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Technical Specifications

Material Specification for the supply of Beryllium blocks

Abstract

This spec

for the ITER First Wall application

ification covers the requirements for procurement of berylium blocks to be used for

the manufacturing of beryllium tiles for the ITER First Wall,

i . L wval Process
Name Action Affiation
Authnr Barabash V. §7-Dec-2010:signed FO/DGAMPICTE/TUNY SA
Costuthor Eaton R 67-Dec-2010:signed HODGANPITKMANCBKTY
Reviewers Chen J. H-Dec-201 8 recommended
Hirai 1 #7-Pree-20 H recommended FODGDIPITRMANCDIV
Lorenzetta P 13-Dee-201 0 recommended
Mazut 1 07-Dec-201¢: recommended
Park S, 08-Dec-20 10 recommended FOMGISASIQA
Raffray R (8-Dec- 2010 recommended DGR TRMANC/BRT
Taylor N, 07-Dee-2010: recommended HOMDGDIP/CTEINSE
Approver Merala M. 1 3-Dec-2010:8pproved TO/DGDIPTTRMANC
Document Security: level 1 (O unclssified)
Rek: Raffray Rene
Read dceess | LG: Blanket add right persons, LG Blanket Materials, AD: ITER, AD: External Collaborators, projeet
aduinistrator, RO




pingdeg ot paudtg 0n
PAIPOIH GONEMININY ]| UoNA0R i
PALED {6 PUR {79 UOHDAK) SISA DISUN JO DGUNN
PAFLRD (777 0NN vonpuresd dydesfopry
‘b UOHBAE O3 POPPR YO0 £ JO B
3 BNy o pappe siupwaiabas voneapend ad o WRENWIS | 0107 AON £t paudiig IBE
WBwAIIIId AN
10§ BIIEAT 2g (]I SHOURITINAIS (3] oMl SEasym toneaads sy fusn
paunacd oq fim wngy g e AT I8 SR PAABLIRY DG SRy IV, PIOM i,
- Upue ueneagpoads
sty Jo jusuasmbar gy gies wegdwos ey ag (prys parpddns wmpdiag
L USMO[I0] SE PAIPOLE Hang suy | pue soneatpaads s go wswanabas
iy i sedinna Spng ag (peys poyddns wingpsg 4y, Sunms 2unuey
g lnsdennd ) Bonaay L 00T 29 L0 parorddy ! T
Ay fo voydudsag am¢y SHIDIQ ISOIDT | WO
307 3wy




Loy asny

z ;.‘................u.‘...n.nu.......'......,....».n..u...u..‘..........‘.,.....n..n.u.....u...u..u-SJO");,dgulﬁ, .S'SQJQ},"
; ...‘..u...................‘...»...............................‘...n.-..un......u........g}uau‘a‘q”bax DOUDINSSY ‘1“’”,)”6

/ IR Ry Y11/ £V WL A VY1

g T T A ‘f
; it i)
r4

1yappy pun Su1dnyond

[T R PRTeRN

..;.............n.".......u.......,.....,«..........-,..-..............n;‘.........................x..,..‘u.uﬁ!’}x’!l}l‘”")

........u......................‘......u.a.n......-uu.U‘........‘....“n.....u.....,,........n.‘...,......«............‘?'}ut)ld&)‘)Fr

9
g
e sy | poanbay Jo $ruanbady pub Sipwung
9

N TS LL L L TS TO P PP R PR PRC TN 113?“!_] (’JQ{""S’ p"n gu()!}”!ln/i 3]?!”'5’!‘”49(1 axua!su”w!q

R YT LY T PRI Keroesvasuns

N P T T T T R T R ‘!N_JBIIILUBX:) :’!qdu"gogpeu Z.L

erevienNersERIEI T LR YS PITYTTRPRITIIPROPPRTT
oy

K S e AN BRI EX ] JERSIA L

g.........u-... on¢1oz»'-lg-anov-t»bvtx.-¢:;alyl-n'-wccoqogn'-vto!nt;yunqw«n-n~'t»~n-n;an»-o;oc-tw;l»ta{)g}l)u!ulr})f'g 34!ln’"~‘“¥3p”u(’N
IS U L T AT L T TN uﬂuf!-)()ds 10 HORRI] 9
r...u.n-.-u.. u-\’a'»!otnn0a«t§.-0-lt’l‘nlngao.‘.nmnatov»-gna‘xubcl§)4t0!.-':o;onbletlﬁluagunq‘«nnvxnou6taaqK-‘«lqlaov-sa!;dadnjd QHSUSJ‘ 1;9
pu-... .......-.«.....-.-...-.....-......‘..u.n-x....‘nu.n.u......‘.....».-....u-.uuu.....u.u.nnnug{)!l"ﬂdaj‘l ]l’;)!un’]:’ﬂ“’

