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HTR-M WP2 —Detailed Description of the tasks

This table does not include general HTRM reports (sx monthly management reports, annual scientific reports, mid-term report, final report)

HTRM-WP2 milestones :

M1 : Specifications available for blades and discs

M2 : Candidate alloys identified (2 for blades, 1 for discs), draft of test matrix available

M3 : Material secured, test matrix finalized, tests can start

M4 : Tests completed, (All partners are involved in the final discussions and reporting, from M4 to the end of the project)

m : meeting
r : Contibution totask report (i = intermetiate report)
R : leader of task report (i= intermediate report)



R. Couturier, CEA-Grenoble, last update 23/03/01

o
°
e
S -
I3Y £
[}
E
o
c
°
»
©
. L
e} -
S -
(qV] —
E
[
E
o s
c =
c °
8 -
o ©
o~ L
o -
S -
(qV] -
E
[
E
o
c
o
°
e
o L
o -
S -
(qV] —
E
[
E
o <
m B O
« cle] @ L 4
W n ©
T G50 T T T TS -
HIEEE 8 z 58°%
IS =782 5 ® MSHM 7
g g8 =58 5 s 28s8¢ g
% 58 °"g: T ¥5E. £
o 28 mdm 5 T 585 8
2 £ Sec 8 g E Eif=s £ g
- o © “5 k=] 2 .—~5 05 °
O 2¢% T ® L £ 2d=z8 B 3
: %o 28 : T8 EgfREc - E
28 g = =T £
T 2y EEw s T TgltE¥ey I s
g T 2858 : 0 .m.mm.m 2o g = 8
c s 83 B8 8 .o g £288:-228 3 @
=} £ £ 5=2 7 TS 25 cbExo 5 8 =
= ] g 2 2 c¥E CEF®ROEDQS c
=] 2 29 sg§E g g2 8 LBEZ5°%20 ¢ ¢ mm
2 8 52 "2 £ § Sq g =8g555z£8 3 s 29
= 5 = Tg8 5§ © §o = C—EggEZps T o §F
= 7 2% ms. & O 8= z ¢3_b%382 K £ §S
< ¢ ©5 E85 > O 3P 8 WmtmmMmm = &5 ak
8 2 §3 3% E g §3 2 R§8sogcsf 5 § 3E
B 2 38 8=t £ 3 3% 2 g=2G0pP8E § 5 38 g 4
m 2 EF Bye 1 I4E¢ PocFEiicis £ o RW g
L gpe 2 < g 5 E3sg 2 g
T S 5 TES O 4EES o | S gs°f Bl o9 x 23 ¢
a} s m ¥ <z sf2 3 S537 Y |5 m £ TE83g.ge & 3 g2 3 B
§ 5§ &5 85 8- b 2gss 8 |8 § o 228R ECE® Z £o5g 8 ¢
S95 < == 35k 5S8R Hylzus B $8-8653= g SES® Lyoy
38E @ 5© £g5E % 82T 5 3 & B8E_Sgpdo= ESs £
29 5 ¥pf _F8 § oFEo Spmed £ YpE3E8cg: § 885 sii
BEE4® gfx_S2s § °BS5 §E[EcEy & 958 5_8fF § E=S5 gs@cs
£5f8 5Bt 8 258f J=%cFE B J5285°o>3 S OB8E geooc
5228 49 5 a.mlp o S25=5 B Bs22 5490582, 282 o NE8=5 T K|
SBoc28cpso8EBL . E BES & =8|38Bg<s S€g- @S co s LE B5=88 w87l
5550520y s -sb® 283y bolSs5s foobigiigilyz 583y Bols
. B8 s .. 80« . 825 a 5 =90 5. 85w
e nmneMwmmenmtmsO BE|feE S ESec°S8S25585580¢8 geye
R E U SR I R i R
A28 E58cfrE Sl a85ar WSS ESENEECEREEEFIFTBRSE 4243
“ ~
k] 5 §
— = =
g
o S
E I 2
w = .
o & -
3




