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ABSTRACT

Yttria stabilized zirconia (YSZ) coating was formed on AA1050 Al alloys by aerosol deposition (AD), and its electrochemical
corrosion properties were investigated in 3.5 wt% NaCl and 0.5 M H,SO, solutions. The crack-free, dense, and ~5 pm thick YSZ
coating was successfully obtained by AD. The as-deposited coating was composed of cubic-YSZ nanocrystallites of ~10 nm size. The
potentiodynamic test indicated that the YSZ coated Al alloy had much lower corrosion current densities (2 nA/cmz) by comparison
to uncoated sample and exhibited a passive behavior in anodic branch. Particularly, a Eitting breakdown potential could not be
identified in H,SO,. EIS tests revealed that the impedance of YSZ coated sample was ~10 Qcm? in NaCl and ~10” Qem? in H,SOy,,
which was about 3 or 4 orders of magnitude higher than that of uncoated sample. Consequently, the corrosion resistance of Al alloy
had been significantly enhanced by the YSZ coating.
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Table 2. Results of Potentiodynamic Corrosion Tests for
Uncoated AA1050 Al Alloys and YSZ Coated AA1050
Al Alloys in 3.5 wt% NaCl and H,SO, Solutions

Ba Be E i

e wasieln. Solutions ~ Samples mvV) mv) mv) ( nA/cmZ)
35wio, Uncoated 339 1051 -7602 5574
2 Als|Hjed :
==eH NaCl  v§7.coated 1932 1966 -8828 2.5
B AlgE 4FulE HFH(AAL1050)9] 3HeHE % o5M  uncoated 1751 1754 6382 4300
Qe NEgE
8 Table 1] HEFHIT. AALOSO NEE 7k2 50 mm, HS0s vs7.conted 2021 1841 6579 22
A2 24mm, F7 25mme FAZE 7HEEI A, doj2E
Table 1. Chemical Composition of AA1050 Al Alloy (in wt%)
Fe Si Cu Mg Mn Cr Ti Etc. Al
AA1050 0.305 0.076 <0.005 <0.005 <0.005 <0.005 0.017 <0.05 Remains
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Fig. 1. XRD patterns of (a) uncoated AA1050 Al alloy substrate,
(b) starting YSZ powder, and (c¢) YSZ coated AA1050
Al alloy.

d v=39 ¥3 A2 ADHel ol S ZE SN
&3] #FH, o3 34 v 542 AD I T
of 244 A71¢] Hast Agde] 2vdd A5l

] HA el ARFH A719] oA 71Q1= ATk
AehA Scherer W20l ofsf AXE AAE A7]=
7 nm©] t}.

YSZ H9t5e] W 9 @S SEMO R A AMKS
Fig. 20 Pt 9ota2 2H 7]F
AGSHA FAAHJA T, b AR FH FAS BT
ATE ol A 722 542 AD Hell ofsl FAE Al
g} A ZoA &3] YRt F30|thFig. 2(a).
=9 FA= o sumol™, W 7Folut 4 glo] Al &
= 713 1ol #dsHl 32 = SUckFig. 2(b). AR ADH
of oJ3] T2 FAkslolutElo] E(HA)G A4 ol B&
o] 98.5%°l sFst= =2 Atk Hat AR 7]
AT e 1o st A3e B8 St ¥
T ZAo] g FET 7] A Aol oahd, 713
ek AD ZHZ9 J2Z ZA=E oF 20004 50 MPag K
FEASH ol= AD ZBZFH 7|3 Aolol] EAsh= FA
g Zof osfA] 7]oE Aow ey ok ysz =)wt
Zo] mAl 2F AR B4 IS dEelr] 918l sl
s 7 AA AV HRTEM)S o] &-3te] YSZ A F9]
A F2E AFEA L 29 e AFE Fig 30 e
At} Fig. 3(a)ell Hoix= 2882 TEMS] %A o (bright
field image). 2 HE A Y &2 AAS HE3HA +&H
A A, spot} ring FENS] 3]A -2 A SHA|oF3]H

