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Advanced Materials for AD700 Boilers

R.U. Husemann, Babcock — Hitachi Europe

Membrane Wall Materials

Header and Piping Materials

Superheater and Reheater Materials
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700 °C- Plant — Future Potential

400 MW

High pressure part
Steam rating

Allowable working
pressure (gauge)

SH-Outlet temperature

Reheater
Steam rating

Allowable working
pressure (gauge)

RH-Outlet temperature

275 kg/s
990 t/h

393 bar

700 °C

215 kg/s

774 t/h

83 bar

720 °C
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S304H (SB) up to
610°C

HR3C up to 630 °C
Sanicro 25

up to 650 °C steam

13CrMo44
7CrMoVTiB10-10
X10CrMoVNb9-1
Alloy 617

Babcock-Hitachi Europe GmbH




S
s

— Y

f | |
= Jf L Jf —
] |I||' — | —

Babcock-Hitachil [Europe

Materials for Membrane Walls

C SiiMh P S Al Cr Ni MolV Nb Ti| W N B Co
0,19- max. | 0,40-| max.| max. | max. |0,70-| max. | 0,40- | ccccoee | oo | mmmmmem | mmmmmmm | il | mmmen | mmeeeee
13CrMo4-5| 0,17 | 0,35 | 0,70 | 0,025/ 0,020 0,040 | 1,15 | 0,30 | 0,60 | cccooce | e | mmmmmmm | mmmmmme | | mmmmee | e
Ig”}"gVT'E‘ 0.050- 0.15- 0.30- max. max. max.| 2,20- --e 0.90- 0.20- -woeer Y sH — max. | 0,0015- -------
'T24 0,095 0,45 | 0,70 | 0,020 0,010 0,020 2,60 | ------- 1,10 | 0,30 | ----m-- 0,10 | ------o 0,010 0,007Q -------
VM12 0,08 | 0,20 | 0,10 |max. |max. | max. [10,0 | max. l/max. |0,18 | 0,030 ------- 1,00 | 0,030/ 0,001 0,50
0,18 | 0,60 | 0,80 |0,020 0,010 | 0,040 13,0 | 0,60 | 0,80 0,30 | 0,060 ------- 1,80 | 0,090/ 0,010| 2,00
X10CrMoV
Nb9-1 0,08-| 0,20-| 0,30-| max.| max.| max. | 800-| max.| 0,85-| 0,18-| 0,06-| -------| ------- 0,030+ -------| -------
o1 0,12 | 0,50 | 0,60 | 0,020 0,010/ 0,040 950 | 0,40 | 1,05 | 0,25 | 0,10 | ----=m-| =---em- 0740 [ p—
Allov 617 0,05: max.| max.| max.| max. 0,60 |20,0-| Rest| 8,0- |[Fem.| -——-- 0,20-| As m. Pb Ml 013
y 0,10/ 0,70 | 0,70 A 0,012 0,008 1,50 | 23,0 10,0 | 2,0 0,50 0,010| 0,007~

Babcock-Hitachi Europe GmbH
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Materials for Membrane Walls

Materials:

* 13CrMo4-5

* 7CrMoVTIiB10-10
* X10CrMoVNb9-1

————————————————————————————————————————————————————————————————

E ! 313C|’M034'5 ! : : : ‘ T91
0" | | | | | | . /CrMoVTIB10-10,
480 500 520 540 560 580 600 620 640 660

Temperatur in °C
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Materials for Membrane Walls

Design temperatures according EN 12952
630 °C
7

590 °C

\

580 °C

_
550 °C

Z
500 °C . TO1

7/CrMoVTIB10-10  considering the material properties

Alloy 617
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Oxidation in Steam

Creep Strength

13CrMo4-5

Babcock-Hitachi Europe GmbH
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Codes for Membrane Walls Materials

' [
.. . STRESD,

13CrMo4-5 DIN EN 10216-2 07.2004
T91 DIN EN 10216-2 07.2004
7CrMoVTiB10-10 VdTUV 533 12.2003,

PreEN10216-2 3.2004,
T24 ASTM A213

Babcock-Hitachi Europe GmbH
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Superheater/ Reheater Tubes

Outer

Oxide layer

Inner
Oxide layer
corrosion
corrosion layer
tube wall

s =f (allowable stress)

steam oxydation

AN

1 flue gas

Babcock-Hitachi Europe GmbH
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Austenitic and Nickel Base Alloys

