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Surface modification on magnesium by alkali heat treatment
and its corrosion behaviors in SBF

GAO Jia cheng, LI Long chuan, WANG Yong
(College of Materials Science and Engineering,
Chongqing University, Chongqing 400044, China)

Abstract: The surface modification on magnesium(99. 9% ) was carried out to improve its corrosion resistance in simulated body
fluid( SBF) solution. Pure magnesium specimens were first treated in supersaturated NaHCO3MgCO3; mixed solutions( SNSM) at
room temperature, and then heattreated at 773 K for 10 h; finally, the corrosion resistance of the samples was tested in SBF solu
tion. The X-ray diffraction( XRD) analysis shows that the coatings obtained on the samples after being treated in SNSM solution is
mainly composed of MgCO3*3H,0. More important, EDS analysis shows that a magnesium oxide layer with thickness of 20 Hm is
formed after heat treatment. Ca P based depositions with molar ratio of 1. 858 are detected on the modified specimens after they are
immersed in SBF for 14 days. It can be concluded that the coating obtained through alkali and heat treatment could effectively pro-

tect magnesium from corrosion in the simulated biological environment.
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1.1 MR S

W4l fE Hy 99. 9% FIAE ALK W& 1) DIE
AR T A 20 mm X 10 mm % 2 mm T4 . SR )5
200" KW ARFTBE . FRE4T BE i (R 23 T AE TR
KA TEYE 10 min . ZEASZI T, 2 HE
TR R 4 pH B AS [R] (OB o Ak BEAR AR 26 1
204 100 mL #J4f pH 154 8. 6 HI ML AINaHCO; %5
(SN1); %5 2 ZH¥WH 100 ml 1711 NaHCO5MgCO3
TRAWW, H Mg(OH) » K FIHI146 pH EIHE 9.
3(SNSM) . ¥ EL 4T BE A P55 v i i e B AR 7
PLE 2 P A BRI HiR 24 h 5, FAETIBK T
#3510 h . PSR E %8, HZRMEKE EELE 10
min J5 T2 H .

1.2 SBF %R iS5

W AT AT Ab B ) Al 0 R A (B AL B
RFE R A EERFE 3 FHRFE TR HLAE SBF ¥l
HRYE 14 d, CREFFEIRTERAE(37 £0.5) 'C. H pH
THE PSR pH H 424k . SBF ¥ 10 58 F o
WK 2, B A 2R ) 43 O 4 #4032 ST &5
Wa, BT .

2 SEIg#E R

2.1 A
B 1 B D 1A o R 40 R A B AR R Y I [R] ) A2
1. B 2 7 T IRAG R SN i pH ERE S R
TR AR A S L
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Table 1 Compositions of pure magnesium

(mass fraction, %))

Mg Cl Mn Fe Ni Cu

99.920 0. 050 0. 005 0. 020 0. 002 0. 003

K2 PiIERBEFEETRRE
Table 2 Ion concentrations of simulated

body fluid(mmol*L™ ")

Na* K* Mg* Ca** ar HCO; HPO;” SO

142.0 5.0 1.5 2.5 147.8 4.2 1.0 0.5
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Fig. 1 Variation of mass with soaking
time in alkaline solution
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Fig. 2 Variation of pH of SN1
with soaking time
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Fig. 3 SEM morphologies of surface of

specimens after being treated by
SNSM for 24 h(a) and treated by SNSM

for 24 h and then heat-treated
at 773 K for 10 h(b)
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Wk ZEAEEEL N 20 bn 247, H—E K
5L . Wi ge ik 2w ot RIN, 7EEERE
294 20 bm FEEEH, AIuRE S R®A N EAETT
REEN2M(E 6) . WE 7 RTLLE R, BHAkb 2
J5, R AR AR R MgCOs AT Mg( OH) »
TRAY) .

