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Formation mechanism and bio-corrosion properties of
NaMgF; film on surface of magnesium alloy

FANG Xin-xian', ZHANG Xiao-bo', WANG Qiang’, BA Zhi-xin', WANG Zhang-zhong

(1. School of Material Engineering, Nanjing Institute of Technology, Nanjing 211167, China;
2. Jiangsu Konsung Equipment Co., Ltd., Danyang 212300, China)

Abstract: The NaMgF; films on the surface of Mg-Nd-Zn-Zr magnesium alloy were fabricated by immersion method.
Their corrosion properties were valuated by dripping test, electrochemical test and immersion method, respectively. The
microstructures of the original and corrosive samples were observed by SEM and their chemical compositions were
analyzed by EDS. The results show that the size of NaMgF; particle is obviously reduced with the increase of conversion
treatment temperature; however, it is little affected by the conversion treatment time. The NaMgF; particles grow by
two-dimensional nucleation, step growth mechanism and screw growth mechanism. The average hydrogen evolution rate
of Mg-Nd-Zn-Zr magnesium alloy in simulated body fluid (SBF) solution can be significantly decreased by NaMgF; film.
The NaMgF; films gradually transform into a new film consisting of fluoride and phosphate in the SBF solution, which
will continue to protect the magnesium alloy from the corrosion.
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Table 1 Composition of SBF solution (g/L)

NaCl KCl  Na,HPO,12H,0 KH,PO, NaHCO;
8 0.4 0.12 0.06 0.35
MgSO,7H,0 CaCl, MgCl,-6H,0 Glucose
0.2 0.14 0.1 1

UL S A S 1 S e B TR BE A 1 o
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W5 d EHCHBEEE, 2 2 B KRN R e I
To RIS SELG M A v B A R
Vv=VI(St)

A Vo REARR, mL; S AHRFEEIA, cm’;
t NRIEIE], d.

| — Plastic film

| — Water

| — Hank’s solution

I — Sample

1 Al

Fig. 1 Principle diagram of hydrogen evaluation test
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Fig. 2 SEM images ((a), (b), (c), (d)) of
NaMgF; films and XRD pattern (e) under
different conversion treatment conditions: (a)
80 °C, 10 min; (b) 80 C, 20 min; (c) 80 C, 30
min; (d) 90 °C, 30 min; (¢) 80 ‘C, 30 min
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B3 NaMgF; #LE K = f SEM 15

Fig. 3 High magnification SEM images of NaMgF; films: (a)
Two-dimensional nucleation (C) and screw growth (E); (b) Step
growth (D)

WAL DLERSF I /MK NaMgFs Bk (LI 2(a) & Sk
B): 4) BEEHACA BN RER, —J5iH, CIBRUH
NaMgF; B AWK K 55 —J7 1, & NaMgF; fitki
FLBR L REA BT 1) NaMgFs B O B RO, 24
NaMgF; ki A= K BIAHRERT, BIAEBE S SR FE R T
B— 2 Z LI NaMgF; #A0; 5) NaMgF; #AGIR
B0 B B A A0 A B I TR ) 4E K AN W 1 O (AL 1
2(a)~(c)), MBEA NaMgF; AU IS0 REHTR, HA
BB G 4 AR T I )k T BB K /)N, NaMgFs
R TERZ R A KT 5 1 Mg 45 A AR AR )N
G, A A BRI AR B —(E )5, B P KA%
A AR BRI [R], A RB S0 PR A A B8 2 (4 R
KB T

NaMgF; FAV IS RERE 73 B 45 S ) Na FF 4k
HAAIE, —5> Mg R H AR, —2 Wk B A&
4, M5 Na 5 F BEJREE Y 1:1 AR F 5 Mg 19K
Ll 2:1, BRI B TR R, BEA e
80 CHIFALALEE | AL AL EE 30 min 5, 331
NaMgF; #AL ik Mg A1 Na [ EE/REEh 0.89:1, T
90 CHIFALAREE | AL EE 30 min 5, 3311
NaMgF; #AL iR Mg Fl Na (fBER LN 1.40:1, %
HH e Al A B R RSP A2 Naw Mg FRIBE R L 5 DA
RE KRR op FH X ) Mg 4 5AT 5% . MR PR 1L

