
International Summit of the 
Development of Large Castings  

and Forgings Industry  
   

Deyang, China   

Goodwin Steel Castings Ltd 
England, UK 

  

Established 1883 



The status of continued development of 
heavy section castings in 9Cr Steels and 

Nickel alloys for high temperature 
applications 

Steven Birks 
Chairman, Goodwin Steel Castings Ltd, UK 



600°C 

E911 
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Goodwin D9TC 

620°C 
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625 & 617 
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Goodwin  
nickel  
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Commercially available & in operation 

Under active validation 

Goodwin  
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(IBN1) 

650°C 

Upper limit for 
9Cr steels 

Materials for USC and A-USC operation 



P91 / C12A E911 D9TC P92 CB2 MarBN 

Cr 9.0 9.0 9.75 9.0 9.30 9.0 

Mo 1.00 1.00 1.00 0.50 1.5 - 

W - 1.00 1.00 1.75 - 2.75 

Ni - 0.25 0.70 - - - 

V 0.20 0.20 0.20 0.20 0.20 0.22 

Nb 0.08 0.08 0.08 0.06 0.022 0.06 

B - 0.002 - 0.0035 0.01 0.01 

N 0.05 0.07 0.05 0.06 0.022 0.013 

Co - - - - 1.00 3.0 

Nominal composition  & temperature range of readily available  
commercial 9Cr martensitic steels 

Wrought/ 
Cast 

Wrought/ 
Cast 

Cast Wrought Cast 

590°C 600°C 610°C 620°C 620°C 



1,000MW MSV steam valve  - 35,000kg  
Supplied to India 

9Cr Steel (E911 type) for 600°C operation 



1,000MW steam valve  - 29,000kg 
Supplied to China 

9Cr Steel (Goodwin D9TC) - validated for 610°C operation 



9Cr Steel (CB2) - for 620°C operation 

GX13CrMoCoVNbNB 9-2-1 

8,000kg 7.5inch steam valve   
Supplied to USA 



Under active validation 

Goodwin  
MarBN 

650°C 
Upper limit for 
9Cr steels 

Technological Advance ς improved martensitic steel 



Goodwin 

Goodwin 
 

2008 ς 2018 
 

10 years of MarBN (IBN1) development 

9Cr-3W-3Co-V-Nb-B-N  

MarBN steel (Martensitic Steel Strengthened 
with Boron and Vanadium Carbo-Nitrides) with 
an optimised composition and heat treatment 
in order to allow use at 650°C. 



P91 / C12A E911 D9TC P92 CB2 MarBN 

Cr 9.0 9.0 9.75 9.0 9.30 9.0 

Mo 1.00 1.00 1.00 0.50 1.5 - 

W - 1.00 1.00 1.75 - 2.75 

Ni - 0.25 0.70 - - - 

V 0.20 0.20 0.20 0.20 0.20 0.22 

Nb 0.08 0.08 0.08 0.06 0.022 0.06 

B - 0.002 - 0.0035 0.01 0.01 

N 0.05 0.07 0.05 0.06 0.022 0.013 

Co - - - - 1.00 3.0 

Nominal composition  & temperature range of 9Cr martensitic steels 

Wrought/ 
Cast 

Wrought Cast Wrought Cast Wrought/ 
Cast 

590°C 600°C 610°C 620°C 620°C 630-650°C 



Å MarBN development projects 

Å Casting production 

Å Casting welding with CB2 filler 

Å Development of matching filler metal 

Å Production of ingots 

Å Forged bar testing 

Å Pipework evaluation 
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PROJECT Country &  Part Funding Goodwin activity 

IMPACT 

2008-13 

  

UK TSB 

(Technology Strategy Board) 

Å Chemistry & processing development 
Å Produce castings, ingots, weld testing for MarBN 
Å Room temperature characterisation 

KMM-VIN 

2010 ς 

ongoing 

European 

(not funded) 