2.2 SBF &l

B4 AFELE SNSM PR I 24 h JE FHAE
773 K TR 10 b JS 9 SEM I T 7 35
Fig. 4 SEM morphologies of features of
specimens after being treated by
SNSM for 24 h(a) and then treated by
SNSM for 24 h followed by being
heat-treated at 773 K for 10 h(b)
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Fig. 5 SEM morphology of feature of specimens
after being heat-treated at 773 K for 10 h
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Fig. 6 EDS analysis of specimens
after heat treatment at 773 K for 10 h
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Fig. 7 XRD patterns of specimens after

being soaked in SNSM for 24 h(a) and
then heat-treated at 773 K for 10 h(b)
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Fig. 8 SEM morphologies of surface of
specimens after being soaked in SBF for 7 d
(a) —Controls specimens;

(b) —Alkali and heat-treated specimens
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Fig. 9 Variation of specimens mass
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1 —Untreated; 2 —Alkalr treated only;
3 —Alkali and heat-treated
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K3 ORHRHAEBE R A AE SBF ¥
R 14 d J5 1 XPS 2 45 R
Table 3 XPS analysis of alkali and
heat-treated samples in SBF after
being soaked for 14 d( mass fraction, %)

Mg Ca P Cl Mn Fe Ni Cu

94.934 3.358 1.355 0.181 0.026 0.034 0.003 0.009

PRACAR B, REA RO B v B S Bk e OO T JE8 ik
BE o SR, 0 SRORE 86 B L5 & I AE AR 4 L5
s, AR AR A 0 RS B 2R T i e BBk A L
e MAERG RN IERE, WHRmRE
EEHA IR KA AE .

AWTFUR Y, 220 B 5 Bk 78 W1 1 34 58
I, 2R TE B MgCOs J2 . %7 2 % 4l 86 3 1 1
MgO AL, FHESTIE A 55 B8 ph 3R BE 00 S B2, AT 32
AT ke L RIELR, 4liBERE 5NaHCO:
TR N o ) P RORBR R ke T SR B v Al
it JE ok P e A ARR R 3 1 LUR ey R ok

Mg+ 2H,0 —>Mg(OH) o+ H, 1 (1)
Mg+ 2NaHCO; —
MgCOs ¢ + Na2COs+ Hy 1 (2)

B RN HJE AT, 4B S B A0 R T I
Mg(OH) ) T AW . B35 28 5 NaHCOs  H20
AN R, A 2 1T R 3 X 5 P MgCOs AN 5%
WrBER, B A2 MgCO; FAHER, fEaisilFER
ZiERATH . L b, RIS, VIR R
R EE(xMgCO3° yMg( OH) 2 zH,0) . %48 R TRk
BE 0B 4B I N REEAT I 3G, L3 A BE W
Bk 5 R RS AV SR,

3.2 BRHACHE T Z Rt

BRALH S B, EE & DL H AFAbdullar ¥ $2 Hy
I PR EE S S T2 2 N BB Mg e 1)
o AR FER AWIEA pH 4 8. 6 I FINaHCO; %5
W, BISNT B, 3 A4 5 NaHCO; % R4 ) M
MIMBEHEFE, ERWERTHE FIRELS —EE
J&, MgCOs YUIEA XAERFERTER( K 1); 2) Bk
WHE, fERFERETE B RREE EEE T
SRR A, T H AR 4(a)) .

MEE—AN BRI 0, RAEECh B 0 Rk
SRR T 5T 2T H AN, B
1) MgCO3 = Jo A B0 K B A4 5 6 b A Joit gl 25 FF

K o XTEJG S SBF R sE R0 15 8 THIESE: X&
TR AL ()R FE 7R SBF ¥ PR T 5 ok 1 e AH X T
XA R AR R BRI SE(E ) .

