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Fig. 1-1 Constitution of coating and paints for automotive steel

Fig. 1-2 Typical process of pretreatment of substrate steel for paint coating.
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Fig. 1-3 Effect of surface conditioning (titanium colloid on
appearance of zinc phosphate conversion coating film 9).

Fig. 1-4 Effect of zinc phosphate conversion coating on corrosion resistance of
cation electrodeposition coating panel 10).
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Fig. 1-5 Schematic for corrosion progressing process of the automotive
side sill running in de-icing salt spreading region in North America for

five to eleven years 15) .
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Fig. 1-6 Manufacturing process of Bonderizing steel sheet
21)

.

Fig. 1-7 Chromate coating processes.
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Fig. 1-8 Electrodeposited film structure of TFS 31) .

Fig. 1-9 Schematic representation of the structure of the electrolytic chromate film on tin
plate showing that the higher solution temperature, the lower solution pH and the higher

applied charge increase oxo bond in the chromate film 37).
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Fig. 1-10 Schematic representation of dry-in-place type chromate coating film on
galvanized steel showing polymeric structure formed by trivalent chromium and

self-healing effect of hexavalent chromium 39).
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Fig. 1-11 33) TFS
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Fig. 1-11 Cathodic polarization curve under potentiostatic control in 1N
NaClO

4
at 25ºC (Sweep rate:1,000mV min-1) 31) .
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Fig. 1-12 Amount of cerium deposition and rest potential
as a function of immersion time for cerium conversion
coating deposited in 0.01mol/L Ce

2
(SO

4
)

3
solution 49) .
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Table 1-1 Amount of rare earth metal deposition and time to white rust formation
by salt spray test (JIS Z 2371) 49)

Fig. 1-13 Chemical structure of the tannic acid film formed on zinc showing that the zinc dissolved
from the substrate binds with the hydroxyl group or carboxyl group of the tannic acid 50).
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Fig. 1-14 Effect of silica content on corrosion resistance of organic
coatings (72h after salt spray test) 54).

Table 1-2 Typical alternative technologies of chromate in Japanese patents.
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Fig. 1-15 Structural representation of polymeric
zirconium carbonate 67).

Fig. 1-16 Model reaction scheme for the formation of polyacrylic acid-zirconate
composite film 70).
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Fig. 1-17 Organization of this paper
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Fig. 2-1 Structure of the resol phenolic resin.

Table 2-1 Treatment processes and conditions.
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TG-DTA : Thermogravimetry-Differential Thermal Analysis
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Fig. 2-2
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Fig. 2-2 Effects of curing temperature on white rust area of the resol phenolic resin
coating after salt spray test (SST).
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Fig. 2-3 Thermogravimetry (TG) and Differential Thermal Analysis DTA) of
the resol phenolic resin.

Fig. 2-4 Effect of curing temperature on the surface free energy of the resol
phenolic resin coating calculated by contact angles of H

2
O and CH

2
I

2
.
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Fig. 2-5 Effect of curing temperature on FT-IR spectra of the resol phenolic
resin coating film.

obtained from the FT-IR spectra.
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Fig. 2-6 Comparison of carbon binding state of the 80ºC and the 200ºC cured
resol phenolic resin coating by XPS analysis.
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Fig. 2-7 Film formation process of the resol phenolic resin coating.
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Fig. 3-1 Effects of curing temperature and addition of phosphoric acid on the white
rust area of the Mannich-modified phenolic resin coating after salt spray test.
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Fig. 3-2 Comparison of white rust area of the resol phenolic resin
coating and the Mannich-modified phenolic resin coating without

phosphoric acid (after salt spray test for12h).
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Fig. 3-3 Effect of curing temperature on the surface free energy of the
Mannich-modified phenolic resin coating without phosphoric acid

calculated from contact angles formed with H
2
O and CH

2
I

2
.
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Fig. 3-4 Effect of curing temperature on FT-IR spectra of the Mannich-modified
phenolic resin coating without phosphoric acid.
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Fig. 3-5 Comparison of XPS narrow spectra (N1s ) of the 200ºC cured
coating and the 80ºC cured coating of the Mannich-modified phenolic

resin without phosphoric acid.
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Fig. 3-6
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Fig. 3-8 (b)-2 XPS

80ºC

Fig. 3-6 Effect of curing temperature on the white rust area after salt spray
test and residual P content in the Mannich-modified phenolic resin coating

with phosphoric acid after immersion in flowing water for 16h.
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Fig. 3-7 Results of depth direction analysis of the coatings by GDS showing the effect of
curing temperature of the Mannich-modified phenolic resin coating with phosphoric acid

on behavior of phosphoric acid in the film.
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Fig. 3-8 XPS depth profiles of the Mannich-modified phenolic resin coating with
phosphoric acid after immersion in flowing water for 16h.
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Fig. 3-9 Cross-sectional TEM images of the Mannich-modified phenolic resin
coating without phosphoric acid.
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Fig. 3-10 TEM image, BF STEM image and elemental mapping by EDS of the cross section of
the Mannich-modified phenolic resin coating with phosphoric acid cured at 80ºC.