R. Couturier, CEA-Grenoble, last update 23/03/01

S e I
I3V .
5 =
L
o
T
g o e
B L
S L
o 5
o e
o —_
~ 1
L
(]
L

Planning

2002

2001

2000

MM

2

Detailed contribution

CH4 and graphite|

The data (Temperature, pressure..) will be provided for|
requirements such as type of product expected (tube, plates)

ill be given to define if expected doses will have consequences on material properties,

ISeismic loads will be discussed if their effect is likely to have consequences on the choicef

Design use and specification
lof material.

|leader of the task

Limitations:
[The study is limited to control rod and will provide information for GT-MHR type and PB-|

MR type reactors.
elocity will be given in order to assessif erosion is a potential problem. Irradiation levely

. Sollicitations : The thermal and mechanical loads will be listed. An evaluation of the
number of occurrences of transients will be given together with specificities if an)

(significant thermal gradients...). Information on graphite particles content and He fluid
. Mechanical criteria: areview of criteria recommended by the different design codes for|

isuch a structure will be provided
IA preliminary information will be provided in afirst step. In a second step, a more detailed

information will be provided following work foreseen in the frame of HTR-E proposal.

IOne report on operating conditions and specifications for control rod

2 : Material review and database

particles) in purified helium during working conditions, in order to assess the corrosion|

leffect, the microstructure stability and the properties of the components.

loutput:

. Functional requirements : requirements such as allowable deformations or friction will bef

listed
coating...) will be given if those are likely to be recommended for fabrication, control or|

lerosion), mechanical criteria and other specific functional requirements. In particular, thej
inspection purposes

[following informations will be provided:

(i) Define arange of operating conditions, sollicitations (thermal and mechanical including
. Operating conditions :

(ii) Define a range of impurities content (mainly H20, H2, CO2, CO,
. Definealist of metallic materials candidates for control rod cladding

. Provide recommendations for R& D work needed

3 : Material selection, mech. tests

[permanent and transient conditionsin normal and abnormal conditions
Not involved in this task

Description of thework :
. Other requirements :

1:

WP2.1

Partner | Task

WpP2

Milestones

2:FRA
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Detailed contribution

: work on PBMR and on other types off
microstructure, manufacturing|

partners. Our proposal isthe following :

. FRA : Work on GTMHR, other partners

industries (aircraft, gasturbine...)

The data (Temperature, pressure, rotating speed...) will bg
2 : Material review and database

requirements such as allowable activation of products (Cq

long-term needs

properties (material composition,
Mechanical testin
Not involved in this task

ill be given in order to assess if erosion is a potential problem. Seismic loads will bg

discussed if their effect islikely to have consequences on the choice of material.

Material development and processin
Not involved in this task

4 :

Design use and specifications

|leader of the task

Limitations:
(significant thermal gradients...). Information on graphite particles content and He vel ocity|

. Mechanical criteria : a review of criteria recommended for such structures will be

provided
(ii) Define a range of impurities content (mainly H20, H2, CO2, CO, CH4 and graphite]

particles) in purified helium during working conditions, in order to assess the corrosion|

leffect, the microstructure stability and the properties of the components.

output:

IA preliminary information will be provided in afirst step. In a second step, a more detailed
information will be provided following work foreseen in the frame of HTR-E proposal

IOne report on operating conditions and specifications for disks and blades

Nota: Work to be shared with other

Nota:Work to be shared with other partners once the list of materials has been agreed

. Solicitations : The thermal and mechanical loads will be listed. An evaluation of the
lamong partners.

lerosion), mechanical criteria and other specific functional requirements. In particular, thej
number of occurrences of transients will be given together with specificities if an)

[following informations will be provided:

(i) Define a range of operating conditions, solicitations (thermal and mechanical including|
. Operating conditions :

[The study is limited to disks and blades of the first stages and will provide information for

IGT-MHR type and PB-MR type reactors.

