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Introducere

Prin otel inoxidabil duplex se intelege un material bifazic,
constituit din doua faze microstructurale: ferita si austenita,
care in stare de livrare are cca. 50% feritad si 50% austenita.
Ferita asigura rezistenta mecanica si rezistenta la coroziune,
in timp ce austenita asigura ductilitatea, iar cele doua impreuna
duc la obtinerea unui otel cu granulatie find, microstructural
bifazic, cu rezistenta la coroziune. Otelurile moderne duplex
ofera caracteristici mecanice foarte bune in domeniul
temperaturilor de la—50 la +275°C, avand o rezistenta ridicata
la coroziune in puncte si coroziune fisuranta sub tensiune.

Elementele de aliere cele mai importante ale otelurilor duplex
sunt Cr, Ni, Mo si N,. Elementele Cr si Mo duc la formarea
feritei, in timp ce Ni si N, stabilizeaza austenita. Elementele de
aliere Cr, Mo si N, conduc la cresterea rezistentei la coroziune,
in mod deosebit a rezistentei la coroziune in puncte, in medii
de ioni de Cl. Indicele de rezistentd echivalenta la coroziune
in puncte (PRE) se exprima prin relatia:

PRE=Cr+33+Mo+16N )

Rezistenta la coroziune a imbinarilor sudate este mai redusa
decat cea a metalului de baza, datorita microstructurii specifice
de turnare, neomogene.

Scopul lucririi este de a evalua fenomenele de coroziune
in puncte la imbinarile sudate WIG si MIG in impulsuri, din
otelul duplex X2CrNiMoN22-5-3 (conform EN 10088-2:1995),
prin masurarea pierderilor de masa in urma incercarii la
coroziune prin metoda A din ASTM G48.

Realizarea imbinarilor sudate

Compozitia chimicda a sarjei de otel duplex marca
X2CrNiMoN22-5-3 / W1.4462 utilizata in cadrul experimenta-
rilor i valoarea indicelui de rezistenta echivalenta la coroziune
in puncte este prezentata in tabelul 1.

Tabelul 1/ Table 1

Introduction

The duplex stainless steel is a biphasic material, made out
of two microstructural phases: ferrite and austenite, having in
the as delivered state about 50% ferrite and 50% austenite.
The ferrite assures the mechanical characteristics and the
corrosion resistance, while the austenite assures the
toughness, and both of them lead to a biphasic fine-grained
steel with good corrosion resistance. The modern duplex steels
have very good mechanical characteristics in the temperature
field between —50 to +275°C, having a high pitting and stress
corrosion resistance.

The most important alloying elements of the duplex steels
are Cr, Ni, Mo and N,. The Cr and Mo elements result in
building-up the ferrite, while Ni and N, stabilize the austenite.
The Cr, Mo and N, alloying elements lead to the in increase
of the corrosion resistance, especially the pitting corrosion
resistance in Cl ions medium. The Pitting Resistance
Equivalent (PRE) is determined by the relation:

PRE=Cr+3.3*Mo+16+N M

The corrosion resistance of the welded joints is lower than
that of the base metal due to the heterogeneous, casting type
microstructure.

The aim of the paper is to evaluate the pitting corrosion
phenomena of the pulsed TIG and MIG welded joints, made
out of X2CrNiMoN22-5-3 duplex steel (EN 10088-2:1995), by
measuring the weight loss following the A method corrosion
test according to ASTM G48

Producing welded joints

The chemical composition of the charge used within the
experiments X2CrNiMoN22-5-3 / W1.4462 duplex steel and
the value of the pitting resistance equivalent are presented in
table 1.

Marca otelului/ Compozitia chimicd/Chemical composition, [%)] PRE

Steel grade
C Mn P S

Si Ni Cr Mo N

X2CrNiMoN22-5-3 0,013 1,846 0,027 | 0,0004

0,287 5,005 22,00 2,588 0,153 33,0

N

0
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Caracteristicile mecanice ale acestui otel, determinate prin
incercarea la tractiune, sunt prezentate in tabelul 2.

