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Material Specification

for the Supply of

Austenitic Stainless Steel Seamless Tubes

for the ITER Divertor Plasma-Facing Components



Abstract

This specification covers austenitic stainless steel seamless tubes grade X2CrNiMo17-12-2, (No. 1.4404) for piping application in the ITER divertor Plasma-Facing Components. 
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	Version number
	Date
	Section
	Scope of the revision

	1.0 – 1.9
	30.07.2008 – 10/05/20011
	
	Editorial comments are stored in ITER IDM

	2.0
	16.03.2012
	
	Introduced max impurity content: Co - 0.20 wt.%, Ta – 0.05 wt.%, Nb – 0.10 wt. %. 
Definition of the lot (test unit) added.
Editorial corrections. 

	2.1
	31.05.2012
	
	Update of the year of edition of standards in Sect. 2.1. 
Test category 2 is specified in Sect. 3. 
Small editorial changes; definition of cast and test unit clarified. 
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This specification covers austenitic stainless steel seamless tubes grade X2CrNiMo17-12-2, (No. 1.4404) for piping application in the ITER divertor Plasma-Facing Components (PFC), namely Dome, Inner and Outer Vertical Targets. 


The amount of seamless pipes to be procured shall be specified by the concerned Domestic Agency (DA) and shall include appropriate contingency to face unexpected difficulties, to remake rejected parts and to repair parts with insufficient quality.

The supply covers the following items: 
a) Manufacture of the total quantity of seamless stainless steel tubes grade X2CrNiMo17-12-2.
b) Organisation of quality at works. Elaboration of all procedures required for the manufacturing, inspection (including analyses), packaging, storage and delivery.  Time schedules and documentation.
c) To perform all the inspections and tests during and after manufacturing envisaged in this specification.
d) Storage, packaging and delivery.
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The following Codes and Standards shall be referred to in this specification: 

[bookmark: _Toc12422296][bookmark: _Toc456247801][bookmark: _Toc456249199][bookmark: _Toc326609098]EN and ASTM Standards

EN 10216-5: 2004	Seamless steel tubes for pressure purposes – Technical delivery conditions, 
	Part 5: Stainless steel tubes
EN 10002-1: 2001[footnoteRef:1]	Tensile testing at ambient temperature [1:  This standard has been superseded  by EN ISO 6892-1:2009 	Metallic materials, Tensile testing, Part 1: Method of test 
at room temperature] 

EN 10002-5: 1991[footnoteRef:2]	Tensile testing at elevated temperature [2:  This standard has been superseded  by EN ISO 6892-2:2011 	Metallic materials, Tensile testing, Part 2: Method of test at elevated temperature] 

EN 10246-6: 1999[footnoteRef:3]	Non-destructive testing of steel tubes - Part 6: Automatic full peripheral ultrasonic testing of seamless steel tubes for the detection of transverse imperfections. [3:  This standard has been superseded by EN ISO 10893-10 (2011-04-01)] 

EN 10246-7: 2005	Non-destructive testing of steel tubes - Part 7: Automatic full peripheral ultrasonic testing of seamless and welded (except submerged arc welded) steel tubes for the detection of longitudinal imperfections.
EN 10246-2:2000[footnoteRef:4]	Non-destructive testing of steel tubes - Part 2: Automatic eddy current testing of seamless and welded (except submerged arc-welded) austenitic and ferritic-austenitic steel tubes for verification of hydraulic leak tightness. [4:  This standard has been superseded by EN ISO 10893-1 (2011-04-01)] 

EN ISO 643: 2003	Steels – Micrographic determination of the apparent grain size
ASTM A342-04	Standard Test Methods for Permeability of Feebly Magnetic Materials
EN 10204: 2004	Metallic products: Type of inspection documents

And other relevant standards indicated in EN 10216-5: 2004.

Other equivalent national or international standards and codes proposed by DA may be acceptable with prior written IO approval, provided conformity assessment to all criteria is satisfied.


