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Study of the Properties and Microstructures of Biodegradable Zn—0.5Sr
Alloy for Biomedical Use by Different Ultrasonic Time Treatments
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Abstract: To enhance the mechanical properties of biodegradable Zn alloys used in biological medical applications and
simultaneously ensure that the corrosion rate meets the requirements for implantation in the human body, the impact of
varying ultrasonic treatment time (0, 2, 5 and 8 min) on the microstructure and properties of Zn-0.5Sr alloys was
investigated at a constant ultrasonic power of 600 W. The results reveal that reducing the ultrasonic time to 5 min results in
a decrease in the size of the primary a-Zn and SrZn,; second phase to 87.24 and 35.01 wm, respectively. Additionally, the
tensile strength of the alloy increases to 118.93 MPa, and the elongation increases to 1.32% . The results of 15-day
immersion corrosion experiments show that the corrosion rate of the alloy without ultrasonic treatment has the lowest value
of 0.046 mm/a, and when the ultrasonic time reaches 5 min, the corrosion rate of the alloy increases to (0.085+0.003 1)
mm/a. The electrochemical experimental results show that the corrosion rate of the Zn-0.5Sr alloy after an ultrasonic
treatment time of 5 min increases from (2.340+0.159) mm/a to (5.207+0.354) mm/a.
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108 GPa, i T-FE b K451 BA B AN ML 451
ONTTIEHERY), #5 ali ey 1y 12 M RE AR g il 2 A
P W 14 I TR 2 3K (Jeft B 3 2 >200 MPa, £ FR 47T
FI58 FE>300 MPa, Wi 2K #>15%~18%)>, H i
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1.1 6&H&

I& i Zn-0.5Sr A & 1 J5 KR 4l Zn(>99.99% ,
R, T ) 4l Sr(>99.99%) , il % #5745 Zn-0.5Sr
A4, LT PR H AR OGS B 1Y Zn B SroBe, K
PR B R B I A B T BE 1R A R 650 °C L REREIR
FEA SR TR S A A BF I A 2 i
frog ik HoAng 2 580 CHT A1 30 min 4 458
5 BEE I C.Cls A Hk 10 min, 454 4 WG
T o S TR IR 450 CCHF, K PR Sk TR
200 C i AERE T T 1.5 em 247, 76 600 W )
T AR BEAT 0.2.5 A1 8 min 4 48 75 kb BE B
Jo W 4 B R B R AE B TS 4 B [E VR A
Je 8 HBCH S 2R AT G Gk 4L SRR ok 8 4 A
1 Rt ICP 43 B4R 14 1 Zn-0.5Sr & 4 1y k2%
BT o

R1 Zn-05SrE € ULEHR S
Tab.1 Nominal chemical composition of the Zn-0.5Sr alloy
(mass fraction/%)

S Sr 7n

Zn-0.5Sr 0.47 Bal.
1.2 WA LRRIE

AR B 800#,12004.,15004#,2000# 300045
CATES 5, P I SE AL | IF VR EE R 5% 11 il
R TR 5 TR0 Tl R 4~7 s, SR DG 2% BB 18R (Axio
Scope A1) Fl 3 HL + &8 73 5% (FEG-450) WL 4% 4= #H
T FE R Tl = 9 B SOV T S0 5 T XS 4R A S X
(D/max-2400, XRD) i & ik AN [l 8 7 Dy 22 40 211 &
SR FEIEAT P AR 34T
1.3 7 i g8

8 P 7E Hank's SV B AT V208 W 1 43
W 2 Fros , KRR AT BSOS i A4 Hank's ¥
W (pH A 7.4) Wil 48 1 & T 37 CHE AR ThiR il 15
K, IFEE 48 h B4 — R . A i 2218 LS I A
FUZ R 1 em®25 mL, =58 5, B B 5 i ve
T, P BB A X G AT S ASORT S ol AT 43
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Tab.2 Composition of Hank'’s solution

Components Weight/g
NaCL 8.00
KCL 0.40
CaCL, 0.14
MgSO,- 7TH,0O 0.20
Na,HPO, 0.06
KH,PO, 0.06
NaHCO; 0.35
CeH,,06 1.00
CpH10sS 0.02

