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The Deposition Behavior of Electrodeposited ZincTSilica
Composite Coating from a Sodium Nitrate-added Bath and
the Coating Characteristics

Yukimitsu SHIOHARA, Akiyoshi OKADO, Masaki ABE and Masaru SAGIYAMA

Synopsis :

The deposition behavior and the coating characteristics of an electrodeposited Zn-Si0, composite coating
have been studied. SiO; particles were maintained in good suspension in the plating bath without any spe-
cial agitation. The SiO deposition rate was increased when sodium nitrate was added to the plating bath.
The amount of sodium nitrate required for SiO; deposition was mainly determined by the pH of the plating
bath. When the pH was low, sodium nitrate was required in relatively large amounts for SiO; deposition.

SiO, particles were distributed uniformly in the coating except for the extreme surface. The extreme
surface layer consists of SiOs-rich phase. The grain size is fine and the orientation of the deposit is
random for the Zn-SiO. composite coating. The coating contains small amounts of an oxidized zinc,

probably zinc hydroxide.

The Zn-SiO; deposition mechanism has been proposed as follows :
(1) Nitrate is electrochemically reduced at the cathode and raises the pH of the electrolyte at the

cathode-solution interface.

(2) The increase in pH makes the SiO; particles coagulate and, at the same time, zinc hydroxide

precipitates on the surface of the SiOz particles.

(3) The cathode is covered with those co-precipitates and the deposition occurs through them. We have
speculated that, according to “the Adsorption mechanism” proposed by GucLIELMI, the Si0, deposition rate is
high for the nitrate-added bath because the cathode is adsorbed by the SiO,-rich precipitate.

Key words : electrodeposition ; composite coating; zinc; silica ; particles ; nitrate ; deposition rate ; coating

characteristics.
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Table 1 (28 - ZFMAE D > EHKMERT. XN—2
W RERER SN, o U MR REEMIS TR E R KR DY
BN (BEALSRTEMR)A ) —F 9 7 X-0) 2 FHu 7.

SUNKA OFHREE 10~20nm THAH. DY
DHINVESL, LS pHe LTICHES N0 5 X
(N—2%) WirERRML 2%, 2B VT pH %
HHELTCHNOD - SR ERLL. 0o &b Y
D HRTONERIREER A 2, KESHED (HIAC
Co 7320 ktETFI74%~) #HTFH%
FEERD, LW TOREREYEEL 2. A%
ERTOMEEA A I L) v A2 Hu .
BHoERBR7O—E N (EREERO- XL (B
WE 2m/s)) x AL, o> 2HW (HV—F) i
12 175 mm X 68 mm X 0.7 mm EDQHEHHMK, 7/ — F
IR OEEKE B V. # Y — F-7 7 — FHERE
BHREIZHS 10mm ThH B, REBRTREREE 2 £/L s
HLEEBELIToTWAED, D38 40 g/m? — 51
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RED®H > SBEEFHRL-OINE LA EBOBRER - HE
HEZBOL RO, OB Y RFoONBILEE
DIFENE L. Hohlo, KEEDD S ) H K
2> SREEHIERRICER L, Zo ICP 747 (B
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2:2 %o ZHBAOEERN

o EEREOREFT O -0 oM Ic ik, pH2, &
W 50 A/dm® ORMTHEE L, U AEHELS
wthe DL DT v/, WEo/o, U B ERmL %
WHEEI O > SRR L. Boh/o s AEBEOER
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L7 o RO S MBS AES 12X D
WEL, 361, EFEMERY VIS I 70 —2L4T
O SEBEOMEHINOBER #/ER LT TEM 2L 58
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&, BIEE2AES T H O ENICRES 100 nm @ &
AR U -EREBEMLA. /2, XPSiCX

Table 1. Plating conditions.
ZnS04+7H,0 300 g/1
Na,SOy 30 g/1
CH3COONa 12 g/1
Si0, 0~100 g/1
NaNO3 0~5 g/l
pH 5~4
Temperature 40°C
Current density 50~100 A/dm?
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ERANTBOTY ) ARG KER D HM £ 7 B B
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HoZWTH LY D OERBIBB S N h o /.

