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SUMMARY 
The effects of vanadium, nitrogen and titanium levels and cooling rate through the transformation on the 
parent plate and weldment properties of laboratory cast, controlled rolled and accelerated cooled API SLX-
80 linepipe steels have been investigated. Parent plate yield strengths >600MPa have been achieved by 
control of processing conditions and chemical composition. 

Superior transverse Charpy toughness, (>90J@ -100°C), has also been obtained in steels which contained a 
small (0.01 % ) titanium addition. 

The steels examined all had very fine ferrite grain sizes (2-3µm) and the mechanical properties, particularly 
the yield strength, have been shown to depend on grain size, substitutional strengthening and precipitation 
strengthening. In addition, the titanium-treated steels have been shown to contain a lower volume fraction of 
M-A phase and this reduction has had a significant beneficial influence on the impact properties. 

In two-pass welds, in which the second pass was carried out at 3.9kJ/mm, acceptable levels of both weld 
metal and heat affected zone impact properties, weldment hardness levels and crossweld tensile performance 
have been achieved. The addition of titanium resulted in refinement of the HAZ microstructure. The levels 
of weld metal and HAZ toughness have been compared with published information and have been shown to 
be broadly typical of such steels. 

INTRODUCTION 
Linepipe producers are responding to the increasingly severe demands which are being placed on pipelines. 
The need for higher strength, from an economic standpoint, and high toughness, for safety, are challenges that 
the linepipe producers are addressing in the production of API SLX-80 grade steel. Arctic grade X-70 
linepipe properties have been achieved in steels with polygonal ferrite-pearlite structures, in which strength is 
derived from the combination of a fine ferrite grain size, precipitation of vanadium and to a lesser extent 
niobium carbonitrides in ferrite, plus some strengthening from dislocations. A relatively small contribution to 
the strength also comes from manganese, silicon and other elements in solid solution. In these steels, the fine 
ferrite grain size has been achieved by additions of niobium, typically in the range 0.02- 0.05wt%. This forms 
precipitates of niobium carbide which prevents recrystallization of austenite and, during the heavy controlled 
rolling schedule just above Ar

3
, results in a heavily deformed pancaked austenite which transforms to fine 

polygonal ferrite grains. In some cases the processing technique involves rolling into the ferrite and austenite 
field in which a substantial contribution to strengthening is produced from dislocations in ferrite. Rolling into 
the a+ yphase field has been examined in the production of API SLX-80 grade steels <1-4> and application of 
this process has resulted in commercial production. 
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To detem1ine the absolute contribution to yield strength
from precipitation, the following extended Ha1l-Petch
relationship (IS) was used.

Table VI. Microstructure of Steels Investigated

Steel Polygonal
ferrite
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where 0" is a tenn due to lattice friction and includes a
°

contribution from C and N remaining in solution. It has
been suggested (IS) that its value should be of the order

of 70 N/mm2. 0". results from solid solution hardening
and was taken to be 32. %Mn(13) + 84. %Si(13) + 38. %CU(13)
+ 43.%Ni(14). O"d is hardening due to the presence of
dislocations and is, generally, considered to be of im-
portance, where a significant proportion of the rolling
schedule has been carried out below the Ar3 or the trans-
fonnation temperature is low, both of which could re-

sult in an increase in dislocation density. In the present
case where the fInish rolling temperature was above the
Ar3 and the bainite start temperature was =600°C, the
contribution from dislocations is likely to be small(18).
O"t is due to texture hardening and because the finish
rolling temperature was above the Ar3' can be consid-
ered to be at, or near to, zero. d is the ferrite grain size
and ky is a constant which, for controlled rolled steels,
has been suggested to equal 18.1 N/mm3!2(IS).

1 32 2.5 20 1.1

2 40 2.9 18.6 2.4

3 17 2.7 19.2 1

4 13 2.1 21.8 4.5

5 19 2.2 21.3 0.7

6 46 3.2 17.7 12.6

7 36 2.5 20 n/a

8 26 2.2 21.3 n/a

9 43 3.2 17.7 n/a

10 31 2.5 20 3.8

12 2.2 21.311 n/a

12 34 2.6 19.6 0.6

Figure 2. The Effect of Cooling Rate through the Transfom1ation (800 -500°C) on the Microstructure of
Accelerated Cooled API 5LX80 Steels (Steel 2) x500
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200 be envisaged.