M. SRJ5 M 200 g/L % CrO; 1 10 g/L 19 AgNO;
B AV WO U R PR T DR S min JE LT, BRETE
PGS R, RIS ASTM-G31-72 T8 & 4 1
J o % % (corrosion rate, CR):
CR=(KxW)/(AxTxD) (1)
A, W K=8.76x10° mm/a, W KR K ,g;A
b % 7% T Hank's ¥ W A FE 1 AR, em?; T R = 0 B
], b D IR R AR B g/em®, B e A4
FL A UL 2% 5 1okt 5 P BROUR T 350
MR AE A 10 mmx10 mm @9 E F T, KRR
B R RN 22 R B e — R, T R A HEK
FELRES RG] 800412004 ,1500# .2000# 30004
AR IRAE AT I ) T 406 . 71 Parstat2273 Hifk
ST ARG A AT B AL S5 Ak il 26 4 A
HE = W R, TAERACNEES &, B i
IR, 2 e R R i R H R LR, WAk il
HAE 37 ‘CF Y Hank's W P UEAT, LR AT SGaE AT
10 min (4 6 HL I, % R A R e Je B A T BT

T W 35 B 100 kHz & 10 mHz, #8818 18 K
SmV,# BB 5 s, i a L -2~0 V Ak il £ 1)
VT, HIEE N 1 mV/s dEFTH Ak il 23R
B & 1 H Ak 2 8 ok B R AR 5 Tafel 4 2% A br i
ASTMG102-89 5., FF4L#E# 3 A FA7HE, K25
SEBCF- Y

2 KWHERKITIR

2.1 AREBAEREX Zn—-0.5Sr & &/ AE LK

B 1 FE 2a 2051 7E 600 W TR T, Ll AN
[vi] B[] 68 75 AR B Y Zn-0.5Sr & 4 SO 20 20 R 349
BRSE . A B 1~2 W LUK B, Bl B ]
i, Zn-0.5Sr & 4RI A o-Zn B SRR E 2 A B
B, R La AT 0L JOBE R AR BRI G AR — e R
SRR B Y511 45 il i AL 20 W0 AR o-Zn BT R
A0 SrZns BY &R R ) o 127.33 i1 80.37 wm, &t
2 min B A LS S SRR N E] 107.23
F152.07 wm, QAL 1b Frzs o BfE 8 A I (8] 2k 2238
F| 5 min,Zn-0.5Sr & 4 1Y 1 ¥ & okn RO i — 20 4
b, W14 a-Zn A1 YR A SrZng; 2308/ 3) 87.24 F
35.01 pm, £ 1c Pl DI EF o-Zn MNEKR
T A A AR S TR AR /N A AR ST SR X
A (] 35 3] 8 min B, 51 1c #H b, 014 a-Zn A1 K
AH SrZngs 1 df R ST IR GR35 T 98.01
51.22 pm, Qi & 1d frzs o Bt nl DL HY A i 1] Oy
5 min B Zn-0.5Sr H 0] 4= a-Zn Fl IR AH SrZn;;
AR AR

[ 2b A AN [ 8 75 B[] Zn-0.5Sr A9 XRD & 3% .
R RFE L AN [F] S RN Zn-0.5Sr & &P & s

1 [ 75 B ] 9 Zn-0.5Sr /5 4x OM &4 : (a) 0 min, (b) 2 min, (¢) 5 min, (d) 8min
Fig.1 OM images of Zn-0.5Sr alloy treated with different ultrasonic time: (a) 0 min, (b) 2 min, (¢) 5 min, (d) 8min
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[ 46 G Wy AR B 2R 3 A IR 28 >Rk T EDS BB XF
G A& TICRIAT TP AL a8, W 3 iR,
i M TT R B o AR AT AL, HLBORAH B Zn A
Sr CE AR, I, TR A EDS Fl XRD Kl
SRR S AR R A StZngs (6B

WI'E o-Zn F1 SrZnj; AH A 40 AL 2 B T8 7 Ab B
A R 1 23 A I S L 80y S R VE T A 45 2R 0, Xt

Tl S G R AR R SR A R AE T, BOA
T A AR 2 A TR B ik
i e A A A R A R A GRS R R v
[ 2 W e R URL LD N P R S ata B
gl R R AR R R AS A RO T R b i 0K 2
20 L AR IR I BT I S O A% O A
TR AN [, P A0S 384 1 R B