CB2 / MarBN & nickel alloys 

Å 12 month aging at service temperature 

Å Evaluate effect on microstructure and impacts 

IMPEL 

2013 

 

UK 

(not funded) 

UK group developing weld consumables for MarBN 

Å Effect of PWHT on microstructure 

INMAP 

2014-16 

 

 

UK TSB 

(Technology Strategy Board) 

Å Production of commercial MarBN casting 

Å Validate NDT inspection 

Å Validate weld qualification and weldability 

Å Evaluate properties in thick/thin parts 

IMPULSE 

2016 ς 

ongoing 

UK Innovate 

(Government funding) 

UK group producing piping & tubing 

Å Manufacture 8,000 & 13,000kg ingots 

Å Validate homogenisation heat treatment 

IMET 

2016 ς 

ongoing 

UK AMSCI 

(Regional funding) 

MarBN & nickel alloys 

Å Dissimilar welding between MarBN and nickel alloys  

Goodwin development of MarBN steel 



UK IMPACT Project 

Goodwin 

2008 - 2013 

Production of a novel UK steel alloy based on the Japanese 
άa!w.bέ ŎƻƴŎŜǇǘ ƛǎ ǎǳōǎǘŀƴǘƛŀƭƭȅ ǎǳǇŜǊƛƻǊ ǘƻ ǘƘŜ ǎǘŜŜƭǎ tфм ŀƴŘ 
P92 in current use.  
 
The resultant alloy  has 30-40% higher creep strength than the 
previous state of the art alloy 

Å Alloy chemistry development ς producing different 
composition ranges for characterisation. 

Å Manufacture demonstration castings, ingots and weld test 
material.  

Å Carry out development heat treatment trials. 

Å Produce & process full scale casting. 

Å Produce ingots. 

Å Carry out material characterisation. 



Å MarBN development projects 

Å Casting production 

Å Casting welding with CB2 filler 

Å Development of matching filler metal 

Å Production of ingots 

Å Forged bar testing 

Å Pipework evaluation 

 



950mm diameter 
Largest inscribed sphere: 340mm 
Smallest inscribed sphere: 50mm 

Goodwin MarBN (IBN1) castings  

4,500kg bonnet  
IMPACT Project 

8,600kg 12in valve body 
INMAP Project 

Largest section: 210mm 



Cast MarBN stress rupture 

MarBN has 30-40% higher creep strength than 
the previous state of the art alloy (P92) 

MarBN 



Å MarBN development projects 

Å Casting production 

Å Casting welding with CB2 filler 

Å Development of matching filler metal 

Å Production of ingots 

Å Forged bar testing 

Å Pipework evaluation 

 



Weld repair of simulated large excavation in MarBN casting 
using CB2 filler metal 

MarBN casting: 
Excavation 200 x 155mm 
    100mm deep 

Weld electrode: 
Metrode Chromet WB2 
filler metal - MMA 

Å Simulates worst case repair 
with weld restraint  not 
achievable with test plates 
 

Å Provides material for stress 
rupture testing 



Stress rupture testing MarBN casting with CB2 filler  

MarBN 
Cast & forged 

P92 
ECCC mean 

MarBN 
X-Weld 
CB2 



Å MarBN development projects 

Å Casting production 

Å Casting welding with CB2 filler 

Å Development of matching filler metal 

Å Production of ingots 

Å Forged bar testing 

Å Pipework evaluation 

 



Current developments in welding MarBN ǎǘŜŜƭΧ 

Goodwin 

Å Development of optimal weld electrode chemistry 

Å Production of MarBN close matching MMA electrode 

ÅWelding and PWHT of test plates completed 

ÅWeldments now on creep rupture testing 

Goodwin 

Å Development of welding parameters 

Å Production of Procedure Qualification 

Å January 2019 ς carry out demonstration welding 

Å Carry out characterisation testing 

Goal: produce and qualify matching composition electrodes 

Goal: demonstrate fabrication of MarBN with nickel alloy 625 



IMPULSE Project - MarBN weld metal optimisation 

Goodwin 

ÅCast MarBN weld test material 

ÅForged MarBN weld test material 

ÅMMA weld metal variants 

ÅPWHT variants 

ÅRoom temperature tensile & impact testing 

ÅWeld metal creep testing (to 20,00hrs) 