Tabelul 2/ Table 2
Marcaj epruveta / Rp, , R A,
Specimen [N/mm?] [ [N/mm?] [%]
Tl 562 734 33
T2 564 740 34

Pentru lucrarile experimentale s-au ales sarma marca
LNM 4462, 61,2 mm pentru sudarea MIG in impulsuri si

The mechanical characteristics of this steel, determined by
the tensile testing are presented in table 2.

For the experiments there were selected: LNM 4462 wire,
¢ 1.2 mm for the pulsed MIG welding and LNT 4462 rods,
¢ 2.4 mm for the pulsed TIG welding. These materials depose
a weld metal with high general corrosion resistance, pitting
and under stress corrosion.

Table 3 presents the chemical compositions of the used
wires (LNM 4462, ¢ 1.2 mm, charge no. 51502913 and
LNT 4462, ¢ 2.4 mm, charge no. 51502384), and table 4 the
mechanical characteristics of the weld metal. The presented
values have been extracted from the wire and rod quality
certificates.

Tabelul 3/ Table 3
Marca sarmei/ Wire C Si Mn P S Cr Ni Mo Cu N
(7] [%0] [%] [%e] [%] [7e] [70] [70] [70] [%0]
LNM 446251502913 0,02 0,48 1,5 0,02 0,005 22,7 8,1 3,0 0,1 0,16
LNT 446251502384 0,015 0,5 1,6 0,02 0,005 22,5 8,5 3,0 0,1 0,15
Tabelul 4/ Table 4
Marca sarmei/ Wire Rpo Rm A5 KV mediu la/ Average KV at 20°C
[N/mm?] | [N/mm?’] [%] 1]
LNM 446251502913 626 811 28 113
LNM 446251502384 668 810 20 -

Tabelul 5/ Table 5

Procedeu/ Process WIG in unpu(lfs{lgr)l/ pulsed TIG MIG in impuﬁ{ii)/ pulsed MIG
e i vl e Gt T oo [ [ oo [ aso [ [

Curent varf/ Peak current, [A] 115 129 129 129 - - -

Curent baza/ Base current, [A] 46 51 51 51 - - -

Tensiunea arcului/ Arc voltage, [V] 12-14 | 11-13 | 11-13 | 11-13 20,2 20,4 20,7

Tip curent/ polaritate/ Current type/ polarity cc | cc | cc | cCc cct cct cct U‘IﬂJ
Viteza de sudare/ Welding speed, [cm/min] 6-7 8-9 10-11 | 9-10 24-25 26-27 23-24 <
Viteza avans sarma/ Wire feed speed, [m/min] - - - - 4,6 5,2 5,6 &
Energia liniara medie/ Average input energy, [kJ/cm] 9,6 7,6 6,1 6,8 7,42 9,19 9,51

vergelele marca LNT 4462, ¢ 2,4 mm pentru sudarea WIG in
impulsuri, materiale care prin sudare depun un metal cu
rezistentd ridicata la coroziune generala, coroziune in puncte
si in conditii de coroziune sub tensiune.

In tabelul 3 se prezinta compozitiile chimice ale sarmelor
utilizate (LNM 4462, ¢ 1,2 mm, sarjanr. 51502913 si LNT 4462,
¢ 2,4 mm, sarja nr. 51502384), iar in tabelul 4 caracteristicile
mecanice ale metalului depus prin sudare. Valorile prezentate
au fost extrase din certificatele de calitate ale sarmei si
respectiv vergelei.

Tablele din otel duplex au fost sudate WIG si respectiv
MIG in impulsuri, cu regimurile R3 si R4 prezentate in
tabelul 5.
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The duplex steel plates were pulsed TIG and MIG welded
using the R3 and R4 regimes presented in table 5.

The corrosion testing of welded joints
made out of the X2CrNiMoN22-5-3 duplex
steel

In order to evaluate the pitting corrosion phenomena of
welded duplex steels, the A method was used for testing
according to ASTM G48. A ferric chloride solution 6%
(oxidant chlorine) was used as exposure environment.

