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!  A semi-submersible oil drilling 
platform collapse (1980)!

Francis, J. A., et al. (2007). Materials Science and Technology 23(9): 1009-1020. 

 

!  Liberty ships collapse (WWII)!
!
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!  Introduction of the material and 
a preliminary knowledge 
(mechanical properties)!

!  Find a correlation between the microstructure results and 
the mechanical properties!

!  Microstructures, paying a special 
attention to the second phases using 
TEM.!

A steel 8630 and a nickel 
alloy 625 dissimilar weld 

A low alloy high strength 
(LAHS) steel similar weld 

!  Introduction of the material and 
a preliminary knowledge 
(mechanical properties)!

!  Microstructures, paying a special 
attention to the second phases using 
TEM!
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weld metal 
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!  The subsea manifolds and subsea line - pipe 
!  PWHT at 677°C for 2hours!

!! "#! $%! &'! ()! *+! &! *,! &-! .%!
/01! 2345! 542! 542! 545! 546! 547! 542! 547! 548!
901! 2642! 54:! ;45! 54;! 548! ;4<! 542! 548! 54<!

!! $%! "#! &'! =%! ()! *+! $>! &! *,! .%! &+!
/01!<:45! <45!8;45! 546! 546! 245! 74?! 54;! 54<! 54<! ;45!
901!<:46! <47!8742! 54<! 542! <4<! 847! 54<! 54<! ;4;! ;45!

625 weld metal 

8630 

8630 

625 (weld metal) 

Beaugrand, V. C. M. et al. (2009). Corrosion 2009, March 22, 2009 - March 26, 2009, Atlanta 

Beaugrand, V. C. M. et al (2009).. 28th International Conference on Ocean, Offshore and 
Arctic Engineering, OMAE2009, May 31, 2009 - June 5, 2009, Honolulu, HI, United states 

8630 625 

Zone A 

Zone A 

Zone A (under hydrogen charged condition)  

Courtesy of  Dr. L. Zhang 
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Fusion 
boundary  

8630 625 

: TEM specimen foil 
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Scanning TEM (STEM) HAADF 

8630 

625 fcc and bcc 
boundary 

!  Steel 8630 with equiaxed grains on the left and 625 alloy 
with large grains on the right.  

!  The zone A can be divided into the two regions; very close 
to the fcc/bcc boundary (green circle) and the rest of the 
zone A in the nickel 625 (blue circle).!



!  The green circle region consists of multiple layers of lath – like grains 
with low angle boundaries. 

!  The lath grains are mainly formed by bcc structure and predicted as 
martensitic structure. 

!  The green dashed lines delineate the bcc and bcc boundaries, the 
red dashed line indicates the bcc to fcc transition boundary and the 
blue dashed line delineates fcc and fcc boundary. 
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!  STEM EDX mapping revealed a Cr enrichment in the lath like 
grain region in the bcc region. 

!  In particular, Cr forms a semi-continuous line along a low angle 
boundary running parallel to the fusion boundary and some of 
them have been confirmed as M23C6 type carbides. 

 

   

Blue: Fe 
Green: Ni 
Red: Cr 

STEM dark field TEM bright field 

TEM dark field 

M23C6 
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8630 

625 

fcc/bcc  
boundary 

Grain boundary 
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!  Short dark lines are always present in bright field images.   
!  The chemical analysis of the precipitate shows the clear Cr, C and 

Mo enrichment and predicted as M7C3 type carbide. 
!  This region coincides with the hardness increase as well as 

cleavage crack propagation region. 

!! 

TEM bright field 

STEM HAAD field 
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SAD pattern 
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TEM dark field 
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Steel 8630 

Ni alloy 625  

fcc/bcc 
boundary 

M23C6 type 

M7C3 type 

8630 HAZ Green circle 
region 

Blue circle region 

High angle 
grain 
boundary 

Low angle 
grain 
boundary 

The hardness increased and 
the cleavage fracture region 
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!  Subsea line - pipe weld 
!  As welded condition !

Weld and base metal composition 
!! "#! $%! &'! =%! ()! *+! $>! &! *,! &-! .%!

/01! 2:46! 5458! 5456! 5458! 5457! 545! 5456! 545:! ;4;6! 5458! 548?!

901! 2:4;! 5458! 5456! 5457! 5453! 545! 5458! 547?! ;4;<! 5458! 54<7!
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Nano hardness profile across 
the fusion boundry

!  It is reported by fracture toughness measurements that a crack initiated by a notch placed close and 
parallel to the fusion line occasionally propagates along the fusion line in the HAZ.   