Pl 2 AN FE E ET Zn-0.5Sr & 4 PRI A a-Zn AL A SiZng, 1B RSE & XRD Bl : (a) T3 ki RT (b) XRD &l
Fig.2 The average sizes of primary a-Zn and SrZn;; and XRD patterns of Zn-0.5Sr alloys treated with different ultrasonication
durations: (a) average grain size, (b) XRD patterns

3 EFEETE Smin ¥ Zn-0.5Sr &4 1 EDS 447 : (2) K FEI1&,(b) Zn 7T E ,(c) St 7T % ,(d) A 55387, (e) B 1Y #4347
Fig.3 EDS analysis of the Zn-0.5Sr alloy sample after ultrasonication for 5 min: (a) SEM image, (b) Zn, (c) Sr, (d) point analysis of A,
(e) point analysis of B

DO TN il o8 N SR Ren B = ) || W 22 NG SR S 8
¥ R BB A R T ROW 2 2 A Ak

Kl 4 J& AT 17 A [6] I 8] 75 4b B Zn-0.5Sr
B A AP hL o BE AR Rl ETRT N R 28 88 7 Ak
PRI Zn-0.5Sr & & 1Y o B 5 B R R 4 Bl
77.83 MPa H1 0.26% ,3X & H1 T SrZny; AL ZAE 7 2R
BOES g B AR B StZn; AH 237
EI S FEAR Zn-0.5Sr B4 1Rk fE . 4
7 IE] 4 2 min B}, Zn-0.5Sr & 4 W0 F7 35 A
KR4 92.57 MPa 1 0.85%, -5 A< #8 75 40 3 1)
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Fig.4 Ultimate tensile strength and elongation of Zn-0.5Sr alloy
treated for different ultrasonication durations

http://www.cnki.net



-1120-

FOUNDRY TECHNOLOGY

Vol.44 No.12
Dec. 2023

G xR LB P B AU 3R 4 0 B R T 18.93% Al
226.92%. 23t 5 min B AL B A A TR A AL
KRG FH #0510 118.93 MPa il 1.32%, 54
A 7 A B A R EL BT R AT R A R T
52.8%F11 407.69% , 475 B (]34 N 2] 8 min b, Hr
55 B AL R A3 514 96.63 MPa il 0.99%, 5K H
FA MY Riom MM RESHEET
24.16%%11 280.77%., Zi b ik, 5 B2 5 min
i, Zn-0.5Sr A 4 B B0 7 5k BE A K S5 48 TR i
U 1R RR I 25 R UL B W14 a-Zn YK
SrZny, R @B/ N3 A (9 4 504k, & SRt
i b B A TR 4 HOOE 8 2 09 R N 64T, BN TN
WA TR TE T Zn-0.5Sr A4 0 J12# 1k fE
2.2 ARBHEREX Zn-0.5Sr & & & MW iEaE 20
221 HALEE M

5 R 28 AN R R 7S I ] AR Y Zn-0.5Sr &
S4B Sa it R [ HE S I )
(0.2.5.8 min) [ Zn-0.5Sr & 4 1 Tafel b i £k .
eI ISR ) R VAN R R R e oY
MR S5 A8 S RN 3 nHL, Zn-0.5ST A 4 11 )5 ik
FL 07 it 7 R P ) SR G I SN S G, AR AT
ALY, Zn-0.5Str & &1 Eo, 4 -1.017 83 V; 4
A N E] 2.5 F1 8 min B, A4 A4 bt e 57 (i
Iy BI3EF) -1.026 97 .-1.475 90 .-1.026 38 V., 155 3
AL, B R R I B PR R B YKCR ¢ 5 min
(3.075x10* A/em?)>2 min  (2.714x10* A/cm*)>8 min
(1.785x10* A/em?>0 min(1.382x10* A/cm?), ] W, , 4
1t 5 min # AE B Zn-0.5Sr 4 4 Y8 il L 3 9 B

K3 In-05SrEEBUERUSH
Tab.3 Electrochemical polarization parameters of the
Zn-0.5Sr alloy

Ultrasonic time Degradation rate

Ee(Vvs. SCE)  Lo/(A-cm?)

