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One of the most interesting fea-
tures of the electroslag strip 
cladding process (ESSC) is that 

it can achieve the desired chemical 
composition in only one layer for almost 
all alloys used in the process industry. 
Among them, Alloy 625 is of course 
widely used in the oil & gas and chemical 
processing industry. 

High-quality electroslag strip 
cladding for alloy 625
Global voestalpine Böhler Welding specialists for cladding, petrochemical and chemical 
processing, M Decherf, R Demuzere and F Ciccomascolo, present an advanced electroslag 
strip cladding process that enables thin single layer Alloy 625 deposits to be achieved that 
meet the iron (Fe) content requirements for the oil & gas and chemical processing industries.

Figure 1: The electroslag strip cladding (ESSC) 
process. In the ESSC process, the heat needed to melt 
the strip and the parent metal surface is generated 
by the electrical resistance of the molten flux. There 
is no arc and therefore dilution with the parent metal 
and weld penetration is much lower than with arc 
processes such as SAW cladding.

Figure 2: The deposition rate of the ESSC process in kg/ h or covered surface in h/m2 
increases proportionally with the strip width. Increasing the strip width may require 
additional investments in power sources and welding heads.

For this alloy, new thin single layer 
solutions have been developed with the 
aim of reducing the overlay thickness in 
order to save material and improve pro-
ductivity, while meeting the deposited 
metal industry requirements, which are 
very demanding in many cases.

Controlling the dilution from the 
parent material and balancing the 

chemistry by means of new flux features, 
it has been possible to achieve high 
quality results with single layers thin-
ner than 4.0 mm, with the iron content 
below 10% as per the requirement. An 
iron content requirement below 7% can 
also be met in a single layer, while two 
layers are necessary with conventional 
solutions available in the market. 

This article gives an overview of the 
relevant specifications, followed by de-
tails on the applied welding conditions 
and the quantitative results achieved, 
which show the benefits in terms of 
material saving and productivity in-
creases compared with conventional 
strip cladding. Chemical composition 
and mechanical properties obtained 
with the newly developed solutions are 
also presented. Finally, results achieved 
in relevant corrosion tests are discussed.

Introduction
For decades, electroslag strip clad-
ding has been the most widely applied 
process to create corrosion-resistant 
overlays on the surfaces of medium to 
large vessels in non- or low-alloyed steel. 
It provides a cost-efficient solution over 
using components in full stainless steel 
or nickel alloys. Many applications are 
found in, for example, the chemical, 

petrochemical, nuclear and paper and 
pulp industries. The process has a num-
ber of distinct advantages:
• High deposition rate.
• High travel speed.
• Low dilution.
• Low and uniform penetration.
• Flat surface. 
• Homogeneous weld metal.
• Weld chemistry obtainable in one 

layer.
The low dilution with the parent metal 
is an important advantage in the sense 
that the desired chemical composition 
can be reached in just one layer, whereas 
arc processes used for cladding require 
two or more layers. The productivity in 
square metres per hour can be further 
increased by using a larger strip. Strip 
dimensions are typically 30×, 60× or 
90×0.5  mm, but there is an increasing 
interest in 120 mm wide strip, when 
allowed by the dimensions of the com-
ponent to be clad.

Staying with the same strip size, 
without making additional investments 
in heavier equipment, there are new 
possibilities to increase the productivity, 
making use of innovative ESSC fluxes 
with excellent weldability that have 
come onto the market only very recently. 
They have been developed with two 
objectives in mind, while obtaining a 
homogeneous Alloy 625 chemical com-
position in a single layer:
• To increase the economy of the 

ESSC process through reduced strip 
consumption due to thinner single 
layers, in the case of the Fe <10% 
requirement.

• To increase the economy of the 
ESSC process through both reduced 
strip consumption and reduced 
overlay time by providing a single 
layer solution instead of a two-layer 
solution, in the case of the Fe <7% 
requirement. 

Alloy 625 is often used for cladding car-

Strip C Mn Si Cr Ni Mo Nb+Ta Al Fe Cu Ti Other
Alloy 625 
E NiCrMo-3

≤0.10 ≤1.0 ≤0.75 20.0-23.0 ≥55.0 8.0-10.0 3.15-4.15 ≤0.4 ≤7.0 <0.50 ≤0.40 ≤0.50

Table 1: Chemical composition requirements Alloy 625 according ASME IIC SFA 5.11: ENiCrMo3.

bon steel, such as ASME SA516 Grades 60, 
65 and 70. Important applications are 
found in gas-oil separators, slug catch-
ers, valves and various heat exchangers. 
Requirements for clad metal are general-
ly specified in ASME II Part C SFA 5.11 [2], 
ASME IX [3]. The required corrosion test-
ing depends on the corrosive medium 
and is therefore defined in agreement 
with the equipment purchaser. How-
ever, as components are often subject 
to pitting and/or intergranular corrosion 
due to reducing media, the most com-
monly selected corrosion methods are 
ASTM G48 Method A [6], and ASTM G28 
Method B [7]. 

