55 47 45 4 ) W g fl %K Vol. 47, No. 4

2026 4 8 IRON STEEL VANADIUM TITANIUM August 2026

LIOCLIOCLIOCLIOCLD

<’%fo9€/ /ﬁ'ﬁwda

,.“&JEEI‘J 8] X E i A Fe-4.8Zn &5 & HZA
N FEERIT AR

EN S XY

(REF TR ARIRN S 5 TRAERE, 10T KiE 116024)

O LUK E DU 1 Fe-4.8Zn &4 AR IIE, 75 450 °C R AR IRA R HEBE, RAMET T HAb
BT o R A 2L WIAHER K, O oA i fchsE B % Al R A T R . 45 SRR, R T & & K
AL R R | EHES 51k XRD 4558 BoR, SRR a-Fe WA AR 3, b HE 77 506 10 55 £ B 7 [ 0
¥, G4 Fe 5 Zn 53 Aa3d5), KKV WAITCE G o A PRI RIER, 4 b Ao B2 it e, g il
B ER, B L U % P RIS T o SRR RRAIR, LT RS P RE K . R HAAA FRI [B] ) Fe-4.8Zn & 4x (41 414%
M, 125k B B A T R HAT T4, AT Fe-Zn ] AR AT S22 R B2 S I A i

K FEiR:Fe-Zn &4 Tk B TR, PALBE; 20 41784k, T A0AE B 5 B fh =R

HESES:TG146,TQ153 THRARAEAD: A XEHS:1004-7638(2026)04-0077-08  rbame:
DOI: 10.7513/j.issn.1004-7638.2026.04.009 FRlE (RiERS) #RIRM (OSID) : 3

Effect of heat treatment duration on microstructure evolution and elec-
trochemical degradation behavior of electrodeposited Fe-4.8Zn alloy

WANG Jiawen, WANG Weigiang”

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: Fe-4.8Zn alloy prepared by pulse electrodeposition was heat-treated at 450 °C for different hold-
ing times. The effects of heat treatment duration on the microstructure, phase composition, elemental distri-
bution, microhardness, and electrochemical degradation behavior of the alloy were systematically studied.
The results showed that heat treatment improved the recovery, rearrangement and homogenization of the
microstructure on the surface and cross-section of the alloy. XRD analysis indicated that all samples were
mainly composed of the a-Fe solid solution, and the diffraction peaks shifted slightly toward higher angles
after heat treatment. The distributions of Fe and Zn were uniform, and no obvious elemental redistribution
was observed. With increasing holding time, the microhardness of the alloy gradually increased, the corro-
sion potential shifted positively, the corrosion current density and corrosion rate decreased continuously,
and the charge transfer resistance increased progressively. These results indicate that heat treatment dura-
tion has a significant effect on the microstructure, mechanical properties, and electrochemical degradation
behavior of Fe-4.8Zn alloy, which provides an experimental support for the heat-treatment optimization of
Fe-Zn alloys for biodegradable vascular stent applications.

s B #3: 2026-03-16; & [E] H #8:2026—-04—14; 5 H#5:2026—-04-16

HEWH: b S Bl st 754 (DUT25YG260; DUT24YG144)

E& B T M, 1998%.*.% BoWEE RN, B R A, FEIFE W N E M4 R MR, E-mail:
22305082@mail.dlut.edu.cn;  EEIEE: T4, 1974 4RI, B, W TIGEN, W4, EZAF 510 0 A B KL E-mail:
wangwq@dlut.edu.cn,


https://doi.org/10.7513/j.issn.1004-7638.2026.04.009
https://doi.org/10.7513/j.issn.1004-7638.2026.04.009
https://doi.org/10.7513/j.issn.1004-7638.2026.04.009
mailto:22305082@mail.dlut.edu.cn
mailto:wangwq@dlut.edu.cn

