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ABSTRACT: Plasma arc welding (PAW) technology is a new protection method for the welding process of 2205 duplex
stainless steel, in which new protection devices are added outside the welding process, and self-formulated metal surface
treatment agents are used to protect the PAW joints of 2205 duplex stainless steel. The work aims to improve the mechanical
properties and corrosion resistance of 2205 duplex stainless steel. With the metal surface treatment agent as the medium, the
protection experiment was conducted on the 2205 duplex stainless steel PAW joint and the effect of metal surface treatment
agent on the mechanical properties and corrosion resistance of the welded joint was studied. Scanning electron microscopy,
energy spectrum analysis, Vickers hardness tester, universal testing machine, and electrochemical workstation were used to
analyze the properties of original sample, protected sample without metal surface treatment agent and protected sample with
metal surface treatment agent of 2205 duplex stainless steel during PAW. The experimental results of the three samples were
compared. The comprehensive results analysis showed that 2205 duplex stainless steel was protected by a metal surface
treatment agent. The elements in the metal surface treatment agent diffused into the material, forming a protective layer with a
diffusion depth of no less than 0.005 mm. The Vickers hardness tester analysis showed that the weld hardness was
262HV-271HYV, an increase of 25%, and the hardness in heat affected zone was 262HV-271HYV, an increase of 15%. The tensile
test analysis of the universal testing machine showed that the tensile strength of the duplex stainless steel welded joint increased
by 20%, effectively improving the mechanical properties of the 2205 duplex stainless steel PAW joint. By electrochemical
workstation experiments, a comprehensive analysis was conducted on the dynamic potential and AC impedance of the original
2205 duplex stainless steel sample, the sample without metal surface treatment agent, and the sample with metal surface
treatment agent. The analysis showed that the polarization curves of the three samples had obvious passivation regions, and the
passivation regions were relatively wide. Electrochemical tests showed that the pitting potential and the maximum difference
between pitting potential and self-corrosion potential in the polarization curve of PAW with metal surface treatment agent
protection for 2205 duplex stainless steel were 0.287 6 V and 0.555 4 V, respectively. The passive current density was the
smallest, and the capacitance arc radius of the metal surface treatment agent PAW sample was the largest in AC impedance
analysis. The maximum resistance of the inner layer of the passive film was 7.531x10° Q-cm®. The corrosion resistance of the
surface metal surface treatment agent PAW sample in the electrochemical test was the best. The main mechanism of PAW metal
surface treatment agent protection welding for 2205 duplex stainless steel was that the electronegative atoms such as N, S, P, O
in the metal surface treatment agent adsorbed onto the metal surface along with C and H atoms, changing the double layer
structure beneath the coated metal surface and increasing the activation energy of metal ionization. As a result, during the
transformation of ferrite to austenite, the austenite that could not be precipitated in the weld seam during cooling continued to
precipitate, causing the fine or blocky distribution of austenite on the ferrite, while C3HoNO acted as a surfactant to promote
intermolecular bonding. During the welding process, the transformation between phases of 2205 duplex stainless steel was not
completed, and the melt pool was not fully crystallized. Surfactants could promote the reaction of other chemical components of
the metal surface treatment agent with 2205 duplex stainless steel, compensating for the chemical elements in the surface
treatment agent into the weld seam. The final conclusion indicates that the mechanical properties and corrosion resistance of the
2205 duplex stainless steel PAW joint protected by the metal surface treatment agent are optimal.

KEY WORDS: duplex stainless steel; metal surface treatment agent; PAW; mechanical properties; corrosion resistance
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Tab.1 Chemical composition of 2205 duplex stainless steel
wt. %

C Si Mn Cr Ni Mo S P N Fe
0.18 0.52 1.51 22.53 5.64 3.16 0.001 0.022 1.17 Bal.

