ntrole
nun,
j (2R e ion ] Couplant WASSER
Zs g g#q Identification Produit de couplage
0001 oootL 'E'i § i3 Abmessung Registriergrenze
00% 00% YEE £ee gee :":g: e %I Dimension 3490 x 1200 x 25.00 Reg.lstr;mon level KSR 11 MM
5% i n —= Dimensions —— fem.ld enregisrement
. N S s|528% Werkstoff ustierung _
E 3 & & '"?- > o ig ﬁ; s Material T512 ::_!uss::lznt RWE 80% BSH
o« < - . = "§ & = Matiére ljustag,
A HEXN HiEHE S R ROCKWAND.
taky Heat No.
o g g AL No. de coulée Réflecteur de référence WERKSTUCK
3 g 3 3 Fertigu ngszusmn‘d Justierkdrper
) i & s | 2| |8 Stage of production BESCHNITTEN Calibration piece K1
= E "ZL ) Etat d’avancement de Bloc d’étalonnage
_ _ _ i s Priifgerit/Ni Pritfk6pf
" | Oberflichenzustand riifge . pfe
ol g g E o) Surface condition FREI VON ZUNDER Equipment/No. Z126] Probes MSEB-4H
N v = x ™ = = = ol i Etat du surface i - Appareil/No série Palpeurs
& o o L & Y b= Skizze/Priifergebnis Entspricht / entsprieht-nieht der Vorschrift
z £ £ Sketch/Test Within / ret-within specification ) o
Croquis/Résultat Conforme / pas-eenforme-awi-exigences de la spécification
~-
P o
= |z |z |8
2 e - | £ | E
] L=t
< =
-~ [7%)
g (2] v lg |94 |d
A |2 sls|g |7
w (v v o
008 k133 geE €ee
Priffverantwortlicher/Stufe Pritfer/Stufe
Supervisor/Level C\—/ Operator/Level POTZ-2
Responsable de contrdle / TIPPEL -3 J; Opcr.'atem:/N iveau de
Niveau de qualification guahﬁmnon ‘
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page 1 0f 2 EDELST/
INSPECTION - CERTIFICATE NO. : 029037
ABNAHMEPRUFZEUGNIS NR.  :
acc. to/nach EN 10204/3.1B
Customer : THE COMMISSION OF THE
Besteller ~ : EUROPEAN COMMUNITY
order-No. : Contract ERB 5004 CT 980018

Kunden Best. Nr. :

Bohler-Order-No.
Bohler Auftrags Nr.

998.786 dd. 98-11-03

Material : "BOhler z-T512" = EUROFER 97
Werkstoff . forged, annealed;
: : geschmiedet, geglint; «
Requirements : NET 97-917, TMP/DHP-NO. 98335 Rev. 0;
‘|Anforderungen : , -
Description of Stores:
Materialverzeichnis:
Bars Dimension Heat-No.
Stlick Abmessung Schmelze Nr.
mms/mm - - |
1 /-/ 520X190 | E83698 82 1y mm

1N pravent peat ¥ ogientuey

Chemical Composition: (Heat-Analysis %)
Chemische Zusammensetzung: (Schmeizenanalyse %)

Heat-No Test-No| C Si | Mn P S | ¢r | Mo - Ni
Schmelzen Nr. | Pr. Nr. '
BB | 011 )004 | 048 | <0005 | 0,003 | 887 | <0,0010 | 0,021
£836083 - TE/SR | 012 | 005 | 049 | <0,005 | 0,004 | 895 | <0,0010 | 0,02¢
TC/SM | 012 | 004 | 0,49 | <0,005 | 0,004 | 897 | <0,0010 | 0,02C

Heat-No Test-No v w Cu Co “Ti - Al Nb
Schmelzen Nr. |Probe Nr. : .
B/B 0,20 | 1,08 | 0,0019 | 0,006 | 0,006 | 0,009 0,0017
E83698 TE/SR 0,20 { 1,08 | 0,0020 | 0,006 | 0,006 | 0,009 0,0018
’ TC/SM 0,20 | 1,08 | 0,0017 | 0,006 | 0,006 | 0,009 0,0017