(The analytical sample was used after immersion in flowing water for 16h.)
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Fig. 3-11 TEM image, BF STEM image and elemental mapping by EDS of the cross section of
the Mannich-modified phenolic resin coating with phosphoric acid cured at 200ºC.

(The analytical sample was used after immersion in flowing water for 16h.)
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Fig. 3-12 Elemental mapping model in the depth direction of the 200ºC curing Mannich
phenolic resin coating with phosphoric acid derived from the cross-section analysis.
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Fig. 4-1 Equivalent circuit models for electrochemical impedance.
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Fig. 4-2 Effect of phosphoric acid addition to the 80ºC curing coating
and the 200ºC curing coating of the Mannich-modified phenolic resin on

the cathodic and anodic polarization curves measured in air satura ed

5% NaCl solution using Cell- .
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Fig. 4-3 Effect of phosphoric acid addition to the 80ºC curing coating and the
200ºC curing coating of the Mannich-modified phenolic resin on the cathode

polarization curves using Cell- .
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Fig. 4-4 Effect of curing temperature on impedance spectra of
the Mannich-modified phenolic resin without phosphoric acid.

Fig. 4-5 Effect of phosphoric acid addition on impedance spectra of the
80ºC curing coating of the Mannich-modified phenolic resin.
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Fig. 4-6 Effect of phosphoric acid addition on impedance spectra of the 200ºC
curing coating of the Mannich-modified phenolic resin.
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Fig. 4-7 Effects of the curing temperature and the addition of phosphoric
acid on the charge transfer resistance (Rct) and the film resistance (Rf) of

the Mannich-modified phenolic resin coating.

Fig. 4-8 Dependence of white rust area after salt spray test on the charge transfer
resistance and the film resistance of the Mannich-modified resin coatings.
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Fig. 4-9 Effects of the curing temperature and the addition of phosphoric acid on
the capacitance of the Mannich-modified phenolic resin coating.
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Fig. 4-10 Change of impedance Nyquist plots with immersion time in the
electrolyte for the Mannich-modified phenolic resin coating curied at 80ºC.

Fig. 4-11 Water-absorption behavier of the Mannich-modified phenolic resin
without phosphoric acid (Comparison of the curing temperature).
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Fig. 5-1 Structures of the Mannich-modified phenolic resin and molecular
structural models of phenol compounds and phosphoric acid compounds used

for population analysis.

Fig. 5-2 Molecular structural models used for molecular orbital calculation of the
reaction of hydroxyphenyl methyl cation with zinc.
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Fig. 5-3 Chemical deposition amounts of carbon and phosphorus on
electrogalvanized steel sheet by immersion in the aqueous solution of the

Mannich-modified phenolic resin with phosphoric acid.

Fig. 5-4 Electrolytic deposition amounts of carbon and phosphorus on
electrogalvanized steel sheet by anodic or cathodic electrolysis in the aqueous

solution of the Mannich-modified phenolic resin with phosphoric acid.
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Fig. 5-5 Electrolytic deposition amounts of carbon and phosphorus on
electrogalvanized steel sheet by cathodic electrolysis (applied voltage is 10V) in the

aqueous solution of the Mannich-modified phenolic resin with phosphoric acid.

Fig. 5-6 Phosphorous/Carbon weight ratio of coated or deposited film
on electrogalvanized steel sheet.
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Fig. 5-10 Population analysis results of dihydrogen phosphate ion.

Fig. 5-9 Population analysis results of phosphoric acid.
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Fig. 5-14 Comparison of carbon bond state of the 80ºC curing coating and the
200ºC curing coating of the Mannich-modified phenolic resin without phosphoric

acid by XPS analysis of the interfacial area of the coating and the substrate.

Fig. 5-15 Comparison of carbon bond state of the 80ºC curing coating and the 200ºC
curing coating of the Mannich-modified phenolic resin with phosphoric acid by XPS

analysis of the interfacial area of the coating and the substrate.
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Fig. 5-17 Molecular modelings of the reaction products of hydroxyphenyl methyl
cation with zinc using MOPAC.

