
PRODUCTIVITY UP. COSTS DOWN.

Productivity and cost benefits of application of nickel-based flux-cored wire with DC+  
and AC-current for the vertical up welding of 9 % Nickel LNG storage tanks

Welded joints in the fabrication of cryogenic liquid nitrogen 
gas (LNG) tanks are submitted to severe conditions – such 
as very low temperatures and high stress. Welding of these 
joints comes with stringent requirements on weld metal 
strength and toughness. Products from voestalpine Böhler 
Welding offer high quality solutions for commonly applied 
alloys such as:

» 9 % Ni steel
» Austenitic steel with cryogenic properties
» Low-temperature construction steel
» Aluminium

The voestalpine Böhler Welding portfolio for welding of 9 % 
Ni steel covers all commonly applied processes (SAW, SMAW, 
GMAW and FCAW). Only nickel-based weld metal can match 
the strength of the steel with good ductility at LNG service 
temperatures of about -170 °C in the as welded condition.

An additional advantage is that nickel-based consumables 
reduce the risk of hydrogen induced cracking, as they 
deposit an austenitic weld metal. Basic SMAW electrodes, 
such as UTP Soudonel D and SAW wire and flux combinations, 
such as Thermanit NiMo C276 & Marathon are frequently 
used, which give a clean deposit with very low levels of 
micro slag inclusions. 

Typical requirements for welding consumables are given by 
API 620 Appendix Q, ASME/AWS and BS 7777. These spec-
ify strength levels of Rp0.2>430 MPa and Rm>690 MPa, 
while project specifications for Charpy V-notch (CVN) impact 
toughness can be greater than 70 J at -196 °C, with lateral 
expansion greater than 0.38 mm. In addition, CTOD (crack-
tip opening displacement) fracture toughness values may 
be specified for resistance to crack lengths down to 0.3 mm 
at cryogenic temperatures of -170 °C.
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Vertical up welding of 9 % Nickel LNG storage tanks
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Welding processes
The SMAW process is generally used for welding joints in the 
3G and 4G position on large LNG storage tanks and for 
most welds on smaller tanks. For welds that can be complet-
ed in the 1G and 2G positions, the submerged arc welding 
process is used because it offers much higher deposition 
rates. 

Flux-cored arc welding specifically designed for positional 
welding may be used for manual welding in the 3G position, 
but FCAW can be significantly more productive and cost 
efficient when applied using a mechanised process, as 
highlighted under the conditions as mentioned below.

Slag detachability of wire Thermanit NiMo C276 & flux Marathon 104 in a PC/2G SAW- joint

Welding practices
Preheating of 9 % Ni plate with thickness below 50 mm is 
not required. However, to remove any moisture from the 
welding area, a preheat of up to 50 °C is strongly recom-
mended. Subsequently, the interpass-temperature needs to 
be held below a maximum of 150 °C. The heat input should 
not exceed 2.0 kJ per mm and, ideally, should be around
1.5 kJ per mm. Alternating current (ac) welding is generally 
recommended for the SMAW and SAW welding processes 
to avoid arc blow, and must be used when residual mag-
netism in the plate is high.

Welding with ac current also results in higher weld metal 
toughness properties and ac can also be considered for 
FCAW. Efficiency of the different welding processes is cal-
culated by dividing the arc time by the available working 
time and is expressed as a duty cycle. The welding duty 
cycle depends on several non-welding operations that are 
required when completing welded joints:

» The time needed to prepare for welding
» The time required for grinding, de-slagging and cleaning 

of the weld

In general, average duty cycle values for the manual weld-
ing processes are:

» SMAW 10-20 %
» GMAW/FCAW 15-25 %

With mechanised GMAW/FCAW welding, the duty cycle can 
be raised considerably and ranges from 25 to 40 %.
Reasons for this include: 

» Fewer starts and stops need to be ground out compared 
to manual welding and slag can be removed during 
welding. Post weld cleaning work is therefore minimal

» Welding is continuous. The welder does not have to repo-
sition himself and will get less fatigued during welding

» Mechanisation reduces welding defects, such as lack of 
fusion, which results in less additional processing time for 
post-weld repairs

As with all mechanised welding processes, the following 
factors can negatively influence the duty cycle:

» Uneven joint preparation requiring welding parameter 
adjustments for the root run

» Badly performed back grinding or gouging of the joint, 
resulting in parameter modifications for the fill passes

» A work place that is not suited to mechanisation
» A welder who is not very experienced with mechanisation



Typical joint preparation with ceramic backing in a welding-bug configuration Layer build-up of a typical vertical up welded joint with Böhler Nibas 625 PW-FD

