184

ISSN 1225-8024(Print)
ISSN 2288-8403(Online)

(EH=2)

AZ91 OOH|s

HO—

k2ol PEO m}

38A

BTSSR

J. Korean Inst. Surf. Eng

Vol.54, No.4, 2021.
https://doi.org/10.5695/JKISE.2021.54.4.184

o OjXl= HFEX{E[2| A

ot

=041.2, Axmx—?2 o 1,3*
;:ITO:i 1] OEE I _I'—_*C-)lE
SIRARe1A HUKjROnEY

e P ]
IR |Sotelthst et AR Stat

Effect of pre-treatment of AZ91 Mg alloy in HF solution
on PEO film formation behavior

Duyoung Kwon'?,

Pung-Keun Song? Sungmo Moon™*

'Surface Materials Division, Korea Institute of Materials Science, Republic of Korea
“Department of Materials Science and Engineering, Pusan National University, Republic of Korea
*Advanced Materials Engineering, Korea University of Science and Technology, Republic of Korea

(Received 18 August, 2021 ; revised 27 August, 2021 ; accepted 28 August, 2021)

Abstract

demonstrates

This study

formation behavior

and morphological changes of PEO (Plasma

Electrolytic Oxidation) films on AZ91 Mg alloy as a function of pre-treatment time in 1 M HF
solution at 25 + 1 T. The electrochemical behavior and morphological changes of AZ91 Mg alloy
in the pre-treatment solution were also investigated with pre-treatment time. The PEO films were
formed on the pre-treated AZ91 Mg alloy specimen by the application of anodic current 100
mA/cm? of 300 Hz AC in 0.1 M NaOH + 0.4 M Na,SiOs solution. Vigorous generation of hydrogen
bubbles were observed upon immersion in the pre-treatment solution and its generation rate
decreased with immersion time. It was also found that f-Mgj;Al;; in AZ91 Mg alloy was dissolved
and a protective thin film of MgF, was formed on the AZ91 Mg alloy surface during the
pre-treatment process in the 1 M HF solution. PEO film did not grow on the AZ91 Mg alloy
specimen when the surface was not pre-treated and irregular PEO films with nodular defects were
formed for the specimens pre-treated up to 1 min. Uniform PEO films were formed when the
A791 Mg alloy specimen was pre-treated more than 3 min. The growth rate of PEO films on AZ91
Mg alloy increased significantly with increasing pre-treatment time.
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21 A 249 YAEL FYAL EL AT
T 4TS vpIdEET o]t BFol AN
Bl AEYL olRo] 2302 Agspld] sy
% FFY RAL &AL 9908 AU
EG A 240 YAHEL G4 A

2 A Astua
o] YHolw %S 2tk davg ol xgE
244 YAFEo] Akst Hut G mIX: o] ot

APATLATRE B9, Ting Wu 5 AlSioCus &
=+ A Uo] 4" o-AlXF 2 B-AlsFeSi, AlL,Cu
I 22 A 279 RS0l E=ut Akt 34
% ot 2 IS XAAE & ot} o-AldT Al 2
9] wut A £9] Zpolof o8| B A 4
42 of7|dti= A¥E B ug vh QUoh [3]. E3SE
Yan Chen 52 AZ91 vt1Yls 3= WH2 &4
Sk B-MgiyAlid 2 AlMn/dol 34" E=t=ut
AofAtst mutolg-Mgitol FA4E muta LA,
ZAA ApolE Holw, AlMn YA EHOAE &
ATt Astujuto] PAE0] HH A KA A%
o1 Hugok [4]. utadls gl A5k Al 2
Ayof oJgt Atstuluet A T80 Aot U 449
Aotz ol9Y =RoNE o BEiEy gt
[5-71. ol4" A 2 4] JA=el JhEe=mt A
SfAtsl wute] P4 m& 9 w4 E49 A¢kE
AAst7] A= Al 249 FHZAQ aE i
31 4 Sl AAY F49 Jido] dasitia &
Ut

2 AFolA= AZ91 mIMlE == 1 M HF
BHoflA AA2 A7HE il A = 0.1 M
NaOH + 0.4 M NaySiO; 804 300 Hz9] i
FE QUloto] Eetzut Asjilst odhs FGAH
oh WA 1 M HFS] AAE g4 AZ91 mp1y]|
& Y79 AsS MIE AG-AITF JAH 2 4
7k IAgRESe] B|EAS ot B4, HA
AlZro] Eetznt Hofjitst P4 A, ot I A
5, FAE Asluto]l ¥ £X, Abstruio] T

