FmFEAR HS50%E el
- 64 - SURFACE TECHNOLOGY 2021 4F 6 A

GBEREAFETHERBEUSHIMAL
8 S IR0 & AL i 14

R, SR, FF5E, TR, £SE
(ZWNBTAS SEEEOHNTSENRERERERZE, =N 730050)

W OE: B EABERBREHALASK, ARSGAMIRIE, Fik LEME Z B BRoP T eERTER
Fikd f#i540 (PEB) &2, b R @Bl &E, KGR L 26 iR F A L7 HIKEL (MAO) 422,
M K45 PEB+MAO #7 A A8, 4 548 A 4246 & F 2455 ( SEM ), 4E#E4L( EDS ) #= X & AT4H4L( XRD )
DATIE BRI MY . T F A B ARk, J B o bk ) 3 i 3 A5 ARAR o 42 Ae AL P (EIS)
REAE, R SBHEETRUBAMIREATEE, B, AT HANK, 3134 PEB £ @&
MW BN EA T B R, £ PEBTMAO A A e A kitfEy, BREALEE G EEEZNAL, @
FAZE R RIEAR, FEHTREEEN, MAETENG YRGS ERRERT LER AR @ s
Fh, KET AMAR LN, Hmsk PEBHMAO H 4 B8 i1t b i % B AR . £ — PEB AU BAn e —
BOREACTE BRI EAKT 3. 2.0 1 ANF 2., FIat, EIS AFR4L &9, PEB+MAO A 4% 7T AR AbAa s Kk
B 1A g SUARPRAP . 391, AT T PEB R\ HUME 69 £ AL AR PEBMAO &4 it A2, &L T
MIFER 4% PEB A A L E % PEBTMAO A A0 BE | BB MBS, Y%l IR 35 440y af
Mk, EHAR G TSR & kR B —F B EAE L, R FH AR R AR

LW 4 FETIREMAM; MIREAL; REKt; EAN; Fikik

hESES: TG1744 STHEIRIEEE: A XEHS: 1001-3660(2021)06-0064-13

DOI: 10.16490/j.cnki.issn.1001-3660.2021.06.006

Fabrication and Corrosion Resistance of Hybrid Coatings on Pure
Magnesium by Combining Plasma Electrolytic Boronizing
with Micro-arc Oxidation

SUN Le, MA Ying, LI Qi-hui, WANG Sheng, WANG Zhan-ying

(State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

WRREH: 2021-04-08; fEITHH: 2021-06-09

Received: 2021-04-08; Revised: 2021-06-09

EE€WA: ¥ 44 ## A% (1111RIDAOLL)

Fund: Supported by the Creative Research Group Fund Grant of Gansu Province (1111RJDAO11)

TEEBN: 7R (1986—), B, MEMRE, TEHMAFT@AESEHRTHRNE,

Biography: SUN Le (1986—), Male, Doctoral candidate, Research focus: surface modification of magnesium alloys.

BIEE: BA (1966—), %, Hd, #8&, TEMAFTAAREENEABAKERH . ¥4H: maying@lut.edu.cn

Corresponding author: MA Ying (1966—), Female, Doctor, Professor, Research focus: surface modification and protection of light metals.
E-mail: maying@lut.edu.cn

Bl TR, TH, EFME, F. AEEAEF S TIRGBEME HOREAN T A B H & B AR [T]. £ @K, 2021, 50(6): 64-76.
SUN Le, MA Ying, LI Qi-hui, et al. Fabrication and corrosion resistance of hybrid coatings on pure magnesium by combining plasma electrolytic
boronizing with micro-arc oxidation[J]. Surface technology, 2021, 50(6): 64-76.



