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ABSTRACT

This paper presents results of non-destructive examination of welding belt and
the heat affected zone. The samples were made using sheets of duplex stainless
steel, welded through the method of manual welding with coated electrode, by
utilizing 4 types of electrodes. The specimens were subjected to different non-
destructive examination methods in order to identify the defects, to establish new
efficient procedures and to achieve high productivity in detection of defects

appeared.
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1. Introduction

Nowadays the non-destructive examination is
used to verify the integrity of the products starting
from the early stages of the manufacturing processes
to the last stages of the product exploitation process.
So, to know which method to use for each type of
material it is essential to reduce the non-destructive
testing related costs [1-3].

Developed over 70 years ago, duplex type
stainless steels initially appeared to combat corrosion
problems caused by aggressive chemical process
fluids or seawater used for cooling. The name is due
to the mixed microstructure formed of equal
proportions of ferrite and austenite. Chemical
composition based on high Cr, Ni and Mo content,
improves resistance to intergranular and pitting
corrosion. As a result of the development of offshore
oil and gas exploitations, the next generation of
duplex steels was developed by the deliberate
addition of nitrogen as an alloying element, which
improves both the tenacity of the thermally

influenced area of the joint and the corrosion
resistance in ion-containing environments of chlorine
[1, 4, 5].

This paper presents the application of different
non-destructive methods in order to identify the
imperfections in duplex stainless-steel welded joints
with four different types of electrodes. Obtaining
different structures in the welded seams can be a
problem for the non-destructive examination. So, the
main focus of the paper is to establish which method
provides more information about the welded seam.

2. Experimental data

2.1. Samples description

Steel sheet of duplex stainless steel
X2CrNiMoN22-5-3 of 15 mm thickness were used in
the study presented in this paper. The chemical
composition and the mechanical proprieties of the
base material are presented in Table 1 and Table 2.

Table 1. Chemical composition of the base material X2CrNiMoN22-5-3

Chemical . .
. C% Cr% Mn % Mo % N % Ni % P % S% Si%
Composition
UNS 0.30 0.030 0.020 1.00
22.0-23.0 2.00max 3.00-3.50 0.14-0.20 4.50-6.50

S32205 max

max max max
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Table 2. Mechanical proprieties of the base material X2CrNiMoN22-5-3
Properties Value
Drip limit (Ryo2) min. 480 N/mm?
Tensile strength (Rm) min. 680 N/mm?
Elongation (As) min. 25%
Hardness (HB) max. 290
Resilience (KCV) min. 100 J/cm?
2.2. Welding process properties in Table 4. The welding parameters used
are presented in Table 5.
Samples Of 200 mm X 50 mm X 15 mm were The Conﬁguration. Of the Chosen gI’0.0VE. and the
welded using the SMAW process. For the experiment ~ number of layers deposited are presented in Figure 1.
were used four types of electrodes as following The samples were welded in horizontal position

ASP308MN, OK68.81, Duplex 25/16/3 and  On each sample were used 2 types of electrodes as it

E309Mo17. The chemical composition of the filling ~ can be seen in Figure 2.

materials is presented in Table 3 and the mechanical The resulted welded samples are presented in

Figure 3.

Table 3. Chemical composition of the filling materials

C Si Mn P S Cr Ni Mo Cu N

Fllermaterial o0 poe) el el (%] [ (6] (%] (%] [%]

= ] S g 2
ASP308Mn = ! 2 ' ' % 2 ' ' '
£ 2% gg 8% & 8 g% g 8 1
OK68.81 S . s .=~ s, 3 s &.a = < ° =
g B E ¥ § #® o ¥ g ® 5 ¥ % i i
E EE §E § § § § EE &g & & &
= =) o (= =) o
INOX 25/16/3 % 2 2 ' - E ; < ' -
2 R g 88 &8g g
E309Mol7 §\ % 2 : %\ % g I ﬁ e i I : %\ I
g g § 88 £F £
Table 4. The mechanical properties of the filler materials
Properties ASP308Mn 0OK®68.81 INOX 25/16/3  E309Mol7
Yield Strength [N/mm?] 420 610 > 490 -
Tensile Strength [N/mm?] 640 790 > 670 to 810 550
Elongation [%)] 35 25 >25 30
Impact Strength [J] at 20 °C 100 30 47 -
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Fig. 1. The groove configuration and the layer layout 1+8 - number of layers

Electrode ASP308 Mn Electrode OK68.81 [312]

1 2 3 4
@M @@ MMNMNNM))
1 2 3 4
Electrode Duplex 25/14/3 Electrode E309Mo17

Fig. 2. Position of the electrodes used 1 - Duplex 25/14/3 electrode, 2 - ASP308 Mn electrode, 3 -
E309Mo1l7electrode, 4 - OK68.81 electrode