The size of specimens before testing were 50 x 20 x 3 mm.
All surfaces, mechanically worked, were flat, and the control
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incercarea la coroziune a imbinarilor
sudate realizate din otelul duplex
X2CrNiMoN22-5-3

In vederea evaluarii fenomenelor de coroziune in puncte a
otelurilor duplex sudate, s-a folosit metoda A de incercare din
norma ASTM G48. In aceastd metoda se utilizeaza ca mediu
de expunere o solutie de clorura ferica 6% (clor oxidant).

Dimensiunile epruvetelor, inainte de incercare, au fost
50 x 20 x 3 mm. Toate suprafetele prelucrate mecanic au fost
netede, iar suprafata de control de 50 x 20 mm a fost pregatita
metalografic, prin slefuire si lustruire find, In vederea examinarii
prin analizd microscopica dupd finalizarea incercarii la
coroziune.

Dupa pregatirea adecvata, epruvetele au fost imersate in
solutie de clorura fericd, pe suporturi speciale din sticla, plasate
in instalatia de coroziune combinata, conform normei ASTM
G48. Temperaturile de Incercare s-au mentinut in domenii
22 £2°C i 50 = 2°C, in regim de termostatare, pe durata
expunerii continue de 72 ore.

Folosirea FeCl; ca reactiv pentru testarea rapida a
sensibilitatii la coroziune a probelor sudate se bazeazad pe
efectul cumulativ a doua actiuni corosiv-agresive:

* prezenta unui ion puternic oxidant, care este Fe (III) si
care joaca rolul depolarizantului catodic;

 prezenta unui activator consacrat al dizolvarii anodice
cum este anionul C1', cu actiune depasivanta si corosiva
accentuata.

La sfarsitul perioadei de incercare, epruvetele s-au scos
din instalatie, s-au spalat sub jet de apa pentru a indeparta
produsii de coroziune si s-au uscat in aer cald.

Actiunea corosiva se regdseste in pierderea de masa.
Aceasta pierdere este cu atat mai mare cu cat viteza procesului
este mai mare. Cantarirea epruvetelor, inainte si dupa incercare,
s-a efectuat cu o balanta analiticd cu o precizie de +0,001 g.

Rezultatele experimentale

Rezultatele experimentale obtinute sunt prezentate sintetizat
in tabelul 6.

Epruvetele din otel duplex sudate folosind procedeul WIG
in impulsuri, incercate la temperatura de 22°C, prezinta valori
mai ridicate ale pierderilor de masa in raport cu valorile
obtinute, la aceeasi temperaturd de incercare, la epruvetele
sudate cu procedeul MIG in impulsuri. De asemenea, se
observa rezistenta la coroziune in puncte foarte ridicata a
metalului de baza incercat la aceasta temperatura.

La temperatura de incercare de 50°C, pentru epruvetele
sudate prin cele doua procedee de sudare (WIG si MIG in
impulsuri), nu exista diferente semnificative ale pierderilor de
masa. Astfel, la procedeul de sudare WIG in impulsuri
pierderea de masa este de maxim 45,2256-10'3 %, iar la
procedeul de sudare MIG in impulsuri pierderea de masa
maxima este 43,5436°107 %; ambele valori sunt superioare
celor obtinute la incercarea la coroziune a metalului de baza,
la care pierderea de masa maxima este 33,2693¢1 03 %, atestand
o tendinta ridicata de coroziune a imbinarilor sudate in raport
cu materialul de baza din care se compune imbinarea.

in figura 1 se prezinta schematic pierderile de masa pentru
metalul de baza si pentru imbinarile sudate prin cele doua
procedeele in functie de temperatura de incercare.

surface 50 x 20 mm was metallographically prepared, by
grinding and fine polishing in order to perform the microscopic
analysis after finishing the corrosion testing.