/min /(mm-a™)
0 -1.017 83 1.382x10* 2.340
2 -1.026 97 2.714x10* 4.596
5 -1.047 59 3.075x10* 5.207
8 -1.026 38 1.785x10* 3.023

R, Ho, 20t 5 min B AL BE ) Zn-0.5Sr A 41
Ji& il #(5.207 £0.354) mm/a 28 oK 28 1 # 75 Ab
PR Zn-0.5Sr A 42(2.340+0.159) mm/a 1) 2.2 i, iX
2 WY 75 Ak B BE 0% £ 5 1T R R Zn-0.5St A 4 Y
Tl AR R G T R PR FH TR A A ) T el R
B3R,

Zn-0.5Sr & 4 W B il R AR R 2R FLRLR
VAT . — 5 T B A RR 7 IS R] A 340, Zn-0.5St A
SR a-Zn BEA, G A b A R B R,
PEG AW FRIIE PRSP G 4 Y 0 ok o 4
. 5y —Jr i, BEE ARG, &4
StZny; A2 40 AL , StZn s FHAE MR S o-Zn — i
T2 R FEL A J5 ok | S B0 4 0 J o R e e

A& AL BE YT B E Sb frs A HaT
PLE A 4 1 Nyquist B 878 T &5 T &3t
IR, Bl 25 R 75 ) [R] A 34 0, Zn-0.5Sr 54 T 78 i 26 25
Prol i 42 e /N G B I, U6 S A BT G 4 A
Hank's ¥ ¥ 1 114 B 7 2 B Hi BELBI /)N | J ok 38038 189 0
H YA B 5 min B A 4 A J s B e bl AL
Bode FH#LEI AT LLE 88 75 B (8] 5 min B, & 4

5 OR[E#E 5 ] Zn-0.5Sr & 4 i s Ak 4 i 28 . (a) Sh B A AL 2R (b) Nyquist [, (c) 45 BEAT A, (d) 35 FR 40 £
Fig.5 Electrochemical curves of the Zn-0.5Sr alloy under different ultrasonication durations: (a) potentiodynamic polarization curves,
(b) Nyquist plot, (c) Bode impedance plot, (d) Bode phase plot
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BT IH 2 A, Wi Sc Fras, B 5d W& &
Bode A &, W Fha] L& B, A LT HAL A 4, 7
HAIRA T 285 5 min &8 75 AL B Zn-0.5Sr & 42 AH A
B A%, VA IH A 4 0O ok o SR AR 1

6 S AN [ 8 75 5[] () Zn-0.5Sr 4 4 Hi fk 2%
SRR IES, K 6a ly A& M A kb HE Y Zn-0.5Sr
BEMWNEHIEH, & 4 R B M BN, A 4 0 R
JERAE, Bl 6b~d HHR] 7 H B P S R A 3
Zn-0.5Sr £ 4 F T B IR 7™ 1, HH B0 T ORI b
HE P DRSS LA 5], 3k g iy TRl A R I T
B3 N SrZnys MBS EGEIE £ | SrZng; M1 5 o-Zn K
FEL A B L Py LSRG, AT N T 4 T8 sl %
222 BiLfE

B 7 A % ad AN R 75 B[R] (Y Zn-0.5Sr & & 7E
Hank's %5 V1230 15 K5 B JE T 2 8 7 B[]
0.2.5.8 min % Zn-0.5Sr & 4 1Y J& i 3 =R 43 5 Ky

(0.046+0.001 7). (0.067+0.002 5).(0.085+0.003 1) I
(0.053+0.001 9) mm/a, M &I ] LU Hi | >4 75 i [A]
M 5 min B}, Zn-0.5Sr A 4 09 8 ihl R K X
B TR o R v Bl 6 7 BT[] (9 349 0, Zn- 0.5Sr
A4 T Y SrZngy AR AN AL , R Rt 2 3
T G 4 51 & AR g LR, RA G
B 4 B Tl ER I N

l 8a~d MK IR Ry A 8 75 Ak BRI 253 2.5 .8 min
A A B Zn-0.5Sr & A fETH IR 4 37 ‘CHY Hank's
WL 30 RE B AR R B K 8
FTLAUE B, A 4 06 T R 3 I A 6 75 T 38 1 38 o g
BTG, AR ALY Zn-0.5Sr A 4 2% 1 iy
PR B AR B0, B AN 5] A&l 8a BTk
2232 2 min AL IS A 4 3 TH Y T £
E 8b s, A I ANEE AN E) 5 min B FE 5 R
TET P T8 ok ™ A A AN BT 8 22 ol XSS W | B

