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Table 1 Chemical composition of sample (w/%)

Zn Sr zr Mn Mg
3.12 0.18 0.57 0.31 Bal.

Preheating 400 ‘C/30 min
Hot-rolling

Preheating 400 ‘C/30 min

between the two passes

Er

Thermostatic «
water bath

Hank's solution

B 1 Mg-Zn-Sr-Zr-Mn & &AL KRB S R B K

Fig.1 Schematic diagram of hot-rolled preparation and static immersion of Mg-Zn-Sr-Zr-Mn alloy
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FEL W R A4 SEM A4, WHTLLE
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Table 2 Chemical composition of Hank’s solution (g 1 ™)

NaCl KCI CaCl; 2H,0 Na;HPO,4

MgSO; 7H,0

NaHCO3 KH2PO, CeH1206

8 0.4 0.185 0.048

0.2 0.35 0.06 11
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Twin crystal

K2 AFEELHIEA R Mg-Zn-Sr-Zr-Mn 44 TD 15 ND ifi OM 4141
Fig.2 OM microstructures of Mg-Zn-Sr-Zr-Mn alloy under the rolling shape variation of 25% (a, b), 50% (c, d), 75% (e, f) on TD (a, c, )

and ND (b, d, f) surfaces
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et

&
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3 RE4LHIEAE T Mg-Zn-Sr-Zr-Mn 4 4 SEM 4141
Fig.3 SEM microstructures of Mg-Zn-Sr-Zr-Mn alloy under rolling shape variations of 25% (a), 50% (b), and 75% (c)
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B4 AEELHFA B Mg-Zn-Sr-Zr-Mn & 4 XRD K i
Fig.4 XRD patterns of Mg-Zn-Sr-Zr-Mn alloy under different

rolling shape variations
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5 REHLFIEA E Mg-Zn-Sr-Zr-Mn &4 7€ Hank’s ¥
14 2y FL A AR A 0 X

Fig.5 Potentiodynamic polarization curves of Mg-Zn-Sr-Zr-Mn
alloy under different rolling shape variations in Hank’s

solution

R3 MILHEMEER

Table 3 Polarization curve fitting results

Rolling shape - Corrosion

Ecorr/V ﬂc |cgrr/uA'cm

variation/% rate/mm a*
25 -1.58 -3.3 4491 1.03
50 -1.46 -39 15.28 0.35
75 -1.46 -4.0 10.59 0.24

—— )50/

50 == 50%
bp— 75(%)
0 200 400 600 800 1000
Z'/0Q-cm?
b
Qui
Rs )

Bl6 AF FLITE A8 & Mg-Zn-Sr-Zr-Mn & 4 BLAL 2 FEL T 3%t
Sk B AU, A PR B

Fig.6 Electrochemical impedance spectroscopy measurement (a)

and corresponding fitting circuit (b) of Mg-Zn-Sr-Zr-Mn

alloy under different rolling shape variables
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73979 160.8. 187 LL K 269.4 Q-cm?®. B AT W, BE
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Table 4 Fitting results of parameters of electrochemical impedance spectrum

Rolling reduction/%  RJ/Q-cm®  Qia/uQ-cm?S, Re/Q-cm? Qaa/pQ-cm? S, ny Ri/Q-cm?
25 114.1 26.53 0.88 376.6 411 1 160.8
50 117.1 26.55 0.85 514 1225 0.92 187.0
75 117.3 22.28 0.85 666 668 1 269.4
Bl 7 A RV EL SR AR & A 4 AR B R & P fil Ca JLHEMIAFAE

7 d A pH B . 3MBEAEREG ST d R
AR AR R I AR R B, 7RSS 1 d BRI
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JiTHRRE, T B E A WTEEAT P P UAR DL R o A
e, SHRARMEZ0ER. B b T2 80% R
SEMEIN, W pH BB TRE. SHETEAEA T
d PRI G, B4 pH 2 Bl ELE 10.2, 10.1 LA K
9.8 Pfif .

Kl 8. K 9 43 il A R EL I T A & & S AE R4 R
(Hank’s V90 HIRIEAS [F 6] J5 B Ad =4 2 1) SEM
TES . M HR AT i B ik = ) 2R T A7 7E B R R 244, B
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Tt 2L, ol T 728 5 < 3 T 5 ot 7= ) 7 5 % B30 M B AR AE
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SR I T b= ) B RS ROIR 2R 55 4438 T 1) 35 & (R B
WM R A, H 15% AN &L AE s e
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G ke TR 75% AR A 4 I 2R T B AR 4 43 A BE
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AR B R R . MR EIR T5%, Y 2
CUEE A o6 BN Ak, SO 5 e B RMR AR T, 72
AR 2 AR BE A R TR & S RS, S A e
J kit . Bl 9b HR ZURZEH (BRidid) ) EDS 843 4
ras RanpE od fiw, B O fl Mg Je 4, A H K

