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Abstract: Using the UMT-2 multifunctional friction and wear tester to test the reciprocating friction behavior of FH36
marine low-temperature steel plates under open circuit potential and cathodic protection potential with different salinities
seawater. Combined with electrochemical workstation to explore the friction corrosion of FH36 steel samples and the
change of electrochemical parameters during this process. White light interferometer and scanning electron microscope
were used to characterize the microstructure morphology and wear scar morphology of the steel samples. The results
showed that with the increase of Cl concentration, the friction coefficient decreased, but the profile of wear scar and
wear amount increase gradually, the open corrosion potential shifted negatively, and the corrosion tendency of the steel
sample increased correspondingly. Among them, the amount of wear decreased from 86.2% of the material loss to

78.2%. When the steel sample was at the open circuit potential, the wear mechanism in the low-salinity simulated
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seawater was abrasive wear, and the wear mechanism in the high-salinity simulated seawater was corrosion wear and

fatigue wear; when the steel sample was at the cathodic protection potential, the wear process at various Cl

concentrations (0~1.2 mol/L) was mainly abrasive wear. Through the quantitative analysis of the friction corrosion

coupling, it was confirmed that the abrasive wear and corrosion wear promoted each other during the tribocorrosion tests

of FH36 low alloy carbon steel. The coupling effect had the greatest influence when the CI' concentration reached

0.6 mol/L and the material loss was mainly dominated by abrasive wear followed by corrosion wear at this critical point.

Key words: FH36 low alloy carbon steel; friction and wear; marine corrosion; electrochemical; tribocorrosion

W Hh 2580 =& (R SR B AN, ok 2
BN TR TE R B 75, ST AR, 52 4 3Rl % RN Y
SR, AR OK AR IR () F, AR ™= B
FE T R A8 15 H a2 T A0 k3 1 2 M A 7E
Wb ATAT Hh AN T8 4 ) 1, R EASE S, & B AR
() A 38 1, T 9 UK ) ek 2 T R A 5 A (R AR IR A5
PE AR R0 WK P s S KR s ) B, T3
RAE T, &S SRR R, ST T
AW DX 35 BT, KB 4 RN I 7K Tl R B e AR A, &
S EUM AR R BE R T b b R IR, 5 B g B A B
J& i3 BRI G RUAR L, B 88 JEE b A B 03 A TS ke 1)
IR e e i

W 5 B P R ol D) )RR A P A2 AR, AN
/2 N AT T WA, ZhangZ VR B A I AE BEHE IS
THRG T, FEE S FEEE R, AR g 7
T T B0 s 22 vy, [ B AR 2R T 7 0 ol i A2
w27 B 2 G A, S EUEBUINR. Vettivel 2™
WL T PSR DURR B AR KT B i 15 i 5 ol 52 i,
28 1k W S TR AR B AN R, 22 it 9 A LA B
FE LAIRPEAR T N U B 7 o 32 7. Bl
AL R38O, WU B 407 1) 5 10 ik /S, P o T 5 433 1) 5
e 348 K. 7 I 7B S R A A v, 40 i T A B
IR L IE K A 30 AR A Tt 5 b ek i o v, % pE B
DR IR IR B, 7K 50K 21T PRI B R 1%
AR R, EEMF UK R, WK R B RS, AR UK
TE RS VR R AR UK RURe 5 38702 ANHEOK A 50 1) B
B ARG HE N, K ER R BT, £k R th 2 R i R
PEJE AT N 0 T B R 2K Chens ! B 90 % I v 26 Ui
TR 2 N 3E R 4 1) JBE 44 6% k. Panagopoulos 75 £
& BT T R IR AL .

T SRGT JBE R S ok ORI K 22 4 op e o Bl
& 4T RIETL, JLHRANF WG R H G4, X
B 4 )8 A 4 (10 BEHE DT A B 9 S O,
Il B AN [ 3 23 5 B T e R S U P A AR B 4% S ot
I Fe A LA D, FE T ST, AR o i B AN R
J5t 43 2 1) NaClE S PLRE /K IR 5, B 58 1 FH36/

FRARIRARIR 75 AN [7] £k 4 5 B 110 BEHE T 1o 4T .
1 REED

1.1 R R R

BRSBTS 09 2 eh [ P RN R 4%
LI A HOR (TMCP)AE 77 [ F 4 FIAR IR B, 3050
FHA9 B3 B T 3 190 e 46 D B HLAE 4R AR 1) 1) R
20 mmx20 mmx2 mm K7 RANEE, SR 280" 4007,
800", 1200° % 1500°f) /K JB& b 4% Xt 3 64 Thi 3 47 3%
AT BB, B AR 1 SR GR 85 )2 5 FH JE K iR
F BT KK AETE LS min, BN TR AN H 6T 15
TRAF#5 . A B R D A A BR A =] i HXD-
2000TMSTC/LCD % 7 20 52 WA B 1 o 44 2 1Tk
TR, A 94.9 N, JNECET [H 15 s, W 7S4M A 2 I A 3
245 HV. 3 ASTMDI1 141-98%5 i fic & C1 K & 50.34
0.6+ 0.9 52 1.2mol/L {548l /K 75 Fi .
1.2 REHE

