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Electrochemical Properties of Tool Steels in Phosphate Buffer Saline Solution
Zhang Zhiying"?, Yue Shumin', Gong Yanlong', Yang Xiao', Chen Tao’, Zhang Qinyi'*
(1.School of Materials Science and Engineering, Wuhan University of Technology;
2.Yangjiang Alloy Laboratory; 3.Xiangyang City Ligiang Machinery Co., Ltd.)

Abstract: The corrosion and electrochemical properties of several tool steels, including 4V, S35VN, 14C28N and
BDIN, in phosphate buffer saline(PBS) solution were investigated by potentiodynamic polarization tests, electro-
chemical impedance spectroscopy(EIS), optical microscopy, scanning electron microscopy(SEM), energy disper-
sive X-ray spectroscopy(EDS) and X-ray photoelectron spectroscopy (XPS), and compared with austenitic stain-
less steels 304 and 316L. The potentiodynamic polarization results illustrate that passivation occurs in all speci-
mens, indicating desirable corrosion resistance in PBS solution. EIS results reveal that the electrode process is
controlled by electrochemical reaction steps. Spontaneous corrosion potential E ., of 4V steel is the lowest, which
is —0.766 Vs s while corrosion current density J ... is the highest, which is 6.61X107° A/cm?, and capacitance
arc as well as the sum value of passivation film resistance R; and charge transfer resistance R, are the smallest,
where the latter is 1.00X10° Q « ¢cm?, leading to the worst corrosion resistance. The sequence of corrosion resist-
ance is presented as follows: 4V<US35VN<C14C28N< BDIN<(304< 316 L. Localized corrosion occurs in all the
tool steels in PBS solution. Cr content in 4V steel is lower, resulting in the poor corrosion resistance, while that
in S35VN, 14C28N and BDIN are high, contributing to the stable passivation films and desirable corrosion resist-
ance. The high Cr and Ni content in 304 and 316L austenitic stainless steels is helpful to the stable passivation

films, giving rise to excellent corrosion resistance.

Key Words: Tool Steel, Phosphate Buffer Saline(PBS) Solution, Electrochemical Properties, Corrosion

L A B BE R B R R LR A A AR, B JE A AR . BRI B R L B Si
A — BBV R AT Tk vk AT T AR A B PR AR AR TR BE 4R . 30Cr 13 I R AR R 7R 3.
PEREE i B JTH T T A FEHUAR i 3 45 45 5 0 5% ) NaCl 75380 (o i 65 il b 42 e . R e 605 F ot 3%
Rr-zte. BEMRMIE T T EMNE NaCl iE )+ w BN 0.034% MR G Fi - La Fl Ce &35 T Crl13 5
Wt HH7:2022-11-24
EETH: HEARFAIEESRITH (51502229) 3R TR ML FHIF IS 33 4 9 )30 H (471-40120189)
E—EEB A KAWL, 1977 AR 2, i8I (430070) , E-mail ; zhiyingzhang(@ whut.edu.cn
SRR IR RN, H R BB O . L RV TE B IRR R 22 vl P i e A A MR AR LT DL AR RN B R A A 4. 2023,43(9) ¢ 1 162-1 167,

ZHANG Z Y, YUE S M, GONG Y L, et al. Electrochemical properties of tool steels in phosphate buffer saline solution[J]. Special Casting
&. Nonferrous Alloys, 2023, 43(9):1 162-1 167.