<78 - N

2026 45 47 &

Key words: Fe-Zn alloy; pulse electrodeposition; heat treatment; microstructure evolution; microhard-

ness; electrochemical degradation

0 5=

2% B e R 3l kA AR YT (Percutaneous Coron-
ary Intervention, PCI) [ B A8 3/ | 2 4t SR
JE IR EPAEE A, © BRI RIG T e 4R 20 kg
(Coronary Artery Disease, CAD) fy B F-Brz —"7,
SCHRMIAGE PCL IO IR T . A 1977 SEE Bl 1
TEEAR B BRI KA LB S0t L ke, R4 T S 2R A
W S B AR AR R I S BRI, i
PSS HRA T b 358 Tk APEAE A SR 0, < 101 R
TARN AT RES K8 MR AE . SCAR N B L e i
M BAFE I ARE . PR, FF A BB LE 58 BN A4S S
FEU)B8 5 B0 B A I B 2 AILAAR AL B T i 1t A
SR BRSO LA A S R AR Y B A S T 1) o

E AT, AT R A 0L S 20 p B R R R A2
MEREPIRIRFR . RE WA EHESR A W] Ry
P, (0835 A7 7E 12 PEBEAS 2 o ME AR AL R 2 A 3K
I AE SCPE L X PTETT Witk 22 | BRI 5 LA K
Kot =y ] SRR I A8 2 2R3 5 | & RE S [n] i, 31X
S i o o — AR L BRI T LI R, AR B
ZF, ATRE A4 R 1A S ARAE A A RE S HR L
BRI SCEE, IR B 5 50 1 M e, I
A Bk A PERE A R IR R R P
E AT, 7T A 4 1A S 2R R I B v TEE
PERCREREL =M. B0 e A B v i) i
ORI R, HRE M AR P AERE ST, LR
A7 A 55 1 4 ) A 22 ) A DG A 2 R A R ) O
S ) s BRI AEAE R P A L 1 AR AR
g 5 e R AR B S 2R R A R
U1 A W RE 2, (L HL R At sl S o A
W, A ] 76 CRASF R I AR 2 0 3 ) ] i i v L
fife TR, S Y AT R S IR ST I R

G IR BGE SEE SREE B R T IR AR o
A VR EEE T Fe-Mn fl Fe-N % & & 1K
F", X F Fe-Mn A 4210 7, Mn (4RI FLR FLAZ
ST Fe, LA Mn 54 B TRARG SR ML I
FE—E R s AR F7 2R RE" Y SR1T, Min
TR E Y 2 AT AR — P, 7E Fe-
N A4 7T, Feng 5" R E S H B FBAHA
il T AR I S 2R, 25 SR W LA SR i i e 5
Sl i i, (R BRI EEA A BR . Fh AT b,
RACE R AT A PIARAE | H5 05 12 R R RN R i

BRI A SRR A EEE L,

BT LR, MR IERE Zn /BN Fe G 41
JLE. 5 Mn ZIcEMIL, Zn BABAFHE YRR
P, H R AEDFT o iR 2 —, 7RG H & u B
BABENAEY RS N AER, Zn
HIARE R FLA (—0.76 V vs. SHE) X T Fe(—-0.44 V
vs. SHE), H5 | A Bl siUAR & 4 1 FRL A 23 1 A
T SN RRAE A A LA R R A, AP, Fe
55 Zn TR SUORNh S A PPE I b 25 S kY, R
PG sk 5 2 45 RS B AT #2214 Fe-Zn B & FEAE
— B RIME BTN — [ T, A2 SR ik e el R
FERINEE T Zn SRR Fe-Zn 547, N
JE ST Fe-Zn A A S 2RR BIIIFGY BEAE T At

T BRI, BT £ 1Y Fe-Zn & 438 %
AbTFHE TR, R U B B B B
PEA AR, JF 1T BB AERERE = 5% AR N T . HEURYY
5] Ko JRyTR B A ] J 3 e R A RRAE AN 25
Wi b4 1 24P, I8 St — 25 5 e L H 2 R fi
7R I, FERAFR AT Fe-Zn &4 )5, 5A
WAELI I J S A B L S A 2R S RS A T
AT, Dk LR AR