F 2 2205 WHAHEW N E e
Tab.2 Mechanical properties of 2205 duplex stainless steel

B S, BIRIESEER S, (RS Yield strength/ Tensile strength/ Elongation/ Hardness
. N e MP MP % HB
(Na,0-nSi0, ). #HEH ( CHoNO ). 1 ( CH(05 ) - - N
2 y 7 o< g M = = = =
SRR A W, G2 TR Y AR B, T KCT R AR R AT L
*3 SRFELEFNUZERS
Tab.3 Chemical composition of metal surface treatment agents
wt.%
Na,B407-10H,0 NaNO, Na,0-nSi0, KCl C3HyNO C3HgO; Inhibitor Rapeseed oil
15 18 15 10 25 5 2 10
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1.2 Ak

IR EE 7 — X 300 mmx100 mmx4 mm HLAE I
TRV 2205 SUHANEE N, FIH] PAW SR 2235
PEAT IR B, KR SN B 0 A AT A B
7, ENKELE T/ B Wit 20 mm DAY, 87 KR
KEEN 10~15 mm, T AFFSEING B AN, S&
Je B E AL T A PAW B TAE G b 75
BB T HE, PRUEFEAE RY BRI, TR AR AR
QRS KT AR AR R AR S SRS, DARIE T T
A PR K OUTE BOE T, B R TR S TR T R A4
WA A o, R 43 2 41, —2H A AT AT AR 37 45 it
55— 2L e R 2 1 ) P 4 T 2 T Ak R R R A T R
I, BRI EmE 1R, kR 2205 AN
BRI A3 PAW SR, PR KRN KIE , R 4l
99.99% 1) Ar V5 M AR I SARXUI AR YT, AR ¢3.2 mm
ELESH, JRARARAMINER Y B b HE S, By 1k 4R 2 Ab
P A St v, A5EEZ D 4 T 2% v A B R W5 0k R AR
ik b, BRI IR R R AR, AR
R IR AR B KR A R R, 2 s o 4 T A i Ak B R
i, T2ASHNE 4 s,

RIGKH H AR T ISM-6510 /04841 4144
5 45 P 3% 1 A HV-1000 2 GRS 430 3R 26 i
B, N T AS 5 B0 e P A e % o I XU 2 v s
TR, R PR e s S (0 R P, P 0 e 1) e A
aekmy b L T 3 ASERAE R T A RT I
YF-900 Hi i J7 REIR IS ML 2205 A A B E AT HL
Mk, ¥ GB/T 228.1—2010 #ATIRL, X IREE

Discharge pipe' V\%eldmg gun

‘l

Temperature sensor

—> Storage room

Bl 1 2205 WAHASEEHY PAW 4 i 2 1 A #1700 SR 47 [
Fig.1 Protection diagram of metal surface treatment agent
for 2205 duplex stainless steel during PAW
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Tab.4 Main process parameters of metal surface

treatment agent protection for 2205 duplex
stainless steel during PAW

. . . ) S
Welding ~ Welding Positive gas Negative gas mizﬁi
speed) current/. - flow rate/ flow rate/ temperature/
(mmmin) A (@Lomin)  Lomin )
135 150 8 6 380
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Fig.2 SEM morphologies of weld seams of different samples: a) SEM of weld seam protected
by metal surface treatment agent; b) SEM of unprotected weld seam
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Fig.3 EDS analysis for metal surface treatment agent protected weld seam:
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Fig.4 Vickers hardness distribution of different weld seam: a) sample protected by metal
surface treatment agent; b) unprotected sample
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Fig.5 Tensile deformation curve of 2205duplex stainless steel
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Tab.5 Dynamic potential polarization parameters of
different welded joint samples
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* 6 2205 WHEAFENAEIRFESUABELEHIER
Tab.6 Equivalent circuit fitting data for different samples of 2205 duplex stainless steel

Sample R/(€-cm?) Ci/(F-em™?) Ry/(Q-cm?) C,/(F-cm™?) Ry/(Q-cm?)
Unprotected sample 9.013 3.216x10°° 1796 4.713x10°° 5.624x10°
Base material sample 8.635 3.132x107° 1988 4.024x107° 6.192x10°
Protect the sample 7.088 2.186%107° 3224 3.213x107° 7.531x10°
FIRFEDT R e BE MR B2 51 , 25 B bUd ph Pk RE IR =
3 #it I 20%.
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