Q S |SPECTION-CERTIFICATE-NO. : 029037

B O H l BNAHMEPRUFZEUGNIS-NR. : Q S

O

EDELSTA.age/seite 2 0f 2 : EDELSTAHL
Page 1 of 2 ,
— ———
Heat-No Test-No B N Pb Ta o As Sn
- - schmelzen Nr. | Probe Nr. _
INSPECTION Q.ERTIFICATE NO. : 029037 ~ BB <0,001 {0,021 | <0,0003 | 0,14 | 0,0009 | <0,005 | <0,005
ABNAHMEPRUFZEUGNIS NR. . E83698 [T TESR | <0,001 | 0,021 | <0,0003 | 0,15 | 0,0005 | <0,005 | <0,005
acc. to/nach EN 10204/3.18 TC/SM <0,001 | 0,021 { <0,0003 | 0,15 | 0,0005 | <0,005 | <0,005
Heat-No Test-No 2r Sh
schmelzen Nr. |Probe Nr.
B/B 0,005 0,005
Customer - THE COMMISSION OF THE — e <0008 T <0002
Besteller -~ : EUROPEAN COMMUNITY - TC/SM <0,005 | <0,005
Order-No. : Contract ERB 5004 CT 980018
Kunden Best. Nr. :
Béhler-Order-No.

998.786 dd. 98-11-03 Cleanness test acc. to ASTM E45/A :
- - - schlackenauswertung nach ASTM E45/A -

Bohler Auftrags Nr.

from the ingot/vom Block

10 provent peit Fagdenteoy

Material : "BShler Z-T512" = EUROFER 97 . S '
e Test A B c D
Werkstoff : forged, annealed; g
: : geschmiedet, gegliint; - o - S thin | heavy| thin | heavy | thin | heavy | thin | heavy
’ ' ‘ ' | BB - - - - - - 1,0 - N
Requirements : NET 97-917, TMP/DHP-NO. 98335 Rev. 0; ' TE/SR | 0.5 - 0.5 - - - 10 | 05 -
'|Anforderungen : 3 . TC/sm | - - - - - - - 1101 - | .
B = Bottom B = Boden
inti . TE = TOp edge SR = Schopf Rand
' Descrlqtlon of _Stor_es. _ TC = Top center SM = Schopf Mitte
Materialverzeichnis: = . S Deviations accepted by the client/Abweichungen vom Kunden toleriert
Bars Dimension Heat-No. -
Stuck Abmessung Schmelze Nr.
mms/mm - - . L
1 77 520X190 , E83698 22 14 mm BOHLER EDELSTAHL GMEBH
. KAPFENBERG WORKS / WERK
Chemical Composition: (Heat-Analysis %)
Chemische Zusammensetzung: (Schmeizenanalyse %) PR
Che 9 yse % APPROVED ~ PREPARED
Heat-No TestNo| C | Si | Mn P S | cr | Mo “Ni GEPRUFT : ERSTELLT
Schmelzen Nr. | Pr. Nr. DATE 99-06-30 DATE , 99-06-30
BB [011]004 048] <0005 | 0,003 [ 8,87 [ <0,0010 | 0,021 | |bATuM DATUM - :
E83698 TE/SR_| 0,12 | 0,05 | 0,49 | <0,005 | 0,004 | 8,95 | <0,0010 | 0020} | |qcn - T
_ TC/SM | 0,12 | 004 | 049 | <0,005 | 0,008 | 8,97 | <0,0010 | 0,020] | | unremserioier C’W . SONATURE -/\@J\M\‘N
- ' ~ LEITG ARGER
Heat-No Test-No " w Cu Co Ti - Al Nb . ACCEPTANCE
Smezen i ngfam' 020 [ 708 00675 | 506 T 6006 T o668 T 60017 QUALITY/ASSURANCE INSPECTION/CERTIFICATION
1 1] ’ 1 1 ’ r A N E
E83698 | TE/SR 0,20 { 1,08 [ 0,0020 | 0,006 | 0,006 | 0,009 | 0,0018 QUAL'TATSSICHERU < ABNAHM
- TC/SM 0,20 [ 1,08 { 0,0017 | 0,006 | 0,006 | 0,009 | 0,0017

11040 provaus pring ¥ apdendoney
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Page 1 of 2 ELST
INSPECTION - CERTIFICATE NO. : 029035
ABNAHMEPRUFZEUGNIS NR. :
acc. to/nach EN 10204/3.1B
customer - THE COMMISSION OF THE
Besteller - EUROPEAN COMMUNITY
order-NoO. - Contract ERB 5004 CT 980018
Kunden Best. Nr. :
Bohler-Oorder-No. = 998.786 dd. 98-11-03
Bohler Auftrags Nr. :
Material - "BOhler Z-T512" = EUROFER 97 -
werkstoff - forged, annealed;
: geschmiedet, gegliht; _

