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Analysis of Corrosion Layers on Electrodeposited Zn-Ni (13wt%)
Alloys Using AES, SAM, XPS, SEM and XRD

Yasuo FURUDA, Yasuo TSUCHIVA, Masaji TERASARA

Kazuhide NAKAORA and Tomihiro HARA

Synopsis:

Corrosion layers on electrodeposited Zn-Ni(13wt%) alloys are analyzed using Auger Electron Spectros-
copy(AES), Scanning Auger Spectrometer(SAM), X-ray Photoelectron Spectroscopy(XPS), Scanning
Electron Microscope(SEM), and X-ray Diffraction(XRD). It was found that surfaces of the alloys corroded
by SST (salt spray test) were covered with zinc oxide and zinc hydroxide, and their inner layers consisted of
y phase alloy and ZnCls-4Zn(OH)2. On the other hand, the surface layer of the alloys immersed in 5% NaCl
solution consisted of ZnO and ZnClz-4Zn(OH).. It is pointed out that the enrichment of Ni between the
surface and the inner layers does not occur. Chlorine does not exist in the surface layer of the alloys
corroded by SST but does in the inner layer. As for the samples immersed in 5% NaCl solution, it is found
in the surface layer as well as in the inner layer. It is emphasized that the corrosion mechanism is
completely different between SST and immersion in 5% NaCl solution. Chlorine in the inner layer of the
alloys corroded by SST is homogeneously distributed. From above results, the mechanism of corrosion by

SST for the alloy 1s discussed.
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FISHNET A= v £ v 2%y & — % FIGEE D B
THHBE LI b7 0%, BRI T v v £ Fvin
HEE 5KV, f4vr vy : HAKEERRK I
86 pA/cm?, 5% NaCl BEHM T 20 pA/cm? T B>
oo 2RIED TEATIREEEL SAM LT @~
B2 EDOREERIE SEM CHE L.

3. BRLER

31 HDOEXXRED SEM (k3=

Photo. 1 D% ¥ ¥ ® SEM EH, Photo. 2 (A),
B), (C) CEARRDDDOX% 30min A Hv 28, &
— L CERAOBILYBEBRELIHED SEMEE, K
Ni, Zn © AES [ 2 —UEBZRENRT. A2y & —
FRREEAEERBLZ 9 ZIXED BRI, A
v B —BIMERD 75 » 2 FELE. ChIXESES
DOZDONTIETIDIdEEZ bhb. Zn, Ni © AES
4 A—=CEBEEZ Zn, Ni N3 —e i L5 2 &
FRLTWS.

Photo. 3 1< 2 0% 120h SST % fF-ohf%0 KD
SEM FEE%/~3. 2h o SST Cciikmcy & &
DI N FET D0 Tl Eo BT v FoHLL
SME IO ED & B ERD A/ ST,
Photo. 4 1= 5%NaCl BB LR (BESER
—600mV) » SEM EH % x4, SST EARFERE
(Photo. 3) & H7 b EBEIC B/ oks shbih ERCIELE
T5. WHEDHBN B NaCl Bt » HEAEECLE
REHENE s - FHEIRS.

3-2 SST MHERED AES [CKB39H

3-1 @R\ T 2h SST FRMERCHGIH & B
(Photo. 3) 23FfET % Z & &7z, Fig. 1 @ lmin
Kot 2h SST TR LA D AES EIFAHPHO

Photo. 1. SEM photograph of a Zn-Ni (13wt%)
alloy before sputter.

Photo. 2. (A) : SEM photograph of the alloy
after sputter for 30 min. (B) : Ni Auger image.
(G) : Zn Auger image.

wWRERT (AES HH{ERRERTZHAGCRD .
WOTHhi Y DBRENRAZTNSDT, UFCRER
eI Thi\). Rk B, W i3 SEM EECcEAR
VHALRX 2EWAOHHRERETHS. Inin FRHK
BWTULB Tz Gl EHEIhTh3 8, WTiiBH &
RTwigw., ¥7 2min A8, X —CWeiz Ni 23
BT 55BCi ¥ U TEmIZ Zn Bk (KEL
W El) DATHD. L LEDERITAE L I,
2h BAMTIEN I EBEATHS. THbbB
TIXEEW Zn, O, Cl 2L, Ni ik 110min = ¢
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Photo. 3. (A) : SEM photograph of the alloy

corroded by SST for 2 h, (B) : for 120 h. . ® Zn-Ni(2hr)-w 7n
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Fig. 1. AES depth profile of the alloys corroded
by SST for 1 min (A, B) and 2 h (G, D). B and
W correspond to black and white places in the
SEM photograph, respectively.