PAb PR TR A S A 2 S5 SRR R =
BB YA AT SRS A L A
42 | FHE S SR TE AR, DTGRP R AN
H AL A AT M P A BRI, X F Fe-Zn n] [
it LA S B8R 5, A LAY SRk BRI A S AR A
LUIDIESE: i) = CEIE S5 IS S I TR e
i, 25 S B BRI T BEAS LA | B B 1Y
AL, TR I AT AR S B SR A R A
SRR, BB Bk b FE O 1 48 1Y Fe-4.8Zn &
4 (Zn 50800 4.8%) MIFFERTER, 1E 450 C 4%
P AT AR PR IR T R SR B, RGERFGTE T AAb 3
A ()0 LR i S AR TS DIAH AR . R B A
AL B AR A T R RE R, LA A Fe-Zn m R fift 1ML 45
SCHRA R L SR SR DAL BRI ARK I

1 REFE

1.1 MRkl

Fe-Zn &4 BT AL AN 1 iR, B4,
TE = Fef P ECH 10 L DTN, R AR 4
il 7E 58 °Co BJE, AT 2h ZEK DURURAE A i %
% 500 mL HLfEAE AT DT . DR R



£ 4 4

FAC, 5 PC TR RIS EL U Fe-4.8Zn &4

AL L A~ A T A ) R <79 -

39 FH AT s P Al Bk i (43NS, RS oA 60 mm x
100 mm x 5 mm) YE N BH, 3161 N5 A (RSF N
60 mm x 70 mm x 0.2 mm)/ERBEA, B, BH TAE
AL R 11, HDTRLRT, 1 2E R A 180" SiC /b 4K
X BH A 2% T R AT T B, DL BR AR A AL s B AR
316L AN F I 5 R TG T e R T, FHRUCR H
BN 10% F1 50% BIBRIR A RO TR R 2
i ZIAb B, DA i R v v B RS P . DR A

WH LB F KM T, e B3 . e
Fe-Zn &4 & THAEW, 7 Ar PP
PEA IR SRR A ST A5 R, Sk B
JEWRE R 450 C, FHEH AN 8 C/min, SRIEESH G
B EER . AT ZREmE 1 i,

*F1 HUH Fe-Zn &3 RARK

Table 1 Bath compositions of electrodeposition for Fe-Zn

alloys
DY NER T N : H-
EP, %ﬁﬁﬁduﬂlﬂmﬁlﬂ%(}?( IEOlDM;SOIXH’ Cl\llnﬁ{,\ Chemicals Concentration/(g-L") Purity/%
F,, 18 F NaOH Fl1 HC1 ¥ 8O TR pH 1815 & FeCl, 4H,0 253.00 99.0
25235, GUBUEE AT N 10 Adm’, ki I P o
N 500 Hz, HE LTI Z B L 20 H P ton 55 MnCl, 4H,0 19.50 99.0
COff 43 S 2 S 55 1k 1) Tp PR 206 (i P 3 2 CHN O 510 P o
JE5 N WL NG F IR PR, + SRR T C4H,SO.NNaCO-2H,0 1.90 AR
e b s e b T e % vk CH,(CH,),,0SO;Na 0.10 AR
] UURRSE RS, A, A B FoK 353 vhisk H,BO, 30.00 99.5
JE21F 0.1 mol/L NaHCO, % 30 min, /5 Ff GH.O, 5.00 98.0
x2 HRAFe48Zn EEMIESH
Table 2 Process parameters for the electrodeposition of Fe-4.8Zn alloy
Parameters ton /ms toff /ms ton /ms toff /ms Ip"/(A-dm™) Ip/(A-dm?) N* N F/Hz
setpoint 0.2 1.8 0.2 1.8 10 8 20 5 500
f 0.154 06 nm) , LKl 40kV, £ 0~ 20 ¥ Z2 1 4
20/40/60 mi e BT = N N
450 - BN AT o A THARIBOA [F] P4 BRI FE S )

Temperature/ C

90 min

Time/min

E1 #ABIEZETRE
Fig.1 Schematic diagram of heat treatment process
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K FH L Ak 2 T 4F 3 ( CHI604F, CHENHUA,
China) X} & 4 B9 &) #3057 % £k 1l 28 ( Potentiodynamic
Polarization Curve, PDP) F Fg, 1k 24 FH $1 % ( Electro-
chemical Impedance Spectroscopy, EIS) #4713k, L)
TR L A 2 AT R o DA 0T A A AR T
( Simulated Body Fluid, SBF), H: EL4& 41 ji W36 3.
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(Open Circuit Potential, OCP) #a TFa g . B SCifAT
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KT EIS 5088 R Zview BAEEITIIE, IF45 4
SRR AR AR R VR L R . P T RS L R A S
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Table3 Reagents and dosages for preparing 1000 mL