Requirements - NET 97-917, TMP/DHP-NO. 98335 Rev. 0; -
Anforderungen : :

Description of Stores:

Materialverzeichnis:

Bars Dimension Heat-No.
stuck Abmessung schmelze Nr.
mms/mm : '

1 /-/ 520X190 E83697 125 MM
Chemical Composition: (Heat-Analysis %) ;
Chemische Zusammensetzung: (schmelzenanalyse %)
Heat-No Test-No c Si Mn P S Cr Mo !
schmelzen Nr. | Probe Nr. j

B/B 011 | 0,06 | 0,45 | <0,005 [ 0,003 | 8,82 | 00028 0

E83697 TE/SR 012 | 0,06 | 0,47 | <0,005 | 0,004 | 8,95 | 0,0019
- TC/SM 012 | 0,06 | 0,47 | <0,005 | 0,004 | 893 | 0,0020 | %
' I
Heat-No Test-No v w Cu Cco Ti Al Nb |
Sschmelzen Nr. |Probe Nr. : ]
B/B | 019 | 1,07 | 0,0038 | 0,006 | 0,008 | 0,007 0,0019
E83697 TE/SR 0,20 | 1,08 | 0,0040 | 0,006 | 0,009 | 0,008 0,0020
- TC/SM 0,20 | 1,07 [ 0,0040 | 0,006 | 0,009 | 0,008 0,002

LI pravont pring Fopleidanoyg
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INSPECTION-CERTIFICATE-NO. : 029035
\ BNAHMEPRUFZEUGNIS-NR.

QS

5.:;

§> BOHLER

EDELSTApage/seite 2 of 2
Page 1 of 2 Apag EDELSTAHL
' ~
Heat-No Test-No B N Pb Ta 0 As Sn
INSPECTION - CERTIFICATE NO. : 0298035 schmelzen Nr. Prol;/eBNr.
¥ . ’ 1 <0,001]0,019] <0,0003 | 0,14 | 0,0008 | <0,005 | <0,005
ABNAHMEPRUFZEUGNIS NR. . E83697 TE/SR__ | <0,001 [0,020 [ <0,0003 | 0,15 | 0,0007 | <0,005 | <0,005
acc. to/nach EN 10204/3.1B - TC/sM__ | <0,001 [0,020] <0,0003 | 0,15 | 0,0007 | <0,005 | <0,005
"| Heat-No Test-No 2r Sb
schmelzen Nr. |Probe Nr.
N B/B <0,005 | <0,005
customer : THE COMMISSION OF THE E83697 TE/SR <0,005 | <0,005
Order-No. : Contract ERB 5004 CT 980018
Kunden Best. Nr. :
Bohler-Order-No. : 998.786 dd. 98-11-03 Cleanness test acc. to ASTM E45/A :
Bohler Auftrags Nr. - schiackenauswertung nach ASTM E45/A :
Material - "BOhler z-T512" = EUROFER 97 - . ff‘JT';‘sEhe ingot A vom Block
werkstoff : forged, annealed; _ No. & c D
: geschm_led_et, gegluht; ' . ~___. | thin | heavy | thin | heavy | thin | heavy | thin | heavy
, , . _ B/B 0,5 - - - - - 1,0 -
Requirements : NET 97-817, TMP/DHP-NO. 98335 Rev. 0; TEISR | - - - B - - 1,0 :
Anforderungen . : TC/SM - - 0,5 - - - 0,5 0,5
$ = Bottom B = Boden
. .- . E = Top edge SR = Schopf Rand
Desc"p.tlon of .Stor.e S TC = Top center SM = Schopf Mitte
Materialverzeichnis: Deviations accepted by the client/Abweichungen vom Kunden toleriert
Bars Dimension Heat-No.
stlick Abmessung schmelze Nr.
mms/mm ‘ ' , :
1 /-/ 520X190 _E83697 125mMmM " :
BOHLER EDELSTAHL GCMBH
Chemical Composition: (Heat-Analysis %) KAPFENBERG WORKS / WERK
Chemische Zusammensetzung: (Schmelzenanalyse %)
Heat-No Test-No C Si | Mn P S cr Mo - Ni APPROVED PREPARED
schmelzen Nr. | Probe Nr. 4 GEPRUFT ERSTELLT
B/B 0,41 | 0,06 | 0,45 | <0,005 | 0,003 | 8,82 | 0,0028 | 0.0 DATE .
E83697 TE/SR 012 | 0,06 | 0,47 | <0,005 | 0,004 | 895 | 0,0019 | 0,02 DATUM % 06 %0 ggﬁm ' 590650
TC/SM 012 | 0,06 | 0,47 | <0,005 | 0,004 | 893 | 0,0020 | 0,02 S
4 U'STN&TURE ( /J'(/{ LJ\*% SIGNATURE U \Q/%
Heat-No Test-No v w Cu co Ti Al Nb . SCHRIFT WOLFLEHNER UNTERSCHRIFT \ &
Schmelzen Nr. |Probe Nr. » HI - ACCES?‘T\GI\EIT:E
BB 019 { 1,07 | 0,0038 | 0,006 | 0,008 | 0,007 0,0019 E _ '
E 0.0020 s QUALIT"Y/ASSURANCE INSPECTION/CERTIFICATION
E83897 TE/SR 0,20 | 1,08 | 0,0040 | 0,006 | 0,009 | 0,008 , 3 U ]
- TC/M 1 0.20 | 1,07 | 0,0080 | 0,006 | 0,009 | 0,008 | 0,0021 | | ;| ———QUALITATSSICHERUNG ABNAHME
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INSPECTION - CERTIFICATE NO. 029060