1162




T LA W TR A 2 o L TR S P E

G 5

[CR AR B NAE 3.5% 1 NaCl % 1 Hh i T 68 o 1 L 25 4t
SRR, 8 2 B0 R I, WANG C G
SRR T W IR A+ La R Ce 2R AT S 1Y
13CrdNi B R AEENFAE 0.1 mol/L NaCl 5w T g
PR AL 2= MR RE . 25 SR VR N 0.021% ) La Al Ce
Ji & 2 1 B0 BRI TR /N T A e R 4R . E R
LT BE ST F B RN 1.5 % (9 Nb 38 25 1 4 J8 v 5 B
420 ANEENALE 3.5% 19 NaCl ¥ (0 i 5 it . AN-
WAR M S %M HF 5% BRI 3% B9 Mo Il Ni 42 &
T 13Cr B [RAR KRB MNTE 3.5 % i) NaCl ¥ % 1 i g
Pk, MABRURI E 2" B 5 % 3, 0 3% A Mo 2
BT 410 B RAR B AILE 3.5% 19 NaCl 3 W b 14 T 55
Pk, NATH S D & 5l o sl B (v i A s 098 1 30k
B3 PRI fl (Laser Powder Bed Fusion, LPBF) 3 k4 i 3
FARRIGH 420 AW, 45 R BR800 1.2% B9 Nb
F10.57% ) Mo J&  NEENLE 3.5 % 1) NaCl 5 3 i it
JE i R . KOCHTA F U iR3E 4 3.5% (1 NaCl
VMR 0.035% (1 NaCl % ¥ H . il b LPBF $ R 3815
) Fe85CraMo8V2C1 T HANHFE b 85 S At B A B 4f
(o T 5 ke

K FRRIE A S e A W 5 4 3R B b B T ok A0 Rk o
PERE 09 BF ¢ A > & i dES07Y ., BIDHENDI H R A
SECU O 1 AR AL BT T 3161 A EEAIME Hank s
VTR B B kR L Ak MR . HUA N B %8738 5 3
B AL I 58 T Feyy Cop Cris Moy, Cis By Y. JE & 4
3161 A 85 44 76 B 1R 3k 2% w7 (Phosphate Buffered
Saline, PBS) (1 J& il Al B fL 22 PERE . 25 5 B ke
Bk el R RAF AT k. PRATAP A 407
K sh HLf7 # 4k ik BF 98 T Feyy NiggCry P B
Feg; Cois By St AE b & 4 #F PBS ¥l A T HE R L A T Il
H AN Hanks 5 ¥ 1) H8 Ak 24 P BE %% B Fes; Nigs Cry, P2 By
NSRRIV OSSR o L N 191
L, YUE X Q S8V R 58 26 B, R 6 6 14 0k
54k (Selective Laser Melting, SLM) T. 25 & ) 3161
REEHIAE PBS ¥ W 14 i 768 bk A T 4B 3161 AN
B E con B T cone B/ AL X9 B K, 2R BTN A2
TRk, AFMAMUN N S 27 40 45 5] 7 4 [ 45 8 .
MAN C S5 il 1 e SRR i b SLM il £ (1) 3161
NGB LA L B e kR T 1 T S el a5 el e £
B R PUIRE AR A, f AL LI 507 B 2 B oG,
LB . GAWAD S A ZPVHFSE T 3161 A4 L
N BT HATGOKRE-H S AR Z ) 3161 RN 7E
Hank”s 75 ¥ 109 J6 il AT L fE 2 M B . GUDIC S 4§
WF5E T 304L.316L I 2205 AN4E 1L PBS ¥ i 1Y %
T AT Al 24 M R R T i dE 304 L<C316L.<C2205 A

B, WANG X Y Z50F58 T 3161 A 4589 7E PBS
VTR0 1 ok RN AR 2E PR RE

AW 38 13 3l 7 AR T H AR 2 B B S (ETS) |
2 B COMD (14 L 85 (SEMD | B35 43 #f (EDS)
X L6 T REE (XPS) BF5F T 4V, S35VN,
14C28N.BDIN T HAXTE PBS ¥ W H (9 J5 b F L 4k 2=
PERE . JF 5 B IRIR AN 854K 304 i1 3161 AT XF b, B 7E
3 AR A W B A T R R 5

1 KE AP

4V, S35VN, 14C28N, BDIN T. H.4% L &% 304 #I
316L W R W L2 i Wk 1. FIH QG-1 4
R FE DI RN HLHE SR DT HI A 5 mm X5 mm X4 mm )
BURE R P ARAT B i, — TR AR T 4 £ 5 5 B S0 i
[ 70 R A T R 4ok B 28 10 AR TR AR 200 25 mm® . R
600.,800,1200, 1400 5 @ 4L K #T %, FI A 2.5 pm,
0.5 s W A7 41 50 7 #E 47 0 ' JH I RS 3 08 OF It T
PBS ¥ W ) il 43 8.0 g/L 19 NaCl+ 1.44 g/ )
Na, HPO, +0.24 g/L f§ KH,PO, +0.2 g/L {#§ KCI,