Kl 10 NARIELHIE AR A SR IMAR (Hank’s
TR HOR AN TR I 8] 5 25 B ik 7= 0 5 1) SEM 21
5. MW 10 Hrf LR, RIEYIHE d), 25%%
A 43R I AU R R AT, BUR AR kAL
B R K AR A B, 3R B T TR S R A AR
R, BEEE FEMER, HE 2 EaeRmE L2
LS 3Y S) 0 vk PR AT SR . 4R IR N E 5 d
G, 3 FEEME AR E RS N E . 25% 448K
Wy X O A2 R, T 50% K T5%TRIE R & &K
T A R A 52 L8 A1 0 S v B i A7 9, HL 75% & &%
[N
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NEE . 25%E T A ESBARE O RKE™EF M, I
PRt FLIR (9 H B . 50% 5 T & 4 3 1 B R FE O 43
JEE ik, MBI 43 BOR B I S ) AR T BR AR R
A e AR K 24350 o 3 Bl T L AU B Ay b
BT S350, AT 50 A 21, A 1 d el ok g 35 50 0
iR AR B AR L BT 75% A 4, AR R B R ok
TR R THURR P 65 et X 45, RS R T AR P, IS
AR S 752 8508 B Bl 4 23 35 A0 M A 4R T B K IX
. QI:!:I:

N T BN T E VR A AN [ S B & & /E Hank's
W R vERE, P AL (5) THE H L AE Hank’s
T IR E R 5 5N 6.64.2.84 A1 1.42 mm at,

10.5

10.0
9.5}

- 9.0
o
8.5}

—&— Rolling reduction of 25 %
—®— Rolling reduction of 50 %
—#&— Rolling reduction of 75 %

1 2 3 4 5 6 7
Time/d

7 RAEKBEHET Mg-Zn-Sr-Zr-Mn &4 7 Hank’s
WP pH A2 4L

Fig.7 Variations of pH of Mg-Zn-Sr-Zr-Mn alloy under different

rolling shape variations soaked in Hank’s solution with

time
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8 RNEELHITE A 8 Mg-Zn-Sr-Zr-Mn &4 1F Hank’s ¥ P2 3 A1 5 d J& FOJE MRS
Fig.8 Corrosion morphologies of Mg-Zn-Sr-Zr-Mn alloy under the rolling shape variation of 25% (a, b), 50% (c, d), 75% (e, f) soaked in
Hank’s solution for 3d (a, ¢, €) and 5 d (b, d, f)

\\\\

50 um

153¢ P q
s 136 Cz?—
i 8119} o Element__oi%_at%_

oK 29.61 48.09
Na K 0.80  0.90

851 MgK 460 492
68L PK 2070 17.37
511 CaK 4429 28.72
34

Ca

0 L 2 3 4 5 6
Energy/keV
9 ARFLHIEAL # Mg-Zn-Sr-Zr-Mn £ 47 Hank’s W IR 10 d J5 19 1550 LA K EDS fg il 43 #r 45 3
Fig.9 Corrosion morphologies (a~c) and EDS analysis results (d) of Mg-Zn-Sr-Zr-Mn alloy under the rolling shape variation of 25% (a),
50% (b), and 75% (c) soaked in Hank’s solution for 10 d
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10 AEFLHAAL & Mg-Zn-Sr-Zr-Mn & 4 1F Hank’s SR HIZHL 3. 5. 10 d 5 ZBRE =9 I 50
Fig.10 Morphologies of Mg-Zn-Sr-Zr-Mn alloy under the rolling reduction of 25% (a, d, g), 50% (b, e, h), 75% (c, f, i)

soaked in Hank’s solution for 3 d (a~c), 5 d (d~f) and 10 d (g~i) after removing the corrosion products
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B 11 2 3R AN [R] FE A S (1) B B 6 IR Y TE AU AR TR
(Hank’s ¥ ) w1 10 d J5 &= XRD Bl . H
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I, R —E R LR A N A

3 it it

XA R LA RS e R RS Hr i
A RIS RS K ok B 56 A A A 2 36 P A9
3 P AL AL & e P MR R X b, 48 T BB AL
TEAR R I, BRI B A 1 RE BT 1 5 . HL AR R
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Effect of Rolling Shape Variation on Microstructure Characteristics and Degradation
Performance for Mg-Zn-Sr-Zr-Mn Alloys

Zhang Yuan™?, Zheng Ruining®, Liu Yun®, Tian Yagiang®, Zhao Guanzhang', Wang Yanli?, Chen Liansheng®
(1. Key Laboratory of the Ministry of Education for Modern Metallurgy Technology, North China University of Science and Technology,
Tangshan 063210, China)
(2. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The influence mechanism of microstructure and film structure changes induced by the change of rolling shape variable on the
degradation performance of hot-rolled magnesium alloy in physiological environment was studied by OM, XRD, SEM, static immersion
and potentiodynamic electrochemical test. The results show that the degradation product layers of magnesium alloys with different rolling
shape variables are mainly composed of Mg(OH),, MgCO;, CaHPO, and HA. With the increase of rolling shape variable, the
microstructure of Mg-Zn-Sr-Zr-Mn alloy becomes uniform gradually, and the degradation rate decreases from 1.03 mm 2™ to 0.24 mm a™.
This is because with the increase of rolling shape variable, the matrix grain is significantly refined, resulting in more grain boundaries,
hindering the expansion of corrosion cracks, and acting as a barrier in the corrosion process of corrosive medium. In addition, with the
increase of rolling shape variable, the second phase in the alloy is broken and dispersed, which reduces the density and intensity of
galvanic corrosion in the alloy, promotes the uniform occurrence of corrosion and reduces the pitting pit. Finally, hot rolling can improve
the defects of the corrosion film, provide more nucleation points for the oxide film on the surface of the alloy, and reduce the cracking of
the oxide film. The compactness and stability of the oxide film are greatly improved with the increase of rolling shape variable, and further

slow down the infiltration of corrosion ions.

Key words: degradable biomedical magnesium alloys; rolling; microstructure; characteristics of membrane layer; degradation performance
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