ABNAHMEPRUFZEUGNIS NR.
acc. to/nach EN 10204/3.1B

Customer - THE COMMISSION OF THE
Besteller - EUROPEAN COMMUNITY
order-No. - contract ERB 5004 CT 980018

Kunden Best. Nr. :

Bohler-order-No. 098.790 dd. 98-11-03

Bohler Auftrags Nr.

Material - "Béhler zZ-T512" = EUROFER 97
werkstoff . forged, heat-treated, peeled, polished, IT k12
- . geschmiedet, vergutet, geschdlt, poliert IT k12
Requirements - NET 97-917, TMP/DHP-NO. 98338 ReV. 0;
Anforderungen :
Description of Stores:
Materialverzeichnis:
Bars_ “Dimension Heat-No. Test-NO.
Stuck Abmessungd ~ Schmelze Nr. Probe Nr.
. mms/mm
6 2 100 E83699 E483

Chemical Composition: (Heat-Analysis %) :
Chemische Zusammensetzung: (Schmelzenanalyse %)

Heat-No TTest-No c TsilTmn] P | S | Cr | Mo [ Ni
Schmelz‘en Nr. Probe Nr.
B/B 042 |0,07 | 043 | <0,005 | 0,004 | 893 | <0,001

0,0
E83699 TEISR 1 012 |0,07| 0,44 | <0,005 | 0,004 | 899 | <0,001 0,0
TC/SM 0,12 {0,07] 0,44 | <0,005 | 0,004 8,99 | <0,001 | 00

-1 | Heat-No Test-No ' W | Cu Co Ti -Al Nb

:| | schmelzen Nr. |Probe Nr. . :

H : B/B 049 | 1,40 | 0,022 | 0,004 | 0,008 | 0,008 <0,001
¥||E83639 TE/SR 019 | 1,40 | 0,021 [ 0,004 | 0,009 | 0,008 <0,001
5 TC/SM 019 | 1,40 | 0,022 [ 0,004 | 0,009 | 0,008 | < 0,001

140 pree
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PECTION-CERTIFICATE-NO. : 029060

' e S
4. BOH LtNAHMEPRUFZEUGNIS-NR. :
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g BOHLER