[bookmark: _Toc181417946][bookmark: _Toc216535567][bookmark: _Toc326609099]Ordering Information

It is responsibility of the DA to specify the requirements for the material purchase order. The specific options included in the standard and additional requirements may be proposed by the purchaser. Test category is two. 


[bookmark: _Toc12422301][bookmark: _Toc456247806][bookmark: _Toc456249204][bookmark: _Toc326609100]Chemical Requirements and Physico-Chemical Characteristics

[bookmark: _Toc326609101]Required values

The chemical composition determined by cast and product analyses, shall comply with the requirements given in Table 1.

[bookmark: _Toc326609102]Chemical analysis 

The chemical analysis shall be performed for each cast of material and one test per cast shall be performed for product analysis.

Table 1. Chemical composition of steel X2CrNiMo17-12-2 (No. 1.4404)
	Element
	Alloying elements
and impurities content, wt. %.

	
	min
	max

	C
	
	0.030

	Mn
	
	2.00

	Si
	
	1.00

	P
	
	0.040

	S
	
	0.015

	Cr
	16.50
	18.50

	Ni
	10.00
	13.00*

	Mo
	2.00
	2.50

	N
	
	0.11

	Co#
	
	0.20

	Nb#
	
	0.10

	Ta#
	
	0.05



* Where for special reasons, e.g. hot workability it is necessary to minimize the delta ferrite content, or with the aim of low permeability, the maximum nickel content may be increased by 1.50 %.
# Radioprotection requirements
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The relative magnetic permeability of the finished tubes shall be measured at room temperature after solution annealing. The value measured shall be lower than or equal to 1.03 (for fields of over 80000A/m (1000Oe) as per Test method 2 or measured with a low μ permeability indicator as per method 3 of ASTM A342. Test shall be performed for 1 sample per test unit. 

In case of use permeability meter apparatus (Foerster, Ferromaster, etc.), the type and trade mark of apparatus shall be included in certificate with detailed information on the apparatus and calibration.
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The structure must be homogeneous. 

The microstructural examination to determine grain size is to be in accordance with EN ISO 643. The grain size shall be checked on one tube per test unit. The grain size measured shall be equal or greater than No.3. 


[bookmark: _Toc326609105]Manufacture

The steel shall be made using an electric furnace or by any other technically equivalent process. 

[bookmark: _Toc326609106]Manufacturing programme

Prior to the commencement of manufacturing operations, the material Supplier shall draw up a manufacturing programme which shall include in chronological order the various manufacturing steps. All intermediate and final heat treatment, finishing and non-destructive examination operations shall be mentioned. 

The program shall be agreed with DA and IO. 

[bookmark: _Toc326609107]Delivery condition

The tubes shall be supplied in solution annealed condition as described in Chapter 7.2.3 of EN 10216-5.
Solution treatment shall consist of heating tubes uniformly to a temperature range of 1020-1120°C and cooling rapidly. 
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[bookmark: _Toc326609109]Required values

Tensile strength requirements shall comply with values are given in Table 2. 

Table 2. Tensile properties
	Test 
temperature, °C
	Tensile Strength, 
min, MPa
	Yield Strength (0.2%), min, MPa
	Longitudinal Elongation,
min, %

	Room
	490
	190
	40

	250
	-
	127
	-



Test for mechanical properties shall be performed per test unit as defined in EN 10216-5:2004 (Table 3)
Yield strength at 1% offset shall be reported for information.


Table 3. Number of and content of tests
	Name of test
	Test temperature (°C)
	Frequency of testing

	
	
	Per test unit

	Tension
	Room
	2

	
	250
	2



Definition test unit – see definition in Chapter 10.1 of EN 10216-5: 

For heat treated tubes, a test unit shall comprise tubes of the same specified diameter and wall thickness, the same steel grade, the same cast, the same manufacturing process, subjected to the same finishing treatment in a continues furnace or heat treated in the same furnace charge in a batch-type furnace. 

The number of tubes, in random manufacturing lengths per test unit shall be max 100.
Note: the random manufacturing length may differ from the delivery length. 