Description of thework:
provided for permanent and transient conditionsin normal and abnormal conditions

. Functional requirements : requirements such as allowable deformations will

be listed

Definealist of metallic materials candidates for turbine disks and blades

principally) in relation with possibilities of 1SI& Repair will be given
ICompilation of

IComparison of properties and definition of R&D work needed

. Other requirements :
mechanical properties, influence of environment)

1:
3

WP2.2

Partner | Task

WpP2

Milestones

2:FRA
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Detailed contribution

Design use and specification

Not involved in thistask
On the basis of the previous design analysis, a list of the materials and a design pro perty|

database for HTR high temperature application will be established. C/C composites have

[to be considered.
[The data base will include a reference to material manufacturing (products and parts,

Ispecific implementation techniques...), properties data (ap propriate to design use),
influence of environment (including irradiation) and implementation for manufacturing|

components

Facilities:
candidate alloys for control rods (Alloy 800, C/C compos ites...), properties of candidate

Input : Considerations from task 1, previous experience by the partnersand literature
lalloys, complementary testing needed.

informations.
A list of publications/data hasto be provided by each partner.

[The most promising grade must be selected at TO +12 months

| nput : Considerationsfrom task 2, partners experience

Bibliographic databases, GT-MHR preliminary reports
Description of work :

loutput :

2 : Material review and database
13 : Material selection, mech. tests

Description of work :

1:

[To select the most promising grades, perform the complementary testing to provide the

lacking informations.

[This task includes the supply of materials and the manufacturing of specimens for

preliminary testing.

Facilities :

high temperature tensile testing (< 1100°C), Scanning Electron Microscope for fracture

analysis

IA combination of 1/2 most promising material grade and manufacturing process.
Results of first mechanical tests needed to qualif y the material in HTR environment.

Output :

List of additional tests and R&D work required for long term use of control rod cladding

material.

WP2.1

Partner | Task

WP2
Milestones

3:CEA
WP2 |eader
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Detailed contribution

If needed,

implementation for

influence of environment and

manufacturing components (including weldability, joining aspects...).

long-term needs

Material development and processin

Design use and specifications
|leader of the task

Not involved in thistask
Mechanical testing
|leader of the task

From the 2 most promising grades, to evaluate what need to be optimised (alloys
lcomposition, microstructures, heat treatment) according to HTR specifications.

[To define materials processing (forging, powder metallurgy?).
Material selection will include the definition of ingot/billet/powder/casting cleanliness,

homogeneity and includes preliminary specifications for the full scale components (large

disks diameters)
[This subtask includes the supply of materials and the manufacturing of specimens for

material testing

Output :

IAt the end of the subtask, 2 grades for the blades, 1 grade for the discs (selection includes

lcomposition, fabrication, heat treatment) will be selected.

selection of 2 grades for the blades, 1 grade for the discs (selection includes composition,

[fabrication, heat treatment).

IOn the basis of the previous design use analysis, a list of the available materials and a
manufacturing (products and parts, specific implementation techniques...), properties data

design property database for turbine application will be established.
[The data base will include a reference to material composition, microstructure,

IConsiderationsfrom task 1, previous experience by the partnersand literature

informations.
Bibliographic databases (INSPEC, Metadex...), GT -MHR preliminary reports

loutput :

lcomplementary testing will be performed to provide the lacking informations.
[The critical review will help to define the necessary R&D to be performed.

Facilities:
[The most promising grades must be selected at TO +1 2 months.

2 : Material review and database
IA list of publications/data hasto be provided.

| nput :

Description of work :
(appropriate to design use),

1:
3
4 -

To analyse tests (metallurgical phases identification (TEM), SEM imaging

To determine the appropriate properties (~ 10 tensile + 10 creep (up to
of fracture)

5000h tests) in air for each material grade

To compare the results with available commercial alloys
IA combination of the most promising material grade and manufacturing processes.
Results of first mechanical tests needed to qualify the material in H TR environment.
List of additional testsand R&D work required for long -term use of selected materials.

Description of work :

Output :

WP2.2  [Description of work :

Partner | Task

WP2
Milestones

3:CEA
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Detailed contribution

IJAnalysis of microstructure : fraction of gamma prime phase and misfit gamma/gammg

Manufacture and supply of special alloy grades for test specimens (to be ordered by CEA
primein nickel base super alloys.