EDELST ;
page 10f4 HAR Alhge/seite 2 of 4 EDELSTAHL
i . . "Heat-No Test-No B N Pb Ta o A
INSPECTION - CERTIFICATE NO.  : 029060 HeatNo - |reooenr. | s T &n
ABN AHMEPRUFZEUGN|5 NR. . B/B <0,001 {0,019 | <0,0003 | 0,13 | 0,0012 | <0,005 | <0,005
__TC/SM <0,001 | 0,017 | <0,0003 | 0,44 | 0,0013 | <0,005 | <0,005
Heat-No ~[Test-No zr sb
. schmelzen Nr. |Probe Nr.
customer + THE COMMISSION OF THE B/B <0,005 | <0,005
Besteller : EUROPEAN COMMUNITY E83699 TE/SR <0,005 | <0,005
TC/SM <0,005 | <0,005
-NO. - contract ERB 5004 CT 980018
3:ﬁ%reg08 st N : B = Bottom B = Boden
. . - TE = Top edge SR = Schopf Rand
TC = T_OD center SM = Schopf Mitte
Bohler-Order-No. - 998.790 dd. 98-11-03 Deviations accepted by the client/Abweichungen vom Kunden toleriert
Bohler Auftrags Nr. : o . S
Cleanliness test acc. to ASTM E45/A :
Material - "BOhler Z-T512" = EUROFER97 | Schlackenauswertung nach ASTM E45/A :
| . geschmiedet, vergitet, geschdlt, poliert IT k12 Test A 5 & 5
No. _
Requirements < NET 97-917, TMP/DHP-NO. 98338 Rev. 0; thin [ heavy | thin | heavy | thin | heavy | thin | heavy
Anforderungen : B/B - - 0,5 - - - 10 N
. ; _TE/SR - - - - - 10 - -
TC/SM - - - - - 1,0 0,5
Description of Stores:
Materialverzeichnis: .
from the bars/von den Staben
Bars Dimension Heat-No. Test-No. specivorschr. ABCD =1
SEUCK Abmessung schmelze Nr. Probe Nr. No. ¢ D
mms/mm ' thin | heavy | thin | heavy | thin | heavy | thin | heavy
6 2 100 E83699 E483 1 - - 0,5 - - - 10 | 05
51/3 - 0,5 - - - 10 0,5
chemical Composition: (Heat-Analysis %) : S3/3 - 0.5 - - - 10 | 05
Chemische Zusammensetzung: (Schmelzenanalyse %) B3/3 | - 0,5 - R - 1,0 0,5
| - B B2/3 1,0 - - 10| 05
Heat-No TTest-No C | si | Mn P18 | ¢cr | Mo Ni | B2 - - - - 10 | 05
schmelzen Nr. Probe Nr. -
_ | | Remark: see enclosed Supplement 1
B/B 012 |0,07| 043 | <0,005 | 0,004 | 893 | <0,001 0,00 Bemerkung : siene Beilage 1
E83699 TESR 1 0,42 10,07 | 0,44 | <0,005 | 0,004 | 8,99 | <0,001 0,00}
- TS 1012 10,07 | 044 | <0,005 | 0,004 | 899 [ <0001 | 0,00} | Heat-treatment / Warm ‘ ;
- M
ge:t-u.o "r)esgml:l Vv w | Cu co Ti Al Nb -gHardening/Harten: 979°C - 1 h 51 min. — Air/Luft
chmelzen Nr. rope Nr. . . 2': Tem e- " oF _ P
A B/B 579 140 | 0022 | 0,004 | 0,008 | 0,008 | <0001 | | E pering/Aniasse: 739°C - 3h 42 min. — AITLUFE |
E8369 TE/SR 019 | 1,40 | 0,021 | 0,004 | 0,009 { 0,008 | <0,001 Remark:
9 : see enclosed Supplement 2
- TC/ISM 019 | 1,0 | 0,022 | 0,004 | 0,009 0,008 | <0,001 Bemerkung : siehe Beilage 2

