
DELIVERING SUPERIOR LINEPIPE 
BY ENHANCING WELDABILITY



The use of low carbon concept steels with niobium levels up to 0.11%, improves linepipe weld zone properties 
both during pipe manufacture, using submerged arc welding (SAW), and during site girth welding with lower 
heat input processes such as gas metal arc welding (GMAW). These significant benefits derive, primarily, 
from the heat affected zone (HAZ) grain coarsening resistance of such steels during the welding process.

The microstructure which develops in the heat affected zone (HAZ) immediately adjacent to the weld is a function of 
many variables. These include steel composition, plate or coil thickness, welding process selection, heat input, 
welding speed and the number of weld passes. All of these factors influence the heating and cooling rates during and 
following welding. Ultimately, all these variables determine the grain size which develops in the coarse grain HAZ and 
dictate the mechanical properties of this important region.
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Adapted from K.E.Easterling, “Introduction to the 
Physical Metallurgy of Welding”, second ed., 
Butterworth-Heinemann, 1992.



THE ROLE OF NIOBIUM IN THE HAZ
Niobium is the key element but with additional minor microalloying using titanium, complex very fine precipitates are 
generated in the steels which control grain coarsening of the HAZ during the welding process. This effect is maximised 
over a wide range of heat inputs when niobium is in the range 0.08 to 0.11%. This important effect, combined with other 
unique attributes of niobium in solution, ensures the development of optimum HAZ microstructure and toughness in 
all conditions of interest both in pipe fabrication and during subsequent girth welding.

This refinement can be further appreciated using Electron Back Scattering Diffraction (EBSD) on the welded joints of 
the following steels. 
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Niobium effect on base metal and heat affected zone microstructure of girth welded joints.

EBSD images show the microstructural variation from weld metal to base material in steels A and B. The paper from 
which these images are reproduced shows that the increase of niobium content from 0.07% to 0.10% combined with 
an appropriate ‘best practice’ rolling schedule has ensured the generation of an optimum precipitate size distribution 
in steel B with the higher level of niobium. This has reduced the extent of the coarse grain HAZ (CGHAZ) from 275μm 
in the 0.07% Nb steel to 125μm in the steel with 0.10% Nb. These finer grains in the CGHAZ result in a finer 
microstructure (finer packet size).
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OTHER SUPPORTING RESULTS OF THE NIOBIUM EFFECT ON HAZ

The increase in weld heat input directly correlates with 
an increase in deposited weld metal and therefore 
overall weld productivity. The toughness of 0.11%Nb 
steel is less dependent of the heat input of welding.

Barbaro, F et al. Developments in the Control of Weld HAZ 
Properties in Modern Microalloyed Steels, SEAISI Convention & 

Exhibition, Vietnam, 2016.

Niobium and titanium promote grain refinement in the 
CGHAZ. The effect is very pronounced when niobium 
content is in the range of 0.08 to 0.11%.
The direct consequence of austenitic grain size control 
and the resulting microstructural refinement in the 
CGHAZ of the higher niobium steel is enhanced 
toughness.

Qingyou, Liu. “The Alloy Design and Weldability of High 
Performance Pipeline Steels”. Int’l Conf, on Pipelines and Linepipe 

Steels (ICPLP), Xi’an China, April 2015.
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Frantov et al., ‘The Effect of Alloying and Microalloying Additions on Base Metal Properties and Weldability of X70/X80 Linepipe Steels’. 
Proceedings of the International Conference, Microalloyed Pipe Steels for the Oil and Gas Industry, Moscow, Russia, 2013.
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The effect of using a higher niobium content on the CGHAZ Charpy Toughness at different test temperatures and 
different cooling rates.

FURTHER EVIDENCE THAT 0.08%Nb STEEL IS LESS SENSITIVE TO THE 
WELDING HEAT INPUT
Data from CBMM Collaborative program with TsNIIChermet [I P Bardin Institute] Moscow, Russia.

The data in the following table and figure is adapted from the publication cited below and describes the welding 

performance of the two production linepipe steels.
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Adapted from Güngör, O.E. et al. - Girth Weldability Evaluation of SAWH Pipes Produced from 23.7 mm Thick, High-Nb Containing X70 
Linepipe Steel, Proceedings of the 2014 10th International Pipeline Conference, Calgary, Alberta, 2014.

The data confirms the significantly greater flexibility and tolerance to increased heat input of the higher niobium steel 
over the full range of practically relevant cooling rates. A heat input of 10 kJ/cm, as might be encountered in Gas Metal 
Arc Girth Welding (GMAW), of thick-walled pipe >20mm wall thickness would result in a t (800-500) of <5 secs 
whilst pipe mill multi arc submerged arc welding on the same material might have a heat input in the range 40 to 50 
kJ/cm resulting in a t (800-500) in the range 50 to 90 secs. 

PROVEN RESULTS IN ACTUAL PIPES
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Example 1: 1,219 mm diameter, 23.7 mm thick pipes, produced with ArcelorMittal X70 steel using niobium 
content above 0.08%.

Both welds SAWH and GMAW presented excellent properties.
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Adapted from Huo Chunyong, H. et al. Latest Development and Application of High Strength and Heavy Gague Pipeline Steel in China, The 
26th International Ocean and Polar Engineering Conference Rhodes (Rodos), Greece, 2016.
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Example 2: 1,420 mm diameter and 21.4 mm thick spiral pipe for China - Russia East Gas Pipeline.
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Example 3: 1,420 mm diameter and 27.7mm thick longitudinal pipe, another good example of a higher niobium 
steel project.

C
ha

rp
y 

V-
no

tc
h 

[J
]

Weld Metal Base MetalHeat Affected Zone

168

296

324

122

214

364-6
0

˚C
-4

0
˚C

High Temperature 
Process HTP (TMCP)

X80 longitudinal pipe

Thickness: 27.7 mm
Diameter: 1,420 mm

0.05%C
0.093%Nb
0.22%Ni

1.65%Mn
0.23%Cr
0.13%Cu

CITIC Metals Internal Report, 2017

CBMM technical experts are available to advise on how the metallurgical concepts involved can be applied 
to your individual steelmaking and thermomechanical processing techniques. Our staff and consultants 
are keen to help our clients with all aspects of pipe fabrication and welding technology to ensure that you 
and your customers gain the maximum benefit from the application of the latest knowledge to the 
production of the best quality plate or coil for pipe manufacture and subsequent welding.



World leader in the production and commercialization of Niobium products, CBMM has customers 
in over 40 countries. With headquarters in Brazil and offices and subsidiaries in China, 
Netherlands, Singapore, Switzerland and the United States, the company supplies products and 
cutting-edge technology to the infrastructure, mobility, aerospace and energy sectors. CBMM was 
founded in 1955 in Araxá, Minas Gerais, and relies on a strong technology program to increase 
Niobium applications, growing and diversifying this market.

Further information 
can be obtained at 
www.niobium.tech
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