RN B S, RN Mg+2H —Mg +H, T %
I3 4 B N B )T i e iR BRSO, RITE 90
CHALARE 1 S N Mg bl 5% KT
80 CHALALEEW 1 MFHHIX I M i %, 5
90 CHAL A BEAS 2 1) NaMgF;5 &+ Mg Al Na [
JEIREEHE K. P X N Mg* ity iR Mtk
I, NaMgFy A0 ) s AL B A AL A . SRR
IR, KA SARFEBON 90 CHE LA 2
AL AR P 30 min S5, WP EALIBI A SO SR,
AL R AR B S 2R 85) 5)  A () 1 B S 7 A TR 4 il
(UL 4(a)~(b)), AEREHTRM, HERRLH Na. Mg,
F oA, B TR NaMgFs ik, NaMgF; i
R Mg Fil Na IBE/REEA 1.04:1, KEBEZEFRAE
Na, P, KEOJED MeF, ESE L E 4(c)~(d), %
Lt R R a R

HA NaMgFs S AL L], e A Ak B ]
I, AU NaMgFs S0k 1135 )R 32 B e 4%
PO AL B, R Ak AL PRI A NaMgFs Bk 1)
JUSFUNN DR A 4 v P 1 A B3 P35 AN ASUASE S T X Y
Mg” VR BERE R, T FLIE g A% [ . Na'+Mg* +3F —
NaMgF; | 1T, NaMgFs JEAZ 38 Al A% A m) 4
KA RN, S8 NaMgF; BT 3 RSF . B4k
Ab BRI [R]XT NaMgFs BURLR ST 524N, DRk A0
FUEACALFRIE B — 2 I, NaMgFs A% KR S A A i)
R )58 o A Ak A B S 1) T 1 S e A
FeHEE, N ERRE NaMgF; Bk ARk, 5
AMESLBR IR S TE BT NaMgFs ki JE Kok, ik
AT E I 2 1S a5 R — 3.

A NaMgFy H AL L6, B4 4Rl
NaMgF; 005 55 15 5 10 A B R0 A B i v
(1) HF WEEH K. — i, FAUACPR BEFT HF W FE
s, FEH X Y M IR EECK, NaMgFs JEA% R 80K,
RO [ BE /DN, NaMgFs #2002 K B ARRIE B 75 i (7]
K ST, A A B RS X Mg VR
751, Na'+Mg*'+3F —NaMgF; | [z Vs 5 il , NaMgF;
R AR AR, 17— H. NaMgF; Bk 2E A 21 ARl
I, O G AR A Ak L3 ) 1) I 25 1 FH 3
NaMgF; I 1) K iy Mg® tes 2 BRI, A ik
B AL AR BEIE S RN HF 9K SRR T3R5 8 1
NaMgF; #4040 A S5 R Ak Kb B I ) A [ 1
90 CH A ALBRIRFE R T F AL JE PSR T 80 CHetk
AEHRAE) o BRI HT 5B SRR 90 CIIFE AL
PR 1 AN 2 rR AL AL B 30 min 5 ARIREIG 0T 45 5, B
B mTAE 80 CHRAALE 1 piEibAbEE 30
min 4R 3, BONFALIRE B o7 AR B R, i



F24 %S

DR, A Bt R AL SRR L B O 1289

© Mg Element w/% x/% ) Element  w/%  x/%
F 2329 27.85 F 6.24 7.85
Na 9.13  9.02 Mg  93.76 92.15
Mg 67.58 63.14
F
Na
F
0 1 2 3 4 5 1 2 3 4 5 6
Energy/keV Energy/keV

B4 NaMgF; ¥ ALK& EDS figik K

Fig. 4 SEM images of NaMgF; conversion films ((a), (b)) and EDS patterns of white particle 4 (c) and dark zone B (d) shown in

Fig. 4(b)

RS B, B Rl .
2.3 HELALEE TZN MR R0

Pl 5 97 71 SRy AN [ 2 A Ak SR T8 N 2 Al A BN T o)
A TR R o ] S T, oAb AR BRIE B — e I,
AR I [ BT e A A BN TR AE AT s e A AR PR
JERT AR I TR AT R, 2 e A AR B I [ 5 B