$50% ol

ABSTRACT: The aim of the research is to prepare a novel hybrid coating on the surface of pure magnesium to improve its
corrosion resistance. Pure magnesium was pretreated by plasma electrolytic boronizing (PEB) in borax aqueous solution to
obtain the surface modified layer, and then it was processed by micro-arc oxidation (MAO) in silicate-based aqueous solution to
fabricate the PEB+MAO novel hybrid coating. The microstructure, element distribution and phase composition of the coatings
were analyzed by scanning electron microscope (SEM), energy dispersive spectrometer (EDS) and X-ray diffraction (XRD),
respectively. The anti-corrosion resistance of the coatings was characterized by potentiodynamic polarization curve and
electrochemical impedance spectroscope (EIS). The results show that the PEB process of pure magnesium involves four stages,
namely ionization, replacement, adsorption and diffusion. The obtained PEB surface modified layer consists of the oxide layer
and the diffusion layer. During the growth of the PEB+MAO hybrid coating, instead of simple stacking of layers, overlapping is
observed in its thickness direction. In the process of plasma electrolytic saturation, B element infiltrates and forms a layer that
reduces the surface chemical activity of pure magnesium substrate but improves its microstructure, thus bringing the corrosion
current density of the PEB+MAO hybrid coating down by 3, 2 and 1 orders of magnitude compared with the substrate, single
PEB modified layer and single MAO coating, respectively. Meanwhile, according to EIS analysis, the PEB+MAO hybrid
coating can provide relatively longer corrosion protection. In addition, the mechanism of formation of PEB surface modified
layer and the PEB+MAO hybrid coating is also analyzed, and the physical models are built. In summary, PEB pretreatment has a
dramatic effect on the thickness, compactness and chemical composition of the PEB+MAO hybrid coating, thus significantly
enhancing the corrosion resistance of pure magnesium. This method for fabrication of the novel hybrid coating is expected to be
further applied to magnesium alloys to improve its anti-corrosion ability and bearing capacity.
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Fig.2 Surface morphologies of the coatings prepared by different processes: d) magnification image of the rectangle region in Fig.2c

W
"o b

a [FI2brFMAOJE A2 L A A

b E20HPEE-MAOK & BERTALAM

K3 MAO i & PEB+MAO & & 5 i 2 i o FL 4 A
Fig.3 Distribution characteristics of surface micropores of MAO coating and the PEB+MAO hybrid coating: a) MAO

corresponding to Fig.2b; b) PEB+MAO corresponding to Fig.2c



- 68 * %‘z_{ ﬁ & 7k

2021 4 6 A

- 100 - I Pore percentage of less thanl pm 6.0 116
% 90l Pore percentage of larger than 3 pm 155 114
N Il Average pore size 5.0
= 80F Surface porosity 145 112
S 70t 68.54% lao g X
% 60  56.35% A’ 1353 ] 102
.35% 7 . 2] 8

B s0f zmm 1308 {8 8
g ‘or % 1258 16
g o % 7 1152 14 E
e 20 / 1.05 um <
1 8.16% / / 11.0 12
2 \ B "

(U= & % 4 0 10

MAO PEB+MAO

P4 N[l 25 B B2 P LR T e i LB ¢
Fig.4 Pore size and surface porosity of the coatings prepared
by different processes

12.19%; PEB+MAO B & Hid, KF 3 um WAL S
0.78%, 1 HMIREALIE 1/11, [FEF, PEB+MAO
2 A BRI ARSI, 1.05 pm,  HERTA LA
(2.64 um) /) 1.59 pm; 534, PEB+MAO & &5 R
FHEFLERFEN 4.1%, HLITAEIEE (9.3% ) Ik 5.2%.

22 BRENBEERRTESM

P 5 DA [R) T 20 8 4 S AR 50 B k) L A
EDS A4 . B 5a il LIF i, PEB ettE)Z
MR EL) O 21 pm, HA _EA B i X (B
ARy Do I Sc T UL, TR AL AR T b A e — L
NI INAS — B /INFL 33X BB R A A B B0

EDS line scan

Substrate

a PEBMCYEZE BB E A

EDS line scan

0K

¢ MAOMRZ METHTE 5

PERZ . IE Se Al LA EE, R4 PEB+MAO B4
L AT R = R = W (5 E e A T | = oy
PEB+MAO & & ECE M Lr, H PEB+MAO B &
JES R JEE B 2400 28 pum, i T AR 294 23 pum ),

A& 5b Al L, PEB 2tk Z PR El T Mg, O,
B =FIcE, i Taig kA S B LR, BT L
PEB P29 B JuER — Kk A B Th e,
XULIB ST, M O JCE A B JCE M/ A Fe sl
PIEH, PEB B2 M 8402 Sy 802 PR 4 4,
HAEAZ LY 82 RS M292% 6 pm Fl 15 pm,
B, O TR FEEPAEEZ, i B TR F2 5
MEEY HUZ, HY HUZSNEM B & aErg &, Bk
MR, B & R MR N7 A B R L A
B R, RO R SR AR SR T A AR P R
B, (PR SR Y, IR RS, HGE S 5
AN, BRAEIER R, I EOEIE e, ¥R BOs N
&, WP R R NIRRT, W BT RN
2K P FrLh, ARAEIEORPYES, & HioHE i
oG R & A%,