AR —A 0 B, RS uER s, RA T
SN1 %I pH E PTG 8. 6 F+H 9. 3 I, AR
T A4 HIL B MeCOs ¥ )2 . ZE T IS, Wl LL
WHIRFE IR BILEMT B 7 FE R, (75
4%t 5 NaHCOs ¥ ¥R Y. 5 %0 1 Mg™ 55 CO3™
BT IA R R R . B VR OH ™ &1k
FERE N, MgCOs &k MR FE 38 n, MgCOs UiVE A & 1E
BRIk TR . BRIk, Wk T SNSM W, BRI
pH {84 9. 3 HIid M FIMgCOs FINaH CO5 YR &K . 1E
SR, Mg .COy BT oL, Himslisk
IRFERON Z A, 3t 4 7 B A2 R 36 T TR
MgCOs R JZ A HFEAFE . BB 1 & ra, 78
SNSM ¥V, 2188 R 3% T e TR I8 T R o ik
FRERR, MRS T W B R EBUR

h T MR AN, AR R EE R
W, EE KT AL T, W R, B
FREEAE i T (500 K) 2 8 Hu B 7 CO, FTHL0, &
Fhs E Tl ) MO . i R 4y 3 AT, 7E 823 K
SER, RN RE N

xMgCO3z*yMg(OH) 2°zH,0 —>

xMg CO3z*yMg(OH) 2+ zH,0 1 (3)
xMgCO3z*yMg(OH) , —

xMgCO3°yMgO + yH,0 1 (4)
xMgCO3 —>xMgO+ xCO, 1 (5)

ERACFE G, A AL T S AR AR A
B 773 K IAREF 10 h J5, JEASHE BT AR 1) 42 5T ik
FREEAIR R 2R, S3EAZ A7 —( &l 3
(b)) ; WERIWAHEEAL K Mg( OH) 21 MgCOs TR A
Y. R ZE I 5 RS AL B S 1Y) 100 Um 92 28 Bk
KRB 10 Bm (1B 4(b)), HIESM 245 54 5
&Mtk b S, FEIRFERIE LN 20
Um [A3R EH A . BT A B TR S ol 1
I i T Al . XN AT R R AE ARSI, Bl Ab 3
JERFEALE DT A AR B AL R T R el e A AR AR
JEEA .

3.3 BEAALFR 5 R A B EE AR SBE YU P I ok
THh
BHAEOT, BB SAE KW A i 6 ik
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AR B B 0T R S H T A8k BRAR R T o e 1k R
(DL 8, 9): 7ESBF Wl RIET 7d )5, XA
PR =42 T KER IR Mg( OH) o &0l 4) . 1M
B AL B S R R T B BB, RA D&
PIZRGE dv B SRR . B 9 AT RLE H, 72
ClI™ BT ¥KRE 4 150 mmol/ L ] SBF & #0526, B
PAE B 5 AR LSBT R R, AR AL
HFARE 550 AR R BT 7 d R R ik
2] 30%40% . F5E b, fEARNH AR 99. 99%
(A% A5 A )T AE AR VB (SBF) FRIR 1 180 d HISK 6
t, AUERRILH T RAFI R ph it Ae (B 10) 0 %58
I 3 AR R AFELE SBF Wi iR 180 d J5
A B B R R R R, I H PR s n 3.
1% o TR Sl BE i Fag itk B 70 A P AH 25 1 gk —
I, ASCAEE IEAEFAT 4 .

Bl 10 2o ik 35 Sk
1E SBF YA R 180 d J5 IR T 5
Fig. 10 Surface morphologies of alkali and

heat-treated magnesium after
being soaked in SBF for 180 d

4 45k
1) ZHREN 99. 9% KI5 S SR B AW S AR Ak

B IR AE SBF ¥ R 14 d Ja 8o LR
BAK, o AT R o e

2) EASLIAAET, W46 pH (EN 9. 3 i
A1 NaHCO3MgCO3 V& ¥ VR HE 3 40 B 3% Tl I PTAR
HETUKIREEE .

3) Kb BRI FRRAEAE 773 K 53R 10 h 5, %
Ab BRI TE B AL MgCOs = 2 I IRA B 5
REEGAE—RT . [, FERIEZ 20 Bm P2 1) 54k
AL .

4) fERSZIGEMET, LRt B R FEAE SBR
W TR 14 d 5, AFERERILT 858 U1
Y, EWEEE/RLE N 1.858.
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