C 'Si Mn P S| Fe Cr Ni Mo Cu Nb | Ti Others used as
0,04- max. max. max. | max. 17,0- | 9,04 comoee | oo | e
res. !
TP347THFG 510 075 2,00 0,040 0,030 20,0 | 13,0 | ccceee | oooee- 8xCl Tube
Super 304H| 0.07-) max, max| max. max. | res | 17.0-| 75 - 2,50-/0,30- | N 0,05 - 0,12 Tube
0,13 | 0.30| 1,00| 0,040/ 0,010 19,0 10,5 | - 3,50 10,60 | T
0,04-) max., max, max. | max. 24,0- | 17,0-| —mmm=m | oo 0.20- | -—--—--
HR3C d ' -
0,10 | 0.75| 2,00 0.030/ 0,030 "®%" | 26,0 | 230 | ccecce | ... 0.60 | o N 0,15 - 0,35 Tube
0,05-| 0,30, 1,00/ max. max. 24 A-| 20,84 ---eem | - 0,40- | -
DMV3ION 1607 | 0.50| 1,40 0,030 0,010 > | 550 | 21,5 weeme| - 050 | ool N 0,18 - 0,24 Tube
- max. max. |max. | res. 22,0-| 230 -oeme- os | ves |~
Sanicro 25 0,08 | Y€S | yes (030 0,010 240 | 250 ... y yes | N yes Tube
N'iACISIrOZ%GC:lglz 0,05- max.| max.| max. |max. | max. 20,0- 8,0 Asm | Bim| 0,20- C’leooézo_-l?;oo Pipe/Tub
0,10 |0.70 | 0.70 | 0,012 0,008 2,00 23,0  '°° 10,0 0,010 0,010 0,60 OV Ipe/tube
Mo 2.4663 Pb max. 0,007
Co 19,00 - 21,00
- .| max. | max.| max. ) 5.6- | max. | ... 1.9 ' '
Alloy 263 | 0,04- max. Mmax 19,01 ygg. | 2 ! Almax.0,60 | Pipe/Tub
0.60 | 0,007 | 0,007 0,7 ' 0.70 | .. max.9u, Ipe/tube
0,08 | 0.40 21,0 6.1 24 | B max. 0,005
0,03 | max. max. | max. | max.| 22,0- max. Co 20,0
Alloy 740 050 03910007 0007 o7 250 €S- 050 o709 20 LB 0q0 Tube

Babcock-Hitachi Europe GmbH
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Materials:

* TP 347H FG * HR3C/DMV 310N
* Super304H/DMV 304H Cu

uF 9 ;-ﬁ_tAL:i”é_f;ﬁEMﬂ!m*
W RS e T

10°h Average creep strength

e =ems 200 e | e,
- 0.". 0....
A ',. 4.
g . .
- '~.,.. }//S nicro 25 expected
'... 'n..
150 N\

I Alloy 617 A 130
| '... /

100

600 620 640 660 680 700 720 740

Temperature in °C
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Measures Improving Oxidation Behaviour in Steam

1. High Cr — Content > 24% e.g. HR3C, DMV 310N, Sanicro 25

(Fe,Cr);0,

Thin Cr2d

2. Shot NG
Peening e.g. cow
Super 304H 7

e
tated))

Cr,04
] The layer where the
| crystal grains were collapsed.
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Diffusio%

of Cr
MetaI: Iy
Jinini b YShot peeneg Metal
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N
Grain
boundary
Outer énnfr
Outer scale |oner coale tetal scale  Scale Metsd
3. Fine Grain e.q.
Fe 3 E)q, o
7
\R
‘FE,, cf];é.‘ “‘\er_ 0;1 [FE, Cr'!,», 04
Fine-Graingd Coarse-Grainad
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Increase of Temperature on Superheater Tubes Caused by Inner Layer

300 |
B |
K280 |
260
240 : Example:
2(2)3 - 0,4 mm Inner layer thickness
180 | 50 KW/m2 Heat flux 100 KW/m?
160 —60KIncrease of tfemperature /

100 i / /:4
i 50 KW/mz2

80

/
“) e
_— —

60 . //
40
20 Porosity max. 10 %
0
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Inner layer thickness in mm
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“ % TP 347H Fine Grain

Originally 500 : 1
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Materials for Reheater and Superheater Tubes

Design temperatures according EN 12952
770°C 770°C

7/ 7
700 °C // _
645°c*  670°C Z

/|

/ Alloy 617  Alloy 263
. Sanicro25 under investigation

\

615 °C
600 °C . e.g.(SS§>§)4 H e.g. HR3C
for example: Considering the material properties
X3CrNiMoN17-13

Oxidation in Steam
(SB) _ .
High-Temperature Corrosion in Flue Gas

Creep Strength

X20CrMoVNIL1-1 +Bituminous coal firing systems with contents of sulphur until approx. 1 %

Babcock-Hitachi Europe GmbH



‘ ] ,-'. { |/ [ — {=}
E S =
| Babcock-Hitachil |[Europe

Codes for Superheater Materials

Materials DIN EN VdTUV ASME Others
X20CrMoV11-1 10216-2 DIN17175
X3CrNiMoN17-13 pr10216-5 DIN17459
TP347H FG (SB) 547 6.2003 Code2159 SA213
Super 304H (SB) 550 9.2003 Code2328 SA213
DMV310N Code2113 SA213

