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Abstract; The corrosion behavior of mining-grade low-alloy steels 27SiMn and 30CrMnSi was in-
vestigated via full-immersion tests in simulated mine water solutions, analyzed using weight loss
measurements and scanning electron microscopy. Results show that 27SiMn steel exhibited a more
negative self-corrosion potential and approximately three times higher self-corrosion current density
than 30CrMnSi steel. Both steels feature a ferrite-pearlite ( F-P) microstructure, where micro-gal-
vanic corrosion occurs between ferrite and cementite lamellae within pearlite colonies, indicating
that the ferrite-to-pearlite area ratio critically influences corrosion behavior. Quantitative metallogra-
phy revealed ratios of 10: 19 for 27SiMn and 10: 13 for 30CrMnSi. The larger cathodic ( pearlite) are-
a in 27SiMn promoted higher initial dissolution rates. During later stages, corrosion was governed by

protective rust layers; 30CrMnSi exhibited higher relative contents of protective phases ( a-FeOOH,

FE B HA . 2025 - 03 - 24
EEWB . U THYETHSERIEARE LT H (LIKMZ20220598 )
YEEZ RN . INEFR(1985—) %, Ml #d%  f4 IVR (1971—) EfEEE B, doz 10+,



58 % M

¥ I XK ¥ F Ik

% 44 %

Fe,0,) and greater charge transfer resistance. Consequently, 30CrMnSi demonstrates superior corro-

sion resistance and is recommended for applications like underground hydraulic supports.

Key words: mining low alloy steel;full immersion experiment;corrosion products

I NIRE B AR TR 0K
G TR E A, NI FEOF & 4B MR
Gy R AN E K IREE TP R S 2R BT R
Bk A AL A A 45 1 A () R
Pl 20 A R S R T T L R AR E
P A% OB A, et b e MR IR A% 5
X L3R 2 APk I H s A 25 R i R e 1 e 3 e
AR 0 A RS A A v 3 S SR A S o 52
SR A ARG, FL T A P85 v 3 8 s A7 A S A O
A A SRR B I A SR N A - S
S ORI R AR B S AR it g S 0 AR
JE e

ST S N S < o s 3 E S S |
27SiMn F4F1 30CrMnSi P FH, PIFE LS 4
WEIE A 2R &4 o0%, 1 P.C . Cr,Cu, Mo
85 3 2T AR B AR ) AL SRR (R T A A Ak
FRPESE) AR = 4B BT ES h v | fR HE T AR A
Mo X R R S DGR 5 B K MnS
e, v LIS FHZAF A UM T A RE  (FL R Ak
JE R TR A

FELUE R RS M E s R o) E
EEXT0 IR & N A AL 2R a4 Tt s o el T
WA Z | it i PERE S A, WOAS SR FHZE ALY
THUEEW (3. 5% NaCl) k{7t R i se g, i
9% 4l K R 3BT R 32 R BE 27SiMn 8 AT
30CrMnSi FAPRN D™ K G 4 4 00 6 1l AT o B )
TR I R e S 4R S s g FH v ) A B A 4
HEAKTE

1 XHE

1.1 SEIe#rst

SEEG LR A 27SiMn 401 30CrMnSi A9, Hifk
SHOTINR 1 R 2 PR, SRALUIENE SRR
AT T R SF2 15 mm x 15 mm x 3 mm AR
TR UL R5F 4 15 mm x 15 mm x5 mm [
B T Ak 2E I R R 1807 | 2407
600* 800" |1 000" BHATHT & 2 bH RS B — 3, H A
FHTEGHE o AZE A e T, K S
B eI, ¥ R, e T R &5 H

F1 27SiMn RILZER S
Table 1 The chemical composition of 27SiMn steel %

JbE%E C Si Mn Cr P S Cu Ni Mo Fe
gy < € £ s = <

.. 0.27 1.00 1.00 S
5L 0.30 0.0350. 035 0.30 0.30 0.15
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Table 2 The chemical composition of 30CrMnSi steel
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JGE C Cr Mn Si P S Cu Ni Fe
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Fig.1 Metallographic microstructures

2.2 ZRBREXW
2.2.1 JEhah I

27SiMn 4N Al 30CrMnSi PI7ERLILE 15 7
STR S R i 2R T RT3 kel B s 2
TNo BN, B R RS 4B AR SR Y
W= T () P 0 T 084 o, S 359 o k8 A 34 2
o N TSR LT < e o < W =
000 AR S, 27 SiMn AR Y BE S K
T4 S il R R 4K T 30CrMnSi A9, L AE
BRI, RN e W AR i 2 v RAUR D Rt
RN AT ol 3 B PR S S HOR T RR AN A AT
P 27SiMn A9 H B BH AR T AR L B K T
P (A5 7 B o DRI, 27 SiMin 9 78 5 90 i 3 B
Ji inh 3o B 4 30CrMnSi AR EE PR, Bt 5 9% 0 AR A
FEA Bl ) B A B M R R X R R
M 1 S22 IS B S Tk R R R TR
JER