Table 5-1 Atomic orbital energies of carbocation carbon and zinc
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Fig.5-18 Molecular orbital energy level diagram of C-Zn bond formed by the
reaction of p-hydroxyphenyl methyl cation with zinc.
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Fig.5-19 Molecular orbital energy level diagram of C-Zn bond formed by the
reaction of o-hydroxyphenyl methyl cation with zinc.
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5mass% AZC 80ºC 120ºC 160ºC 200ºC

Table 6-1

JIS Z 2371 SST

12 24

5%

50 200ºC 0.15 0.5g m-2

ZSX Primus

AZC TG-DTA

AZC 30ºC 20mg

TG-DTA320

2O3 N2 100ml min-1 Air 100ml min-1

25 1000 ºC

Table 6-1 Treatment processes and conditions.
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Fig. 6-1 Effect of zirconium amount in the 80ºC curing
AZC coating on white rust area after salt spray test (SST).

Fig. 6-2 Effect of curing temperature of the AZC
coating (zirconium amount: 0.3g m-2) on white rust

area after salt spray test (SST).
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FT-IR

Fig. 6-6 AZC

(A) NH4HCO3 (B) 30ºC

AZC (C) ZrO2 (D)

Zr(OH)4 (E) (F) AZC E

80 ºC (F) 200ºC (A) 3188cm-1 3066cm-1

2862cm-1 N-H 2561cm-1

1597cm-1 1498cm-1 N-H 1870cm-1

1441cm-1 C=O 1288cm-1 C-O

833cm-1 708cm-1 C-O

(B) 30ºC AZC

3222cm-1 3070cm-1 2862cm-1 1576cm-1 1460cm-1 852cm-1

760cm-1

AZC (E) (F)

80ºC (D)

AZC (E) (F) 3600 2600cm-1

O-H 1200 1700cm-1

(F) 200ºC (E) 80ºC

Fig. 6-7 80 200ºC AZC IR

3600 2600cm-1 O-H

400 100cm-1

Fig. 6-6

400 100cm-1

80ºC 100ºC 120ºC 140ºC
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160ºC 200ºC 100ºC 120ºC 140ºC 160ºC

TG-DTA 115ºC 155ºC

140ºC 160ºC

155ºC DTA 3230 cm-1(b) 3380 cm-1(a)

4)
140ºC

160ºC

XPS

Fig. 6-8 AZC XPS (a) (b) (c)

(d) 80ºC 120ºC 160ºC 200ºC

SiO2 238nm 80ºC 250nm 120ºC

250nm 160ºC 238nm 200ºC

178nm Sputtering Time:200s O/Zr %

Fig. 6-9 20nm Sputtering Time:25s

O/Zr 3.5 3.6

O/Zr 80ºC 120ºC

160ºC 200ºC O/Zr
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AZC

Zr4+

2),5)

I. McAlpine
1)

AZC

AZC Fig. 6-10(A)

6 8

A. L. Hock
6)

A. Clearfield
7)

(NH4)6[Zr(OH)(CO3)3]2 4H2O

AZC Fig. 6-10(B)

I. McAlpine
1)

A. Clearfield
7)

IR

80ºC

80ºC

A. A. M. Ali
8)

82ºC 158ºC
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443ºC

Fig. 6-10 Structures of six coordinated complex1) and eight coordinated complex6),7) of
Ammonium Zirconium Carbonate (AZC) based on previous references.
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A. A. M. Ali 82ºC

Zr(OH)4 ZrO2 H2O 158ºC ZrO2

443ºC ZrO2

G. Y. Guo
9)

145ºC 460ºC

145ºC 460ºC

115ºC 155ºC IR

Fig. 6-7 XPS O/Zr Fig. 6-9

349ºC

622ºC

9),10)

AZC

(6.1)
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(6.1) AZC

(6.2) 1

2

18.4% (6.3) 1 1

11.3%

TG-DTA 115ºC 18.4%

155ºC 11.1% TG-DTA

Table 6-2

2 Fig. 6-11

Fig. 6-7

3600 2600cm-1

100ºC 120ºC 140ºC 160ºC

115ºC 155ºC

3380cm-1 (a) 3230cm-1 (b)

80 140ºC (b)

(6.2)

(6.3)
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(a) 160 200ºC (b)

AZC

2

(6.2) 115ºC

155ºC

Fig. 6-7 (b)

(a)

(b) 155ºC

Zr Zr Zr-O-Zr

(6.2) (6.3) XPS

Fig. 6-9 XPS O/Zr

IR

(6.2) (6.3) O/Zr

O/Zr 115ºC

O/Zr 6 O/Zr 4 155ºC O/Zr=3

OH
OH

Table 6-2 Comparison of weight loss at the endothermic events in TG
measurement with the calculated value from the structural formula.
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XPS O/Zr

3.5-3.6 O/Zr

80ºC 2.5 200ºC 2 120ºC

160ºC

XPS TG-DTA IR

(6.1) (6.3)