x1 6 MWMHBILERS

Tab.1 Chemical composition of six kinds of steels %

e wa

i Cr Ni V Mo C Nb Si Mn N Fe

4V 5.40 4.28 2.91 1.35 - 0.80 0.40 A
S35VN  14.0 3.00 2.00 1.40 0.5 A
14C28N  14.0 - - - 0.62 - 0.20 0.60 0.11 #AH
BDIN 15.0 - - 1.00 0.85 - 1.00 1.00 0.10 A&

304 175 8.0 - - 0.07 - 0.75 2.00 i
3161 16.0 11.0 - 1.80 0.03 - 1.00 2.00 0.10 At

it CHI660E Hi 4k 2% T2 1F vl 9 47 B Ak 24 o GE
K. R 3 AR ZR LR H 7K B A (Saturated Calomel
Electrode, SCE) b2 H L - A1 85 2y X HL# , 15UFE 0 T
P E e, I 75 W PBS ¥ M. 7E JT 8% HL A7 (Open
Circuit Potential, OCP)Fa 2 60 min. #& 5 #E47 30 1 iz
WA 3, G A B o — 1.5 ~1.5 Viep» i %
40.33 mV/s, WE H3I REE. A OCP #17 EIS I
R (S S BRI N 5 mV B IE LUk, ik 10 2
~10° Hz, M| A Zsimpwin #4 3 % F G 3 11 56 H J% XF
RT3 AT 805 . i@ 3 Olympus-BHM 363U A5
2 0 I B W %% Bl H A AR AR TR S Y kR TR 3. A
Zeiss Ultra Plus ¥ & S F 4l i 5 . X-Max 50 &I X Hf £k
BEIEAL AT ES-CALAB250Xi # X 548 % v 1 B 1% (X 3
17 SEM.EDS # XPS 4347 .

2 RBER55H

2.1 FHEAREMLER
6 FhHIAS AE PBS #5980 (4 3l o A% Ak il 2 DLIE] 1.
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Tab.2 Potentiodynamic polarization results of steels

in PBS solution
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Fig.2 EIS results of six kinds of steels in PBS solution
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Tab.3 EIS analysis results of steels in PBS solution
ol R,/ Yoi/ R/ Yoo/ R/ Ro.+R¢/
Bk 2 1 2 n n 2 1 2 4 0 ne 2 2
(Q + cm?) (Q 'eem ?es™) (Q + em?) (Q 'eem 2 s (Q + em?) (Q + cm?)
4V 12.5 2.01X101 0.807 6.62<10? 7.31X103 0.915 3.39X10? 1.00X10°
S35VN 15.0 5.16X10* 0.732 9.68X10° 1.89 <10 * 0.811 1.07X10° 1.08 X 10*
14C28N 19.0 1.27X10°* 0.831 6.52X10* 1.82Xx10* 0.991 8.64X10° 7.40X 10"
BDIN 15.9 2.05X10* 0.816 6.03X 10" 2.54 X101 0.947 9.28X10° 7.00X 10"
304 19.5 2.45X10* 0.704 81 8.89X10° 0.886 1.11X10° 1.11X10°
3161 20.2 2.53X10* 0.677 43 3.87X107° 0.857 2.41X10° 2.41X10°

SR A2 F /0N o i Ak BB oL BEL R PR e R B LB Z F R+ R,
/s 1.00 X 10° Q » cm?®, 32 BY Tl Ji§ il o4 B 2%,
S35VN W 2, 8K J5 J& 14C28N 1 BDIN, — F ik,
BDIN iy K. HHMFERL & R, +RMH, 4V
S35VN, 14C28N<BDIN<C304<316 L., & B 1iif J&§ fobt 2
TR 4V<S35VN, 14C28N<BDIN< 304316
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Fig.3 OM images of six kinds of steels after potentiodynamic polarization tests in PBS solution
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Fig.4 SEM images and EDS results of six kinds of steels after potentiodynamic polarization tests in PBS solution
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