Photo. 4. SEM photograph of the alloy immersed
in 59 NaCl solution with immersion potential
—600 mV.

o % —CHETS. —F Wik CLiz & KR O KIH
721, Ni 4 Smin 22y % —CHIh%. DEOKERL
» SEM BEETRAK AL 2L, BREFENC
Lovbhn s, ¥ 2h OFATIE Cl ik RBE ORTH
EL, S4B BLIFELRWS EHbS.
3.3 SST EREEAMD AES, SAM (XD T
Fig. 2 1= SST AR, 0,24,72, 120 X0* 240h
L Y S S e Wi NI W
2EAE Cl REEETESBHRORCERLELTHD L 120 h.
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Fig. 2. AES depth profile of the alloys corroded

by SST for 0(A), 24(B), 72(C), 120(D), and 240

(E)h.
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Auger energies (eV) are shown in the figure.

Fig. 3. AES spectra for the sample of Photo. 5.

Ebvbohn s, 72,120, 240h BT L EBEOEREN L Bh
oo T bREL Zn By KBEH L&) Th
v, FORMNC Zn, Ni, Cl, O s b 5 BRELETS .

Photo. 5 iz 120h SST EARE % 240min 2%,
Z—LKEDO SEM BEERRT. 8D 275 7 23%
2B, 759 7 OFENTED X S CBRER YR
DT BNE NS IDIE SAM T 0 L.
Fig. 3icr2hbm AES AR2Z M ARRT., 75,70
A (A) T2 180eV i Cl DY — 2 NR 23075,
7 N (B) CRIEFE/INIL, #iE T Cl/Zn K (AES
FREEH) 1% 0.277, %% Tk 0.033 ©HO%. 0T
5 Z7IRGDBBEIETLONS LT E L BRuicu.

Fig. 2 W& L7 X 5k 120h SST #% 300min =
Ry X —F5% Zn, Ni, O, Cl 0IETHHEBEIER
%. Photo. 6 1= 120h SST #t% 300min &-%, & —
#HBOEED SEM FEHE Cl © AES 1 2 —o@vR
T. EEIVELAR LSS Cl DBREZIIHS D
DD Cl Z AT LTBZ Ebhs,. Tihhbb
BEEOSREAN (K 1pm) CTRERERDIIITE—
AL T B Enz b,

Ni BENHNBTED XS REIFASFAE LTS
PERFND DI Ni/Zn FFRE-EA 2y 2 — R
EXLTTry b LcERY Fig. 4 (Fig. 2 (D) X
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Photo. 6. SEM photograph (A) and AES Cl
image (B) of the sputtered (300 min) surface of
the alloy corroded by SST for 120 h.
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Fig. 4. Changes of Ni/Zn atomic ratio for the
sample in Fig. 2 (D) obtained by AES as a
function of sputtering time.
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Fig. 5. Changes of Ni/Zn atomic ratio at plateau
in Fig. 4 as a function of SST corrosion time.

2 bhi) KRt M Wbl 5do&BE L
Y ORE (A% y & —Ff] £ 360min & XIE) T

Ni/Zn Hiz—5EE %5, SST B X v DO —F
BRED X 5B T D HZRI- O Fig. 5 THh.
ETER LT RER B WO Ni/Zn Hit & OF
AN CLBRBLOOERETHRERIMNTETH
5. Tiebhb Ni WEERRBEOOEOHRE (Fig. 4 T
Ay 2 —BRE 240 min IRIE) TEMEIX LTk
V., BAEMTIREO—Z{E L 0.55 ThHhOorEAEIR
% &2 DfETTRE 0.55 X ) B ETHDOR (Fig.
5). WAEB T Ni OBEMBENEL ol L &2ARL
Twb., 2Oz ik EPMA OfFREZRBLA—H LT
%2,
3.4 5%NaCl KBFEBEMD AES [CKB9H