4

0 A SEo] WA dFe AL

h

2 AFoAE= tolsiAY AZ91 utduls ¥
IS 2F 20 mm x 20 mm Z7|E AHst & 4
cm’e] WHo] LEFLE ofEA] FHS ARE5o]
o2d Sttt AlHO] =2 EHE SiC QU2
=% A Autstleon, FHO=E SiC AWHA|
#4000 02 ofgh2y 37 Ant & PH3712 A
X & Ao ARgsith A E= 1 M HFE0
A AZAIZEE 0, 10, 30%, 1&, 3%, 5&, 10
9 20802 gEsto] o]fojfth. AA P &AL
o]F AAUA FAAS +TA|A 25+1 CTE FX
Hdok. AZ91 vl ¥ 1 M HF &9ojA
A st= &<t R A9 &4 2 T 1H
A9 7EAHY AT YAE 7HHIERE ARgSho] &
Zatelet. AAY " AJH2 ofgk2Z o]&stoq Al
A T AS5F71E AHESto] ARE A HAT] € Al
Ho| HHR= FAFIAAYE (Scanning Electron
Microscopy, JSM-6610IV)E ARgsio] T=|QloH,
AHHZE X-ray Diffractometer (Malvern Panalytical,
XPert Profj& ARESIo] 4 =itk E2t=nt Asfilst
A& 0.1 M NaOH + 0.4 M Na;SiOs -894ofl4] 300
Hz9] 5FZ 100 mA/cm?9] rms (root mean square)
A U= 257F fole] dgstoizlct. SEe=nt Ash
AL A B9t Ao WE MG HRRE Algte] w
2t 7155kl eH, ot WA AsZ "UAE 7t
£ AH&Sto] Zgstelnt. Eekxut Asjitst A€
AlHo] ®EH-L 3FsHAu]F(Optical Microscope)
9 FARAAE ] F & ARESte] dHEskglon, nd)
9] FA= kiR A9 out FA 57371 (Fisher,
ISOSCOPE FMP10)E °l-&st4 103] =7g3sto] ¥
TS Fokinh

AN

3. Zat Y oY

AZ91 mavls g2 422 1 M HF &9
20+ ZF HA SRS o JAARE] g ez
91 gre] Wot 9l AZ91 vkl g EHAIA 9
7t Y Ase O™ 13 I8 2 o YERIG.



186 Duyoung Kwon et al/J. Korean Inst. Surf. Eng. 54 (2021) 184-193

Potential / V

Immersion Time / min
Fig. 1. Open-circuit potential of AZ91 Mg alloy during immersion in 1 M HF solution at 25 £ 1 C.

Fig. 2.In-situ observation of AZ91 Mg alloy surface during immersion with immersion time in 1 M HF solution at

256+ 1 .
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(a) Osec’

.aMg

2=

F|g 3. SEM images of the AZ91 Mg aIon surface with immersion time in 1 M HF solution at 25 £ 1 C.

ol (F)zt ¥H&ate] MgF, Heg A4 4= .

&, 7] S4% N2 A9 g S7= Mgk, ¥
oo Py ROE HHT 5 Utk
Mg — Mg + 2e (1)
2HY + 2¢ — H, (2)
Mg* + 2F — Mgk (3)

AAAZ| W AZ91 PF1vlE a9 EHO 3
f HSHE SEMOZ st AvE I 30 UEhy
At 1 M HF &0 JA5HA] &2 AZ91 Mg &
=9 HHAE o-MgidT &7 p-MgsAl g 2
Al-MnAT 22 24 JAEe] BEEHIHY (1H
3(a)). AZ91 "tvl% TS 1 M HF |9°] 10x
=ot A3t AHol W (1Y 3(b)S AHEH, ¢
-Mgit EHO Antol o5t AT A9 A7t
ABFRIL EJF f-MgrAlid EHO| o2 QIgH
Q1 E4 3} A e-Mg/doll Hls gA Yehstt 1
M HF &0l HA] A] @-MgAt EHO] duto] <]
o 237 AAE olf= e-Mgidel 857t wt
27 dojt At & S ok E3F A-MgAliA
o] g-MgAl Bl ¥A Yehd olf= MgidEol
Zh AQJAR <Qlote] Al JEET T #WE2A &
=l O A3 Al AdEo] RFEFoZ HH| =
517] giEog o AXch Izu 1 M HF 8R4
FAANZE B2 F7HI7IH B-MgiyAli/de] Al 4
£ A= &oiE Aotk ol FE2 30 = ]
F A Azto] F7IR] Wk g-MgiyAli/del A