M 5d FaT P& L, MAO )2 FR R 2] T Mg,
O. Si. FIUFICE ., M EDS &4 Rk E, M
AL AN O, Si S &I, 1 F L& W
AR AR AR B, RO Z R Y F & B s T4h
BB T FAY2E42(0.126 nm ) 077 0.141 nm ),
OH (0.152 nm) 1 SiO3 (0.195 nm ) FRE /NI fiF

EDS line scan
LA

Substrate

Substrate

¢ PEB+MAOK &R EH SR

BKa FKa F Ka
SiKa
P ~Is -
3 5 |SiKa =
é ok \d/ W é
OKa
7] @ |OKa 2]
g 8 5 [BKa
£ Oxide layer K M =
MgKa S
 Diffusion layer el W“‘W MgKa MAO coating MgKa | PEB+MAO hybrid coatings _ -4/
Resin ittt Substrate Resin Substrate Resin Substrate

0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 50 55

Distance from the surface/um
b PEBHME: R IEDSLAT

Kl 5

Distance from the surface/um
d MAOJEZEDSL AT

ANTR) T2 o P 2 BT S0 S T R A

Distance from the surface/um
f PEB+MAOX A A EDSLRHH

Fig.5 Cross-section morphologies and the corresponding EDS line scan of the coatings prepared by different processes: a)
cross-section morphology of PEB surface modified layer; b) EDS line scan of PEB surface modified layer; c) cross-section
morphology of MAO coating; d) EDS line scan of MAO coating; e) cross-section morphology of the PEB+MAO hybrid coating;

f) EDS line scan of the PEB+MAO hybrid coating



$50% ol

VITERISE T, FER S8, EAEREE, &
TVEMER/NE TR, ERGERT, SPuiE
Rk ATk AL 8 8 S, T e 5 Mg 4 A AR B MgF,,
DURE SO S AR I P38 5 9 41, B2 52y B ] Al SiE K
JAAC L S T DAY ) A I T ) R T G 22 3kl 2 BELA
BREKRIY OF . OH 1 SiO3 123, ST HHE R
g, FEU EHENGAERT, o, SimtiE
B A AE SRR IR R AR, 1T F oG 28 DU & 3 g i
S

M 5f A LLFEH, PEB+MAO & HIT
ZEE N Mg, B, O, Si, F, BT, O, Si, F
“MICR MRS O A LR A —B B iR
)4y i F5 A5 5 PEB e 2 HIms A 209, &4
PEB+MAO & & IEH#A B o0, H A% FEEE A H 47
BHAb, B FEEZY I 7F PEB WAL IR EL,
B R F BB ANERMKZ G, %EHTT MAO 43,
1M MAO B Bt 1) 45 B 7 (il b X AR T — A R il i
TRERET, ED MAO By B A Ja 3 i R 850, B s Rz i (] £
MR, BT B RPN, XA TR
PEB+MAO E&MEHH B L&, MIMTE PEB+
MAO & A IR I8 BUE 248 S+ SiBs (J53CEl 6),
HEMTHE 7 PEB+MAO &4 R it bk

2.3 REHWHE

Kl 6 IR T 20l 2 XRD i 5. A 6
Rl LIE Y, PEB g2 RIS T MgO Fl MgB,
WiAH, MgB, M9 H I —UAIESE T BT R i 558 iE i
AT aigERpR, bah, TR, B (4igk)
FMKME] T MgO Wi, —MOR UL, FESF 8 TIRH
s, IR A e, R RELE,
WS DI, (HX LG K5, Aliofk-
hazraei ZEYHIFSE T 4l Bk 2 1 A BF AR 25 5 T 1A H i ik
AILB (PEC/N), XRD 4550, PEC/N g2
LT TiO, YA AR SRR FH BFR 45 85 1 R it
AtE (PEN/C) HARTE AZ91D HEG 4R Mt &
Tk, 5 AMELE PEN/C ol te 2 a3 7
MgO 1 ALO; ¥, T HiA7E PEN/C 22 Ay /M
BT E8AZ SRS R, F 2 £
T4 AN PEC/N $ARAHS , ootk 2 Hh 4R
#| FeO. Fe 05 B Fe;0, % W, F#RITECHR[44]
Hh ORI, AS#N Y PEC/N PR 2SN L T 8 A2 .
XIARMFFE 5, digeiifT B PEB TALBERT, 7E%F
BRI DX SR e T AR AR, B s AR ] L 1Y)
KRFES N, R ERMAE (X 1), RFEAME
STE Jy s i TR IR BT R Ak A AR EE (K 2), BEE
SRS SR, iR BRI TR, F )5t 7E PEB
SR 2 AMERIE L T A2 o