Fig. 6 wRERMICT 50 BEELE(LEZN
ALY, Fig. 7 3R R O BEEL, —984, —888,
—810, —707, —600mV %/R L7ciAR OB S MR
HFRER L. —984mV 2RLARBIIEEAEER
PSR IBRIIEA TRy, —888mV i CiiEEw
O, CIFEELTEY, g FENET LT LR
LTCW%., —810mV #ixz —888mV # &1z A ELH
Hicus. —707mV #eir Cl BEXE I, —600
mV #Tix =707 mV He kLT Ni BHBIT 5 A2
v X —FEHNREL Do Tn5., 20 LIXRBORER
BEWZ EERLT WA,

5%NaCl KEKEEM & SST HoEaE%HET
5 &, MiETE G 3ERKE (BB LV 0RB) »bNR
B (&) el TofmLTuws., LirLEETIEE
Brixiz s A ClixEEeT, ABRELLTWSZ
& oot
3.5 XPS (L&D SST RREBOREAH

&4&F o Zn, ZnO, ZnCl, > Zn2pg,, DiEE =%
NEF—-DEITZIEFT/PI D, ThBHREALTWS
BAREE= R AF - LT CREHNNRTER. &
TR T h bORERE KRR L, RESPEAT
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Fig. 6. Changes of immersion potential for the

alloy in 5% NaCl solution as a function of
immersion time.
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(A) : before immersion. Immersion potential (B) : —984 mV (C) : ~888 mV (D) : =810 mV
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Fig. 7. AES depth profile for Zn-Ni (13 wt9,) alloys.

XEME S EBRETS.

Fig. 8 1= Zn2pg, ®» XPS A7 b A%IRT. K
OFFILEMEETHB. A, B, C, D BERATOBES
4, 120h EAMER, 300min 2%y ¥ —X 7 120
h \BEM, WAREEEMNERE (Photo. 4 LFT) 725
DARZ P VTH%B. AES,XPSHHT X b Az B4 0%
©, Bix ZnO (OH L &%) 2 BB T & b ot
Cit Zn, ZnO (OH % &%), Ni, Cl 225500 Nix
E&BIRTH 27D T ZnCl,, ZnO (OH 4 &ir) KOS
&N BB THH 5. DTIx ZnO (OH 4 &%) & Cl
DEHEH XD T ZnO (OH 4 4%) Kt ZnCl,
PBEBTHH .

Zn2py; DFERIIEEFTIX 1.5eV TH ISR

DENREEL. Zn OEE{LY, KB (EHOEEW (B)
TIRRERIL 2.0eV THOk. &R LB TIZHT0
s G =3 X — BRI D T DEEIR IS5 & #Ex
bhs., Cl, O, Zn, Ni #&HE (A7 b L CrEXHE
T3) Tix 2.3eV MLk, 2OHEAS ZnCl, ©
BRI ¥ B ECBLY L TR B
fEE2HM LcEE2 bhb. Zn, O, Cl DZMBHFET
5FEH (DDAL7 P ARG D) THAERIX 2.3
eV THotk.

Fig. 9 1= 4h SST (XPS EED A4 v A%y & —K
EXRELOTCEABOHOCRBEHA W) BT o
DX FHEERERE( LR L. 200min A2y, 2 —F
Tt 2.0eV cER LIS L, 800min fH3F Tk 2.5
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Fig. 8. XPS Zn2p;/, spectra for A : the y phase
alloy, B:ZnO-+Zn(OH),, C: 7 phase alloy+
ZnCly+Zn(OH),, and D : ZnO+ZnCl,+ Zn(OH),.
Number in fig. corresponds to FWHM.
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Fig. 9. Changes of FWHM for Zn2py;, of the
corroded sample by SST for 4 h as a function of
sputter time.

eV L 7xofe. $icbb 200min ¥ TX ZnO, Zn
(OH), DEVFLEL, ThlEEL ZnCl, 2L @0 H
B+n (Cl2p BHETAZEhbhbnb). ¥ Ni
2p BEBRTHBZENLAESE (r #) dEFLT
Wbz Ebbansb, 800min T 2.5V NI 5
DL DHETESRAYEMT B dEELbRS.
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Fig. 10. X-ray diffraction patterns for (A) :
corroded sample by SST for 120 h, (B) : imme-

rsed sample in 5% NaCl solution with immersion
potential —600 mV, (C) : corroded sample by SST
for 4 h, (D) :sample C sputtered for 870 min,
in which a: (003) plane for ZnCl,-4Zn(OH),
(d=17.90), b : (002) plane for ZnO(d=2.59), c :
(411), (330) planes for y phase (d=2.11), and
(211) plane for Fe (d=1.17) due to substrate.