vl print Foaphentosyg
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INSPECTION-CERTIFICATE-NO. : 029060 .
BNAHMEPRUFZEUGNIS-NR. : \
RSN QS &4 BOHL
page/Seite 30f 4 EDELSTA
Chemical Composition: (Check Analysis %)
Chemische Zusammensetzung: (Stickanalyse %)
Test NO. c | si Mn P S cr Mo Ni Vv w Cu Cq
Specif. |0,09 |max. |0,20 |max. |max. [850 fmax. [max. 015 |10 - max. M3
vorschr. 1012 |0,05 |0,60 |0,005 |0,005 {9,50 |0005 |0,005 |025 |12 0,005 |0,0q
s1 012 |006 |0,42 |0,004 |0,003 |8,87 | <0,001{0,0075 |09 |1,10 0,021 |0,0q
Ti Al Nb B N Ta o As sn Sb 2r
specif, max. |max. |max. max. 0,015 |0,05 | max. |
vorschr. .[0,01 [0,01 |0,001 |0,001 0,045 {0,09 |0,01 AS+5SNn+Sb+2r = max. 0,05
Ts1 0,008 |0,008 | <0,001 | <0,0005 |0,018 {0,14 [0,0013 | <0,005 <0,005 | <0,005 | <0,0f
Deviations accepted by the client/Abweichungen vom Kunden toleriert
Mechanical Properties/Mechanische Eigenschaften :
Tensile-Test / Zugversuch :
Test-No. Temp | 0,2%Proof Str | Tensile Str. Elongation | Reduction
Probe-Nr. . 0,2%Dehngr. | Zugfestigkt. | Dehnung Einschnurug
°C N/nm2 N/mm?2 (I1=5d)% %
Spec./Norschr.| RT min.500 min.600 min.15 inf.
EA83/1 RT 548 690 21 74
Spec./vorschr.| 550 min.300 inf. inf. inf.
E4A83/2 550 367 a18 18 86
impact-Test/ Kerbschlagbiegeversuch :
Test-No. Temp. Impact-Energy
Probe-Nr. °C Kerbschiagarbeit Charpy-V/J
Spec./Norschr. +20 inf.
E483/3 +20 203, 212, 205
Spec./Nvorschr. 0° inf.
EA4A83/4 0° 174, 196, 200
Spec./Nvorschr. -20 inf.
E483/5 -20 158, 155, 167
Grain size acc. ASTM E 112:
Korngrofe gem. ASTM E 112 :
i| |spec./Vorschr. 26
{| |Edge - Center: 10
1| |rRand - Mitte :10 J




iINSPECTION-CERTIFICATE-NO. : 029060
ABNAHMEPRUFZEUGNIS-NR. :
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Page/seite 3 Of 4 EDELSTAHage/seite 4 0f 4 EDELSTAHL
I I —
Chemical Composition: (Check Analysis %) Ferrite-Content acc. AMS 2315 -
Chemische zusammensetzung: (Stickanalyse %) Ferritgehalt gem. AMS 2315 :
- Spec./vorschr.: max. 3%
Test No. c | si Mn P S Cr Mo Ni Vv w Cu co
' | Edge — Center :0%
specif. |0,09 |[max. |[0,20 |max. max. |8,50 [max. |max. (015 |10 max. max| | Rand - Mitte :0%
vorschr. |012 |005 |0,60 |0,005 |0,005 [9,50 {0005 {0005 025 |12 |0005 0,005
51 0,12 |0,06 |0,42 |0,004 |0,005 |887 | <0001|0,0075 |09 [1,90 [0021 10,005 | Wardness-Vickers :
TT | Al | Nb B N |[Ta| O As sh sb zr | | Vickersharte:
: Spec./vorschr. : 200 — 240 HV
sSpecif, max. |max. |max. max. 0,015 {0,05 | max.
vorschr. .{0,01 |0,01 |0,001 |0,001 0,045 {0,09 |0,01 AS+5n+Sb+2Zr = max.0,05 Edge D/4 Center D/4 Edge
, | | Rand D/4 Mitte D/4 Rand
51 0,008 |0,008 | <0,001 | <0,0005 |0,018 [0,14 |0,0013 | <0,005 [ <0,005| <0,005 | <0,004 | P27 221 220 217 220 HV
Deviations accepted by the client/Abweichungen vom Kunden toleriert . . i
A Dimensional control on all bars :
. . . " Magkontrolie an A :
Mechanical Properties/Mechanische Eigenschaften : allen staben
_ @ 100 *°2 mms
Tensile-Test / Zugversuch : ;
Test-No. |Temp [ 0,2%Proof Str | Tensile Str. Elongation | Reduction |
Probe-Nr. | . | 0,2%Dehngr. Zugfestigkt. | Dehnung | Einschnirung | uitrasonic examination on all bars acc. SEP 1923 : satisfactory
c N/mm?2 N/mm2 (1=5d)% % Ultraschallpriifung an allen Stiben gem. SEP 1923 : Gutbefund
Spec./Norschr.| RT min.500 min.600 min.15 inf.
E483/1 RT 548 690 21 74 Visual Testing : satisfactory
Spec/Vorschr.| 550 min.300 inf. int. inf. Visuelle Kontrolle : anzeigenfrei
EA83/2 E50 367 718 18 g6 Remark : see enclosed Supplement 1+ 2
Bemerkung : siehe Beilage 1+2
Impact-Test / Kerbschlagbiegeversuch : =
Test-No. Temp. Impact-Energy BOHLER EDELSTAHL GNIBH
Probe-Nr. °C Kerbschlagarbeit Charpy-V/J KAPFENBERG WORKS / WERK
Spec./vorschr. +20 inf.
E483/3 +20 203, 212, 205 B .
Spec./vorschr. 0° inf. ] A::pR:ﬁ‘ﬁ.D PREPARED
E483/4 0° 174, 196, 200 11— ERSTELLT
Spec./Vorschr. 20 inf. DATE 99-08-20 DATE ( 9)9-0&20
EA83/5 20 158, 155, 167 M v DATUM N
SIGNATURE e SIGNATURE /
. , UNTERSCHRIFT ét/%//ﬁ UNTERSCHRIFT
Grain size acc. ASTM E 112 : . LEITGER URCH
Korngrdfe gem. ASTM E 112 : ACCEPTANCE
Spec./Norschr. =6 QUALITY/ASSURANCE INSPECTION/CERTIFICATION
: QUALITATSSICHERUNG ABNAHME
Edge - Center: 10 : -
Rand - Mitte :10