Mg+2H,0—Mg(OH),+H, 1 €))

Mg(OH),—MgO+H,0 2)

INREE . SRR S5 2 T U F A7 2 5 I AR 525 RS 8 T o £ 69 -
—PEB+MAO |1 1—Mg  4—MgF,
—MAO 5 2—MgO 5—MgSiO,

—PEB 3—MgB, 6—SiBs

4
3 642 6 325 2
010 T

Intensity (a. u.)

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
20/(°)
K6 AT R BZE XRD 3% &
Fig.6 XRD patterns of the coatings prepared by different
processes

HE 6 AJAHl, HENEILB PEB+MAO E &K
FA RGN 2] T MgO . MgF, Fll Mg,SiO, ¥14H . 7£ MAO
AL BRI FE A, BHAR (4li%E ) TS TRE AW =4 Mg™*

(X 3), BEEARBERT, M SmMETH
) F~. O, OH Al SiO" %[ Fatukidss, it
LA TE , SR 3k 46 BH PH 5 17 i R G R & AR A
N, FEZEA B MgO . MgF, il Mg,SiO4 (X 5—
= 10) 1,

Mg—Mg* +2e ( FHMLIA ) (3)
40H —2H,0+20(0,)+4e 4)
Mg> +2F —MgF, Q)
Mg*+0* —MgO (6)
Mg*+20H —Mg(OH), (7)
Mg(OH),—MgO+H,0 ®)
2Mg* +28i03 —Mg,Si04+Si0, )
2Mg?*+8i0;* +20H” —Mg,Si04+H,0 (10)

AN, WK 6 Rl L&, PEB+MAO & & i
IR KN R T MgB, #l SiBs WIAH ., 4li%E 4 PEB kb
P2 )G, FmEEHIE T MgB, YA, 4R MgB,
HA mRAEARRGENE, 7o E LB B, B —550
MgB, 276553 PR XA SRl i . B SRE
UERT, WIS EBYR T, f)a X teiE 4 [B]
JEF 5 i R Sios M EAEF, ApL SiBe #AH
(K 11),

MgB,+8i0;* —SiBs+Mg,Si0, (11)
2.4 PEB K4 ZE#1 PEB+MAO £ 5 REI#
R HLEE

& 7 24 PEB ePEJZIE ML R B . E 7
ATUE N, aikr S IR MmB ML Bal 7H
BB WY E 4 BB, 7E PEB Tikb Bt
R, YRR, R TR R b T
AR RS ( Na,B,O4-10H,0 ) FlE A b ihss
P e B, S ENE 7 (Na™ ), IR 1 (B,O3 )
MAEMRET (OH ) (R 12, 13), #EFRIERZAY



0. % W o# A

2021 4 6 A

3>
>

Na,B,0,—2Na*+B,0%

I} | NaOHoNa+OH- ™ Electrolyte
A Na*te B0} —e Na+B,0;
i v v
\ Na B,05+0, NaBO,+ ®

it ...l...l...l...P..l...l..

) Y Y
xv*v.vxvix.

=) Oxide layer

Y
L] (] (] [ J [ J

=) Diffusion layer

d : ne Im 0 atc :
@ Active boron atom ¢ Interstitial diffusion

Kl 7 PEB EEMIE MBI R SR THEE ., 1B, 11
MR, IV P HK

Fig.7 Schematic illustration of the formation mechanism of
PEB surface modified layer: I ionization, II replacement, III
adsorption, IV diffusion

YERF, Na 3T 88 I B b 22 1 15 1, T2 R 2 o ( X
14), B,O7 WER2 2| PHAL £, 45 i TIE i B,Os (=X
15), SRJG & B B,O; KA B s i, A a2
By (NaBO,) FIEHEMIE T7[B] (X 16) W91, gz
i, XSO PO R T O B R, SRAEAE M (4l
BE) R, AR ERAE R, S gy EoY gy
X, BIEIEAE T RIGTEALAW AT, %
PR F Bl SR T4 AR MgB, (X 17), Bi&E B
TR TRl A ZE G, FE AR Tk B Wi B T 9 U2 .

