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The Effects of pH on the Corrosion Characteristics in Dissimilar Friction
Welded Zone of IN713LC-SCM440
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ABSTRACT: The effect of pH on the corrosion characteristics in the dissimilar friction welded zone of IN713LC-SCM440 in the loaded
torsional stress was studied. The corrosion experiment was performed for 120 hours on the specimens with five steps of pH. The surface
corrosion pattern of the SCM440 area showed global corrosion and narrow pitting, which was caused by galvanic corrosion between
friction welded IN713LC and SCMA440, but corrosion did not proceeded from the IN713LC area. The average relative electrode potential
gradually tends to decrease with the elapse of the immersion time in the acidity area. The average corrosion current also gradually tend
to decrease The corrosion rate showed a larger value when the average relative electrode potential was higher and the average relative
current was lower. The corrosion rate showed a larger value when the average relative electrode potential was higher in the acidity area,
and it showed large when the average relative electrode potential was lower in the alkalinity area.
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Fig. 1 Detail of corrosion test fixture

Table 1 Chemical compositions of materials(wt. %)

Nb
+Ta

SCMV440 | 041f 023) 078 | 001 002 | 107|018 - | -| -| -| - |01
IN713LC | 014 050 025 | - {0003 | 130§ 150 | 230 | 600( 0.75 001) 0.10; 0.50) 1.00

Materials| C| SijMn| P| S | Cr | Mo All Ti| B Zr| Cul Co

Table 2 Mechanical properties of materials

Tensile Yield Elongation Vickers
Materials | strength strength hardness
0;(MPa) | 0, (MPa) e (%) (Hv)
IN713LC 809 702 3.0 355
SCM440 1272 1000 10.2 320
4C4
20 - b 72
SCM440 IN713LC
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{b) Corrosion specimen loaded torsional stress

Fig. 2 Shape and dimension of specimen
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Table 3 Friction welding conditions of IN713LC -SCM440

Rotating | Heating | Forging | Heating | Forging | Total upset
speed | pressure | pressure time time

n(rpm) | P(MPa) | Py(MPa) | 1(s) ty(s) | Up(mm)
2000 140 180 5 4 6
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Fig. 4 Schematic diagram of torsional stress corrosion test
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Table 4 Torsional stress corrosion test results of IN713LC
-SCM440 friction welded specimens

Specimen Electro-de Corrosion Weight Supply

No. pH potential | current | corrosion | voltage
(mV/Cu) | (mA) | (mgh) V)

SP-1 pH20 | -0.030 -0.301 15.022 0.522
SP-2 pH45 | 0138 0.019 12973 0.868
SP-3 pH70 | -0158 0.017 12.824 0.899
SP4 pH95 | -0.035 0.021 12.692 0.900
SP5 | pHI20 | -0.18 0.007 13.057 0.758

0.5

& pH2O ® pH4S5 & pH/O
. o pHI5 —a—pHI20

Electrode potential(mV)

Inmersion time(hours)

Fig. 7 Electrode potential as a function of immersion time
in IN713LC-5CM440 friction welded specimens
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Fig. 8 Corrosion current as a function of immersion time in
IN713LC-SCM440 friction welded specimens
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Fig. 9 Supply voltage as a function of immersion time in IN713LC
-SCM440 friction welded specimens
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Fig. 10 Corrosion pattern of IN713LC-SCM440 specimens

MNyol vFERstch
Fig. 109] (& pH1209| &ZHFHAM et Exde] 724
FAlolnk. o] JAelMm SCMa0 FRo] FA@Ao] FrHo
o, Ao gdg AUPAGeH B2 THW)ol vkt
4% ﬁA}Dﬂoﬂ HIEE SR AT gl el

209049k Bl%E FAFFE Yehm gout uok 43 adw
2 WS Yok SHRATDL ¥R, AN T, V9
Bol EAlo] wEsol el ekfones, 199). FFSME 7o)

J

& AE YojupA] gAY mlojagE ZnpAfe] oA =4
H2lo] dofd 737t Be 248 ol UAEA @LT_:L‘)}]H z+
Jojuj], FF-of gfslA 7] = 94 “HE R F
Eetch groove)o] At} olelgh P-4 F9 E3E =& 3

% (stress concentration)©] 47|12 i —E‘L—’:}% 2AHEE Yoy
A "ok olg Hgg vHESIEHA FEejikalgtte] 3ol o
A ‘,]b—]. Zalo] & FET} IN713LC-SCVM40 =127
Fol A= AFAI} ME 2 F g9 HERRNN 4

X
e 9y

Jllﬂl:loﬂ X O _Q_g;]r/]

H’.
(4]

—_—

5 947} g o i) §43) A4, GAE %
Aol Agoz MR A A FIPRIE bl W
AA7E FAHo] FFRAL Yorle Roz BeH:
34 ORISR RAIKTO| O/xl= pHl g

Fig 112 pHol W2 w}287 Algfel Ta5we) Baeg
HYE el Folth HAEEE A9 pH20N 713
2w, e el ulad FASEE Uehith QAo

2 E7)(aeration)H1l = %Oﬂ/ﬂ Fed] F-2o]] WX pHe| <
gre. eaBlglukee] WMale
T pH100 Atole] Fgkele =8 taidel sk JHE
o] WL BEshA =i, AHE WREp

o] B‘%Q} pH%k‘)ﬂ 15 FAEE7} ‘]4 ?—l
ghalo) 3]

dahd, 1 e HA

Joizick. pH40 0|3
ﬂaﬂﬂtﬁ ggdee-s
uuu} o]_L]g]_ _gd_}\}/\,] x}j:!.o]
GolafA]7] Wil FAEE7} F7IETHol 5 F, 2002).

l% Hrolol Bola

100 1.4
I Corrosion rate
—e— Supply voltage 112
80
a 1.0
£ 3
[} )
g ® 08 &
< g
k) J >
g 06
= =
8 {04®
20
102
0 0.0
20 45 g 95 120
pH

Fig. 11 Corrosion rate and electric potential as a function of
pH in IN713LC-SCM440 specimens
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Fig. 12 Electric potential and corrosion current as a function of
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