· Test method
The tension test shall be performed in compliance with EN 10002-1 (or EN ISO 6892-1:2009) at room temperature and in compliance with EN 10002-5 (or EN ISO 6892-2:2011) at elevated temperature. 
The following values shall be recorded:
· yield strength at 0.2% offset, in MPa,
· yield strength at 1% offset, in MPa,
· tensile strength, in MPa,
· percentage elongation after fracture. 

[bookmark: _Toc326609110]Technological tests

Depending on the tube dimensions one of the tests shall be carried out as described in EN 10216-5, chapter 11.3. The tests are flattening or ring expanding or ring tensile or drift expending as described in Chapter 11.3 of EN 10216-5. This test shall be defined in the purchase order. Test category is 2 as defined in Table 15 of EN 10216-5.

[bookmark: _Toc326609111]Retreatment

[bookmark: _GoBack]A test unit rejected on the basis of unsatisfactory results for one or more mechanical tests may be retreated. Retreatment conditions shall be described in the test report. 

Not more than one retreatment shall be allowed. 
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[bookmark: _Toc326609113]Tube surface

Internal and external surfaces of tubes shall be sound, i.e. free of any injurious defects as described in EN 10216-5. Straight tubes shall be delivered clean, free of oxidation. Maximum final roughness Ra shall be:
· 6.3 m for the inner and outer surfaces of cold-finished tubes and for the outer surface of hot-finished tubes.

Conditions for visual examinations shall be as in chapter 8.5.1 of EN10216-5. 
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Each straight tube shall be subjected to ultrasonic testing for the detection of longitudinal imperfections according to EN 10246-7 (EN ISO 10893-10 (2011-04-01)) and transverse imperfections according to EN 10246-6 (EN ISO 10893-10 (2011-04-01)) to acceptance level U2, sub-category C. The requirement of the test shall be defined in the purchase order.
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As a general rule, those parts of tubes with unacceptable defects detected by either visual or non-destructive examination shall be discarded. 
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[bookmark: _Toc326609117]Tolerances

Tube dimension and tolerances shall be in compliance with requirements in the component drawings and shall comply with the requirements of standard EN 10216-5. 

[bookmark: _Toc326609118]Dimensional check

Each tube shall be inspected. 
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The tubes shall pass a hydrostatic test or an eddy current test for leak-tightness.
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Each tube shall be subjected to hydrostatic testing during finishing operations, in accordance with the requirements specified in EN 10216-5.

[bookmark: _Toc326609121]Eddy current test

The test shall be carried out according to EN 10246-2 (or EN ISO 10893-1 (2011-04-01)).
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The marking shall include the following information as described in EN 10216-5:
· manufacturer's name or trade mark;
· dimension of the tubes;
· the steel name (or number)
· cast number or a code number;
· test category 2;
· mark of the inspection representative;
· identification number (e.g. order or item number) which permits the correlation of the product or delivery unit to the related document
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Procedures shall be proposed by manufacturer and agreed with purchaser. 
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Material Test Reports have to be provided to the Purchaser prior to delivery. Material and certification shall be in compliance with this specification. Material cannot be accepted if it does not comply with this specification.
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The Supplier shall provide the Inspection Certificate type 3.1 in accordance with EN 10204:2004. 

The following material test reports shall be drawn up by the Supplier after each individual test and prior to the delivery of the part: 

· cast and product analyses,
· melting process method,
· records of micrographic examination and grain size,
· magnetic permeability,
· results of mechanical property tests,
· results of technological tests,
· visual examination,
· non-destructive examination,
· dimensional check and roughness.

These reports shall include:
· material designation and marking,
· cast number or code number,
· identification of the Supplier,
· identification of the purchase order number,
· test and retest results together with required values,
· packaging data.

All documents shall be in the English language and all measures shall be given in the metric system SI. Each document shall be provided as an electronic file in PDF format.
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The quality organisation shall comply with the requirements defined in Annex A of the Procurement Arrangement. 
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