Table 5. Welding parameters

Welding
Type of electrode Nulgnt;erg of current Volt[a\%e  Ua
Y [A]
Duplex 25/14/3 8 120 + 10 205
ASP308 Mn 8 115+ 10 20+5
E309Mo17 8 110+ 10 20+5
0OK68.81 8 110 + 10 20+5

N

Fig. 3. Welded sample 1 - sample 1, a) - E309Mo017 electrode, b) - OK68.81electrode
2 - sample 2, ¢) - ASP308 Mn electrode, d) - Duplex 25/14/3 electrode
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2.3. Non-destructive examination of the
samples

To analyse the integrity the welding joints and
to see which method shows a better result, the
samples were subjected to  non-destructive
examinations. The samples were pre-cleaned before
starting the non-destructive examination. For the
examination, 4 methods were used: Visual Testing,
Penetrant Testing and Ultrasonic Testing. The non-
destructive examination was applied to see if there are
any macroscopic flows in the welded seam and in the
basic materials.

Visual Testing

The examination was made using the direct
visual testing. On the samples there could be
identified slag inclusions, spatter and scratches made
by the tools used.

Dry Penetrant Testing

The examination with dry penetrant testing was
conducted at the ambient temperature of 20 °C.

For the examination with penetrant testing, the
following steps were undertaken:

- Preparation and pre-cleaning of the surface —
the samples were chemically cleaned by degreasing
using the METAFLUX 70-9801 cleaner;

- Surface drying - it was forced by a hot air
jet;

- Penetrant application and dwell time - see
Figure 4.

- penetrant - METAFLUX 70-9802;

- the penetrant was applied on the surface by
spraying:

- Dwell time — 10 min.

- Excess penetrant removal — it was made by
washing;

- Surface drying - it was forced by a hot air
jet;

- Developer application — see Figure 5:

- developer - METAFLUX 70-9803;

- the developer was applied in a uniform and
thin layer, on the entire surface to be
examined, only after having been well shaken
beforehand,;

- after application of the developer, the
examined surface was left to dry at room
temperature;

- the development time starts immediately
after the surface has dried, the development
time being 30 min;

- Inspection - interpretation of the results was
made at the end of the development time;

- Cleaning the surface.

Fig. 5. Developer Application

The imperfections
penetrant testing were:

- Surface imperfections
surface pore),

- Slag inclusions.

identified with the dry

(cavities, spatter,

Magnetic Testing

In order to conduct the magnetic testing, the
following steps were undertaken:

- Preparation of the test specimen - the
samples were chemically cleaned by degreasing;

- Magnetization of the test specimen - it was
conducted using electromagnets, as it can be seen in
Figure 6. In the samples was created a longitudinal
magnetic field composed by magnetic lines of force
that run parallel to the long axis of the welded seam;

- Application of the magnetic powder — it was
conducted using a suspension of fluorescent magnetic
particles in low-viscos carrier oil with special
additives PFINDER 150. With PFINDER 150 surface
defects of materials can be indicated under UV-light.
The suspension was applied on the surface by
spraying;

- Viewing and recording of indications - The
magnetic field was oriented so that its line of force
was perpendicular to the maximum size of the
imperfection, see Figure 7;
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- Demagnetization - to demagnetize the
samples, AC current was used gradually to reduce the
applied current to zero;

- Cleaning the surface - after the examination
the samples was chemically cleaned by degreasing.

After examining the samples with this method
no imperfections were identified on the welded seam
and the adjacent areas.

Current Carryin
Wire mying

Magnetic Flux
In Legs of Yoke

\g:ﬁ:""

Fig. 6. The electromagnets - method principle

Crack Magnetic Flux
Indication In Fa

Fig. 7. Magnetization of the samples

Ultrasound Testing

To conduct the examination, a Krautkramer
USM-35 device was used, along with an angle beam
transducer.

The following equipment was used:

- Krautkramer USM-35 — see Figure 8;
Angle beam transducer: 70° - AM4R-8x9-

70;

- Calibration block used — A1;

- Couplant medium — grease;

- Frequency — 4 MHz.

The ultrasound testing conducted on the samples
is presented in Figure 9.

Using the ultrasound testing in sample 2, it was
identified a lack of fusion between the root layer and
second layer.

Fig. 9. Ultrasound examination

3. Conclusions

The following conclusions have been drawn
from the experiments conducted:

- In the case of the Visual Testing and the
Penetrant Testing, surface imperfections could be
highlighted, as well as the ones in the immediate
vicinity of the surface that communicates with the
outside surface. Both methods were easy to apply and
provided conclusive results.

- In the case of the Magnetic Testing, the
results obtained were inconclusive. An impediment
can be the low magnetic permeability of stainless
steels.

- The result obtained by Ultrasound Testing of
the welded samples was inconclusive, obtaining only
the identification of some big imperfections in the
case of sample 2. Ultrasonic Testing of stainless
steels is difficult due to the grain size of those steels.
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