4.0

— [ - 27SiM
s 1 —-30CtMnSiA —
g L o= 27SiMu 1 3.0
?gm 3.0 T 30CrMn 14;’8{, E
5 \: P _2_“:
§oop St =
ol e L Lg B
= I i

LOr o
Ly 1.2 4
B

0

6 é lb 1.5 2.0 2.5 3b
AL/
2 27SiMn $0FA 30CrMnSi SNTEEBLT H BB HH
EHEMERENEMKRE
Fig.2 The average corrosion rate and sample weight
loss of 27SiMn steel and 30CrMnSi steel in a simulated

mine solution
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Fig.3 The macroscopic corrosion morphologyies of
27SiMn steel after immersion in simulated mine

solution for different durations
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Fig.5 Macroscopic corrosion morphologies of 27SiMn
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Fig.4 The macroscopic corrosion morphologyies of

steel after immersion in simulated mine solution

30CrMnSi steel after immersion in simulated mine

solution for different durations
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Fig.6 Macroscopic corrosion morphologies of 30 CrMnSi

steel after being immersed in simulated mine solution
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Fig.7 The XRD patterns of 27SiMn steel and 30 CrMnSi
steel after being immersed in simulated mine solution

for 30 days
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Fig.8 The potentiodynamic polarization curves fitting
data of 27SiMn steel and 30CrMnSi steel in simulated

mine solution
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Table 3 The fitting data of potentiodynamic polarization
curves for 27SiMn steel and 30CrMnSi steel in simulated

mine solution

[—-— b,/ b./
E../V
(A-cm™?) (mV-dec™') (mV-dec™')
27SiMn & -0.676 1.413x10°° 143. 15 216.72
30CrMnSi A -0.539 5.619x10~7 104. 325 200. 43
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Fig.9 The EIS spectra of 27SiMn steel soaked in
simulated mine solution for different durations
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Fig. 11 The EIS equivalent circuit of 27SiMn steel and
30CrMnSi steel after immersion in simulated mine

solution for different durations
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Table 4 EIS fitting data of 27SiMn steel immersed in simulated mine solution for different immersion times

mffEl/d - R/ (Q-cm?) e 0, R/ (Q-cm?) Q. ~ %/ 0, , L/(H-em™%) R,/(Q-cm?)
(F-cm™?) (F-cm™?)
1 9.1 2.94 x10 73 0.85 325.9 2.79 x10 4 1. 00 185.2
2 6.8 3.8x1073 0.76 10. 36 1.86 x10~* 0.98 298. 1
3 11.3 2.7x1073 0. 81 2.40 3.27x1073 0.99 287.2
5 14. 8 6.9%x1073 0.76 348 6.97 x10 73 0.93 1. 06 x 10° 413.0
7 36.7 7.8 x1073 0.85 476 7.8 x1073 0. 86 587.0
10 8.9 8.1x1077° 1. 00 1. 60 7.8 %1073 0.82 455.8
30 11. 1 2.9x10°* 0.39 11.91 2.87 x10 3 0. 87 496. 5

&5 30CrSiMn SHIERIUF F KA R AR A E 8 EIS 30 B A& Hiif

Table 5 30CrSiMn steel for fitting data of EIS equivalent circuits at different immersion times in a simulated

mine solution

i) /d Rs/z @ _Y"z/ 0, R‘/z ©: — 1/ 0.,  L/(H-m?) R/(Q-cm?)
(Q-cm?) (Fecm™") (Q-cm”) (Fecm™7)
1 19. 69 1.2x107? 8.19 557.4 1.1x107* 1.00 504. 6
2 13.20 1.3x107* 9.03 3.25 1.2x10°? 0.96 455.5
3 20.28 1.1x107? 8.72 14.91 4.4x107* 0. 90 421.1
5 12. 69 3.8x1074 1. 00 8.28 3.3x10 73 0.84 2.13x10° 888.7
7 29.9 1.5%1073 1. 00 6.84 3.5x10 73 0. 86 957.4
10 23.2 3.9%x10°° 1. 00 4.334 4.42 x10 3 0.83 1131.0
30 10. 0 7.1x10°* 0.312 24. 1 8.38 x10 3 0. 85 1 308.0
00 i KEW TG, RV (0 ~ 1 d) , I
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Fig.12 The evolution trends of R, of 27SiMn steel and

30CrMnSi steel under different immersion times
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Fig.13 Schematic diagram of the corrosion evolution process for 27SiMn steel and 30CrMnSi steel
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