6 BRI ™ )5 AN W I A Zn-0.5Sr & 4 i 2R 1B 54 « (a) 0 min, (b) 2 min, (c) 5 min, (d) 8 min
Fig.6 Surface morphologies of Zn-0.5Sr alloy treated for different ultrasonication durations after removing corrosion products:
(a) 0 min, (b) 2 min, (¢) 5 min, (d) 8 min

B 7 ASTa) 75 R (0.2 .5 .8 min) i Zn-0.5Sr & & (IR A
37 CI¥ Hank's #2015 TR 5 14 55 il 3 5
Fig.7 Corrosion rates of the Zn-0.5Sr alloy after ultrasonication
for different durations (0, 2, 5 and 8 min) in Hank's solution at
37 °C for 15 days

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.
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Z& 3k 5 min M7 ALBRAY Zn-0.5Sr & 4 1 1k
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[ 8 AN [ 75 Bsf 1] R 19 Zn-0.5Sr & 4 7€ Hank's IR 15 KR MIE S : (a) 0 min, (b) 2 min, (¢) 5 min, (d) 8 min
Fig.8 Surface morphology of Zn-0.5Sr alloy immersed in Hank's solution for 15 days under different ultrasonic powers: (a) 0 min,

(b) 2 min, (¢) 5 min, (d) 8 min

R4 L BHERE A5 minfZn-0.5Sr& € EHank' s H iR BISKREREEB MR TES T

Tab.4 Elemental analysis of the surface corrosion products of the Zn—0.5Sr alloy after immersion in Hank's solution for

15 days with an ultrasonication time of 5 min

(mass fraction/%)

TR C N (] Zn Ca Na P Cl K Mg S
o 61.7 16.5 11.9 7.8 0.7 0.4 0.3 0.3 0.2 0.1 0.1
407.69%.,,

[E 9 R[] #AIHAE] (0,2 .5 .8 min) iy Zn-0.5Sr 4 4 7¢ Hank's
WO R 15 K5 F W R = 9 1 XRD E
Fig.9 XRD patterns of the surface corrosion products of Zn-0.5Sr
alloys after ultrasonication for different durations (0, 2, 5 and
8 min) and immersion in Hank's solution for 15 days

3 it

(B = A BR 40 AL T Zn-0.5Sr & 4 h 4] 4= a-Zn
HStZngs A0 fORL R SE 2 A IR 5 min B
Zn-0.5Sr A 4 W1 a-Zn Fl SrZngs A1 AY &R R S
/N, 5% 87.24 F135.01 wm.,

Q)M AR T Zn-0.5Sr &40 J12¢EdE
Horp A AR S min #9 Zn-0.5Sr A 4 32 THAUR i
I B o AR 530 118.93 MPa il 1.32%,
R ALY A 4 AH i R T 528% Al
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(3) Ha A2 I 25 SR 2 B o 7 e ) 1 B8
Zn-0.5Sr A4 1 JE5 b ok J32 S KU U8/ A R P s ]
k5 min B GG 4 e e de R SR 15 AT R 75 Ak 3
it A(2.340+0.159) mm/a 2 5 5(5.207+0.354) mm/a,,

(4 XFAS[RIAR 7 1 8] R () Zn-0.5Sr A 44T 15K
(149 T 65 ok S 56 % B, B A R 7 B T R 30, A &2 1
Ji b R RS AT N, 24 S IR GA B 5 min B4 42
49 Ji ol 33 2K 4 (0.085£0.003 1) mm/a, J& A ## 7 4k 33
Zn-0.5Sr &4 1.7 1%,

S

(1] ZH i WRIA KR, w] R fife A B2 BRI 98 BUIR 5 R 2R [T]. H7 b4
K=k, 2016(1): 32-35.
LIJ T, CHEN Z Y. Research status and prospect of biodegradable
biomedical materials[J]. Advanced Materials Industry, 2016(1):
32-35.

[2] kK XD, £ & 4. AW B 4 A4k BIF 53 07 T Bk
TR BRI, BN T T Y, 2017, 46(4): 21-26.
ZHANG Y T, LIU H'Y, WANG C, et al. Development trend and
research application situation of biomedical metal materials[J].
Hot Working Technology, 2017, 46(4): 21-26.