Color change time/s

0 10 20 30 40 50 60

Conversion time/min
Bl 5 N[V P AL B FO2 I e Al A PRI ) o A2 €5 I 1] 7 5
M
Fig. 5 Effect of conversion time on color change time at

different conversion temperatures
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Fig. 6 Potentiodynamic polarization curves of magnesium

alloy and conversion film
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Fig. 7 Hydrogen evolution curves of magnesium alloy and

conversion film soaked in SBF
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Fig. 8 SEM images ((a)—(f)) and EDS patterns ((g), (h)) of samples after dipping corrosion for 5 d: (a)—(c) Original; (d), (e), (g):

Treated at 80 °‘C for 30 min; (f), (h): Treated at 90 ‘C for 30 min

TR R DR 3) PRI 3 d A fE,

X P RFAAE PR, FLRIHEATE B T JE )
Rz, It — PSRRI (], P8y
Pl R A TREE 7). X THALAE B,
BiitT NaMgFs 5 A0 I A Wi, NaMgFs et 5z i
WML SRR . R NaMgFs JUBT B i)
SR VIR 2 BTG, TR RZ I DRI R R AN
NaMgF; #4053 SCOP T E0E AR WK 4) &
M5 dJE, REACAEBIEURE b1 T3 05 B B 1
ATE YIRS KA, DI RECT JA TR R < T

BRI 8(2)M1(h) o i g Zr A4 AL,
e A A P JES P22 o B B TR SR A S A AL AL
IR T8 ACRAR, DRI T R g LBk
JUTBUR.

3 it

1) SER A AL AL PRI (] ] $1& 5 NaMgFs #6 H ) 28
WL, X NaMgFs UKL SEmEUD ;s femfetist



1292

A G EE R

2014 £ 5 H

P EE mT 5 NaMgF3 R R U/ - NaMgFs fif A
BLHI 20 4 Tei% . S B AR AL e A KAL)

Fifh.

2) HALAL B Mg-Nd-Zn-Zr 454 A8 (A 7]
FEK. SPINTEMR R, A S i RS SR
ICER DA

Mg-Nd-Zn-Zr %

3) Fiﬁ%“a MR RE R, R B Ak A B
BRIt SR TR Sl

SE ﬁ‘ﬁﬁ%&ﬂwﬂi?i@ﬁ%ﬁ%ﬁ)ﬂﬂ%!%‘fﬁii'ﬂ HIKAZ
111 i T2 T K

4) FEALAEFE Mg-Nd-Zn-Zr B4 G I IR i ik

FR T L HUIR ZH 2R R T L P ) 4% B2 5 [ 3
INTAREALAL B FER o

REFERENCES

(1]

dkfE SR B, R, WL, AR, TG B AR
A Mg-Nd-Zn-Zr 86 SAERSUE R P I BT 0 0], G
{4 8 24, 2010, 20(10): 1989-1997.

ZHANG Jia, ZONG Yang, YUAN Guang-yin, CHANG Jian-wei,
FU Peng-huai, DING Wen-jiang. Degradable behavior of
new-type medical Mg-Nd-Zn-Zr magnesium alloy in simulated
body fluid[J]. The Chinese Journal of Nonferrous Metals, 2010,
20(10): 1989-1997.

T, AR, SRONER, B BT BENBE A B A AT A
WIS, Wi 4 @b RkS TR, 2007, 36(6): 1102-1105.
HUANG Jing-jing, REN Yi-bin, ZHANG Bing-chun, YANG Ke.
Study on biocompatility of magnesium and its alloys[J]. Rare
Metal Materials and Engineering, 2007, 36(6): 1102—1105.
YANG J X, CUI F Z, LEE I S. Surface modification of
magnesium alloys for biomedical applications[J]. Annals of
Biomedical Engineering, 2011, 39(7): 1857—-1871.

VPR, B, KREW, BYR, KRR, DO,
Xoow. EHSEA SRS TIRE ). M
SE RS TR, 2008, 37(7): 1225-1228.

XU Xin-hua, CHENG Jing, ZHANG Chun-huai, YAN Xue-liang,
ZHU Tian-bing, YAO Kang-de, CAO Lu, LIU Yin
Bio-corrosion and polymer coating modification of magnesium
alloys for medicine[J]. Rare Metal Materials and Engineering,
2008, 37(7): 1225-1228.