SBF
Reagents Amount/g Purity/%
NaCl 8.036 AR
NaHCO; 0.352 AR
KCl 0.225 AR
K,HPO, 3H,0 0.230 AR
MgCl,-6H,0 0.311 AR
HCI* 40%*
CaCl, 0.293 AR
Na,S0, 0.072 AR
TRIS 6.063 99.8
s *FE W 1.0 mol/mLAYHCIA T, i 940 mL.
2 BERE54H
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(a) Untreated; (b) 20 min; (c) 40 min; (d) 60 min;
B2 AEMREMET Fe-4.8Zn HREH IR
Fig.2 Surface morphology of Fe-4.8Zn under various
holding times

(b) Untreated; (b) 20 min; (c) 40 min; (d) 60 min;
3 FERERIET Fe-4.8Zn HEEF IR

Fig.3 Cross-sectional morphology of Fe-4.8Zn alloy un-
der various holding times
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B4 AEFREFRET Fe-4.8Zn i XRD Elif
Fig. 4 XRD patterns of Fe-4.8Zn under various holding times
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RE AR BRI
2.4 BHEESHT
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A PRI A 1) S T 28 T v, PR R U BIR 2
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F1 60 min BF % 219, HHr, 20 min $kb BE 5 i 5 14
WA /0N, 1T 40, 60 min B A EE 4R TH 0k 2, %4k
RULHA, 7E 450 °C LA T, Fe-4.8Zn 5425t
I L 8] B B RRAE, T A7 B S Y 5
AR o PR R HE T AT B A B [ A O As
PR 56, MRIE Xu %7 (HFFT, Fe-Zn & &1
450 °C #Ab PSR PRI REIE BUE Zn 19 B2 A 4t
et IR e AT BT BUE /iR VA = peaw) | (£ 7 Fada o |
FEAERIRY, IR, 20 min AR RE (/NI T, T BE
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R BH S 3G, D03 BH AT P AR A DGR ALV E R i —
AEBASE 60 min B A E 24k 2 45 5, (B MRS,
AR AL, BATAEAE, (I KA C R H 2%

SEM Fe Zn O

() 23 ()

B 5 FREREMIET Fe-4.8Zn HEETES
Fig.5 Cross-sectional elemental distribution of Fe-4.8Zn
under different holding times

24

300

200
100 ] I
0

Untreated 20 min 40 min 60 min

6 AR{RIEATET Fe-4.8Zn BITEE

Fig. 6 Hardness of Fe-4.8Zn under various holding times
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[ 7 A Fe-4.8Zn & 4x 1E 450 °C A [] {4 i i
[T s A At £k, 38 4 50 T AR 0 HL Ak
B R T AR 4 RTAL B GRS A R SE
Fe-4.8Zn M) MHLAL E,,, ARG R —0.769 V
% IE % & 20, 40 min F1 60 min B} 1 —0.757.
—0.737 V F1-0.706 V; St IRl Eih R % 1L,
17.431 pA/em’ MR FEAR E 14.699. 13.310 pA/em’ Fil
11.804 pA/em?’, %R [ ihH% CR L 0.205 mm/a

Microhardness (HV, ;)
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SR REZR 0.173. 0.157 mm/a 1 0.139 mm/a, 54
PAh S5 F T A H, 60 min $44k 3 S Fe-4.8Zn 1)
Lo FI CR A3 SIEAR 2 32.3% H1 32.2%, %W, 1E
PR FREAH T, Fe-4.8Zn A 4 A0 HL AR 27 )83 Toh 6 i) A1
JE kgl Jy AR B, ELREE SRR R e, LS
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AR R, 561K 2 FE 3 AR S5 #kim
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DU IR, R R, HEURNY SR, &
ST 5 R = RE TR PRV S AR X A 22, R R B TR S ol
IR AR e R N Xk . e S, & 4R i
A2 0 T SR, DT
B RS B2 B A% 1 ) 45 31— e PR EE R, SRR 28U
5 A s, DI RIS 1 3 e B 0y 67 o 2% B2, )
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TEH &, DR RE i 0 e I 1., A CR.
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_12 L