[3] AU . AW B HIRDRL 2 M. I RS « I R I8 Tl K A%
At ,2005.

http://www.cnki.net



(EEIE A )12/2023

K, % BER BN EYERTEME Zn-0.55r & £ MY H AL

-1123-

(4]

(5]

(6]

(7]

(8]

(%]

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

ZHENG Y F, LI L. Biological medical materials [M]. Harbin:
Harbin Institute of Technology Press, 2005.

WEISS J H, SENSI S L, KOH J Y. Zn*: A novel ionic mediator of
neural injury in brain disease[J]. Trends in Pharmacological Sci-
ences, 2000, 21(10): 395-401.

ZHAO S, SEITZ J M, EIFLER R, et al. Zn-Li alloy after extru-
sion and drawing: Structural, mechanical characterization, and
biodegradation in abdominal aorta of rat[J]. Materials Science and
Engineering: C, 2017, 76: 301-312.

BOWEN P K, SHEARIER E R, ZHAO S, et al. Biodegradable
metals for cardiovascular stents: From clinical concerns to recent
Zn-alloys[J]. Advanced Healthcare Materials, 2016, 5(10): 1121-
1140.

MOSTAED E, SIKORA-JASINSKA M, DRELICH J W, et al.
Zinc-based alloys for degradable vascular stent applications [J].
Acta Biomaterialia, 2018, 71: 1-23.

VOIJTECH D, KUBASEK J, SERAK J, et al. Mechanical and cor-
rosion properties of newly developed biodegradable Zn-based
alloys for bone fixation[J]. Acta Biomaterialia, 2011, 7(9): 3515-
3522.

s G SR  AR R MU, HIE ST, A R AR X Mg-Al T OTEE A G e
[ 21 VR S W [A] 3 R0 5 R e KA+ — i b B R DA
S8 CAEQ)[C). TR EREH AR PR ,2009. 1351-1355.
ZHANG Z Q, LE Q C, SHAO Z W, et al. Effect of ultrasonic treat-
ment on solidification structure refinement of Mg-Al binary alloy
[A]. Proceedings of the 24th Annual Meeting of the China Associ-
ation for Science and Technology (2)[C]. Chonggqing: China Asso-
ciation for Science and Technology, 2009. 1351-1355.

[10] YAO L, HAO H, JI S H, et al. Effects of ultrasonic vibration on so-

lidification structure and properties of Mg-8Li-3Al alloy[J]. Trans-
actions of Nonferrous Metals Society of China, 2011, 21(6): 1241-
1246.

[11] ZEdede 2548, Xk, 55, DI Xt AL-Si & 4 41 8UR P bE

Y52 [J]. o A 4 JE 273, 1999, 9(4): 719-722.
LIYL,LIBM,LIU Y T, et al. Effect of high-intensity ultrasounic
on structures and properties of Al-Si alloys [J]. The Chinese Jour-
nal of Nonferrous Metals, 1999, 9(4): 719-722.

[12] BRH. Ca FHE 5 4L PEXT P FE % Zn-1Mg & & AL R R PERR 1Y 52

Wi AF5E[D]. 2% M 2% 3R TR 2, 2023.

WEI M. Effects of Ca and ultrasonic treatment on microstructure
and properties of degradable Zn-1Mg alloy[D]. Lanzhou: Lanzhou
Institute of Technology, 2023.

[13] ESKIN G I. Ultrasonic treatment of light alloy melts[M]. London:

CRC Press, 1998.

[14] KOMAROV S V, KUWABARA M, ABRAMOV O V. High power

[15]

[16]

ultrasonics in pyrometallurgy: Current status and recent develop-
ment[J]. ISIJ International, 2005, 45(12): 1765-1782.

JIAN X, XU H, MEEK T T, et al. Effect of power ultrasound on
solidification of aluminum A356 alloy[J]. Materials Letters, 2005,
59(2-3): 190-193.

TR IR T B AR A R EE X — 2w T 4 i ot R
FEWA[D]. B Pl 5 B 41,2012, 33(4): 349-352, 356.

LUO J, ZHANG Y, ZHONG Q D, et al. Influence of grain size on
corrosion resistant of commonly used metals [J]. Corrosion and
Protection, 2012, 33(4): 349-352, 356.

http://www.cnki.net