ÅMetallographic testing  



Stress rupture testing of one variant matching MarBN filler 

MarBN 
X-Weld 
CB2 

All weld  
matching 

filler 



Creep testing of Chromet 933 variants 

Å 8 variant compositions developed 

Å Over 10,000hr testing completed 

Å 20,000 hr is ongoing 

Å Currently up to 124% of P92 strength 

Creep test ς welded forged bar 

110mm bar (T filler) ς 625, 650, 675°C 

Plate weld (R filler) - 650, 675°C 



Demonstration of welding MarBN casting with matching filler 

Parent metal:  Cast MarBN (Goodwin IBN1) 
Weld MMA:  Chromet 933 (Lincon-Metrode) 

Weld prep:  48mm double V 

PWHT:   735°C 8 hours 



Welding MarBN casting with matching filler 

x200 x200 

Weld metal Heat affected zone 



Mechanical properties - MarBN casting with matching filler 

Tensile properties 

Impact properties 

660-750 15% min 

Specification: 24 average  / 20 single 

Specification: 



Å MarBN development projects 

Å Casting production 

Å Casting welding with CB2 filler 

Å Development of matching filler metal 

Å Production of ingots 

Å Forged bar testing 

Å Pipework evaluation 

 



Goodwin MarBN ingots 

Round Ingot ς 800mm dia 
13,000kg 

Square ingot ς 30 x 32in  
8,500kg 



Goodwin MarBN ingots 

Round Ingot ς 13,000kg 

Ingot 800 x 750mm  ς 8,500kg 

02 Octagonal ingot 

125mm 
150kg 
Square ingots 



Å MarBN development projects 

Å Casting production 

Å Casting welding with CB2 filler 

Å Development of matching filler metal 

Å Production of ingots 

Å Forged bar testing 

Å Pipework evaluation 

 



Parent metal ς forged bar testing ς Goodwin MarBN (IBN1) ingot 

Tensile: RT, 200, 500, 600, 625, 650, 675, 700°C 
 

Charpy: longitudinal & transverse 

 
Creep (130% of P92): 

 650°C ς 1kh, 3kh, 10kh, 30kh, 70kh  (2 tests still running) 

 675°C ς 3kh 

 79MPa ς 650, 675, 695, 710°C  

 
Low Cycle Fatigue: 

 0.4% - 25, 600°C 

 0.8% - 25, 625, 650, 675°C  

IMPULSE PROJECT ς scope of work 



Parent metal ς forged bar testing ς Goodwin MarBN ingot 
S

tr
e

ss
 

Duration 

600°C 

625°C 

650°C 

IMPULSE ς 110 & 140mm bar 650, 675, 695, 710°C 
 
IMPACT ς Forged bar  625, 650, 710°C 

Consistent 25°C advantage over P92 forged bar 



Å MarBN development projects 

Å Casting production 

Å Casting welding with CB2 filler 

Å Development of matching filler metal 

Å Production of ingots 

Å Forged bar testing 

Å Pipework evaluation 

 



Extruded MarBN pipework from Goodwin forged bar 

MarBN tubing installed in a UK coal 
fired power plant in 2014 and 2015 

IMPACT ς material development ς 
production of tubes. 
Run for 4 years at 600°C 

IMPULSE ς material characterisation ς  first tubes removed from power 
station and assessed for oxidation resistance and microstructural 
evolution 



MarBN ς further development 

Å Evaluation of in service piping 

Å Completion of forged bar evaluation 

Å Complete development of weld filler 

Å Welding MarBN casting to nickel alloy 625 

Å Extrusion of large ingot into thick wall pipe 

Å Evaluation of all 9%Cr steels at 630°C ς 12mths 

Å HOWELFEX ς Rotor development 
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700°C 