R e VA T R (113 1) €S
7

123

PR rasmarveenessaresatisstestantn

B T Gﬁ!)}ﬁ(}dmﬂa Wayul;“L) I‘S
éwon~4«n00.ou..-ac~¢0»--A-o«¢auav4n:u-.no\v»d&v~:n:.ns»ltl~uAtbc’ss')!l"l!.l;,"”"l’,’{‘:) l”".’x“"ld f)lli) c’uﬂmﬁl!”})ﬂy [I).)[ulﬂif&)
b §GO00 Surnionfnuvgy
R wouptiiofuy Suiopip

Z....... T T LT T L LR R LR T R P R R T T PR 5’]“3”“”«7()0 [’93“3.19_[33

SjudU0))

TIA ZTONE

s
4]
£
il
I
o1

Lo S

o1



IMC42Z vi2

* Difference (i.e. 100% - other clements)

**  Proven method of measurement of Uranium content shall be proposed by Manutacturer of
material and agreed with DA and 1O,

The content of other elements (eg, Cro N Col T Zr. Zon Mnc Ag, Co, Ph. Casand Mo) shall
be reported for information.

E2 2]

82  Density

The minimum bulk density shall be 99.0% of theoretical density.

Theoretical density is defined as:
100
100- %BeO{h % BeO

1.8477 3.009 gem'

Method of testing is ASTM B3 11, The test shall be performed for cach lot.

Test specimen shall be taken from the position close to mechanical test specimens.

53  Grainsize

The microstructural examination to determine grain size shall be performed in accordance with
ASTM E!L12 using intercept method at 500 magnification. This grain size is determined on a test
sample taken close to the mechanical test specimen. The average grain size shall not exceed 0.020
mm. One measurement per lot is required.

6 Mechanical Properties

Four specimens: 2 in lfongitudinal and 2 in transverse directions shall be tested at ambient
temperature for each lot.

6.1 Tensile Properties
Tensile test should be performed according to ASTM E 8 E3M.
The material shall conform to the requirements for mechanical properties prescribed in Table 2.

Table 2. Requirement for tensile properties

Property ‘ Value
Ultimate Tensile Strength, MPa, minimum 290
Yield Strength (0.2% offset). MPa, minimum 205
Elongation (in 4 diameter), %, minimum B 3.0

Page 4 ot 7




IMC42Z vi2

Additional national standards and/or material supplier procedures can be applied if they are
required. 1O and DA shall be informed about these documents.,

Other equivalent national or international standards and codes may be acceptable with prior written
DA and 1O approval, provided all equivalency criteria are satisfied.

3 Ordering Information

It is responsibility of the DA to specify the requirements for the material purchase order.

4 Manufacturing Process

The base material shall be produced by Vacuum Hot Pressing (VHP)Y The scheme of cut of the
ordered beryllium blocks from original VHP billet shall be agreed between Manufacturer and
Purchaser. The Supplier shall indicate longitudinal and transverse directions on the block or in
documentation.
Definitions:

- Lot entire billet. produced by hot pressing in one operation:

- Batch, several blocks of the same dimension cut from one lot

- Block: a single piece of material cut from a lot of predefined dimensions, (several blocks

make up a batch)

- Directions:
o Longitudinal ~ direction paraliel to moulding pressure
o Transverse - direction perpendicular to moulding pressure
5 Chemical Requirements and Physical Characteristics
5.1 Chemical composition
The chemical composition obtained in accordance with ASTM E439 and other applicable standards

shall comply with the requirement given in Table 1
The chemical analysis shall be performed for each VHP billet.

Table 1. Cliemical composition

o

Beryllium Assay, minimum * e 990
Beryllium oxide, maximum ; P - 1.0

- Aluminium, maximum o , .06
_Carbon, maximum N 0.10

lrop, maximum . 0.08

| Magnesium, maximum _ 0.06
_Silicon, maximum_ o boe
(Uranium, maximym ** 00030

- Other metallic impurities, maximum » - 0.04
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IMC4a2Z vi2

* Ditference (i.e. 100% - other clements)

**  Proven method of measurement of Uranium content shall be proposed by Manufacturer of
material and agreed with DA and 10,

AR ¥

The content of vther elements (e, Cr. Ni, Cu. T Ze Zons Mo Ag, Co, Pb. Ca.and Moy shall
be reported for information,

82  Density
The minimum bulk density shall be 99.0% of theoretical density.
Theoretical density is defined as:

100

100 %5’80%‘\ % BeQ
1.8477 3.009 gem

Method of testing is ASTM B311. The test shall be performed for each lot.

Test specimen shall be taken from the position close to mechanical test specimens.

53  Grain size

The microstructural examination to determine grain size shall be performed in accordance with
ASTM EIL12 using intercept method at 300 magnification. This grain size is determined on a test
sample taken close to the mechanical test specimen. The average grain size shall not exceed 0.020
mm. One measurement per lot is required.

6 Mechanical Properties

Four specimens: 2 in longitudinal and 2 in transverse directions shall be tested at ambient
temperature for each lot.

