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ABSTR ACT
Process equipment which employs a corrosion resistant alloy (CRA) layer cladded to steel is
common in refineries, petrochemical plants and other plants processing highly corrosive media.
There are two regularly employed methods for welding attachments and internals to clad process
vessels. One is to remove the CRA cladding for welding the attachment to the steel base metal
which requires dissimilar welds and restoring CRA by weld overlay. The other eliminates the step
of removing the cladding, simplifying the attachment process by direct welding of the internals
onto the clad layer. NobelClad has run a 15 year Research & Development program which has
concluded that the explosion welding interface manufactured by DetaClad™ has the features to
support any kind of stress generated by an internal directly welded on the CRA. In order to provide
design engineers with complete data on DetaClad™ as a cost-efficient option for heavy loaded
attachment, a shear test program was conducted on DetaClad™ explosion welded interfaces
beneath fillet welds of various sizes. Together with the previous data sets, these shear strength
data will reduce any concerns or uncertainty about directly welding on DetaClad™ explosion
bonded products.
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INTRODUCTION
Historically, steel has been the primary material for construction of upstream oil and gas
equipment. Steel is tough, easily fabricated and relatively inexpensive. Corrosion concerns
with steel have always been a challenge. However, today’s oil and gas production industry is
increasingly using processes containing more corrosive media with increased sulfur compounds
and chloride levels. Under these conditions process environments reach levels where the
corrosion performance of the steel is not adequate. In these environments, a corrosion resistant
alloy (CRA) layer can become necessary to assure long term process media and equipment
performance. Depending on the severity of the environment, the CRA can range from stainless
steels for mild environments, nickel alloys under moderate conditions and titanium in the most
severe applications.
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Cladding of a CRA on a steel substrate is one of the most common practices to address the double
requirement; resistance to corrosion and pressure. Cladding offers significant cost savings over
solid CRAs particularly when thick walled material is required. Clad metal has been broadly used
in oil and gas and chemical industries for the last 70 years in equipment such as pressure vessels,
heat exchangers and pipes.
In refining and petrochemical equipment, different internals such as trays, are welded to the
inside of the vessel for support during operation. It is not uncommon for pressure vessel
designers and engineers to require removal of the CRA layer before attaching internals (Figure 1).
The reason for removing the clad can vary. Sometimes, internals are made from the same steel
alloy as the clad plate base metal and are intended to be overlaid with the CRA after installation.
Other times, the internals bear a very heavy load and the mechanical integrity of the bond
between the clad and the base cannot be substantiated.
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Figure 1 — Welding to the Pressure Boundary

Figure 2 — Direct Attachment

It is commonly accepted by most pressure vessel designers that light internals can be directly
welded onto the clad material inside of a vessel as shown in Figure 2. Some specifications,
particularly when a heavy load attachment is involved, require configuration as detailed in Figure
1. In addition to an upper threshold of the stress supported by the interface, some specifications
have limited the size of the weld fillet deposited directly on the CRA cladding. Logically, this fillet
size restriction limits the load that can be applied to the clad interface as the fillet size has a direct
correlation with the thickness of the attachment and therefore with the load supported by the
internal. It has been demonstrated, in the past, that explosion bonded DetaClad™ does not fail at
the bond interface [1], but instead failure occurs in the substrates, typically the steel. However,
questions related to the size of the fillet and its potential alteration of the interface remain.
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PURPOSE OF STUDY
NobelClad has conducted a technical study characterizing explosion cladded interfaces after
exposure to different welding conditions associated with different fillet weld dimensions. In
addition to shear testing, correlations were made between different heat inputs with micro
examinations and hardness measurements to demonstrate the low impact of the fillet weld size
on the properties of the interface as well as the substrate.

C H A R A C T E R I Z AT I O N O F T H E I N T E R FA C E T O S U P P O R T AT TA C H M E N T
Explosion Cladded Plates
In this study, the most common material combination used in downstream equipment, 4.7 mm
(0.188 inch) stainless steel type 347 on a 38 mm (1.5 inch) substrate type SA 387 Grade 11 Class
2, was used to make clad test specimens. After cladding, the samples were ultrasonic inspected
following the most stringent ASME requirements (SA 264 – 100% coverage).
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Sample Preparation
Four 90 mm (3.5 inch) wide blocks were then cut out with a saw. Type 347 SS weld attachments
were made with 30-degree weld preperation to be prototypical of a pressure vessel attachment.
A total of three weld attachments were made as shown in Figures 3 and 4. Each attachment
received two gas tungsten arc welding (GTAW) root passes on both sides of each weld
attachment. Subsequent gas metal arc welding (GMAW) pass were made to complete the joint
and create weld fillets that were 8 mm (0.3 inch), 12 mm (0.47 inch) and 16 mm (0.63 inch).

Figure 3
Schematic
of Weld
Attachements
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The voltage, amperage and welding speed for each process were measured to calculate the linear
energy input as summarized in Table 1 and 2 fabrication procedures, the welding passes were
limited to 2.5 kJ / mm with the highest recorded energy input was 1.6 kJ / mm (root pass).
The Type 347 SS to SA387-11-2 alloy steel weld was pre-heated to 204°C (400°F) prior to welding
in accordance with ASME Sec VIII [2]. Following welding, the attachments were stress relief heat
treated at 690°C (1275°F) in air for 500 minutes [3].
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Figure 4 —
Welded
Coupon with
Attachment

Filler Metal: 0.09375” ER347
Shielding Gas: Ar

PASS

AMPERAGE

VOLTAGE

SPEED (MM/SEC)

ENERGY (KJ/MM)