In considering the potential applications of
these steels, for linepipe, it is useful to com-
pare the weld metal and HAZ results of this
study with those of existing experimental and

commercial X-80 steels. Table 10, which

summarises this data, indicates that a com-
parable level of notch toughness has been ob-
tained in both the weld metal and HAZ. The
heat affected zone results are a little lower
than that obtained by Hulka et al(ll) , and are
very close to those given by Nakasugi et al(27).
Bearing in mind the potential for variability
in weldment testing, as illustrated in the re-

sults of Matousu et al(26), it can be safely said
that they are within the range expected from

this type of steel. It could also be reasonably

expected that development work to enhance
weld metal toughness would lead to an over-
all increase in the values obtained.
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Figure 7. Charpy v -notch transition curves of weld Metal
in Accelerated Cooled API 5LX80 Steels

In summary, therefore, it can be said that the weldment properties of seam welds in accelerated cooled API

SLX-80 steels, containing different levels of vanadium and nitrogen, are satisfactory and are not affected by
vanadium or nitrogen level, within the ranges examined.

The presence of a small (0.01% ) titanium

addition has resulted in a beneficial ef-
fect on toughness in the grain coarsened

HAZ. The level of toughness observed
in both the weld metal and heat affected

zone was within the range expected from
this type of steel. No evidence of heat
affected zone softening was observed
and the levels of hardness obtained are
unlikely to result in any problems during
manufacture, or the envisaged use, of

these steels.

CONCLUSIONS
The effects of vanadium, nitrogen and
titanium levels and cooling rate through
the transformation on the parent plate

Figure 8. Typical Weld Microstructure and weldment properties of a range of
API 5LX-80 steels, of base composition

0.08%C/l.8%Mn/0.25%Si/0.055%Nb,
which had been subjected to a controlled rolling schedule involving 67% deformation below 8500C (FRT
800°C), followed by accelerated cooling from 800°C to 550°C, have been examined. It can be concluded
that:-

A cooling rate of 200C/s through the transfonnation coupled with a vanadium and nitrogen level, such
that % V x %N = 4 x 10-4, were required to ensure a satisfactory level of tensile properties in the parent
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2. Impact properties were excellent and were
enhanced by asma11 (0.01 %) additionoftita-
nium. In this latter case, impact transition
temperatures below -140°C were obtained.
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100 3. The steels were characterised by having ex -

tremely fine grain sizes (2 -3 J.Im) and a micro-
structure which consisted mainly of polygo-
nal ferrite and ferrite containing a second
phase. Both the grain size and the propor-
tion of polygonal ferrite decreased with in-

creasing cooling rate .In addition, it was ob-
served that titanium-treated steels had a lower
proportion of M-A phase than non-treated

steels.
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Figure 9. Chatpy V -notch transition curves for the Heat
Affected Zone in Accelerated Cooled API
SLX80 Steels

4. The main factors contributing to yield
strength have been shown to be grain size,

substitutional strengthening and pre-
cipitation strengthening. The main
contribution to precipitation strength-

i ening came from vanadium nitride, al-

though there was a smaller contribu-
tion from NbCN .

5. The impact transition tempera-
ture was affected by the presence of
M-A phase. Titanium-treated steels
with lower levels of M-A phase ex-
hibited a superior level of toughness .

6. The levels of weld metal and
heat affected zone properties obtained
in the present steels have been shown
to be acceptable and independent of
vanadium and nitrogen levels within
the ranges examined.

Steel12

7. The addition of titanium re-
fined the grain coarsened heat af-
fected zone microstructure and, in

general, resulted in an improvement

in toughness.

8. Cross welded tensiles all frac-
tured in the parent plate and the lev-
els of weld metal and heat affected
zone hardness obtained were satisfac-
tory and would present little or no

problem in use.

Steel 10

Figure 10. Typical HAZ Microstructures depicting the Effect of

Titanium
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