Evaluation of optimised grades (definition of chemical contents, phase prediction,
& JRC)

Participation of A& D expertsin technical meetings
levaluation of processes))

[T hermodynamic cal culations with Thermocalc

Description of work :

Facilities:

Prediction of intermetallic phases precipitation (with respect to composition, temperature)

Facilitiesto elaborate R& D special ingots, chemical analysis.

Finite Element Modelling of forging operations ( Forge 2 and Forge 3 software)

Forging facilities up to 4500 tons.

WP2.2

Partner | Task

WP2
Milestones

3sub: A&D
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Detailed contribution

If needed,

influence of environment and implementation for|

long-term needs
ill beeither of theisothermal creep -fatigue interaction type, or will consist of

Issmultaneously subjecting the specimen to a cyclic temperature and mechanical strain

Material development and processin

Description of work :

Design use and specifications

Not involved in thistask
Mechanical testing

From the 2 most promising grades, to evaluate what need to be optimised (alloys
Description of work

lcomposition, microstructures, heat treatment) according to HTR specifications.
Material selection will include the definition of ingot/billet/powder/casting cleanliness,

homogeneity and includes preliminary specifications for the full scale components (large

disks diameters)
[This subtask includes the supply of materials and the manufacturing of specimens for

material testing

Output :

- To assess the effect of cyclic loading conditions, in addition tothecr eep loading, alimited|
number (max. 10) of high temperature mechanical testsin He are proposed where acyclic

IAt the end of the subtask, 2 grades for the blades, 1 grade for the discs (selection includes
lcomponent is added to the loading sequence. It is provisionally anticipated that these tests

lcomposition, fabrication, heat treatment) will be selected.
- To determine the appropriate properties (~ 10 tensile + 10 creep in representative He for

leach grade
signal (so-called thermomechanical fatigue tests). Details of the testing parameterswill be
defined in collaboration with the project part ners. Thetestswill be performed in the

uniaxial loading mode on a servohydraulic testing machine equipped with an

lenvironmental chamber that contains an induction heating coil.

Output :

List of additional testsand R& D work required for long -term use of selected materials.

selection of 2 grades for the blades, 1 grade for the discs (selection includes composition,
Results of first mechanical tests needed to qualify the material in HTR environment.

[fabrication, heat treatment).

manufacturing (products and parts, specific implementation techniques...), properties data

On the basis of the previous design use analysis, a list of the available materials and a
(appropriate to design use),

design property database for turbine a pplication will be established.
[The data base will include a reference to material composition, microstructure,

IConsiderationsfrom task 1, previous experience by the partnersand literature
IA combination of the most promising material grade and manufacturin g processes.

informations.
lcomplementary testing will be performed to provide the lacking informations.

[The critical review will help to define the necessary R&D to be performed.

loutput :

IJRC has proposed to share some data from their Alloys Databank.
manufacturing components (including weldability, joining aspects...).
[The most promising grades must be selected at TO +12 months.

(Contribution to discs and blades materialsreview
IContribution to the planning of the experimental progra m

| nput :

2 : Material review and database

Description of work :

A list of publications/data hasto be provided

4 -

- To compare the results with available commercial alloys

1:
3

WP2.2 [To define materials processing (forging, powder meta Ilurgy?).

Partner | Task

WP2
Milestones

4:JRC
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Detailed contribution

If needed,

implementation for

influence of environment and

manufacturing components (including weldability, joining aspects...).

long-term needs

orking conditions, in order to assess the corrosion effect, the microstructure stability and
ion of work :

the properties of the components.

Output :

Material development and processin

: Design use and specifications
Not involved in thistask

1
| nput :

Mechanical testing
FZJ will provide expertise on controlled environment testing (helium + impurities) in

Partners will have to make a review of GT -MHR&PBMR projects and past R&D HTR
relation with JRC.

projects
[ to define a range of operating conditions, sollicitations (thermal and mechanical),

mechanical criteria (including a strain criterion) and others specific functional

requirements,
From the 2 most promising grades, to evaluate what need to be optimised (alloys

lcomposition, microstructures, heat treatment) according to HTR specific ations.