Important to mention in relation 
to Alloy 625 is the iron content. For 
base materials a maximum of 5% 
Fe is allowed, whereas for clad weld 
metal a maximum of 7% is often stipu-
lated in agreement with ASME II part. 
C SFA 5.11[2], even though this standard 
is valid for shielded metal arc welding 
only. To enable the deposition of Alloy 
625 composition in one layer with tradi-
tional ESSC solutions, this limit is often 
further increased to maximum allowable 
limit of 10% Fe.

The new flux for Alloy 625 enables 
the deposition of matching composition 
weld metal with an iron content Fe <7% 

in a single layer, where traditional ESSC 
requires two layers. Alternatively, an iron 
content of Fe <10% can be reached in a 
thin single layer, where traditional clad-
ding requires a thicker layer. It accounts 
for major savings on strip consumption 
and welding time.

The newly developed flux has passed 
all relevant mechanical and corrosion 
testing in accordance with mentioned 
standards and latest industry require-
ments and has been extensively field-
tested. 

Experimental scope
Tests were performed to reproduce 
typical industry conditions for a very 
common application, the cladding of 
S355 carbon steel plates with Alloy 625.

In the test programme, innovative 
thin layer solutions were compared to 
two of the most commonly used conven-
tional strip/flux combinations:  for single 
layers: SOUDOTAPE 625/RECORD EST 
625-1 and for two layers: SOUDOTAPE 
625/RECORD EST 201. The objective was 
to investigate advantages and sound-
ness of the new solutions.

The chemical composition of strips 
and base material used in this research 
project are shown respectively in Table 2 
and Table 3.

Test programme
Alloy 625 – sample preparation
The chemical composition of Soudotape 

Strip C Mn Si Cr Ni Mo Nb Al Fe Cu Ti N
SOUDOTAPE 625 
SFA 5.14: EQ NiCrMo-3

0.01 0.01 0.06 22.1 Bal. 8.5 3.4 0.14 0.14 <0.01 0.15 -

Table 2: Chemical composition of the strip, wt. %. Strip size: 60×0.5 mm.

Item C Mn Si Cr Ni Mo Fe
S355 0.164 1.32 0.2 0.018 0.01 0.004 bal.

Table 3: Chemical composition of the S355 base material, wt. %.

Strip cladding combination Layer Parent 
material

I (A) U (V) Travel speed 
[cm/min]

Soudotape 625 / 
RECORD EST 625-1

1 S355 1250 24 20

Soudotape 625 / 
RECORD EST 625-1 LD

1 S355 900 24 18

Strip cladding combination Layer Parent 
material

I (A) U (V) Travel speed 
[cm/min]

Soudotape 625 / RECORD 
EST 201

2 S355 1100 24 16

Soudotape 625 / RECORD 
EST 625-1 LD

1 S355 1150 24 16

Table 4. Welding parameters for Alloy 625 ESSC with target Fe < 10%.

Table 5: Welding parameters for alloy 625 ESSC with target Fe < 7%.

Above: Cladding using voestalpine Böhler 
Welding’s advanced strip cladding process 
enables thin layer Aloy 625 deposits that 
meet iron (Fe) content requirements.
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Strip cladding 
combination

ASTM G48 A (72h @ 50°C) 
Corrosion rate [mm/yr]

ASTM G48 A 
(72h) C.P.T. [°C]

ASTM G28 A (120h) Corrosion 
rate BSL* [mm/yr]

ASTM G28 A (120h) Corrosion 
rate BSM** [mm/yr]

Soudotape 625 / 
RECORD EST 201

0 82 0.650 0.680

Soudotape 625 / 
RECORD EST 625-1 LD

0 84 0.420 0.529

ESSC combination C Mn Si Cr Ni Nb Mo Fe N Total clad layer thickness
Soudotape 625 / 
RECORD EST 625-1