SPECTION-CERTIFICATE-NO. : 029060
BNAHMEPRUFZEUGNIS-NR. :

|

QS

A BOHLER

L0 praven
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Supplement 2: calculated temperature profile of the workpiece page - Seite

Berechnung der Temperaturverlaufe im Werkstlck

Beilage 2:
hardening - Harten
1000
800
centre
Zentrum
----- surface
600 Oberflache
3
'_.
400 —— S
200 | e
0 ¢ L B l - l
o L 2 time/Zeit[n)® 4 5
heating / cooling rate - Aufheiz- / Kiihlrate

80 Ty A Y

centre
Zentrum

5 K/min

dT/dt [K/min]

.40

I s |

! L |

-80 :
0 1 2 time / Zeit [n] °

EUROFER 97: hardening / Hiirten - bar / Stabstahl @ 107 mm
T= 25°C heating / Autheizen:  furnace / Ofen (980°C, 20 W/m?K, 6670s)
cooling / Abkithlen:  air / Luft (20°C, 100 W/m?K, 6250s)




Supplement 2: calculated temperature profile of the workpiece
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Supplement 2: calculated temperature profile of the workpiece
Berechnung der Temperaturverlaufe im Werksttick

page - Seite 2/2

Beilage 2: Berechnung der Temperaturverldufe im Werkstlick Beilage 2:
hardening - Harten tempering - Anlassen
1000 — 1000 — .
800 centre 800 - |
Zentrum
————— surface
600 Oberflache 600
o o
— _ - :
400 l —— —_— | et = 400 e f e e memife o meneiamie o s s S i centre _
% Zentrum
T I P R 7 A A surface
200 | o 200 Oberflache
0 l 1 A hh ! | 5 ' ' | RN
0 1 2 fime / Zeit [n]° 4 5 ) 0 1 2 time/ Zeit [ 5
heating / cooling rate - Aufheiz-/ Kiihirate heating / cooling rate - Aufheiz- / Kiihlrate
80 ) ‘ [ i 80 ] E ‘ ; g i
S - centre = 40 foen e e centre
Zentrum : Zentrum
£ 5 Wmin = {\ 3 - in
£ - £ <<
= - g of
§ § -3 - min
= =
L o]
40 | 40 -
1
80 1 i A | 1 -80 | l L 1
0 1 2 fime / Zeit [h] ° 4 0 1 2 fime / Zeit[h] ° 5
EUROFER 97: tempering / Anlassen - bar / Stabstahl @ 107 mm

EUROFER 97: hardening / Hirten - bar / Stabstahl @ 107 mm

T =25°C

heating / Aufheizen:
cooling / Abkiihlen:

furnace / Ofen (980°C, 20 W/m?K, 6670s)
air / Luft (20°C, 100 W/m?K, 6250s) v

To= ZSOC

heating / Aufheizen:

cooling / Abkithlen:

furnace / Ofen (740°C, 20 W/m?K, 13340s)

air / Luft (20°C, 100 W/m?K, 3600s)
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