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The Corrosion Behavior of A516 Pressurized Vessel
Steel in a Simulated Water Vapor
Containing NaCl Environment
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ABSTRACT

The atmospheric-corrosion of the pressurized-vessel steel(ASTM-A516) was studied over the
temperature range of 200-400°C in a simulated water vapor containing NaCl environment. The effect
of NaCl surface coating ( 2 mg / ¢cm® ) on the corrosion kinetics was also evaluated, as compared with
those without coating. The results showed that the corrosion kinetics of A516 steel obeyed the parabolic
rate law, regardless of temperature and coating. In general, the corrosion rate increased with temperature,
and the rates of the steel with NaCl coating are higher than those without coating at all temperature. The
corroded scales formed on the steels (with or without NaCl coating) consisted of mostly Fe,0O3 Fe;O,, and
minor FEOOH and FeCl;-nH,O. The chlorine ion was always detected to be located at the interface
between the substrate and the interior scales on the steel with NaCl coating, leading to further corrode the
substrate, as a consequence of the faster corrosion rate.
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Table 1 Chemical compositions (wt%) of the

testing steel.
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Fig.1 Schematic diagram of the sample preparation
with NaCl coating.
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Fig.2 Schematic diagram of the experimental apparatus.
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Fig.3 Oxidation kinetics of A516 with NaCl-coating
at 200 ~ 400°C ,
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Table 2 Corrosion rate constants of the testing steel
without NaCl-coating.
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Table 3 Corrosion rate constants of testing steel with

NaCl-coating.
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Fig.4 Oxidation kinetics of A516 without NaCl-
coating at 200 ~ 400°C.
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Fig.5 Temperature dependence of the reaction kinetics
of A516 steel.
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Fig.6 (a)Topographs of A516 steel corroded
at 200 °C for 3050 hr.(sample without
NaCl-coating) (b)higher magnification
of (a).

3.2 [Eeh¥) BEEE A

[l 6(a) 2 A< % B8 .2 54 7 200°C [ ARAT 3050
/NEFR BRI RR R IETE ¢ AN 6(b)FT R, Rl AH D
B O — @ e B R 2SR - &
EDX i @I X = 5H Fe - O ~ Cl Kk Na
FE7 NaCl B9k 255 158 #4 22 AE s 2N R EE i
gl - [& 7(a)F5 300°C @k 302 /NFFERIBMIG S
[ - S Ak S R B AR ([ 7(b)FTR)
& EDX o3 > B HAREREEZEESR Fe &
O » R FEZBEAYATHER - [ 8(a)R
KEEEE .2 AS16 s 7ES NaCl KISEBET » 1A
400°C [E5h 265 /N7 - {EZRTEI IR 4 R A0 8(b)
Z SRR AR - H EDX SR TEER Fe &
O - Rl R | -

kel 9 EhE 11 FREEEE > AS16 5UF 7E S NaCl

-135-

(a)

90 1 m

(b}

9 um

Bl 7 (a)(b)RFEHEZ AS16 FATE 300 C/E
fid 302 /NEF R USRI RE

Fig.7 (a)Topographs of A516 steel corroded at
300 °C for 302 hr. (sample without
NaCl-coating) (b)higher magnification
of (a).
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Fig.8 (a)Topographs of A516 steel corroded at 400
°C for 265 hr.(sample without NaCl-coating)
(b)higher magnification of (a}.
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Fig.9 (a)Topographs of A516 steel corroded at 200
°C for 650 hr.(sample with NaCl-coating)
(b)higher magnification of (a).
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Fig.10 (a)Topographs of A516 steel corroded at 300
°C for 279 hr.(sample with NaCl-coating) (b)
higher magnification of (a).
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Fig.11 (a)Topographs of A516 steel corroded at 400
°C for 281 hr.(sample with NaCl-coating)
(byhigher magnification of (a).
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The cross-sectional micrograph of A516 steel
corroded at 200 °C ~ 400 °C, (a) 200 °C,
3050 hr, (b) 300 °C, 279 hr, (c) 400 °C, 265
hr. (sample without NaCl-coating).
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The cross-sectional micrograph of A516 steel
corrooded at 200 °C ~ 400 °C, (a)200°C, 650
hr (b)300 °C + 279 hr (c)400 °C » 281 hr.
(sample with NaCl-coating).
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(a)The cross-sectional micrograph of A516
steel corroded at 200 °C for 650 hr. (sample
with NaCl-coating) (b)Cl-map.
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Fig.15 X-ray diffraction patterns for AS516 steel
corroded at 400 °C for 265 hr.(sample without
NaCl-coating).
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Fig.16 X-ray diffraction patterns for A516 steel
corroded at 200 °C for 650 hr. (sample with
NaCl-coating).
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