Na,B,0,—2Na‘+B,03" (12)
NaOH—Na'+OH~ (13)
Na'+e—Na (14)
2B,03 —4B,0;+0, +4e (15)
3Na+2B,0;—3NaBO,+[B] (16)
[Mg]+2[B]—>MgB, (17)

¥l 8 i PEB+MAO & A MEMTE it fem A .
& 5a. b Af%0, 4%k PEB Wikb#s, 153 1T H
FALE Y BR8N PEB BitEZ . B35 X% PEB Fil
Ab B 5 )RR AT OIS AL AR B, R4S PEB+MAO
AW, RSP =MAR N %, T
AZ91D A & FRONAABER AR T, g5 ERH,
A LB 2 R g . mdhE R . ZEXFELL T,

PEB

Il Magnesium substrate ~ [JOxide layer [ Diffusion layer
™ PEB+MAO hybrid coating
Kl 8 PEB+MAO K& IR i e EIAl
Fig.8 Schematic illustration of the formation process of the
PEB-+MAO hybrid coating

® Element of boron

AHIE G ] A A I — 3 A3 TR AR AL JBOKE 5 1 1
JZEE, MM IR — &R A L 254 PEB
oAb Y BOE B B B A 2 a5 . T
UL, 76 PEB+MAO & & R il g5t B8 v, 77 )2 5
EFMESNIG, MARE—Z— 205 AR,

ZE LA, PEB FiAL BT DABR AL K47 R o 2 20
ZER, IS K PEB+MAO E A MERIER (& 5e ).
FEF, BFEFREAE (0.087 nm) FLEER T Y
# (0.16 nm) /Iy, #{F PEB Wikt 2, w5+
P BB A RS, 8 R i R R AR S
MgB, ([ 6), HIESIEME ANt £
rnAs 2 R AR AR A R T8 S PEBHMAO & A
ot (B 22—’ 5). 54, PEB i ikl DA {7
SeB b o B AL B (R SR 1T, 1T 7E PEB+MAO
B ARAGHERETE S0 SiBe FrAH . el L,
PEB FilZb¥ 2 i 5 PEB+MAO E A AEMIEEE
2.5 FEREBm

ASTR) T2 28 0 2 1) 3l A2 W Ak i 26 an 1] 9
s, 1 R EIE 4R, Hg, WAefpl R,
AR AP (KX 18) k15,

_ ﬂaﬂc X 1
R, = 2.303(8,+B,) J,

(18)

IE 9 FIZR 1 T LIE H, R T2 & 0 B2
Jig e 7 AR E/INHERE A : PEB+MAO & A1 -1.62 V)
>STHRAALE (-1.64 V) >PEB (HZ (-1.68 V) >
R (=1.69 'V )o X7 B JE b FEL 37 285 85 D/ N 381 K g i
F¥ 4 : PEB+MAO & A (0.342 pA/em® ) <4 [k
i (2.63 pAlem®) <PEB ittE)2 (71.6 pA/em? ) <J
i (128 pA/em® ), XUEZEIREN, — PEB (M2 .
T AR PEB+MAO & & I BEA [m) Fe 5
B S A BE T v, RRAE 5B — PEB BUPE)Z K&
B — TR AL AR L, PEB+MAO 4 T (0 T d 1k A
POER SO

Substrate

1g[J/(A - cm™)]
|

-7F o
MAO
-8+ A
PEB+MAO
-9t 1 1 1 1
-1.9 -1.8 -1.7 -1.6 -1.5 -1.4
E(vs. SCE)/V

P9 ANl T 25 14 J U= 2l H vl A 2
Fig.9 Potentiodynamic polarization curves of the coatings
prepared by different processes
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Tab.1 Fitted results of potentiodynamic polarization curves of the coatings prepared by different processes
Sample Eecon(vs. SCE)/V Jeor/ (A-cm™) Ba/(V-dec™) B/(V-dec™) R,/(Q-cm?)
Substrate -1.69 1.28x107* 1.46 0.92 3.55%x10?
PEB -1.68 7.16x107° 1.44 0.88 6.38x10°
MAO ~1.64 2.63x107° 1.18 0.96 8.75x10*
PEB+MAO -1.62 3.42x107 1.05 1.11 7.63x10°
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Fig.10 EIS diagrams of PEB surface modified layer at different immersion duration
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Tab.2 Fitting results of EIS data of PEB surface modified layer at different immersion duration
Time/h 0.5 2 4 8 20 36 60
0./(F-ecm™) 2.75x107 3.45x10°° 7.12x10° 4.68x107° 8.92x107° — —