XoF Ak 56 FH AW R Bl b B S, R 5% HNOSFI
95% o 7K L BE(HAFR 53 ) Bc B A0 Z1 Tl AR EAT
2k BT G W, SR 5 4R B SR N R
SO 2R, R FIUMT-2 TriboLab%! £ T fii /B 442 %
RIS AU HEAT A 25 8 T R P %, %o BB BRI B LA
98 mmAA MR ER (AL O5), JBE #2522 BRI AT 5 4% ik
FEE, A E BRI B S mm, AN 15 N, Ji%2 Hz, i
32 5} (8] 2930 min. % A Bruker Contour GT-1% 5%+
VOSB3 i ) B R AT D =
CXS-5TAH-118340+7 $ i, -1 % 1 B¢ (Scanning Elec-
tron Microscope, SEM)ML &2 4W ¥ 32 T T30 HE A 22
77 3R A B = R AR &R, TAE B il e Ab 2
J5 BIFH364NFE, 2t Mt o Ag/AgCIHL M, XT HLBK Y
1EJ7 R4 A rdl. 1 S IR VAN AR 30 min LA LRAIE ¥ ¥
TFH B AT RS 2 1k, DAL mV/sH 4388 SR AE M T T
% HL A7 (OCP) -300~500 mV {14148 75 [l P 2847 #% A4
LRI L. PREE A A FL ) CLR B 43 3204 0.3,
0.6+ 0.9F11.2 mol/L )i AK RAEAUAN [F] 5 B2, PR JiE
N15£3 °C. B T IETF B AL T AT RS, i T 1A



66 BE ¥ F R

43 %

B PRI HLAL (0.8 V), LAY o R 45 H 18] (14 FHL A 272 6 e
DL S T A B A7 S b AT BE R AE AR S 451 2K R B A
AL FERFFUEA T Z AR SR .

2 #ER51118

2.1 MR

M TR LU H FH3GHN AL (1 5 15 1) K I8 40
1, 715 RO 2 DB AR AR R A, T
BB S BAAF MM ES SR, FRIFREE
FEARTRIREE 4K H LA 48 1w 10 et AR o B35 R By 6 B
A AR IR A FH3 6 B T2 5oy 51 F 2 1o, F 7235
2 Mn 7T &K AR BN T 1.5% 0078 S 4Rk ok
VERT, o pRHMRIEIIPE™, Bd &0 BNV TR
T B 400 ) B A 5 B, T Al N TR BRI Ak 2 A
fehE, F SRk AR .

Fig. 1 SEM micrograph of metallographic structure of FH36
steel sample
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Table 1 Design chemical composition of marine low
temperature steel FH36

Element Mn Ni Cu Cr v Pb Nb

Mass fraction/% 1.32 073 022 0.17 0.17 0.06 0.03
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Fig. 2 (a) Friction coefficienttotal and (b) mass loss and average friction coefficient curves for FH36 steel
sample in seawater with different Cl concentrations under open circuit potential
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Fig. 3 Open circuit potential of FH36 steel sample in
seawater with different salinity
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Parameters Static corrosion Tribocorrosion
0 0.3 0.6 0.9 12 0 0.3 0.6 0.9 12
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Fig. 6 3D graphs of wear scar of FH36 steel sample in seawater with different salinity: (a~c) under
open circuit point; (d~f) under cathodic protection potential
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Fig. 8 SEM micrographs of wear scar of FH36 steel samples under different salt concentrations:
(a) under open circuit potential; (b) under cathodic protection potential
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Table 3 FH36 volume loss data table in different salinity seawater

Concentration of CI’ T/em’ WO/Cm3 Co/c:m3 AWC/cm3 ACW/Cm3 Wiem® Clem’
0 mol/L 1.3 0.93 0.11 0.19 0.07 1.12 0.18
0.3 mol/L 1.57 0.99 0.16 0.34 0.08 1.33 0.24
0.6 mol/L 2.02 1.17 0.21 0.37 0.27 1.54 0.48
0.9 mol/L 2.53 1.75 0.26 0.25 0.27 2 0.53
1.2 mol/L 3.39 2.58 0.23 0.07 0.51 2.65 0.74
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Fig. 9 Friction and corrosion coupling action factor diagram
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Table 4 Table of Leading Factors in the Coupling of
Friction and Corrosion

Concentration of CI 0 mol/L 0.3 mol/L 0.6 mol/L 0.9 mol/L 1.2 mol/L
ACw
AWc

0.37 0.24 0.73 1.08 7.28

1.2 mol/LI, Job B 45 & 43 ) 7 1. 86.2%F178.2%, & Ji
A R 5 L 13.8%F021.8%, AT L BEHRIA 2 44 L 45 2k
FESES iAW

3 ZEig

a. FH36HFE 7 A [ #h FE A AU 7K v, Bt 36 C1K
FESEN(0~1.2 mol/L), BEHE REUK X FEAR, (H3Z B kA
FHTCIRE A FEA, B TR 0 LA BRI K B T 4 K

b. 7E [F] 25 B BRI K, BT AR OR 4 HLAL R 1Y
FH36HAFE B 401 /N TR % F A T B & b T %
FELAE N, AEC R BE R /K Hh B AL ) A B L B i,
b FEASADLI /K v BB AL A1) g JE3 e S A0 R 57 S 405 Adb
T B AR5 H LB, 765 FHCL IR E(0~1.2 mol/L) R i
AL ) 8 DA B L B 450 .

c. JB ik AL 5 SR B, AN T i FLA 2 B CLIR
FEIEAN(0~1.2 mol/L)Tfi 51 5%, 38 K 1 AW HE (14 J65 A ).
U JRE P O sk R A S ol P B PR L A ek N RO
Ut TE BE BRI i S R, B R A B ).

d. PEYETE R G A F AN B CTk BE 1R AS W7 3 n
(0~1.2 mol/L) TG ¥4 1, 4 CI K& 0.6 mol/LE #5451
R38R, HNEERR R K R, EEEER N
F, R RIR .
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