[To define materials processing (forging, powder metallurgy?).
Material selection will include the definition of ingot/billet/powder/casting cleanliness,

homogeneity and includes preliminary specifications for the full scale components (large

disks diameters)
[This subtask includes the supply of materials and the manufacturing of specimens for

material testing

Output :

IAt the end of the subtask, 2 grades for the blades, 1 grade for the discs (selection includes

lcomposition, fabrication, heat treat ment) will be selected.

selection of 2 grades for the blades, 1 grade for the discs (selection includes composition,

[fabrication, heat treatment).

On the basis of the previous design use analysis, a list of the available materials and a
manufacturing (products and parts, specific implementation techniques...), properties data

design property database for turbine application will be established.
[The data base will include a reference to material composition, microstructure,

FZJ will provide data from past HTR projects in Germany and will start discussions with

lother EC projects on turbine materials (cost 522).

| nput :

For each turbine component (disc, blade, material for fixing) and for materi al choice :
[* to define a range of impurities content (mainly O, C, H, N) in the purified helium during
IConsiderationsfrom task 1, previous experience by the partnersand literature

informations.

Descri

icomplementary testing will be performed to provide the lacking informations.
[The critical review will help to define the necessary R&D to be performed.

loutput :
[The most promising grades must be selected at TO +12 months.

(Operating conditions and specificationsfor the HTR turbine.

2 : Material review and database
A list of publications/data hasto be provided

Description of task :
(appropriate to design use),
Description of work :

Bibliographic datas.

3
4 -

WP2.1 [Notinvolvedin WP2.1

WP2.2

Partner | Task

WP2
Milestones

6:FZJ
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Detailed contribution

, C, H, N) in the purified helium during
long-term needs

Mechanical testing
Not involved in thistask

orking conditions, in order to assess the corrosion effect, the microstructure stability and

the properties of the components.

Output :

Material development and processin

: Design use and specifications
Not involved in thistask

1
| nput :

Partners will have to make a review of GT -MHR&PBMR projects and past R&D HTR

projects
[ to define a range of operating conditions, sollicitations (thermal and mechanical),

mechanical criteria (including a strain criterion) and others specific functional

requirements,
EA has proposed to provide expertise in materials selection & processing and possible

For each turbine component (disc, blade, material f or fixing) and for material choice :
coatings and also in test procedures

[* to define a range of impurities con tent (mainly O,
(Operating conditions and specificationsfor the HTR turbine.

2 : Material review and database

Description of task :

3
4 -

WP2.1 [Notinvolvedin WP2.1

WP2.2

Partner | Task

WP2
Milestones

EA
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Detailed contribution

Design use and specification

Not involved in this task

1:

material supply including available product forms, welding consumables,

(=
surface treatments (mechanical, chemical, hard facing and coating)

heat treatment
special aspects (wear, erosion)

NDE concept
repair concept
13 : Material selection, mech. tests

joining techniques
Not involved in this task

forming processes

C

: Design use and specifications

1
| nput :

ISiemens has proposed to make a review of the material selection of previous and actual

design including manufacturing processes such as:

2 : Material review and database

Partners will have to make a review of GT -MHR&PBMR projects and past R&D HTR

projects

C, H, N) in the purified helium during

orking conditions, in order to assess the corrosion effect, the microstructure stability and

the properties of the components.

Output :

[ to define a range of operating conditions, sollicitations (thermal and mechanical),
mechanical criteria (including a strain criterion) and others specific functional

requirements,

For each turbine component (d isc, blade, material for fixing) and for material choice :
(Operating conditions and specificationsf or the HTR turbine.

[* to define ar ange of impurities content (mainly O,

Description of task :

ISiemens has proposed to make a review of the material selection of previous and actual

design including manufacturing processes such as:

2 : Material review and database

material supply including available product forms, welding consumables|
long-term needs

surface treatments (mechanical, chemical, hard facing and coating)

heat treatment

special aspects (wear, erosion)
NDE concept

repair concept

joining techniques
forming processes

Material development and processin

not involved in this task

Mechanical testing

not involved in thistask

3
4 -

WP2.1

WP2.2

Partner | Task

WP2
Milestones

10Sie