Logl/(A-cm™2)
E7 AE{RERET Fe-4.8Zn 7& SBF Ak HHIHRY ih 2%

Y BLR, VPRI IR 2 HE Ak 2 S it 8 ] e 52 1) A
T FEL T R R A T B AL Rl o AR BEAE
PIZS TR AR /N, 28 20 min P FE S 25 HTR 4%
W& A5 15 K, T 7E 40 min A1 60 min 2515 F BP0
IR K, H 60 min BE 4RO, W RS IR
AR ZE, S i SOy BHATCZ i K, Ak e R 72
Z R ERRANG] . ST BHPTIRERRAE, SRAE 8(d) iR
(4 2585 L I A5 E A T L, v R, AV TR
FH ; CPEy(Constant-Phase Element) “Ay X H, 22 & #H 437
T, R AR AT FE AL L BH; W, Fom P HIBH AT, U4
BERIE 5 PR, SRR LA LSRR, B
TR I TA) ZE K, HAL fr F5 A6 H B Ry PR A $AD BECR
AT 922 Qem’ £ 1128, 1578 Q-cm’ Fll
1749 Q-em’, 3B H NN, B R A AR A &
() R, X B 558 14) S T P oy % 2 BELASHVE FH, 156 B A
AbBH S Fe-4.8Zn A 4 1A i1 HL Ak 27 F I 17 M 2
% 141 8(b) Y Bode BB EIHF— L R —#ad,
ARRAT X A | Z| (L0 7 oz e L v A5 AR BH RS RE 77, Pk 2
IRET A SEMIX K| ZIE & TR P ERE T
B4 4, I BRI 60 min B, DEHIZORES T
A Fe-4.8Zn Xif L fif £ 326 FIA J5 15 3485 (A 410 ol 4 FH ¢
it I 8(c) Y Bode FHA FH W] A1, £5KF #4135
PR B S A e e 7, DB R AT o RS A
AR FEL J2 3 R R F g A B i A s IAAb B S 5 4
Hh XA A B e HLRE 2%, B S IR A

® 4 NEhRARLHERGHEUFESH
Table 4 Electrochemical parameters obtained from poten-
tiodynamic polarization curves

Times/mi En IV Lo /(pA-cm” CR/(mm-a’
Fig. 7 Polarization curves of Fe-4.8Zn in SBF solution un- [mesmin na ) ( )
der various holding times Untreated —-0.769 17.431 0.205
N 20 -0.757 14.699 0.173
[ 8 g Fe-4.8Zn £ 4:1E 450 °C A [l (LR il
" S N . 40 —0.737 13.310 0.157
TR HALSEBEYTIE . & 8(a) AT UL, A4 A 7E = At
a 60 -0.706 11.804 0.139
X PRI — > e B S HOoIK, FE A X B0
(a) 2500 ®) 35 © o
+ Untreated — - Untreated - - Untreated
~ 2000 -20 min 730 \‘\ <20 min < 50 A% 220 min (d)
g +40 min +40 min 2 /% +40 min RE:
g 1300 +60 min S 25 *60 min 240 / 60 min j
2 = 30 f 3
E P E ” \g % 1 i:‘.‘
| P %D ) =
500 A~ 7
— A‘\;V" — 15 | 10&:;?/

0
0 500 1000 1500 2000 2500
Z'/(Q-cm?)

2-10 1 2 3 45
Log frequency/Hz

2-10 1 2 3 45
Log frequency/Hz

(a)Nyquist [&3¥%; (b) (c)Bode [&l; (d) 54 Hi g AR

B8 AERIZATET Fe-4.8Zn 7 SBF & A EIS 453
Fig. 8 EIS results of Fe-4.8Zn alloy in SBF solution under different holding times
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Table 5 Fitting results of EIS
Times/min RJ/(Q-cm™) Wo/(Q-cm’) CPE,x10*(F-cm’-s™) ny RJ/(Q-cm™)
Untreated 2431 1257 6.99 0.72 922
20 29.14 1246 3.66 0.77 1128
40 30.51 1295 2.04 0.81 1578
60 35.40 1326 2.18 0.77 1749

SEENIRR I B2 S b 225
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