0.025 0.2 0.3 21.5 Bal. 3.5 9.0 7.9 0.006 5.0 mm

Soudotape 625 / 
RECORD EST 625-1 LD

0.022 0.12 0.35 22.4 Bal. 3.6 9.7 8.0 0.006 3.6 mm

ESSC combination C Mn Si Cr Ni Nb Mo Fe N Total overthickness
Soudotape 625 / 
RECORD EST 201*

0.020 0.10 0.3 21.5 Bal. 3.0 8.8 2.5 0.007 8.4mm

Soudotape 625 / 
RECORD EST 625-1 LD

0.019 0.12 0.32 22.3 Bal. 3.6 9.6 6.1 0.007 4.8mm

Table 9: Corrosion test results for alloy 625 – corrosion rates in mm per year. *BSM: sample taken between two beads in the overlap; **BSL: sample taken 
in the middle of the bead.

Table 7: Top surface analysis for ESSC of Alloy 625 with Fe < 10% target, wt. %.

Table 8: Top surface analysis for ESSC of alloy 625 with Fe < 7% target, wt. %. *Two layers.

625 matches the Alloy 625 analysis and 
has a very low Fe content. RECORD EST 
625-1 is an alloying flux, adding chemical 
elements to the weld metal to compen-
sate for dilution with the parent mate-
rial. RECORD EST 201 is a neutral flux as 
such compensation is not necessary in 
the case of two layers. 

The new flux for Alloy 625 is called 
RECORD EST 625-1 LD – also an alloy-
ing flux using the same Soudotape 625 
strip but with a completely new formula 
to enable thinner layers. Two targets 
were selected for Alloy 625 cladding; 
Fe <7.0%, as required in ASME II part. 
C SFA 5.11[2] and Fe <10% which is a 
typical industry requirement that can 
be seen as a deviation from the code. 
Welding parameters used for the Alloy 
625 sample preparation are given in 
Tables 4 and 5.

Samples were prepared in both the 
as-welded and PWHT condition. The 
heating rate was 85  °C/h from 300  °C, 
with a PWHT temperature of 620 to 
675 °C and a holding time of one to 24 
hours.

Specimen position
Sample 
thickness

10 mm

Bending 
angle

180°

Mandrel 
diameter

40 mm

Table 6: Side bend tests conditions and 
Figure 3: the area of extraction for the bend 
test sample.

Corrosion test programme
A corrosion test programme  was con-
ducted for the Fe < 7% target, comparing 
the properties of single layer claddings 
produced with the conventional flux 
RECORD EST 625-1 and the new flux 
RECORD 625-1 LD. The following tests 
were performed:
– Pitting corrosion detection accord-

ing to ASTM G48 Method A [6] with 
samples exposed for 72 hours at 
50 °C.

– Pitting corrosion detection accord-
ing to ASTM G48 Method A [6] in or-
der to determine the Critical Pitting 
Temperature (CPT).

– Intergranular corrosion detection 
in the presence of reducing media, 
according to ASTM G28 Method  A 
[7], with a sensitisation treatment 
of 675 °C for one hour and 120 hours 
exposure time. Samples were taken 
in the BSM position (sample taken 
in the middle of the bead) and BSL 
position (sample taken between two 
beads containing a bead overlap).

Bend test
Additionally, side bend tests were 
performed in both as-welded and post-
weld heat-treated conditions according 
to ASTM E190. Testing conditions are 
shown in Table 7. Specimen thickness 
was 10 mm and was extracted as per 
Figure 1.

Results 
Chemical composition
Tables 7 and 8 show the chemical com-

position measured at the surface of 
claddings made with the conventional 
flux RECORD EST 625-1 and the new 
flux RECORD EST 625-1 LD respectively, 
for the Fe <10% and Fe <7% targets. The 
deposit thickness from the base material 
to surface is also indicated. 

In the Fe <10% scenario, the typi-
cal Alloy 625 analysis was achieved 
with both combinations. The deposit 

Figure 4: Side bend test. Cladding deposit produced 
with RECORD EST 625-1 after PWHT at 670 °C for 24 
hours.