!  The nanohardness tests across the fusion line showed a uniform hardness across the fusion line.  

HAZ Fusion 

1 mm 

Fusion line 

HAZ 
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HAZ 

 Very close to the Fusion line (VCF)-HAZ 
FZ 

5 mm 

Very close to the fusion line (VCF)-HAZ FZ 
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TEM bright field 

STEM HAAD 

Ti Nb Fe 

Fe Ti C 

STEM EDX mapping results 

STEM electron energy loss spectroscopy (EELS) 
mapping results 

!  The volume fraction is estimated as less than 1%, however, precipitates smaller than 100 nm in 
diameter have been frequently observed inside grains. 

!  After the two different chemical analyses (EDX and EELS), they are safely identified as carbides; 
known as MC carbide (M represents Ti and Nb in this study.). 
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!  Sometimes they precipitate as a layer along high angle grain boundaries. 
!  After SAD diffraction and EELS carbon profile analysis, they were safely 

identified having a cementite structure; which is predicted as an early stage 
of the pearlite formation along the prior austenite grain boundaries. 

TEM BF SAD pattern TEM DF 

STEM HAAD 
Carbon profile across the 

precipitate 

TEM imaging and the 
diffraction studies 

EELS carbon 
chemical line profile  
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N C 

Fe Ti 

STEM 
EELS 

mapping 

STEM HAAD 

TEM BF 

EDX mapping of Al and Ti  

SAD patterns 

!  The microstructure is similar to those of the HAZ (dispersion of the precipitate inside the 
grains), but the precipitate size varies from tens to hundreds of nanometre in diameter.  

!  Analysing the two: fine and coarse precipitates, it is suggested that Al2O3 precipitates 
prior to the MC or MN nucleation, which covers the Al2O3 . 
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Fusion 
boundary 

MC, MN type 

HAZ VCF-HAZ Fusion zone 

Al2O3 

Cementite 
Pearlite type 

High angle 
grain 
boundary 

Possible less 
toughness region 
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!  The VCF-HAZ appeared free from any intragranular precipitates 
whereas the other regions showed some dispersion of inclusions and 
carbides.  The possible role of the dispersed second phases can be…!

1.  To promote ferrite nucleation 
2.  To pin dislocations and allow subsequent 

micro voids formation (damage softening)    

!  The critical voids formation local stress is 
dependent on the dislocation storage, hence 
the particle size. !
! 

;2%&%*'<#*<.'='(.#
>52?'&%5/#6&2.66#

ppt size 
J. Braz, et al. Soc. Mech. Sci. & Eng. 2004, vol.26, n.2, pp. 190-199 

!  The fracture surface and the post 
toughness test specimen TEM studies 
would draw a comprehensive conclusion.!



789:;8>?(+"##"."-)&(3'-+((
B#$&'##(/%&&%#"%*(/&)/<(A&%A),)H%*C(

!  Zone A was divided into two parts 
1.  Dense M7C3 zone 
2.  Lath martensite and M23C6 zone 

! 
;2%&%*'<#*<.'='(.#
>52?'&%5/#6&2.66#

ppt size 

!  Dislocations are pinned by the many hardening 
precipitates at the crack tip in the same manner as 
in the LAHS steel weld, which prevents the stress 
relaxation ahead of the crack tip.  This could lead 
to environmentally assisted crack growth.!

!  It is now clear that the cleavage zone 
is mainly the dense M7C3 zone. 

Telesman. J, et al. (2008). Superalloys 2008: 807-816 
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Dislocations are pinned by second phase particles ahead of the crack 
tip.  This phenomenon could result in either damage softening via the 
formation of the micro voids or in the prevention of stress relaxation.  
They are controlled by many factors, such as the size, the 
morphology and the density of the second phase particles and the 
testing condition: the specimen geometry, the temperature, the stress 
and the strain rate and etc.. 



E/<*%3-'+,'.'*$(

! "#$!"%&'(!)#*+,#-./!
!!!!!!!!!!!0-#!,12!3'.(!%++'+,%.,!0-#!,12!.%.-1%#(.2++!,2+,+!

! 456!7,($!
!!!!!!!!!!!0-#!,12!8#-&'+'-.!-0!,12!+829'*2.+!

! 4%,%!:,22;!<=!7,($!
!!!!!!!!!!!0-#!,12!8#-&'+'-.!-0!,12!+829'*2.+!


