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Structure of Corrosion Product Formed on Carbon Steel Covered with NiSO,-added Resin Coating
under Sulfuric Acid Mist Environment Containing Chloride
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Corrosion resistance of carbon steel covered with resin coating containing nickel sulfate has been evaluated
under chloride and sulfuric acid mist environment. The structure of corrosion products formed on steel surface
was investigated by XRD and XAFS analyses using synchrotron radiation. Nickel sulfate promoted the formation of
goethite and akaganeite. It was considered that this akaganeite was not tetragonal £-FeOOH but monoclinic

akaganeite containing nickel.
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BHS, AT UL AHB L OEEH O E IXERN
B 100m I ETHHERH Y Y, L 0IEEOEVH
MORFEPRD LN TV 5.

M EST B &, TORMIIMmRILY - KRLW)E T
Bbhb., @I OBEEEWEOREE IS, B
BB OREEZZLSEH T LI L DV IRESE2 LS
VLI ENTEDL., HHESIX, SRESHABIREZREL
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BBV TH RO REWIE 2 S 2 et S 5.
AWFZETIX, NiSO, &AMl 2 #e 8 L 72 e R o ik
BB BT D a2 SFl L, B9 % I f A i o
EEWSNIZT 5.
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21 BEBEHR

30x25x2 mm® @ SPCC-SB &% X i $ (jie 3% 4) B X O°
FIMZIE 2% 1002m O NiSO, &AM % #8 L 72 e %
SERBE R & L7z, HwZz ik EZ i o{b5 /K % Table 1
WRT. BRI L7 F T — VIR & RiEAS 30 m BL
TONSO, #EHBEENS: 1R DEIICHREL,
NiSO, &AM R ZE# L 7=, BIRETH @ NiSO, &H 213
2.13mol/L TH - 7-.

mEE 65T, WFE 70% RH IR o 72 1H iR - 1H {5 NI
AERA 2 EHE L, B RmICH 1 mL o R B (H,S0,
+10g/L NaCl, pH3)% 1 H 2 [, £ 7 HOEEZ D

Table 1 Chemical composition of carbon steel (mass% ).

C Si Mn P S Fe
0.05 0.03 0.33 0.010 bal.

0.016
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Ni(OH), % Ni (ZPBd3 2 fmieslpl & L7z,
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JER LTz, Fig. 2 (&R A O £ ) i o %
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BOLEDRK 285D 1 o7z,

3.2 XRD
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TR PR TET—V A, Fo¥—-7E 3L
NiSO, & HBIEZ WET B L REL otz HIRIZ20=
1880° (= 7 4% % 4 b /B1)) DY =27 23§ % 20 =
11.36° (=44 + /(110)) D ¥ — 7 5 S I3 Mepk B i &

Before

©) 10 mm

Fig.1 Surface observation of specimens before and after
corrosion test.
(a) Without coating, (b) Coating with NiSO,.
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Fig. 2 Weight loss of specimens.
(a) Without coating, (b) Coating with NiSO,.
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Fig.3 XRD spectra of corrosion products.
(a) Without coating, (b) Coating with NiSO,.
The insets show enlarged peaks assigned to akageneite in
the 26 ranges of 5.8°-6.8° and of 8.3°-9.3°.
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Tl 0.35 TH D DI L, NiSO, & A B HE k5 e % 3
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(101) ® XRD ¥ — 7 i%, EHEEOYAIL 20 =637"12h
FOHED SN0 R L, NiSO, & A SR Z W8 L7-
WAL KREL BB EEDIZ, 20=622° & 637°
WAL FBEICT AT AT A Fo(200) & (002) D
V=23, B OYAIE20=901" ICHN DR}
L, NiSO, &AM IR+ WE L/25Aa13 20 =8.57° & 9.01°
WL 7.

3.3 XAFS

AR RIMTE R L 728 A Wy & B SR @ Fe-K
W L B9 % XAFS f#FT ki S % Fig. 4 1277 3. XANES
AR MVTIE pnt=05 TO X Hr F )V 3 — 2 WU & A
EL, FHIZHEIITRLTWA. WIURIITTEDBRILEAS
KEVEFEHLALF N 7 M 5D H 2 Y0,
FEB, v~ 4274 b= A4 beRIKT AL, Fe Ol
LEADKRE N —H 4+ DIE D AW A T )L F—
W B Edbirs. NSO, &ABIEZWE L7 5a

@

Magnetite

Goethite

Normalized absorption / a.u.

With NiSO,

Without NiSO,

7110 7115 7120 7125 7130 7135 7140
Energy / eV

(®)

Magnetite

Goethite
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FT magnitude / A+

Without NiSO,

0 1 2 3 4
Radial distance / A

Fig.4 Fe-K XANES spectra (a) and RDF (b) of a corrosion
product formed on the carbon steel covered with the
NiSO,added coating, corrosion product formed on a bare
carbon steel, Goethite (reference) and Magnetite
(reference). The arrows in Fig. 4(a) indicate the energy
where the normalized ¢ equals to 0.5.
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Fig.5 Ni-K XANES spectra (a) and RDF (b) of a corrosion
product formed on the carbon steel covered with the
NiSO,-added coating, Ni(OH), and NiO. The arrows in
Fig. 5(a) indicate the energy where the normalized pt
equals to 0.5.
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Fig. 6 Residual sum of squares obtained by one billion
combinations of crystal structural parameters (a, ¢ and 3)
of akageneite formed on the carbon steel with resin
coating containing NiSO,.

Results less than 6.0 X 10~° A? are shown.

The minimum residual sum of squares is 5.2467 x 10 ° A?
obtained at the combination of 2=10.984 A, ¢=10.433 A,
£ =91.27°.
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WAL 2 & O I A MEREIICBWT, NiSO, AR 2 408 L 72k RO &M 25 m L7z, B L
T2 DR 2 I B 720, B w72 XRD 3 X O XAFS fi##r 2 9256 L 72, NiSO, 12X b,
F—H A FBIOTHFTATA POBEIMEENT, STOTHHFATA MIIET RO B-FeOOH T
%, NiZ2&HLZHEFERROT I HATA b THHEEZONS.
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