o REoA FAH 4L Trench +x9 A &
BEAT & 5 Aok (3F 3(0) ~ 3(h) FD).
a-Mg/d9] 7, A 187K = SEM om[A] AoflAl
& Wshs TR Q2orot 3 £ ot AR’ o-Mght
9] FHOAE SEM olu|A] AojlA o o2 Aoz
Uebdth o]4d olf X2 utadlgEc YAt
HS7t W2 AbAer BEAS TS MgF, mdto] 4]
(3)3} Zo] BN HECZ 4T 4 ot
ARty o2 mtauE Faol EAcks e-Mgdat
B-Mg7Al 2 uto]a=2 Zuhd Jito] os) g
‘Mg17Al1z*J'°] ==& ZE5to] o-Mg/iho] 4tst
T3S 7HESE AT 4 A Qlet [8, 91, whHd]
1 M HF8HoA o-Mgdolkt= A1&2R1 837 dofut
A Rt} of= g-MgAl EHol| MgF, 25| mjdlo] 3§
Jelo] BEsp| wiEo|t}. ¥hH, A-MgrAliAe 1 M
HF-&Hol] GFujE AdiEo] BHE olFA] Zofal 4]
&Aoo gaf=lo] AA=] wfEolet & 5= qirk.
a9 4= FA Azl e AZ91 vilvls o
FH¥ ] AAHcrystal phase)s Eob7] st
of &% XRD ﬂﬂ‘ﬁ_%o]ﬁ‘r O% 4(b) ~ 4= &
% 2theta 7oA 42 XRD HIEE Fojisto]
Hol3e AREA, A A7to] F71Eol wet g
-Mgi7AlL 730l si@ets BA9] F7]= FAsk= &
H, MgFoll sigoh= ®A9 A7= F7oke Ao
T UERH ol2fet 2472 1 M HFEHAZ91 Mg
TS AN @-MgAte] HHOAE MgF, dko]
‘Fgo] dofual B-MgpAli HHOA A&Ho=
Lo=lo] AL USS 830 ot
19 55 1 M HF &0 JAAE Esto]
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Fig. 4.(a) XRD patterns of the AZ91 Mg alloy surface with pre-treated time in 1 M HF solution at 25 £ 1 °C. (b)
- (e) represent magnified XRD patterns with immersion time in different 2 theta ranges.
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Fig. 5. Voltage—time curves of pre-treated AZ91 M%
alloy during PEQO treatment for 2 min at 100 mA/cm
of 300Hz AC in 0.1 M NaOH + 0.4 M NasSiOs
solution. The pre-treatment was carried out for
various durations from 0 to 20 min in 1 M HF
solution at 25 £ 1 C.
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Fig. 6.In-situ observation of arcs generation of HF-treated AZ91 Mg alloy obtained during PEO treatment for 2
min at 100 mA/cm? of 300Hz AC in 0.1 M NaOH + 0.4 M NaySiOs; solution. The pre-treatment was carried
out for various durations from 0 to 20 min in 1 M HF solution at 25 £+ 1 C.
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Fig. 7.Plot of arc initiation time versus pre—treatment
time of AZ91 Mg alloy.

v AEE 0.1 M FABIHES + 0.4 M FAHE
F &d0lA Szt dsiatsr Azt et o
et Al B Aot dRbF oz TF 6o
He AANY E=h=vt Asjidet A Al 27]0le
9ol Wil o7t BAsHA] gk RH e 7
Z7} AR, v 4 AIRE & AU =
gt otarh ASHA 7120] S Al 7
T Uehdin). o9 A AR AR TOF 60M B
A AR HA] ek AlEe AR P& 9F 30 =
Rhofl AL 20 2 B9 A o AlE2 °F 8 = R
E] of=7} s | ARAtsilnt. 19 72 o=yt &¥st
7] AEFsle ARRE ZdA1E ARl wE vERd Aol

a9 7914 AAE A2 SR whet ot
o] &Ao] m=A dofd A2 AAE FHOAM =

S

Fig. 8. Optical microscope images of PEO films formed on the pre-treated AZ91 Mg alloy for 2 min at 100

mA/cm? of 300 Hz AC in 0.1 M NaOH + 0.4 M Na,SiOs solution. The pre-treatment was carried out for various
durations from 0 to 20 min in 1 M HF solution at 25 + 1 C.
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Black defect White defect

Fig. 9. SEM micrographs of PEO films formed on the pre-treated AZ91 Mg alloy for 2 min at 100 mA/cm? of
300 Hz AC in 0.1 M NaOH + 0.4 M Na;SiOs solution. The pre—treatment was carried out for various
durations from 0 to 20 min in 1 M HF solution at 256 + 1 C.
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Fig. 10. Plot of thickness and growth rate of PEO fiims formed on the pre-treated AZ91 Mg alloy for 2 min at
100 mA/cm? of 300 Hz AC in 0.1 M NaOH + 0.4 M NaySiOs solution. The pre—treatment was carried out for
various durations from 0 to 20 min in 1 M HF solution at 25 + 1 C.
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