CORROSION SCIENCE AND TECHNOLOGY, Vol.13, No.2(2014), pp.70~80

PpISSN: 1598-6462 / eISSN: 2288-6524

DOIL: http://dx.doi.org/10.14773/cst.2014.13.2.70

=) X =I0hiH E= s K=)
XA HS JIA H7P7) 510|0 S=ZA AHQIZ|A UERF|C
H = =1 — =
AR RA Medo njxl= I
el Z-Mas - dae-0 Y -ag Rt
AAM St A 2] 58,
H%N AU AEE 134 (120-749) AT S
(2014 4€ 259 A, 2014 49 28 74, 2014 49 28 A )

Influence of the nitrogen gas addition in the Ar shielding gas on the
erosion-corrosion of tube-to-tube sheet welds of hyper duplex stainless steel

Hye-Jin Kim, Soon-Hyeok Jeon, Soon-Tae Kim, In-Sung Lee, and Yong-Soo Park’

Department of Materials Science and Engineering, Yonsei University, 134 Shinchon-dong,
Seodaemun-gu, Seoul 120-749, Republic of Korea
(Received April 25, 2014; Revised April 28, 2014; Accepted April 28, 2014)

Duplex stainless steels with nearly equal fraction of the ferrite(a) phase and austenite(y) phase have been
increasingly used for various applications such as power plants, desalination facilities due to their high
resistance to corrosion, good weldability, and excellent mechanical properties. Hyper duplex stainless steel
(HDSS) is defined as the future duplex stainless steel with a pitting resistance equivalent (PRE=
wt.%Cr+3.3(Wt.%Mo+0.5wt.%W)+30wt.%N) of above 50. However, when HDSS is welded with gas tungsten
arc (GTA), incorporation of nitrogen in the Ar shielding gas are very important because the volume fraction
of a-phase and y-phase is changed and harmful secondary phases can be formed in the welded zone. In
other words, the balance of corrosion resistance between two phases and reduction of CrN are the key
points of this study. The primary results of this study are as follows. The addition of N, to the Ar shielding
gas provides phase balance under weld-cooling conditions and increases the transformation temperature of
the a-phase to y-phase, increasing the fraction of y-phase as well as decreasing the precipitation of Cr,N.
In the anodic polarization test, the addition of nitrogen gas in the Ar shielding gas improved values of
the electrochemical parameters, compared to the Pure Ar. Also, in the erosion-corrosion test, the HDSS
welded with shielding gas containing N, decreased the weight loss, compared to HDSS welded with the
Ar pure gas. This result showed the resistance of erosion-corrosion was increased due to increasing the
fraction of y-phase and the stability of passive film according to the addition N, gas to the Ar shielding
gas. As a result, the addition of nitrogen gas to the shielding gas improved the resistance of erosion-corrosion.

Keywords : hyper duplex stainless steel, TIG Welding, Cr:N, potentiodynamic, erosion-corrosion.
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INFLUENCE OF THE NITROGEN GAS ADDITION IN THE AR SHIELDING GAS ON THE EROSION-CORROSION OF TUBE-TO-TUBE SHEET WELDS OF HYPER DUPLEX STAINLESS STEEL

Table 1. Chemical composition of the HDSS alloy (wt. %)

Alloy C Cr Ni Mo w Si Mn N Ce Fe PREN *
HDSS 0.02 27.0 7.23 2.57 323 0.2 1.96 0.34 0.0137 Bal. 51
* PREN = wt.% Cr + 3.3 (Mo + 0.5 x wt.% W) + 30 x wt.% N
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Plate (4.0 mm thickness)
@ Hyper duplex STS

Cold Rolling (1.5 mm thickness)

Forming (19.05 mm x 1.5 mm)
@ Tube-to-tube sheet weld

TIG Welding @ TIG Welding
@ Heat input : 0.036 kJ/mm
@ Shielding gas: Ar, Ar+5 % N,

Evaluation

Corrosion test Metallographic examination

© Thermodynamic calculation using Thermo-Calc.
© Fraction of y and a (ASTM E 562-02 method).

© Observation of the microstructure (OM and SEM).
© Chemical composition of phases ( SEM-EDS )

© Anodic polarization test.
© Erosion-corrosion test.