Following the adequate preparation, specimens were
immersed in ferric chloride solution, on special glass supports,
placed in the combined corrosion installation, according to
ASTM G48. The testing temperatures were in the range
22 £ 2°C and 50 + 2°C during the continuous exposure of
72 hours.

The use of FeCl; as reactive for the rapid testing of the
welded sample sensibility to corrosion is based on the
cumulative effect of two corrosive aggressive actions:

« the presence of a strong oxidant ion which is Fe (III) and
which plays the cathode depolarizant role;

+ the presence of a constant activator of the anode
dissolution such as the Cl™ anion, having a strong
depassivant and corrosion action.

At the end of the testing period, specimens were taken out
of the installation, were under water jet washed to remove the
corrosion products and dried in warm air.

The corrosive action is to be found again in the weight
loss. This loss is bigger when the process speed is higher.
Specimens were weighted before and after the testing, it
was made with an analytical balance having the accuracy
+0.001 g.

Experimental results

The obtained experimental results are presented in table 6.

The duplex steel specimens welded by the pulsed TIG
process tested at 22°C, present high values for the weight
loss in comparison with the obtained values at the same testing
temperature, for the pulsed MIG welded specimens. It must
be noticed the very high pitting corrosion resistance of the
base metal tested at this temperature.

W VB /BM

= Sudura - WIG pulsat/
Weld - pulsed TIG

[ Sudura - MIG pulsat/
Weld - pulsed MIG

0,04 1
L

0,03 17

0,02 4

Pierderea medie de masa/
Average weight loss [%]

0,01 A

22 50

Temperatura de incercare/
Testing temperature, [°C)

Figura 1. Pierderea de masa medie in functie de temperatura de
incercare

Figure 1. The average weight loss depending on the testing
temperature

At the testing temperature of 50°C, for the duplex specimens
welded by means of the two (pulsed TIG and MIG) welding
processes, there are no significant differences in the weight
loss. So, in case the pulsed TIG is used the weight loss is
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Aspectele macroscopice ale suprafetelor de control corodate
ale unor epruvete ce au fost supuse incercarii la coroziune
conform ASTM G48, sunt prezentate in figurile 2 ...7.

Tabelul 6/ Table 6

maximum 45.2256+107 %. In case the pulsed MIG is used the
maximum weight loss is 43.5436°10° %. Both values are
superior to those obtained in the base metal corrosion testing,

Tipul epruvetei/ | Procedeul/regimul | Marcaj epruveta/ | Temperatura Masa/ Weight Pierderi de masa/
Specimen type de sudare/ Specimen mark | de incercare/ [g] Weight loss
Welding Testing

process/regime temperature | initiald/ finala/ 30
[°C] initial | final le] [107%]
9 24,0040 | 23,9890 0,0150 0,6248
10 2242 24,1948 | 24,0996 0,0952 3,9347
imbinare sudati/ WIG in impulsuri/ 11 24,2210 | 23,9660 0,2550 10,5280

. pulsed TIG
welded joint R3 12 24,3490 | 23,2478 | 11,1012 | 45,2256
13 50 +2 24,6088 | 23,6840 0,9248 37,5800
14 23,9102 | 22,8405 1,0697 44,7382
15 24,5694 | 24,5666 0,0028 0,1139
16 22+£2 24,2866 | 24,2765 0,0101 0,4158
imbinare sudatz/ | MIC In impulsuri/ 17 24,0416 | 24,0314 | 10,0102 | 04242
o pulsed MIG
welded joint R3 18 24,8280 | 23,8650 0,9630 38,7868
19 50+2 23,7348 | 22,7013 1,0335 43,5436
20 24,7060 | 23,6593 1,0467 42,3662
21 49 24,9750 | 24,9750 0,0000 0,0000
ma]t)erizb de 22 25,2252 | 25,2252 | 10,0000 [ 0,0000
az -

base material 23 049 25,2184 | 24,3794 0,8390 33,2693
24 25,6446 | 24,8644 0,7802 30,4937

Figura 2. Epruveta 10, R3 /22°C
Figure 2. Specimen 10, R3 /22°C

Figura 3. Epru

Figura 5. Epruveta 20, R4 / 50°C
Figure 5. Specimen 20, R4/ 50°C

Analiza rezultatelor

Analizand suprafetele corodate ale epruvetelor incercate
in mediu corosiv la temperatura de 22°C, se observa prezenta
degradarilor prin coroziune in sudura (epruvetele 10, 17), iar
la temperatura de incercare de 50°C aceste degradari sunt mai
puternic reliefate (epruvetele 12, 20).