Cost savings with FCAW Direct current compared to SMAW 
and additionally FCAW welded with AC-current in vertical 
up position
Further economical savings with FCAW compared to SMAW 
are gained in consumable consumption by weight. SMAW 
electrode efficiency is decreased by about 35 % due to stub 
end losses, slag and spatter, whereas only 15 % is lost in 
slag and spatter with the FCAW process. A calculation in-
volving a one meter joint length with an X-preparation in 
an LNG tank is shown below, calculated with the help of the 
Welding Calculator, available on the voestalpine Böhler 
Welding website. Based on these entries the calculator 
generates the required quantity of product to realise the 
weld. The deposition rates and quantity of product needed 
for a NiCrMo-6 type stick-electrode with an efficiency of 
150 % and for flux-cored wire welded with corresponding 
current in the 3G-position are:

With 3.2 mm diameter NiCrMo-6 electrodes a deposition 
rate of 1.5 kg/h is achieved; where 3.9 kg of product is 
required With flux cored wire in diameter 1.2 mm, where 
2.7 kg of product is needed, deposition rates of 3.0 kg/h 
with DC+ and with AC 4.4 kg/hr can be achieved under 
identical welding joint figurations.

Taking into account the typical arc-on time for the different 
welding processes can save in time and money. For welding 
this joint, 19 hours are needed for SMAW (with a duty cycle 
of 15 %), whereas only 6 hours are needed with FCAW in 
DC+ (with a duty cycle of 30 %) and with AC-MAG even 
3.6 hours.
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Nickel-base flux-cored wire in DC and AC welding
The nickel-based flux-cored wire Böhler Nibas 625 PW FD 
(alloy 625-type with classification AWS A5.34 E NiCrMo-3 
T1-4) is used for optimal productivity in positional welding. 
Its excellent weldability in the vertical-up position is due to 
the fast freezing slag that supports the weld pool, while 
enabling spray arc welding for enhanced productivity in 
DC+ and AC. The wide parameter box makes it tolerant to 
arc fluctuations, which is excellent for mechanised welding 
using standard welding automation. The slag is easy to 
remove, the weld has a nice appearance and there is no 
need for post weld grinding.

Böhler Nibas 625 PW FD weld metal meets all applicable 
specifications and standards for the welding of 9 % Ni steels.
Standard GMAW equipment can be used, with or without 
weaving of the welding torch, and the wire is designed for 
use with standard Ar/15-25 % CO

2 shielding gases.

The key benefit of this flux-cored wire lies in the high depo-
sition rate compared to SMAW when applied in the same 
vertical-up welding application. The deposition rate is up to 
three times higher. This feature, combined with the low defect 
rate and consistent joint quality, makes FCAW a welding 
solution that can shorten fabrication times considerably for 
typical LNG welding applications.
Usage of more advanced welding equipment makes it 
possible to weld in AC- current which results in an addition-
al benefit in deposition rate with another 20 % while main-
taining the excellent mechanical properties. To fully benefit 
the additional deposit rate the AC-MAG equipment 
dedicated software is developed for optimum welding 
characteristics. An extremely important benefit lies in the 
fact that AC-MAG solves the problem of arc-blow caused 
by magnetism present in the 9 % Ni plate, of which the 
origin comes from machining or lifting magnets.
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JOIN! With over 100 years of experience, voestalpine Böhler Welding is the global top address for the daily challenges in the areas 
of joint welding, repair, hardfacing and cladding as well as brazing. Customer proximity is guaranteed by more than 40 subsidiaries in 
25 countries, with the support of 2,200 employees, and through more than 1,000 distribution partners worldwide. With individual 
consultation by our application technicians and welding engineers, we make sure that our customers master the most demanding welding 
challenges. voestalpine Böhler Welding offers three specialized and dedicated brands to cater our customers’ and partners’ requirements.

DIN EN ISO 15609-1 AWS- Norm Product (and current) Particularities

SMAW
process 111 

ENiCrMo-6 UTP Soudonel D (AC/DC) High recovery electrode, preferred welding 
positions: PA, PB, PC, PF

ENiCrMo-3 UTP 6222 Mo (DC)

ENiCrMo-6 UTP 7013 Mo (AC/DC) All position welding, including overhead

SAW
process 12

ERNiCrMo-3 Thermanit 625 + Marathon 104 
(AC/DC)

ER NiCrMo-4 Thermanit NIMO C276 + Marathon 104 
(AC/DC 1.6 mm and 2.4 mm)

Particularly suited in PC position

FCAW
process 136

E NiCrMo-3 T1-4 UTP AF 6222 Mo PW 
Böhler NIBAS 625 PW FD
(DC and AC)

Welding in vertical up position, with additional 
benefit in deposition rate in PF position

Selection Table for the welding of 9 % Ni steels

Expressing the savings in welding cost, where the vertical 
up welds for a 100,000 cbm LNG tank adds up to 1,875 
meters, the welding cost will be halved compared to SMAW 
when DC+-MAG is used. But will be one-third of the cost for 
the vertical up welds when welded with AC-MAG!!

Because of the reliable mechanical values in 9 % Ni-steel 
– and above all cost-savings – the flux-cored wire Böhler 
NIBAS 625 PW FD has been successfully used in vertical-up 
welding of 9 % Ni plates in recent LNG tank building projects 
in the USA, Australia, South Korea and Europe.