6.1 Tensile Properties
Tensile test should be performed according w ANTM E 8 E8M.
The material shall conform to the requirements for mechanical properties preseribed in Table 2,

Table 2. Requirement for tensile properties

Property Value
Ultimate Tensile Strength, MPa, minimum 290
Yield Strength (0.2% offset). MPa, minimum 205
Elongation (in 4 diameter), %, minimum 3.0
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3IMC42Zvi2

1 this 18 not the case and the test specimen has a physical defect or if unsatisfactory test results are
due to meorrect mounting of the specimen or testing machine matfunction, the test shall be repeated
using another specimen. If the results of the second test are satisfactory. the lot shall be acceptediif
not, the following paragraph shall apply.

Where unsatisfactory results cannot be attributed to any above mentioned causes, up to two retests
may be performed for each unsatisfactory result obtained. These retests shall be carried out on a
second set of test specimens, which shall be taken close © those which were defective. If the results
of the retest are satisfactory, the lot shall be accepted, if not, it shall be rejected.

6.2 Location of specimen

Test specimens shall be cut of the remaining part of the VHP billet used for the supply of blocks for
procurement. They shall be appropriately marked. Samples shall be cut in transverse and
longitudinal directions. Identification of orientation shall be reported together with the test results,
The detailed scheme of specimens’ fabrication shall be based on available practice and presented to
DA and 10,

7 Non-destructive examination

7.1 Visual Examination

All external surfaces shall be examined by a visual examination in accordance with ASME Scetion
V, Article 9. Cracks are not permissible.

7.2 Radiographic examination

Radiographic inspection (o a penetrameter sensitivity of 2% shall be performed in accordance with
ASTM E-1742, however exceptions are taken to the penetrameter contrast requirement and
applicable arca of penetrameter density ranges of +30% or -13% from the density at penetrameter
tocation(s). Unless otherwise specified. accept/ reject decisions shall include areas directly beneath
the penctrameter(s).

Material shalf conform to the following requirements:

Maximum dimension Maximum average  Total combined defects in a volume of
dimension 2354 X254 x254 mm’
0.75 mm ' .50 mm .. Sphere diameter 1.25 mm

Detailed program for radiographic inspection shall be prepared and agreed with DA and 10,

DA may accept some blocks with defects detected by radiographic inspection provided tiles are cut
from outside the defect region. Should this be the case then a non conformance report (NCR) shall
be raised.
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IMC42Zv12

8 Dimensions, Permissible Variations and Surface Finish

Blocks shall conform to the dimensions and dimensional tolerances as established by the purchase
order and applicable procurement drawings. The main dimensions shall be recorded.

The tongitudinal and transverse directions of the blocks shall be indicated.

The material shall be furnished with a machined surface. The surface finish shall be indicated in the
purchase order or proposed by material Supplier.

9 Summary and Frequency of Required Tests

Each block shall be cut from billet which is fully characterised in terms of chemical composition,
density, grain size, mechanical properties.

Table 3. Frequencey of tests

Test Frequency of test Comments
Chemical composition | test per lot
- Density 1 test per lot

Crain size | test per lot

Tensile propertics 4 tests per ot 2- longitudinal, and
2~ transverse

One set {Long + Trans) of
specimens shall be taken
from each end of the pressing

Visual surface examination Per cach block
Radiographic examination Per cach block
Dimensional check Per each block

10 Acceptance

Material Test Reports have to be provided to the Purchaser prior to delivery. Material and
certification shall be in compliunce with this specification. Material cannot be accepted if it does
not comply with this specification.

11 Certification

An inspection certificate type 3.1 in accordance with EN10204:2004 shall be provided. The
certificate specifies that the material was manufactured, sampled, tested and inspected in
accordance with the material specification. The document is validated by the manufacturer’s
authorised inspection representative, independent of the manufacturing department.

Page b of 7




IMC42Z vi.2

12 Packaging and Marking

Each block shall be legibly idemtified with the following information. The marking shall be
performed by acceptable means specitied by purchaser.

- Manufacturer Name or Symbol
- Lot and Batch Number

- Serial Number of block in baich
- Specification Number

- X-Ray Number

- Purchase Order Number

- Warning Beryllium

Safety warnings (all safety warnings shall be translated into English) shall appear on each package.
The supplier shall ensure that consignments comply with regulatory requirements applicable to the
transport of beryliium in the home country and to the country of destination.

13 Material Test Report

The report shall contain the following information:

- Material designation and marking.

- Lot (billet) number

- Batch number

- ldentification of order

- Result of chemical analysis

- Records of density measurement

- Records of microstructure examination and grain size
- Results of mechanical property tests

- Indication from where the specimens have been taken for all specified analysis
- Results of visual examination

- Results of radiographic inspection

- Packaging data

14 Quality Assurance Requirements

The quality assurance requirements for the supply of bervllium material shall be as defined in the
ITER Procurement Quality Requirements (22MPGA).

15 Access of Inspectors

Representatives of the 10, DA and/or Third Party Inspector (TP1) shall at reasonable notice have
the right to check at the Supplier’s premises or at those of his sub-contractor the progress and status
of the work forming the subject matter of the procurement and to witness specified tests.

The Supplier, via the concerned DA, shall hold at the disposal of the 10 and TPl and make

available to them such information and documents as are necessary to determine the progress and
status of the work.
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