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Abstract : Effects of specimen area on the corrosion rate of low alloy steel were studied in sulfuric
acid solution. The corrosion behavior of specimen was tested by electrochemical impedance
spectroscopy (EIS), linear polarization resistance measurement (LPR) and potentiodynamic polar-
ization measurement. The surface was analyzed by scanning electron microscopy (SEM), X-ray
photoelectron spectroscopy (XPS) and electron probe X-ray micro analyzer (EPMA). As surface
area was increased, corrosion rate was increased by the effect of small anode-large cathode.

Keywords : Electrochemical technique, Corrosionrate, Low alloy steel, Predominant corrosion region,
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Table 1. Chemical composition of the low alloy carbon
steel, the specimen

C Si Mn P S Cu Ni Co Fe

0.07 025 0.7 0.02 0.02 035 025 0.05 bal
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Fig. 1. Equivalent circuit for interpretation of EIS data.



98 J. Korean Electrochem. Soc., Vol. 13, No. 2, 2010

Corrosion rate (mm/yr)

0.00327 x i, (nA/cm’) x E.W.

carr(

- @
Density(g/cm™)

E.W.(equivalent weight) = Zf;My/n;

fi: %X}—E‘%, M;: %]_Z]"_%}:, n;: %1}7}‘

(SEM), XA 33AA B (XPS) 2 XA ARz v|wk

3.1 AH EHN ME FASE HD

EISAFZHE Ra&n Aske 93 B3 Ak
Fig. 1o Vet Sl= 3|=200X Rl aigabH, = Axet
Uol|F2E %= 7127} Table 29} Fig. 290 o4 2
AlHe] 5 A2 o] Z7FRE 7hAadion,
21 (D& 2)F 83 A= FAESEs AT FHAol
Z713kl) gl 71519t 3 Table 20 YERA ule}
o] AJHe] =% Hz]o] F7glol W} depression angle
o] F7teh= A& & & T} Depression angle> =/
s AL AGZ)7E AR A Al o] - de] &)
& 79 o5l SHE uf o]gr|Tte] B wlito]
Ehvks AozH AFEHe A9 39 dEE B4
ke A E7F E 4 QUThIe®

A BT ZAL Fig 39 EAIEITE RE A|He

rlo

ol = A% gelo|t}t BAl&e= EISe] Ay} vt
A E AJHY WA o] ZV1EE Z7kEIth B E
AFe] T4 BT FAL 200 mvolde] Fejelxd A
9] Z7}o) wla} ABEWUE} O o)A} Zr1elA] ok HE
B 25 AsH AR 34 F4S eI 2
FEElE dukzoz REAe] Hu) ulie)] [9ETlel
w2} 10°Alem® FE2] et ARTYEE Hole 3o

Table 2. The result of the EIS test
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Fig. 2. Nyquist plots of EIS measurement on low alloy
carbon steel.
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Fig. 3. Potentiodynamic polarization curves of the specimen.
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Specimen area (cm?) Ry (Qcm?)  Cg (F/em?)

Ry (Qem?) icor (MA/cm?) Corrosion rate (mm/year) Depression Angle(°)

1.77 0.32 1.135E-04 1845
3.14 1.20 2.319E-04 286.5
4.19 3.02 3.745E-04 158.5

0.01 0.14 10.73
0.08 0.88 13.73
0.14 1.59 20.28
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Fig. 5. SEM images with immersion time; (a) After 30 s, ®
(b) After 10 min, (c) After 30 min, (d) After 60 min, (e) After Fig. 6. Results of EPMA mapping; (a) Fe, (b) Cu, (c) Mn,
180 min, (f) After 360 min. (d) S, (e) Co, (f) Ni.
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Table 3. The result of the Potentiodynamic polarization test

Table 4. The result of XPS analysis

Specimen area Ecorr fcorr corrosion rate Analysis of XPS spectra Standard Binding energy
(cm?) (MmVscp)  (mA/cm?) (mm/year) chemicals (eV)
1.77 —377.44 0.01 0.14 The spectrum of Fe 2p Fe 706.9, 719.8
3.14 38673 0.07 0.77 FeOOH 710.7,724.3
Fez(SO4)3 713.1~713.5
491 —400.35 0.12 1.34 R
The spectrum of Cu 2p CuO 933.9, 953.7
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Fig. 7. XPS spectra of the material; (a) Fe, (b) Cu.
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