=

Fig. 2. SEM micrographs of (a) surface morphology and (b)
cross-sectional view for YSZ coated AA1050 Al alloy.
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Fig. 3. (a) High magnification and (b) high resolution TEM
images of the YSZ coated AA1050 Al alloy. The inset
of (a) is the SAED patterns of the YSZ coating.
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Fig. 4. Potentiodynamic polarization curves of the YSZ coated
AA1050 Al alloys measured in 3.5 wt% NaCl solution.
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Fig. 5. Potentiodynamic polarization curves of the YSZ coated
AA1050 Al alloys measured in 0.5 M H,SO, solution.
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Table 3. Equivalent Circuit Data for YSZ Coated AA1050 Al Alloys Measured in (a) 3.5 wt% NaCl and (b) 0.5 M H,SO, Solutions

R, (Qom®) Ry (MQem’)

CPE oy (x107°Q7's"cm ™)

Me Ryor (MQem?) CPEy (x10°Q7's"em™®)  ny

(a) 9 0.003 6.9
(b) 25 0.9 11.8

0.99 83 46.8 0.90
0.97 25 3.5 0.90
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Fig. 6. (a) Nyquist and [(b) and (c)] Bode plots of the uncoated and YSZ coated AA1050 Al alloys obtained in 3.5 wt% NacCl solution.
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Al 71Q1== 3=, I8 F9] constant phase element
(CPE )¢t WEE AZA=|o] Ut R, > RIS 7
Ho| Aol E5AFeR, AQYZ /S5 AW o]FF
(double layer)] constant phase element (CPEy )3 HH=E
A7 o] At} o] oA, CPEE £33t dispersions X
o= Al&Hlo| A Blo] A0 A5S power fractionS A
alo] ol=mElAE Hlskes Aotk CPE A% 44 EIS
datas =2sh=t m-% F-8&3t3L CPE &% ol=rds
ol HENA [Yepp(@)=1/Zepp=0fjo)' 17 22 o2 &
FHt® Fig. 8ol AAE 571325 o] gsle] =4F
data= 574 % EIS HolE¢} tiAlz2 dAPer, i
57182 AR =4 72 Table 391 YERNIE Fig. 6(C)
9] NaCl F&ol|x Aojx Bode phase angle Z#]ZZ
B, 10°Hz8}F 10' Hze] F3k5 FollM F 7] A G457t
BEsiA FiEEH ol F 7ie] CPE A&l tid 54
< Yehdt} Fig. 6(B)2] Magnitude bode plotZF-H, F+
el A o] F7F FuE (100~10"Hz) B934 A F
5 (~107 Hz) FollA B3t et ol5e 747}
27t Roga™ Roorar™ g TE REHO, G4k gefol X &
¥ Bode plot®] 75, NaCl 7843} o] A2} A3k
dito] A Tt E o] AA] =t 2y Table 39

Al sE)

CPE,

R.E.

Rcoat

Rpolar

Fig. 8. Equivalent circuit for fitting the impedance data of the
YSZ coated AA1050 Al alloys.

)

=AE Azte] B2, NaCl 58)2] A3} vlegh 322
AASE ke Aew Addr T SN0 RS ¥l
S8, NaCl F&AAX 9] Ry (<3 kQem?)yS &4t &9
A ZAE R, (900 kQem®)ol| B °F 3008] A= e
we BTy 5 A} vwsjA s 2, NaCl
FEANA Hol= v R 2 F2AAe CI o9 o

& 3 & ol AR e B gEat
2 vA AghelA 7IQ1E Fo R AX L vhE, At &
Hor o] =& ARAGFH A9 Aol FsH AF



o] Z2PHo| )3t YSZ FHE AA1050 LFrlE e A7slels] Ha) B4 445

Fig. 9. SEM micrographs of surface morphology for the YSZ
coated AA1050 Al alloys after EIS test in (a) NaCl and
(b) H,SO, solutions.
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