HEI, ﬁf‘ﬁé, FRY. GG Mg-Nd-Zn-Zr 1017EY)
JERPERE[I]. T EAT (4R AR, 2013, 23(4): 905-911.
ZHANG Xlao-bo, YUAN Guang-yin, WANG Zhang-zhong.
Biocorrosion properties of as-cast Mg-Nd-Zn-Zr magnesium
alloy[J]. The Chinese Journal of Nonferrous Metals, 2013, 23(4):
905-911.

A, ox ek, sRHSE, BN, EIVEN, B AT, SILER
JIE AZ3 1B B AR 40 i BRI S T] ﬁﬁﬁﬁﬁﬂ%L
£, 2008, 37(6): 1027-1031.

[10]

[12]

[13]

[14]

[15]

GUO Lei, LIU Kui, ZHANG Shi-liang, HUANG Jing-jing, TAN
Li-li, YANG Ke. Cytotoxicity of AZ31B magnesium alloy
covering with magnesium oxide[J]. Rare Metal Materials and
Engineering, 2008, 37(6): 1027-1031.

YE Cheng-hong, XI Ting-fei, ZHENG Yu-feng, WANG Shu-qin,
LI Yang-de. In vitro corrosion and biocompatibility of
phosphating modified WE43 magnesium alloy[J]. The Chinese
Journal of Nonferrous Metals, 2013, 23(4): 996—1001.

XU Li-ping, ZHANG Er-lin, YANG Ke. Biocorrosion property
and cytocompatibility of calcium phosphate coated Mg alloy[J].
The Chinese Journal of Nonferrous Metals, 2012, 23(8):
2014-2020.

MAREIKE LALK, JANIN REIFENRATH, NINA ANGRISANI,
ALEXANDR BONDARENKO, JAN-MARTEN SEITZ, PETER
P MUELLER, ANDREA MEYER-LINDENBERG. Fluoride and
calcium-phosphate coated sponges of the magnesium alloy
AX30 as bone grafts: A comparative study in rabbits[J]. Journal
of Materials Science: Materials in Medicine, 2013, 24(2):
417-436.

LIJ N, CAO P, ZHANG X N, ZHANG S X, HE Y H. In vitro
degradation and cell attachment of a PLGA coated biodegradable
Mg-6Zn based alloy[J].
45(22): 6038—6045.
oy, WEA, BUEs, W k)ﬁ% ]
Xt AZ31B A 4 A= i LEWI AL

5 T#E, 2011, 40(10): 1859-1863.

LI Qi, LIU Xin-jie, YAN Ting-ting, TAN Li-li,

Journal of Materials Science, 2010,

. SR A B
1. FiAT sk

ZHANG
Bing-chun, YANG Ke. Effect of fluoride conversion treatment
on bio-corrosion behavior of AZ31B magnesium alloy[J]. Rare
Metal Materials And Engineering, 2011, 40(10): 1859—1863.
YAN Ting-ting, TAN Li-li, XIONG Dang-sheng, LIU Xin-jie,
ZHANG Bing-chun, YANG Ke. Fluoride treatment and in vitro
corrosion behavior of an AZ31B Mg alloy[J]. Materials Science
and Engineering A, 2010, 30(5): 740-748.

WITTE F, FISCHER J, NELLESEN J, VOGT C, VOGT J,
DONATH T, BECKMANN F. In vivo corrosion and corrosion
protection of Mg alloy LAE442[J]. Acta Biomaterialia, 2010,
6(5): 1792—1799.

EWE, A, R, AT,
AZ31B HEE G AR N HeE 1 - IEE ST
2011, 40(10): 870-873.
WANG Xian-tao, GUO Lei,

EARM. ABRE
- PIEBERERZ R,
CHAI Hong-wei, FU Yu-ping,
GUAN Jun-lin. In vivo evaluation of osteogenesis of fluoride
treated AZ31B[J]. Journal of China Medical University, 2011,
40(10): 870—873.
BAKHSHESHI-RAD H R, IDRIS M H, ABDUL-KADIR M R.
Synthesis and in vitro degradation evaluation of the
nano-HA/MgF, and DCPD/MgF,
biodegradable Mg-Ca-Zn alloy[J].

Technology, 2013, 222(15): 79-89.

composite coating on

Surface and Coatings

(%RiE  RZITH)