Metalul de baza incercat la temperatura de 22°C nu prezinta
degradari prin coroziune, dar la temperatura de 50°C apar

1/2005

Figure 3. Specimen 12, R3 / 50°C

Figura 6. Epruveta 21, MB / 22°C
Figure 6. Specimen 21, BM /22°C

veta 12, R3/50°C Figura 4. Epruveta 17, R4/ 22°C

Figure 4. Specimen 17, R4/22°C

Figura 7. Epruveta 23, MB / 50°C
Figure 7. Specimen 23, BM / 50°C

where the maximum weight loss was 33.2693+107 %, attesting
a high tendency for the corrosion of welded joints in
comparison with the base metal the joint is made out off.

Figure 1 presents schematically the weight loss for the base
metal and the TIG and MIG welded joints depending on the
testing temperature.

The macroscopic aspects of the corroded surfaces of
specimens subjected to corrosion testing according to ASTM
G438, are presented in figures 2...7.
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degradari locale dispuse lamelar (epruveta 23), prin aparitia
coloraturii de corodare cu formatiuni fine de puncte de
coroziune.

Figura 8. Epruveta 12, R3/SUD [100x]
Figure 8. Specimen 12, R3 / WELD [100x]

Examindrile microscopice efectuate relevd prezenta
fenomenelor de degradare prin coroziune in puncte pe
epruvetele prelevate din imbinarile realizate cu procedeele de
sudare WIG, MIG in impulsuri (figurile 8 $19).

Concluzii

In urma analizei rezultatelor experimentale se pot
concluziona urmatoarele:

- Rezistenta la coroziune in puncte a imbinarilor sudate,
indiferent de procedeul de sudare utilizat, este mai scazuta
decét cea a metalului de baza.

- Temperaturile de incercare reprezintd un factor
determinant in producerea si accelerarea fenomenelor de
coroziune; acestea sunt mult mai agresive la temperatura de
+50°C fatd de +22°C.

- In conditiile specificate ale experimentirilor, rezistenta la
coroziune 1n puncte a imbinarilor sudate cu procedeul WIG in
impulsuri este mai redusa decat cea a imbinarilor sudate cu
procedeul MIG in impulsuri, diferentd vizibild mai ales la
temperatura de incercare de 22°C.
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Results analysis

Analysing the corroded surfaces of the tested specimens
at 22°C, the presence of degradation by corrosion can be
seen in the weld (specimens 10, 17), and at the temperature of
50°C these degradations are strongly relieved (specimens
12, 20).

Figura 9. Epruveta 20, R4 / SUD [500x]
Figure 9. Specimen 20, R4 / WELD [500x]

The base metal tested at 22°C present no degradation by
corrosion, but at 50°C local lamellar degradations
(specimen 23) appear revealed by the corrosion colour and
fine corrosion points.

The microscopic examinations illustrate the presence of
degradation phenomena by pitting corrosion on the samples
welded by pulsed TIG and MIG processes (figures 8 and 9).

Conclusions

Following the analysis of the experimental results the
following conclusions are to be drawn:

- The pitting corrosion resistance of the welded joints, not
depending on the welding process used, is lower than that of
the base metal.

- The testing temperatures represent a determinant factor
in the production and the acceleration of the corrosion
phenomena; these are more aggressive at +50°C as against
+22°C.

- In the specified experimental conditions, the pitting
corrosion resistance of the pulsed TIG welded joints is lower
than that of the pulsed MIG welded joints, the difference
being obvious at the testing temperature of 22°C.
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