o 0.78 0.83 0.79 0.87 0.94 — —
Ro/(Q-cm?) 8.97x10? 7.86%10? 6.45%10? 4.69x10? 2.05x10? — —
04/(F-cm™) 6.07x1077 6.98x1077 7.65%1077 8.25x10°° 8.94x10°° — —

ng 0.86 0.81 0.93 0.95 0.96 — —
Ry/(Q-cm?) 2.15x10* 8.97x10° 7.84x10° 3.76x10° 1.12x10° — —
R/(Q-cm?) — — — 7.76x10° 1.48x10° 1.06x10? 0.95x10?
L/(H-cm?) — — — 2.67x10° 1.52x10° 1.12x10? 0.79x10?
Of/(F-em™) — — — — — 7.89x10°  5.78x107

ne — — — — — 0.94 0.97
R/(Q-cm?) — — — — — 0.33x10? 0.27x10?
Cy/(F-cm™) — — — — — 7.14x107° 8.47x107°
RJ/(Q-cm?) — — — — — 2.57x10? 2.23x10?
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Tab.3 Fitting results of EIS data of substrate after 0.5 h of immersion
Time/h Oy/(F-cm™) ne Ri/(Q-cm?) Cy/(F-em™) R/(Q-cm?) R/(Q-cm?) L/(H-cm?)
0.5 7.72x107° 0.78 0.35%10? 4.56x10° 2.71x10? 1.08%10? 1.13%x10?
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Fig.12 EIS diagrams of MAO coating at different immersion duration
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Tab.4 Fitting results of EIS data of MAO coating at different immersion duration
Time/h 0.5 2 4 8 20 36 60
Ou/(F-cm™) 3.28x1077 5.46x1077 7.85%1077 8.94x1077 7.83x107° — —

N 0.75 0.78 0.82 0.85 0.91 — —
Ry/(Q-cm?) 4.74x10° 8.85x10* 6.57x10* 4.98x10* 3.08x10* — —
O/(F-cm™?) 2.97x1077 3.13x1077 6.25x1077 8.58x1077 3.65x10°° — —

n; 0.68 0.73 0.79 0.85 0.88 — —
R/(Q-cm?) 8.97x10° 6.34x10° 2.15x10° 5.73x10* 3.82x10* — —
RU/(Q-cm?) — — — — — 5.93x10° 3.15x10°
L/(H-cm?) — — — — — 3.37x10° 2.05x10°
O¢/(F-cm™?) — — — — — 8.12x10°¢ 9.03x10°°

ng — — — — — 0.94 0.97
R/(Q-cm?) — — — — — 3.53x10° 2.25x10°
Cy/(F-cm™) — — — — — 8.87x10°° 9.53x10°°
R/(Q-cm?) — — — — — 6.58x10° 5.24x10°
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Fig.14 EIS diagrams of the PEB+MAO hybrid coating at different immersion duration
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Tab.5 Fitting results of EIS data of the PEB+MAO hybrid coating at different immersion duration
Time/h Oy/(x10°F-cm™?) y Ru/(x10* Q-cm?) 0,/(x107 F-cm™?) ;i Ri/(x10° Q-cm?)
0.5 0.478 0.71 89.8 2.25 0.65 42.7
2 4.67 0.77 78.6 3.54 0.72 23.1
4 5.15 0.74 69.1 4.17 0.81 10.5
8 6.24 0.87 5.84 5.48 0.84 5.42
20 7.03 0.89 4.65 6.51 0.77 3.65
36 8.19 0.92 3.79 7.62 0.89 2.78
60 8.92 0.97 3.07 8.79 0.93 1.17
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Fig.15 Equivalent circuit of the PEB+MAO hybrid coating at
different immersion duration
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