RIS, ThH0 pHDORL D0 5 &% 50°C 127
L CHREDEBEILZBE L &R T Fig. 2 10RT.
pH3, 4 D& o EETIEREM & IR ILA T 5 815
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Fig. 1. Average size of SiO, particles in the
plating solutions.
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Fig. 2. Coagulation behavior of SiO, particles in

the plating solutions with different pH.
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3-1-2 THEEA 4 B L pH OFHE

Do KR Y HRE LD S ARBERFOLYHER
e OME% Fig. 3 1RT. - &iid pH2, 40°C,
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Fig. 3. Relation between the SiO, concentration
in baths (with and without NaNO;3;) and the SiO,
content of deposit.
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Fig. 5. Relation between pH of bath and the SiO,
content of deposit.
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Fig. 8. X-ray diffraction patterns for pure Zn
and Zn-Si0, composite coating.
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Table 2. XRD peak ration.

(002) (100) (101) (102)
Zn 330 50 100 135
Zn-Si0, 74 36 100 50
JCPDS Zn 60 47 100 37
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Photo. 1.

SEM images of the surfaces of pure Zn and Zn-SiO, composite coating.
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Fig. 9. Auger depth plofile for a Zn-SiO,
composite coating.
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Fig. 10. Si Auger spectrum of Zn-SiO; composite

coating.
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Photo. 3. Cross section of Zn-SiO, composite
coating.
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Photo. 4. TEM  image of
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Fig. 11. EDX spectrum of the composite coating.

FIZA T %9507 (Loose adsorption) & 5 W I
(Strong adsorption) & \» 9 W L7 " oD% Tob
AEFETHINT D EMOEL 2. S DOWRE L LanoMmuir @
W A5 PG L2 30 T GuaLirimr AU L 22 D ASKRES TR &

N BATR- OW N 2F8 % - b L 73T dh 5.
C _ Wio a-nyn (1
,;A_Av;iﬁa.e (7+ C) ................. (1)

C: oo EBHrPORIBE (vol%)
a: o X BB ORI T-EAET (vol%)

P GUGLIEIML 0 31 X AU IRAELL (Volume fraction) TH %A%, 2
T L GAHE (vol%) & L7,



884 B or W BT E 09 ETH

Intensity {A.U.)

1000 990 980

kinetic energy (eV)

&R OR =
: W &8 o 5 F-iff
D MR
TR OER

A, B, v, x: B

F:77957 %%

(1)42& Clae® ClaxLTTay b T 5 EEHMK
BIIRIC: B 2 EAh A 5 A5, GuoLieim i3 Ni 8- &
(75 M) OO BbF ¥ v, RALGCEKRTOH
A OB TESNDL I LA ERTHRLL. T/,
Ak S50 % Zn-Ni 80 - E@r 5D 2 ) A1 DN
HWEBAFROBBTERE S EERL.

ZZT Fig. 1312, BEEOMW T -HWBEF M) v 4%
TIILO o EWH SO LY ARFOHHICO>NWT Y,
TR OOERLESLETCTO Yy PLTAZ. MEVHS
B, EL YUY ARF O TLWEOEERTH
HEIZKELENDHY, WEF P T2ZHRMLED
E@ASHDY ) ARFONBEPBEL > THENZ LA
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Fig. 13. Relation between C/a ratio and C.
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Fig. 12. Zn LMM spectra of Zn-SiO,

composite coating.
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3 IETHRNALIICT T AT D - SBH~OW
Br YUY LAORMICEL > T SEBRPICH B L
25, FONHWEEST MUY L20FME &L ICEAICAE
LAHDTIEE TR MY Y LORENSHHEFEE B
AL BIZBBICIEE L. ARIC—EEOWERS M) Y
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iR pH TS, SOXI BH»OHETHE,
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Fig. 14. pH titration curves for Zn®>"* containing

solutions with and without SiO, particles.
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