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Abstract 
Interest in X-80 linepipe steels emerged in the early 1980’s and it was first used in 
1985 by Ruhr Gas [1].  The early steels were extensions of conventional Nb-V or Nb-
Mo microalloyed X-70 steels but other alloying concepts emerged based on Nb-Mo-B 
alloying (NKSTAF [2] and ULCB [3]). The latter had acicular ferrite/bainitic 
microstructures and carbon contents below 0.05 percent.  In parallel renewed interest 
developed in ultra low carbon (0.02 percent) higher niobium steels which had first 
been studied in 1962 [4]. Such steels exhibited excellent notch toughness when 
processed with high finish rolling temperatures (>950°C) which made them suitable 
for processing on weak, older rolling mills. With time such steels, designated “High 
Temperature Processed”, or HTP steels, were further optimized and produced in 
modern, very strong rolling mills due to their superior economy compared with 
traditional vanadium and molybdenum containing steels. The chronology of the HTP 
development is presented in the present paper. Full scale demonstration heats of a 
0.06 percent carbon 0.10 percent niobium steel were produced by Bofors Steel Plant 
in 1972 and were converted from slabs to plates by nine different steel mills [5-7]. 
Commercial application in API Grade X-70 first occurred in Canada in 1974 [8,9] but 
the concept was only used sporadically after that until 1998 when it was applied for 
the API Grade X-70 Sour Service Cantarell Project [10] in Mexico. Soon thereafter, 
the El Paso Cheyenne Plains Project used a 0.05%C 0.095%Nb 0.27%Cr variant of 
the HTP steel [10-12].  Nowadays the HTP concept is being utilized for construction 
of approximately 6000 km of 48” OD x 18.4 mm X-80 per year in China. The 
metallurgical principles and history of the development are presented in details in this 
paper. 
Keywords: API X80, Acicular Ferrite/Bainite, Cantarell Project, High Temperature 
Processing (HTP). 
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1 METALLURGICAL BASIS 
 
The HTP concept relies on sequential effects of niobium which affect the response of 
the steel to reheating, hot rolling and subsequent cooling. The complex effects are 
remarkably complimentary and are not matched by any other single element, 
although other elements such as titanium may impart individual benefits. The 
metallurgical effects of niobium are discussed below: 

(i) Niobium prevents austenite grain growth during reheating prior to rolling,    
Figure 1 [13] and thereby facilitates the development and maintenance of a refined 
austenite microstructure during roughing, holding and final rolling. 

 

 
Figure 1.  Effect of niobium content on austenite grain size at a soaking temperature of 1175°C for 
three hours [13]. 

 
(ii) Niobium in solution retards recovery at high temperatures and thereby 
facilitates strain accumulation necessary to produce recrystallization [14]. Niobium 
carbide undissolved at the reheating temperature also retards austenite grain 
growth at high temperatures. 
(iii) Strain induced precipitation of niobium carbide occurs during finish rolling at 
temperatures below approximately 980°C, depending on niobium and carbon 
content. This has a profound effect in retarding austenite recrystalization Figure 2 
[15] and is the fundamental basis for controlled rolling [16].  
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Figure 2. Retardation of recrystalization by microalloying elements [15]. 

 
(iv) Solute niobium retards the formation of polygonal ferrite [17,18] and thereby 
lowers the austenite to ferrite transformation temperature, typically by 
approximately 100°C, thereby favoring the formation of bainite over a wide range 
of cooling rates Figures 3 [19] and 4 [20].   

 

 
Figure 3.  Influence of niobium in solid solution at the finish rolling temperature on the volume fraction 
of bainite in air cooled and accelerated cooled HTP plate [19]. 
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Figure 4. Continuous cooling transformation diagram for a 0.02%C 0.49%Mn 0.10%Nb steel [20]. 

 
This effect is more pronounced in the presence of molybdenum [21,22] and boron 
[19] and is a fundamental building block for the bainitic/acicular ferrite linepipe steels 
referenced earlier [2,3]. 

(v) Niobium in solution at the time of transformation acts as described in (iv) above 
then subsequently precipitates as very fine niobium carbonitrides both during 
transformation and later in ferrite [23].  The magnitude of the effect is quantified in 
Figure 5 [13]. This precipitation hardening effect was discovered in the early 
1960’s [24] and provided the early stimulus for the development of microalloying 
technology. 

 
Figure 5. Correlation between soluble niobium content and yield strength increase [13]. 