800 min LI TIX Zn DOEBRAOMEINT S Ehb,
ENTbhie. Ni ZEOHEMEBTH&BRTH>
7.

3.6 X#AFICLZIBREDOI

Fig. 10 = 120h SST # (A), 5%NaCl K¥&WER
#H (BAL —600mV) (B), 4h SST # (C), 4h
SST #f% 870min =2y x—L7cdh®d (35 THEAL
fod D) (D)o XBEHFK RS, Mo a, b, ¢, dD
¥ — 7% ZnCly,-4Zn(OH), » (003) H (d=7.904),
ZnO @ (002) & (d=2.59A), Zn-Ni &4 7 O
(411) (330) & (d=2.114), st (211) T (d=
1L.174) w2 h EhfERoFTE 5.

(A) & (B) RHET% L REHCIBEERYTDH
% ZnCly-4Zn(OH), ® (003) H& ZnO © (002) FE
DR E— 71BN w5, —JF SST #¢ik ZnCl,-
4Zn(OH), I X% €— 7 IXHE L5 2 ZnOic X %
= Z7IHE LT, AES @ X BB F o T
1 Fig. 2R LA LOICEBTCIRIZBEAL Zn 20D
ZTHOlT b SST BREMCIRERBIX7TELT »
A ZnO (Zn(OH); & &) BAAEE ShTwb & &
zZbhb. (B) @ki}s BRERMD EHEED BRI
Photo. 4 /R L7z SEM EEIC KT % MW iEROE
AR ISHHTES. (C), (D) ik (A) ©HLTE-
7apuphEL, E—2zchkEwn ¥ (G) & (D)
BHETSE (D) Tl — 2 ag2Vph&L g2 T3,
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Fig. 11. Schematic cross section before (upper
figure) and after SST corrosion of a Zn-Ni (13
wt%) .

Finbb 870min A5y £ =1 X 0 ERERWH] Y B
BRI ERZTRIBELTHHZ ERRLTVAS.
3.7 Zn-Ni (13wt%) SEHOEZOERRE

SST X aEAeLERM Fig. 11 wrid. BAR
Tk Nil3wt% cizA4&Eir v HE—TRo X 5%
LEERINSRLTHSS. AES EIFHA/WHIVEE
BoERBIX ZnO (KB &) TEOAMKC Zn,
O, NiCl L v i BB 5 T L hvbhoic. ZOWBIX
XPS XfEmE#r Xk v v #HEL L ZnCl-4Zn (OH), 7>
LichT EBEBNE Dk, ¥ SAM ORIy
Cl piziE&ffeis— (H@EE 1em LT) OHLT
Wie, BEDOFER X Y ABCIxAER ik 1 pm B
F¢, SAM TREBITE o) BEEL, ZnCl,-
4Zn (OH), RACHFETH EELDRE. Tebb
A 72~240h ©ix Fig. 11 O FRD X 512in’%
LEZBNG, 72~240h SST #o AES EIHET
=4/ (Fig. 2) REERLC e 7 » 4 A THO%.
o EXz D kS TRy MRE TR RO T

BT EETLTWS, HE SST k& k2 EERAITTH
WL, ThUEE (~6HET) BF—E&id, &
WHFERY XL BHTE S, ThabbasHiiEA
R T B B EMED ZnCly-4Zn (OH), il h HE h
% X ) EKIEERIGAIFH I A aEE R L T
5EEZbnAY., Fic Fig. 5 T Ni/Zn IARAR
DERIDVECDL Zn BEB~BFH LD EEXDL
o, BEBLAESBLORET Ni 0BAENAD L
VDX Zn REEBHEHLIBEH LT 57120 TH
A5,

4. &

AES, SAM, XPS, SEM, XRD % f\+C Zn-Ni (13
wt%) BEDOEIMNOBREBBEIML, KOERE %
7.

1) SST M (24~240h) OFEE: ZnO L Zn
(OH), 2:bich, PEWX 7 Ad & ZnCly-4Zn(OH),
MmHinh. .

2) R LABORBT Ni 0BT,

3) 5%NaCl BKREM TIL ZnCly-4Zn(OH), X
EBROHBICHELETS.

PLED#ERE X v BABRBEOHEC X VBRERY DB
IHESTLER D LR S EDfk. DX
51 BEETHEIIINE LRI TH B BERARGE
NRIEBEFD Y S5KEREETS 2 LIXEROFHMbE
CHBETHADOTHBELBETHAH .
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