Root

290

18

3.3

1.6

Table 1 —
Welding
Parameters
for GTAW Root
Pass

Filler Metal: 0.045” ER347
Wire Feed Rate: 210 in / min

NOBELCL A D.COM

Shielding Gas: 2.5 CO2 / 7.5 Ar / 90 He
PASS

AMPERAGE

VOLTAGE

SPEED
(MM/SEC)

ENERGY
(KJ/MM)

TOTAL THICKNESS
INCLUDING ROOT (MM)

P1

160

20

3.7

0.9

3.6

P2

160

20

2.7

1.2

7.6

P3

160

20

5.7

0.6

P4

160

20

5.6

0.6

P5

160

20

6.4

0.5

P6

160

20

5.6

0.6

P7

160

20

5.3

0.6

12.2

16.0

Testing Procedure
Four sets for shear specimens (Figure 5) and metallographic mounts were taken from the three
welded attachments. In order to enable comparisons with non-welded material, some additional
shear specimens were tested to evaluate the interface before welding.
The shear specimens only contained the HAZ and perhaps a small amount of weld pool. It should
be noted that the shear testing measured the strength of the DetaClad explosion bond and not
the weld material.
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The shear tests, as shown in Figure 6, were conducted at room temperature per ASME code SA
264 section 7.2.

Table 2 —
Welding
Parameters for
GMAW
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Left:
Figure 5 —
Shear Test
Specimen
Right:
Figure 6 —
Shear Test
According
ASME Code
SA-263
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Shear Results
Shear test results from each material condition are presented in Figures 7 and 8.
While the shear results show values 3 to 4 time more than the minimum required by the ASME
code [2] that is 140 MPa (20 ksi), it is interesting to notice that:
1. Results are relatively consistent as the standard deviation is around 25 MPa (3.6 Ksi)
2. There is a drop of the shear test value after welding by about 70 MPa (10 Ksi).
3. Independent of the welding fillet size, the shear values are still consistent, increasing the
weld fillet does not appear to additionally alter the shear strength.

Figure 7 —
Shear Test
Results in
Metric
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Figure 8 —
Shear Test
Results in Ksi
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Macro – Micro Examination
The explosion bond wave, from the as-clad specimen, showed the typical characteristics with an
average wavelength of 2111 μm and an amplitude of 416 μm. Micrographs of weld pools are shown
in Figures 9 and 10 and weld penetration data are reported in Table 3.

Fusion Weld

Fusion Weld

Left:
Figure 9 — 8
mm Weld
Right:
Figure 10 — 16
mm Weld

Cladder

Cladder

Backer
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ATTRIBUTE

Wrought Layer

Weld Penetration

Backer

8 MM

12 MM

16 MM

Average

3313

3302

3174

Minimum

2633

2633

2279

Maximum

4186

4186

4382

Average

1462

1473

1601

Maxiumum

2142

2142

2496

Minimum

589

589

393
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The maximum weld penetration should be put into perspective with the cladder thickness of 4.7
mm (0.185 in). While the 16 mm (0.629 in) fillet size shows a deeper penetration than others, at
the maximum weld penetration, the interface is still at 2.2 mm (0.086 in) from the weld pool and
has not directly altered the explosion bond interface. However, the welding energy has resulted
in a layer of ferrite at the interface, Table 4, that could explain the reduction of the shear values.
Beyond the ferrite layer, SEM pictures (Figure 11) show no microstructural modification between
non welded coupon and different welded attachment.

Table 3 —Weld
Penetration
Data,
Dimensions in

μm

8 mm Weld

16 mm Weld

0 mm

Figure 11
— SEM for
Different Fillet
Size

5 mm
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1 mm
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No Weld

SAMPLE

LINEAR ENERGY
(KJ/MM)

AVG. SHEAR
STRENGTH (MPA)

FERRITE
LAYER (μ M)

AC

0

511

234

8 mm

4.5

428

286

12 mm

5.6

425

336

16 mm

10.4

442

423

Hardness Results
The hardness tests as shown in Table 5 are consistent with the metallographic evaluation. While
the ferrite layer leads to softer material at the interface (145 average vs 194 HV200), hardness
testing confirms that there is no HAZ and no hardening in the alloy steel. Beyond the thin ferrite
layer, the hardness results are comparable with non–welded coupon.
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NOTE: We performed a preheat to weld and PWHT on these samples, so do not have any basis from
this study to conclude PWHT is not required.

Table 4 —
Ferrite Layer
Data
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SAMPLE/POSITION

0 MM

2.5 MM

5.1 MM

7.6 MM

AC

194

213

213

210

8 mm

154

204

199

201

12 mm

142

207

209

199

16 mm

140

196

195

193

CONCLUSIONS
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In the realm of multi-layer materials, explosion bonding products have remarkable properties in
heavy load, high temperature applications. In such applications, DetaClad™ explosion bonded
products do not fail at the multi-layer interface.
NobelClad, thanks to its DetaClad process, has demonstrated the ability of explosion cladded
products to withstand various stress from shear, tensile, bend and fatigue. 20 years of Research
& Development programs have concluded that intrinsic characteristics of explosion bonded
products are frequently under exploited. While the previous studies have proved that attachments
can be designed to be welded directly to the clad layer, the present program confirms that the
welding fillet size which fix the attachment on the cladder has no influence on shear values. The
first welding pass reduces the shear strength of the interface by approximately 13%. However,
following passes do not further reduce the shear strength. Given that the shear properties already
far exceed code requirements, this study augments the outcomes of the previous programs on
direct attachment and gives further evidence that direct attachment is an acceptable practice.

Contact NobelClad To Discuss This Paper With an Engineer or Learn How Your Next Project Can
Benefit From Explosion Welded Clad.
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Table 5 —
Hardness (HV
200) on Steel