Figure 5: Side bend test. Cladding deposit produced 
with RECORD EST 625-1 LD after PWHT at 670 °C for 
24 hours.
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obtained with RECORD EST 625-1 LD 
shows a slightly higher percentage of 
Cr and Mo, resulting in a higher Pitting 
Resistance Equivalent Number (PREN), 
(54.5 versus 51.3). Important to note is 
the difference in thickness between the 
two deposits (3.6 mm against 5.0 mm) 
which leads to a deposit saving of 28% 
as strip consumption was 30.4  kg/m2 
compared with 42.2 kg/m2 

In the Fe <7% scenario, two layers 
were necessary to achieve the desired Fe 
content with the conventional solution, 
resulting in almost double the welding 
time. In terms of time to cover a surface, 
only 1.6 h/m2 was needed with the 
new solution compared with 3.1  h/m2 
with the conventional one. Also in this 
case, a higher PREN was reported (54.1 
compared with 50.7). Because of the 
smaller layer thickness, the saving on 
deposited metal obtained with RECORD 
EST 625-1 LD is about 40%, with a strip 
consumption of 40.5 kg/m2 compared 
with 70.9 kg/m2. 
Corrosion tests
Corrosion tests results for the traditional 
and new strip/flux combination are re-
viewed in Table 9, where corrosion rates 
are reported. Results are fully satisfacto-
ry and meet the industry requirements.
Side bend tests
In the side bend tests, no cracks were 
found with the cladding deposits re-
alised with RECORD EST 625-1 LD, both 
in the as welded condition and after 
severe PWHT at 670 °C for 24 hours, 
showing soundness and integrity of the 
weld overlay (Figures 4 and 5).
Through thickness analyses
To assess the homogeneity of weld de-
posits produced with RECORD EST 625-1 
LD with the Fe <7% target, a complete 
chemical analysis survey from base ma-
terial to top surface of the cladding was 
carried out. The chemical composition 
was measured transversally through-
thickness in steps of 250 µm.

The through-thickness analysis 
is shown in Figure 10 where the main 
chemical elements in weight % are 
reported from the fusion line to top sur-
face. As it can be expected with the ESSC 
process, the chemical analysis is already 
quite stable from 250 µm from the fusion 
line, resulting in more than 4.4 mm of 
deposit with the desired chemistry (see 
Figure 6). 
Macro and microscopic examination
Figure 7 shows a macrograph of the bead 
profile. The fusion line is flat and free of 
defects. The total thickness (including 

penetration) is around 5.16  mm. The 
ratio of penetration : total thickness 
equates to a geometrical dilution of 
5.8% matching with 6.0% Fe.

Microstructure analysis reveals a 
smooth transition from the ferritic non-
alloyed base material to the austenitic 
nickel-base structure with some Mo pre-
cipitates, which are typical for Alloy 625. 
All the micrographs were subjected to 
electrolytic etching 10% Cr2O3. (Figures 8 
and 9).
Weldability
The flux RECORD EST 625-1 LD has ex-
cellent weldability. Slag detachability 
is fully satisfactory, with self-lifting slag 
without remainders, and the deposit 
features flat beads and straight edges, 
(Figures 3 & 4). These qualities have been 
confirmed by field tests in the cladding 
of reactors shells under industrial condi-
tions (Figures 5-7).

Conclusion
New ESSC solutions for the single layer 
cladding of Alloy 625 have now been de-

Figures 12: Field tests. Cladding of a reactor shell with RECORD EST 625-1 LD.

Figure 6: Chemical analysis survey from base material to top surface of cladding with RECORD EST 
625-1 LD, <7% Fe scenario.

Figure 7: Bead profile of cladding with RECORD EST 625-1 LD, with Fe < 7% scenario.

Figure 8: Micrographs. RECORD EST 625-1 LD cladding as welded. From left to right: fusion line area, 
middle of the bead.

Figure 9: Micrographs. RECORD EST 625-1 LD cladding after PWHT at 670 0C for 24 hours. From left to 
right: fusion line area, middle of the bead.

Figure 10: Advanced electroslag cladding with RECORD EST 625-1 LD 
showing the self-releasing slag.

Figure 11: Cladding with RECORD EST 625-1 LD: flat beads, straight 
edges, no slag adherences.
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veloped. They enable the deposition of 
single layers with reduced thickness and 
allow industry Fe dilution requirements 
to be met in one single layer, where two 
layers would normally be necessary. 

Alloy 625 layer composition with 
Fe < 10% can be realised in a single layer 
with reduced thickness compared with 
traditional industry solutions, while Al-
loy 625 layer composition with Fe <7% 
can be deposited in a single layer, where 

two layers are needed when using the 
traditional technique.

The new ESSC strip/flux solutions ac-
count for major time savings in terms of 
clad surface deposition rates in metres/
hour as well as savings in strip material 
and flux consumption. The new strip/
flux combination satisfies all mechani-
cal and corrosion requirements laid 
down in various standards relevant to 
the industry.


