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Abstract: CuSn8P alloys, which are used as important materials for the transmission of engineering machinery equipment,
operate in environments containing corrosive media. During its service life, it is required to have high corrosion resistance.
Thus, research on its corrosion behavior and corrosion mechanism holds significant engineering significance. In this work,
the corrosion behavior of CuSn8P alloys with different organizations in a simulated seawater environment (3.5 wt.% NaCl
solution) was investigated via electrochemical corrosion tests. The microstructure, polarization curves, impedance spectra
and corrosion morphology of the CuSn8P alloy were analysed via OM, XRD, SEM and other characterization methods to
explore the corrosion mode and mechanism. The results show that the as-cast CuSn8P alloy (CuSn8P-CS) consists of dendritic
crystals composed of an a-phase and («a+9) eutectic, and the CuSn8P alloy in processing state (CuSn8P-PS) consists of an
equiaxed a-phase and deformed twin crystals. The corrosion current density of CuSn8P-PS is low (2.596x10° A/cm?),

and the corrosion potential is high (-0.943 V), indicating good corrosion resistance. Pitting corrosion mainly occurs in
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CuSn8P-PS, whereas uniform corrosion occurs in CuSn8P-CS. The corrosion products are Cu,O and Cu,(OH),Cl, forming a

Cu,y(OH);Cl+Cu,O double-layer protective film, which endows the alloy with excellent corrosion resistance.

Key words: CuSn8P alloy; microstructure; corrosion performance; corrosion mechanism
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1 CuSn8P &4 XRD
Fig.1 XRD patterns of the CuSn8&P alloys
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[5l 2 CuSn8P 4 44141 . (a) CuSn8P-PS; (b) CuSn8P-CS
Fig.2 Metallographic structure of the CuSn8P alloys: (a) CuSn8P-PS; (b) CuSn8P-CS

2.2 CuSn8P &£ KB

¥ 3 &y CuSn8P &4 A fb il £k, i@
XA Ze i AT o0 A, AT AR B AR R A2 B
JE ot B A (Boorr) « IV JES 0 B J0E %885 B35 ([ ) 1 A 01 FEL A7
(Ey), IR HABE G T3 3 W 1 Ioh H AV (B ) R R
TORPRHTE B AR ak R 45 T SO v e A JE ol R X ) R FE
I ok P, A7 8 8 R LB S A AR AR AL . AT
ol FL 2 R S R T A ok s g e R LN G
FH A I8 o 2 07 B0 ol rL A7 A Ay BH AR B Ak 1
25 1 F A R K A7 X 0L R RS, L e 1
PERH s R RE Ry, R 3 53% 1 Al %1, CuSn8P-PS

€l 3 CuSn8P & 4 i Ak il £&
Fig.3 Polarization curves of the CuSn8P alloys
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Tab.1 Self—corrosion current density, self-corrosion
potential and pitting potential of the CuSn8P alloys

Material Lo/ (A - cm?) Eeo/V Eq/V
CuSn8P-PS 2.596x10° -0.943 -0.380
CuSn&P-CS 3.786x107 -1.023 -0.411

B I, /DT CuSn8P-CS, } 2.596x10° A/em?, H. E,\
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Fig.4 Impedance mapping of the CuSn8P alloys

A (CuSn8P-PS) T, # 43 DX 358, Ji okt j™ =, 1717 #5543~ [X 35,
JE AR | BB R B AP X S TS H AU AR
B 5y A (8] 2a), CuSn8P & & 7E i Tid b 47
A X AR T O, kL P 7 A B 2 I R R A
T AT AR AR DX SR8 S /0 | R Y T 8 28 L 8L
HLAZ Ak IR B o DX I 5 T 1) (2% T R 45 ) Y
R 3R A JE T A R B AR T, A2 T8
R X B kT AR R /N 8 AR DX B el
LEDOEZEE IS L P NS o Res FIE" SO o 1975 0 T8 73
DA AR AT O B 2%t BT RE 300, OURLAR 4 J68 k7 4y AT 2R
3 AT R 72 i TR [ 3 AT RE S H T S (R

T ) e JE ot B 50, R AT ot A B AR (B2 o P ) B
Syl & Sb R (CuSn8P-CS) Y JE B 4, it
ROIR BB b= Yy S s A B e SRR, A D
BREEEME S EREE, R HIURS M4 N

(& 2b) , J& Bt 8 ik 7= ) 5 77 A T R B R T
WY, R X SR AT S — 28 4 B 8 ik ™
YA R, B 6 R A R 4141 0B 5 8 BlUS i) XRD
K, 454K 6 Mk 2 nl %0, 7 CuSn8P-PS itk Ji§ il
FHEAI B EF BRI A TR MAITTE, W
CuSn8P-PS 19 JiF 1k 2 JZ A% . 7E H XRD K% (&
6a) AL Cu,0 AH AR & A B A, R
CuSn8P-PS 1 JiF ih 7= ¥ F %4/ Cu,O, JFA &
Cuy(OH):Cl, i CuSn8P-CS 1 frit 5 [ k6 I 5] %5 v
FHRNATTEMATE, UL CuSn8P-CS 11 )i 1
JERGE . 7EH XRD EE(E 6b) &I 3 Cu,0 A5
Cu,(OH):C1 A, 5 CuSn8P-PS 4 JiF i =4 th Cu,0+
Cu,(OH),Cl £ i .
2 CuSn8PA S IE =ML 2 5 4
Tab.2 Chemical composition of the corrosion products of

the CuSn8P alloy
(mass fraction/%)

Element Cu Sn O Cl P Total
CuSn8P-PS 8198 14.57 2.79 0.06 0.60 100
CuSn8P-CS  83.06 8.28 4.93 3.41 0.31 100

1 9498 2091 1.60 0.46 0.05 100
2 89.27 931 1.10 - 0.32 100
3 8497 627 4.85 3.76 0.16 100
4 81.81 9.83 591 222 0.22 100

7 A CuSn8P &4 /@ AL /R = E, JE =y
A RS Tl S s VA G, 254 16l 5 AT HT, CuSn8P-
PS 5 CuSn8P-CS A9 J& i 7 XA [A] . CuSn8P-PS fY

Pl 5 CuSn8P 45 4 19 i JE 4 : (a) CuSn8P-PS 1K1 ; (a,) CuSn8P-PS J&# i K ; (b) CuSn8P-CS filAi% ; (b)) CuSn8P-CS Jj it
Fig.5 Corrosion morphology of CuSn8P alloy: (a) CuSn8P-PS at low magnification; (a;) CuSn8P-PS at high magnification;
(b) CuSn8P-CS at low magnification; (b,) CuSn8P-CS at high magnification

https://www.cnki.net



o [ %01

CHIER A N12/2024

FMIL,F EIEKIREH CuSn8P § & A E ALK B HMITARR

«1129-

5 6 CuSn8P & 4 Ji i1 XRD &4 . (a) CuSn8P-PS; (b) CuSn8P-CS
Fig.6 XRD patterns of the corrosion surfaces of the CuSn8P alloys: (a) CuSn8P-PS; (b) CuSn8P-CS

& 7 CuSn8P & 4 By JE ML HU/R B8« (a, o) FIIAR A 5 (b, ) ALK ;(c, g) FiMLIX 5(d, h) i flifk X
Fig.7 Schematic diagram of the corrosion mechanism of the CuSn8P alloys: (a, ¢) initial state; (b, f) activation region; (c, g) passivation
region; (d, h) over-passivation region
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