 
(vi) Niobium retards austenite grain growth during high temperature heat 
treatments, hot bending and at the peak temperatures encountered during welding 
Figure 6 [25].  In the latter case contributions arise from Zener drag due to niobium 
carbide precipitates and possibly solute drag effects. 
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Figure 6.  Effect of niobium in retarding austenite grain growth at high temperatures [25]. 

 
That fine ferrite grain sizes and thus good notch toughness could be achieved at high 
finish rolling temperatures (>1000°C) was documented as early as 1972 [26] and 
elegantly demonstrated in the research of Kozasu et al Figure 7 circa 1974 [27].  It is 
now known that all the above metallurgical processes are operating sequentially in 
one way or another during heating and thermomechanical rolling.  The magnitude of 
the solute niobium effects depends on carbon and nitrogen contents and the strain 
history and is difficult to maximize when heavy deformation is applied in the 900-
950°C temperature range. This can be a serious handicap when Steckel Mill 
processing is involved [28]. 

 

 
Figure 7.  Effect of niobium (columbium) content and finish rolling temperature on yield strength and 
notch toughness [27]. 
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2 PRACTICAL RESULTS AND APPLICATION 
 
The effect of niobium content and finish rolling on Fracture Appearance Rolling 
Temperature (FATT) for 20 mm thick 0.06 percent carbon 1.55 manganese plate is 
presented in Figure 8 [29]. Application of higher niobium contents has allowed 
production of linepipe with excellent notch toughness even during the inexorable 
trend toward higher strengths Figure 9. Thus DWTT Shear Area Transition 
Temperatures of -50°C combined with yield strength of 80 ksi (550 MPa) can be 
achieved in plates up to 33.7 mm [30]. 

 
Figure 8.  Effect of niobium content and finish rolling temperature on Fracture Appearance Transition 
Temperature (FATT) for 20 mm plate [29]. 
 

 
Figure 9. Progress of development showing simultaneous increase in toughness with strength and 
passage of time [29]. 
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Apart from the benefits of rolling the HTP niobium steel at higher temperatures and 
the consequent reduction in rolling loads, it has been found that the operating 
window with respect to finish cooling (water stop) temperature during TMCP 
processing is much larger than the corresponding window for conventional Nb-V 
microalloyed plate, Figures 10 and 11 [31]. 
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Figure 10. Wide processing window for Charpy energy of 0.03%C 1.60%Mn 0.095%Nb 0.27%Cr 22 
mm plates cooled at 6°C/s [31]. 

 

350

400

450

500

550

0 200 400 600 800 1000
Finish Cooling Temperature, C

Y
ie

ld
 S

tr
e

n
g
th

, 
M

P
a

Conv. Nb-V

HTP

X-70 Min

 
Figure 11. Wide processing window for yield strength of 0.03%C 1.6%Mn 0.095%Nb 0.27%Cr 22 mm 
plates cooled at 6°C/s [31]. 

 
This has stimulated widespread adaption of the HTP technology in China since 2005 
Figure 12 when the Second-West East Pipeline was announced. The project 
consumed approximately 2 million tons of 18.4 mm 48” OD X-80 linepipe, with 
subsequent similar consumption for the Third West-East Pipeline which is about 70 
percent complete.  These projects have a dominant effect on the logarithmic growth 
of installations worldwide, Figure 13. 
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Figure 12. Rapid rate of adoption of API Grade X-80 linepipe in China. 

 

 
Figure 13. Progress in adopting X-80 steel. 

 
A final benefit of the use of higher finishing temperatures is the minimization of the 
harmful {100} rotated cube textures, that cause fracture surface separations      
Figure 14 [32] and poor through thickness ductility as defined by Z direction Charpy 
FATT and Lankford plastic strain ration resistance to thinning Figure 15 [32] which 
plague efforts to predict ductile fracture arrest in higher strength steels (API Grade X-
80) and above). These efforts are currently being elucidated in several fracture 
propagation studies. 
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Figure 14.  Effect of Finish Rolling Temperature on separation index [32]. 

 

 
Figure 15. Effect of Finish Rolling Temperature on Z direction Charpy V-notch FATT [32]. 

 
3 CONCLUSIONS 
 

 By end of 2014 there will be 20,000 km of X-80 linepipe installed. 

 65-70 percent if expected use the HTP concept. 

 Fracture arrest behaviour of steels rolled with high finishing is superior to 
steels with strong {100} textures developed during low temperature <700°C 
finishing. 
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