Single appraisal

TUV KélIn
HR3C 546 9.2003 Code2125 SA213
NiCr23Col12Mo 485 9.2001 Codel1982 Single appraisal
Codel956 TUV Koéln

Babcock-Hitachi Europe GmbH
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Martensitic Cr — Steels for Headers and Piping

C Si|Mn | P S Al ' Cr INi [ Mo| V Nb Ti W| N B | Co
X20CrMo | 0,174 max.| max.| max. max. |l max.| 10,00 0,30- 0,80-  0,25- o B PSSR
V12-1 0,23/0,50 | 1,00 | 0,030/ 0,030|0,040 12,50/ 0,80 | 1,20 | 0,35 e I [
X10CrMoV| 0,08 0,20-| 0,30- | max. | max. | max. | 8,00- | max.| 0,85-| 0,18-| 0,06- | ------- | ------- 0,030- | —---==n | -===m-
NbF?-gll 0,12/0,50 | 0,60 | 0,020/ 0,010/ 0,040/ 950 | 0,40 | 1,05 | 0,25 | 0,10 | ------ | ==---- 0,070 | ==---m- | ===mmm-
X11CrMoW
VNbo-1.1 | 0:0910,10- 0,30-| max. max. max.| 850-| 0,10- 0,90-| 0,18- 0,06- | ------- 0,90-| 0,050-| 0,001~ -------
Eoi1 | 913|050 | 0,60 | 0,020 0,010 0,040 9,50 0,40 | 1,10 0,25 | 0,10 | ------- 1,10 | 0,090 | 0,006 -------
o MO 0,07. max.| 0,30-| max. max. max. | 850- max. 0,30- 015 004- - 1,50-| 0,030-| 0,001 ----r--
> 02 0,13 /0,50 | 0,60 | 0,020 0,010 0,040/ 9,50 | 0,40 = 0,60 A 0,25 | 0,09 | ------- 2,00 | 0,070 | 0,006/ -------
VM12 | 0,08| 0,20 0,10 max. max. lmax.| 10,0 | max. max. 0,18 0,030 " 1,00 1 0,030 | 0,001 0,50
0,18 | 0,60/ 0,800,020 0,010 | 0,040 13,0 | 0,60 | 0,80 0,30 | 0,060 1,80 | 0,090 |0,010 2,00

Babcock-Hitachi Europe GmbH
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Materials:

e X20CrMoV12-1
* PO1

* E911, P92

N/mm? 10°h Average creep strength
300
250 - P n\
200 - \\
150 . 0'0’..\\ | ......... Alloy 617 AlSO
. 4.... \ ........
100 - \\\'...} '.......
50 - ‘
- X20CrMoV12-1
- VM12>~~ p 92
0 S A N e N e N s Iy By N I S ) N S B |

480 500 520 540 560 580 600 620 640 660 680 700 720 740

Temperature in °C
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Materials for Headers and Piping

Design temperatures according EN 12952

625 °C*

600 °C .
. E 911, P 92

P91l

580 °C

X20CrMoVNI11-1

735 °C 735 °C

7

\

625 °C

7/ Alloy 617 Alloy 263
%

VM 12 under investigation

Considering the material properties
Oxidation in Steam

Creep Strength

* 635 °C reheater systems

Babcock-Hitachi Europe GmbH



S
s

S
— |
-l | —
/ f
BN | oy |
M
A |

Babcock-Hitachil [Europe

Codes for Headers and Piping Materials

Others VdTUV DIN EN ASME / ASTM
10 216 - 2
X20CrMoV12-1 17175 5.79 110 129 | ., | e
07.04
e S11/2 06.01 | 10216 - 2 ASME SA 335
511/3 09.01 | 07.04 ASTM A 335
E 911 ECCC 522/2 09.01 |pren10216-2 | ASME Code Case 2327
Evaluation Sept.2005  922/3 12.99 | Marz 2004 May 2000
P 92 ECCC | prEN10216-2 | ASME Code Case 2179
Evaluation Sept.2005 Marz 2004 ASTM A 335
LY 21, 5 1522 O O OO B ————
Single appraisal ASME B 167
Alloy 617 1.2004 TUV 4859.01 | - ASME Code Case 1982
Rheinland ASME Code Case 1956
Alloy 263 | ccccceccicen | cemeimil | mmmmmmmmmeee | e

(ECCC) European Creep Collaborative Committee

Babcock-Hitachi Europe GmbH
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Status of Investigations

Reguirements Ok
310304,
347 Tub

Chemical

Composition

Fhysical f Chemical

Froperties

MWechanical-

Technological
Froperies, incl.
Aging

Creep Froperties at
least 10.000 h for
rupture

Creep Froperties at
least 30.000 h for
rupture

Froperties of
Wyelding Joints and
Heat Affected Zones

hanufactering
Concept

Babcock-Hitachi Europe GmbH
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CESI Auditorium, Milano, Italy
of October 2005

Thank you

for your attention

Aitenziones

.. ! ol o
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