Fig. 1. The manufacturing process of hyper duplex stainless steel welds.

NETE ..
Before the weldmg After the weldiﬂg
u L e T W~ S T |
() (b

Fig. 2. Configuration of the HDSS tube-to-tube sheet welds: (a) before gas tungsten arc welding and (b) after gas tungsten arc welding.
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Fig. 3. The erosion-corrosion test equipment.
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THERMO-CALC {2013.03.23:17.05) :
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W(MN)=1.96E-2, P=1ES5, N=1;
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@ 200 400 600 800 1000 1200 1400
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(b)
Fig. 4. Thermodynamic calculation for the 27Cr-7.2Ni-3.2W-
2.5Mo-1.96Mn-0.34N-0.2Si-0.002C HDSS alloy using a Thermo-
Calc software package: (a) the phase diagram and (b) the mole
fraction of each phase.
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Fig. 5. Effect of shielding gas composition on the optical micro-
structures of the HDSS welds: (a) the pure Ar (b) the Ar + 5% Na.
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Fig. 6. Effect of shielding gas composition on the ferrite content
of the HDSS welds (measurement of the ferrite content by point

count method according to ASTM E 562-02).
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Fig. 7. Effect of shielding gas composition on the potentiodynamic anodic polarization behavior of the HDSS tube-to-tube sheet welds
in a deaerated 0.5 N HCl + 1 N NaCl according to ASTM G 5: (a) at 30 °C, (b) at 50 °C, (c) at 60 °C.

Table 3. Estimated values of electrochemical parameters of the shielding gas composition on the potentiodynamic anodic polarization
behavior of the HDSS tube-to-tube sheet welds in a deaerated 0.5 N HCl + 1 N NaCl at 30 °C, 50 °C, and 60 °C

TO)  shieding s mpy  POURE e v Vi) (mven)
Pure Ar 12 16 156 850 983 -299 -391
30 Ar + 5 % N, 9 6 50 862 995 -340 -386
50 Pure Ar 55 18 552 844 943 -334 -391
Ar + 5 % N, 21 10 74 856 908 -282 =317
60 Pure Ar 60 52 3297 357 528 =316 -392
Ar + 5 % N, 28 34 2650 851 1008 -309 -385
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Fig. 8. Estimated values of electrochemical parameters of the shielding gas composition on the potentiodynamic anodic polarization
behavior of the HDSS tube-to-tube sheet welds in a deaerated 0.5 N HCI + 1 N NaCl at 30 °C, 50 °C, and 60 °C.

Fig. 9. Corroded surfaces after the potentiodynamic anodic polarization behavior of the HDSS tube-to-tube sheet welds in a deaerated

0.5 N HCI + 1 N NaCl at 60 °C: (a) the WM of the Pure Ar and (b) the WM of the Ar + 5
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Table 4. Estimation of the weight loss after erosion-corrosion test in 6% FeCl; + 1% HCI solution at 50 °C with 3m/s during 7 days

Weight loss (g)

Total Corrosion

Shielding Initial .
Gas  weight(g) weight — rate
Ar 34.8526 34.8521 34.8494 34.8489  34.8462  34.8421 34.8406 34.8355 0.0171 0.3561
(0.0005)  (0.0027)  (0.0005) (0.0027) (0.0041) (0.0015)  (0.0051)
Ar+5%N 37.7797 37.7786 37.7769 377747  37.7749  37.7730  37.7721 37.7679 0.0118 0.2438
o 0.0011)  (0.0017)  (0.0022) (0.0019)  (0.0009)  (0.0042)
= o 0.5
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Fig. 10. Wight loss/(initial weight) x 100 (%) and calculated mmpy values (mm/year) after erosion-corrosion test and effects of the N,

addition in shielding gas.
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{a) Pure Ar

(b) Ar + 5 %N,
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Fig. 11. Surface images after erosion-corrosion test in 6 % FeCl; + 1 % HCI at 50 °C with 3 m/s during 7 day: (a) the corroded
surfaces in the Pure Ar (b) and the corroded surfaces in the Ar + 5 % N.
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