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Abstract: To study the corrosion resistance of stainless-clad (SC) bimetallic steel and welded connections in the ma-
rine atmospheric environment, and to clarify their corrosion characteristics, including the corrosion morphology,
corrosion rates, and corrosion products, we conducted alternate immersion tests in salt solution. We tested 97 speci-
mens in four groups in a simulated marine atmospheric corrosive environment. To accelerate the corrosion rate and
simulate the tropical marine environment, we generated test conditions with high temperature, high humidity, and a
high chloride concentration. To determine the corrosion rate of the specimens, we used the corrosion weight loss
method. The macroscopic corrosion morphology and appearance and the rust layer composition on the surface of the
specimens were obtained and analyzed using a scanning electron microscope (SEM) , an energy spectrometer, and a
surface profiler. The test results indicate that the stainless steel in the cladding layer and weld seam of the SC bimetal-
lic steel remained basically uncorroded, whereas the carbon steel in the substrate was visibly corroded. The corrosion
rate of the carbon steel was accelerated by the presence of galvanic corrosion. Surface roughness also affected the cor-
rosion rate to some extent. These research outcomes provide data support for tests of the exposure of SC bimetallic
steel to the marine atmospheric environment as well as guidance for the design of corrosion-resistant SC bimetallic
steel in marine engineering.
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Fig.2 Dimensions of weld groove (unit: mm)
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Fig.3 Welding sequence
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Tab.l Welding parameters
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1~3| GTAW ER50-6 2.4 Ar 141 13
4 GTAW | ER309LMo 2.5 Ar 139 12
GTAW ER316L 2.5 Ar 141 14

20

B4 RHRARRS (R4 mm)

Fig.4 Photo and dimensions of specimens (unit: mm)
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Fig.5 Diagrams and photos of corrosion locations
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Tab.2 Specimen groups and designations

32 (B) =1(0) e (D JgE (W)

B-0-0.5(3) C-0-0.5(3) 1-0-0.5(3)

B-16-0.5(5) 1-16-0.5 (5)

B-24-0.5(5) C-24-0.5(5)

B-48-0.5(5) C-48-0.5(5) 1-48-0.5 (5)

B-48-0.2(5) C-48-0.2(5)

B-48-0.8 (5) C-48-0.8(5)

B-96-0.5(5) C-96-0.5 (5) 1-96-0.5 (5) W-96-0.5 (3)
B-160-0.5(5) | C-160-0.5(5)

C-192-0.5(5)
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(12 + 2) min.
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Fig.6 Photo of immersion cyclic corrosion test chamber
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(g) B-96-0.5 (h) C-96-0.5
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Fig.7 Macro appearance of corroded specimens after
tests of different durations before rust removal
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Fig.8 Images showing micromorphologies of surfaces of
corroded substrates
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(a) B-16-0.5,Ra=6.2 um (b) B-24-0.5,Ra=5.3 um

(¢) B-48-0.5,Ra=12.7 um (d) B-96-0.5,Ra=23.8 um

(e) B-160-0.5,Ra=26.3 um
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Fig.9 Images showing micromorphologies of corroded
substrates after cleaning
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Fig.10 Energy spectrum analysis of corrosion products of
corroded substrate
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Tab.3 Element percentage of corrosion products of cor-
roded substrate

_ JriNry SRR Jigss JEFA S
JLE N e TR N e
% % % %
C 2.88 7.09 Cl 2.26 1.89
(6] 30.80 56.89 In 0.79 0.20
Na 0.45 0.58 Cr 0.50 0.28
Mg 0.36 0.44 Fe 60.56 32.04
Mo 0.61 0.19 Ni 0.80 0.40

E A PHIELZT ZAF RE(Z A FRTHH,A A7 XHLEB0K,
F A =% KHR).
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Fig.11 Images of micromorphology of corroded cladding
surface
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Fig.12 Images of micromorphologies of corroded cladding
after cleaning
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Fig.13 Energy spectrum analysis of corrosion products of
corroded cladding
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Tab.4 Element percentage of corrosion products of cor-

roded cladding

TR FiE % BT A%
C 4.72 11.64
(0] 23.97 44.43

Na 6.03 7.78

Mg 0.08 0.10

Mo 2.21 0.68
Cl 5.83 4.87
In 1.18 0.30
Cr 12.98 7.40
Fe 41.02 21.78
Ni 2.00 1.01

E A PHIEZIT ZAF KIE(Z AT RTFAFE,A FT XHERK,
F AT RH).

223 B AR &AL R AR SR
Bl 14 IAERE SR (1 28558004 iAo
JEMIES, v LA S B G DL A A R A R
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Fig.14 Images of micromorphologies of corroded side
surfaces
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Fig.15 Distribution of rust in the thickness direction of
side surface after 96 h of corrosion
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Fig.16 Comparison of corrosion conditions in different
areas of corroded side surface
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Fig.17 Images of micromorphology of corroded weld sur-
face
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(a) B-48-0.8 (b) B-48-0.2

(d) C-48-0.2
B 18 A EIFEHE R L S AL 3R X L
Fig.18 Comparison of images showing micromorphologies
of specimens with different degrees of surface
roughness

(c) C-48-0.8
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Tab.5 Corrosion data of specimens (Group B)after tests
of different durations

RIS /h W, lg D /mm
16 0.0453 0.014 4
24 0.068 7 0.021 9
48 0.1307 0.041 6
96 0.3059 0.097 4
160 0.403 8 0.128 6

AR SCHR[26] AR , Q235 BRANTE PH VD Vg7
RAFEHEM 1 AFREMRE R 0.087 mm, i

TR0 HH B B FE AR S TR B i ok 4 d AT
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n AR, BERREE AR R AR L, SAR(E T 0.3, i
FEEATIA 1.9, B AL, W n (EERK.
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Fig.19 Trend of thickness loss of specimens (Group B)
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Tab.6 Corrosion data of specimens (Group C)after tests
of different durations

IRHT/h W./g D /mm
24 0.013 4 0.004 3
48 0.017 8 0.005 7
96 0.0410 0.013 1
160 0.150 1 0.047 8
192 0.1522 0.048 5
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Fig.20 Trend of thickness loss of specimens (Group C)
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Tab.7 Corrosion data of specimens (Group I) after tests of
different durations

IRHT K /h w. /g D /mm
16 0.024 0 0.030 6
48 0.042 6 0.054 3
96 0.080 7 0.102 8
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Fig.21 Trend of thickness loss of specimens (Group I)
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Tab.8 Corrosion data of specimens (Group B) with differ-
ent degrees of surface roughness

N Ra/um W, /g D/mm

B-48-0.2 0.2 0.090 0 0.028 7

B-48-0.8 0.8 0.103 3 0.0329
4 & i
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