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ABSTRACT: The work aims to investigate the effect of damp hot marine and dry heat desert atmospheric environments on the
corrosion behavior and mechanism of TM210A maraging high-strength steel, which is an important load-bearing material. An
outdoor exposure test was conducted on TM210A steel in two typical atmospheric environments, Wanning and Dunhuang. The
corrosion behavior and mechanical property change were analyzed by means of morphology observation, corrosion product
layer analysis, mechanical property test and fracture analysis. The results showed that the tensile strength of TM210A steel de-
creased by 6.0% and 4.2% and the elongation decreased by 16.7% and 8.3% after 2-year exposure to damp hot marine and dry
heat desert atmospheric environments, respectively. The mechanical properties of TM210A steel in the dry heat desert atmos-
pheric environmentdecreased by less than those in the damp hot marine environment. In conclusion, the surface corrosion of

TM210A steel is the main reason for its strength and plasticity decline. TM210A steel has undergone significant corrosion on its
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surface after being exposed to damp hot marine and dry heat desert atmospheric environments for two years. However, the cor-

rosion is more severe in the damp hot marineenvironment, mainly due to higher humidity and CI concentrationin the environ-

ment, which accelerate the electrochemical corrosion on the surface of TM210A steeland reduce the protectiveness of corrosion

product layer to the matrix.
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Tab.1 Chemical composition of TM210A high-strength steel (mass fraction, %)

C Si Mn P S Ni Mo Co Al Fe
0.005 0.01 0.01 0.004 0.004 18.49 4.51 10.48 0.12 A

Fig.1 Microstructure of TM210A steel.
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Tab.2 Environmental data of Wanning and Dunhuang
stations duringexperiment

; SEWER R 52 PURE TR/
R HERER 57 DLPPEE
litgﬁ\ll]j TRD’C ( —/'L:E—le‘i,f‘] ) (mg~100’1~cm’2~d’1)
R, 26.0 C

AT WHERSIREE %K. 2 199 mm 0.355
XTI . 83%
B, 125°C

FUE T RYEIREE FEK: 19.6 mm 0.060

AXTRE . 41%

HATH R, FAHARME 7 25 ( SEM, Zeiss
GeminiSEM 300 ) X % 1 S #% i1 i#E 47 3 WL 55 UL %%
IE A B AERE (EDS) =2 al o . SR A
Rigaku DMAX-RB 12kW X SF£EA75HY ( XRD ) Xt
TM210A 52 5 ™= ) B 0 AR AL A T o007, 4
IR 10°~90°, HHAHR 5 (°)/min, %M GB/T
16545—1996 4 J&@ & 4 09 1 b aRE g ish 7= 1)
W), HHBRSR (500 mL 2h#2+3.5 g AU 3L DY
Je+Z& 18 /KL A 1 000 mL ¥ ) FHAFEFRSS 3 min,
FEAE T SEM X 2 bR 1h ™= I ) 30 3 T TR A kA 7
WAL

¥ 18 GB/T 228.1—2021( 4 J&@ 1 kL = iR i i 56
Ik ), R MTS BIFRHLIELT T2 vkrgilik, &
AAEERIARIE R 25 mm, 72 R F TR, 145
F| TM210A iR 1, 2 a BTEHERE (T
JEIRGR B 000, PLHISREE o0, ) FIEEME (WIEMHHEKE 6)
A o WP W RE IR BRAE Jy B 25 B 10 R w1 1)
JEh = 2 5, 1 SEM SLEE KT I 72 WTE 55 K 7 11 v
OO TE 3

2 FERESH

H=FERE

Xof T T U R AR IR BT RO VD U KA A5 SR i 2
a J5 B9 TM210A i FE AT iR, 253800 /9 R
JE | HURLE EE AE fR R AR e p 2 i 2 BroR o
H & 2 AT, R VE R RAEE T, TM210A A3R
JEE it % 2 FsF 1) ) E A S R R 38, FE BRI
IREESR T 2RI TR, 25 1 a, RFEPUHR AR IR
SR TR 5.4% . 4.5%. Bl SR IE K,
FREE 2 a )i, REEPURLE BE AU AR Y T % 6.0%,
TH R RS I A, X T AR R R A L 2
PR PER — 8 KRB, E TP RS H, TM210A
A 1% e ot R P ) ) JE AT R R, P REE 1 a
Je TARE A BT 5 I IR B 43 ) R % 2.7% . 1.3%,
R 2 a TR 4.2%. 1.9%, —3#% TR BEWI%E
fI%, X —&5 5 HAE IR O PR R IR BT P AR (L R
—3, [, MIE 2¢ A%, TM210A XA IKT S
KRIE 2 P R RS R B Y 20 R R, 8 1a s,
Wi S A 4 A T T R U R R R B R 4 B R R
12.6%. 4.2%; #58 2 a Ja, WiE {05 T
16.7%. 8.3%, XFHALE 2 Fl#L B A IR Hh 3
Wi AR R R B, eAh, XFEHE TM210A 9
FE 2 P A IRIE v (4 2R RE (5 R WS AR KR )
LA, FERREE 1. 2a )5, TM210A BI7E T b I 3R 4%
W) 7 24 P RE T B a2 3 1K T A Y O T IR B
H 2R PR RE T X — S5 RER W, T TR e
KAWEIRE . @K E . SEEAREEXN TM210A
A 1A R B A AR AE FH S T

2.1

2060 — 2140 13.0
2040 | - AT 2120 f - AT 12,5} -~ T
2020 F —— HE 2100} —o— Hpjl I —— B
S 2000 - o o 120
£ £ 2080 N
S 1980 S 5060 | b 113
#1960 f # | ¥ 11.0
M 1940 - m 2040 &
= 1920} g 2020 x 10.5
B 1900} 2 2000 2 10.0
1880 | 1980 f 9.5+
g0t tosot , o, ool o
0 5 10 15 20 25 0 5 10 15 20 25 Y0 5 10 15 20 25
A El/ A A al/ A B al/ A
a JA IR E b HrhismE c WiE KR

K2 TM210A $7E 2 Ff R SBRGE 288 2 a 1 12~ PEREAZ L
Fig.2 Changing curve of tensile properties of TM210A steel after 2-year exposure in two typical atmospheric environments:
a) yield strength; b) tensile strength; c) elongation after fracture
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Fig.3 Macro corrosion morphologies of TM210A samplesafter

2-year exposure in different atmospheric environments:
a) Wanning; b) Dunhuang
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Fig.4 Micro morphologies of TM210A steel after 2-year exposureindifferent atmospheric environments: a) beforerust removal in
Wanning; b) beforerust removal in Dunhuang; c) afterrust removalin Wanning; d) afterrust removalin Dunhuang
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Tab.3 Chemical composition of corrosion products on
TM210A steel in two different atmospheric
environments (mass fraction, %)

o7 & Fe 0 Cl Ni
P1 49.97 32.5 0.16 17.37
P2 47.64 34.67 0.07 19.62
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Fig.5 XRD analysis of TM210A steel after 2-year exposure in
different atmospheric environments
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Fig.6 Cross-sectional morphologies of TM210A steel after 2-year exposure in two typical atmospheric environments:
a) Wanning; b) Dunhuang
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Fig.7 Fracture morphologies of TM210A steel after 2-year exposure in two typical atmospheric environments:
a) macro morphologies; b) micro center morphologies
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