Nickel alloy  
625 & 617 

Commercially available & in operation 



PROJECT 

AD700-1 

1998 - 2000 

Selection of candidate alloys 

625, 617, 282, 263 

AD700-2 COMTES 

2004 

Production of 625 casting for component testing 

50+ 

2007 - 2010 

Large scale 11,000kg alloy 625 castings 

Development of induction riser system 

NextGen Power 

2010 - 2015 

Design & test of inert casting technology 

Casting modelling, Evaluation of HT cycles and microstructure 

Cool Earth 

2011 - 2013 

Large section (435mm) castings, test can service loop castings 

Alloy 626 & 617 cast with induction riser system 

MacPlus 

2011 - 2016 

Development of gamma prime strengthening alloys 

Microstructure evaluation ς development of new alloy (G130) 

NetPower 

2013-16 

Alloy 625 & TOS3X castings for novel super critical CO2 turbine  

National Projects 

2013 - 18 

Supply of test blocks 10 to 1,500kg for characterisation 

Chinese, Indian, Korean National Projects 

Goodwin development of Nickel alloy castings for A-USC applications 



Goodwin St eel Cast ings Lt d, I vy House Rd, Hanley, St oke-on-Tr ent , UK ST13NR
Telephone: +44(0)1782 220000

Manufactured 2011-20123000Kg Alloy 625 Steam Gland ïProduced f rom 2 x  Alloy 625 Cast ings and 
fabr icat ion of  t he Alloy 625 Last  Chance Filt er  and associated pipe w ork.

4 x Units were supplied to Toshibaïall manufacture/  machining and fabrication
was carried out by Goodwin.

Nickel alloy 625 ς for Gas Turbine 720°C operation 

3,000kg alloy 625 steam gland 
GE 9H turbine - supplied to UK and Japan 



AD700 phase 2 ς COMTEST (2004) 

Goodwin Steel Castings Ltd, I vy House Rd, Hanley, Stoke-on-T rent, UK  ST 13N R

T elephone: +44(0)1782 220000

UK & European Project 

AD700 phase 2 COMTEST 

Alloy 625 

Demonstration valve casting 

Weight: 4,000kg gross  1,800kg net 

Valve installed in the coal-fired 
power plant ñScholven Fò -
Germany.  
 
Operation temp: 705 ÁC 
20,000 hour operation. 



Cool Earth project (2005) 

Japanese National Project 

METI Cool Earth 

Alloy 625 

Demonstration valve casting 



This system seals the metal stream from air, and 
therefore prevents oxidation.  

Argon is also purged into the mould both before and 
during the pouring operation.  

Technological Advance ς Argon Shrouding Pouring System 



50+ project (2007) 

European/German Project 
50+ project 

Alloy 625 

Demonstration valve casting 

Sections to 200mm 

Weight: 6,500kg gross 

Demonstration of castability and 
fabrication welding of extension 
piece 



50+ project ς fabrication welding (2008) 

Cr-Mo-V Steel 

Alloy 625 Weld 

Alloy 625 

Alloy 625 welded to Cr-Mo-V Steel 
200mm section 
SMAW & SAW 

Technological Advance ς large section dissimilar welding 



Dissimilar welding ς detectability of artificial defects by radiography 



Cracking in an alloy 625 cast test block 
Section size: 340 x 440mm 

Problem with heavy section nickel alloys:  
 Nickel alloys have a low coefficient of heat transfer  



Details of the cracking 

Large cast sections can result in internal cracking during cooling  



Computer analysis of the solidification stresses 

Section  
340 x 440mm 
  

Stresses 5 hours after pouring - 
the defect area was progressing 
through solidification 

Stress value 
in Mpa 
 
+ve tensile 
-ve compression 



Infinitely controlled cooling during both solidification 
and mould cooling reduces these stresses 

Technological Advance ς reducing cooling stresses 



Argon to the feeder 

Argon to the 
pouring bush 
seal 

Induction coil 

thermocouples 