XPS

Zr(OH)4 ZrO2 2H2O ZrO2 AZC

Fig. 6-11

O/Zr 4 2.6

2.07

O/Zr =1.9 2.1 2

XPS

XPS

D. Briggs
10)

E. McCafferty
11)

XPS

XPS

XPS

(6.2) (6.3)

XPS IR
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Fig. 6-11 O/Zr atomic ratio depth profiles of ZrO2 and Zr(OH)4 measured
by XPS analysis. (reagent powders are used as analytical samples)
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AZC

AZC SEM 160ºC 200ºC

TEM 200ºC /

115ºC

155ºC

Zr Zr Zr-O-Zr

160ºC

12)

150ºC

AZC

Cr Cr

13),14)
160ºC

AZC

80ºC AZC

OH
OH

OH
OH
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120ºC AZC

Zr Zr

160ºC

/

AZC 115ºC 155ºC

Zr Zr

Zr-O-Zr

160ºC /

155ºC Zr Zr

Zr-O-Zr
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4) H. Sakaguchi, “Sekigai Kyukou Zusetu Soukan”, Sankyo Publishing Co., Ltd.,
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5) D. H. Devia and A. G. Sykes, Inorg. Chem., 20, 910 (1981).

6) A. L. Hock, Chemistry and Industry, 2, 864 (1974).
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OH

OH
OH
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9) G. Y. Guo and Y. L. Chen, Journal of Materials Science, 39, 4039 (2004).
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Photoelectron Spectroscopy”, p.632, IM Publications and Surface Spectra

Limited (2003).

11) E. McCafferty and J. P. Wightman, Surf. Interface Anal., 26, 549 (1998).
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AZC

AZC

AZC 120ºC

160ºC

155ºC Zr Zr

Zr-O-Zr 1)

/ AZC

5mass%

AZC 80ºC 120ºC 160ºC 200ºC

Cell-

100ml 10mm

Cell- 600ml 150mm

HZ-3000

5mass% NaCl 25ºC Ag/AgCl

KCl Pt 1cm2

10min Cell- 30min Cell- 1mV s-1

OH
OH
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FRA : Frequency Response

Analyzer Solartron SI 1260 / Solartron

SI 1287 3 Ag/AgCl Pt

10-2 105Hz 5mV 1cm2

0.05mass% NaCl 25ºC

30min

AZC Cell-

Fig. 7-1 -1.2 -0.9V

120ºC 160ºC

AZC

Cell-

Fig. 7-2

80ºC 200ºC

Fig. 7-1 80ºC

200ºC

-1.2 -1.0V
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80ºC 200ºC

Fig. 7-1 Effect of curing temperature on the anodic and cathodic polarization
curves of AZC coating in air saturated 5% NaCl solution using Cell- .
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Fig. 7-2 Effects of curing temperature and deaeration on cathodic polarization
curves of AZC coating using Cell- .
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80ºC 200ºC

Fig. 7-3 200ºC

80ºC

200ºC

Fig. 7-3(a) 200ºC

80ºC X

80ºC 200ºC

2 80ºC

Fig. 7-4 80ºC

Fig. 7-4(a) 200ºC

Fig. 7-4(b)
2)

Fig. 7-4(c)
2)

CPE CPE

Table 7-1

200ºC 80ºC Rf 1/5

Rct 2

200ºC Cf 80ºC

3 Cdl
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AZC 160ºC

155ºC

Zr Zr Zr-O-Zr

155ºC

160ºC

80ºC

/

OH
OH

Table 7-1 Comparison of circuit elements calculated by impedance curve
fitting of the 80ºC curing AZC coating and the 200ºC curing AZC coating.
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80ºC

/

H. E. Mohammadloo
3)

H2ZrF6

20nm

40ºC

30ºC

Fig. 7-5

200ºC /

Fig. 7-5

/

160ºC

200ºC 80ºC

/
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200ºC

4)

5),6)

2)

80ºC

/

AZC

AZC

Zr Zr Zr-O-Zr 160ºC

/

80ºC

/

80ºC

OH
OH
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AZC

80ºC AZC

Zr Zr

AZC

/

AZC AZC

JIS SECC E16 Zn 20g m-2 0.6mm

X XRF ZSX Primus

mg m-2

OH
OH
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50°C AZC 5mass% pH9.3

10 300s

2mass% AZC pH9.3

ZX-1600HA 2V 5V

10 200s

28°C 50ºC SUS316

15cm

50ºC 5V 45s

FT-IR X XPS

FT-IR FT-IR610

ATR

XPS X ESCA-3400

O(1s) 8kV 0.9nm s-1

SiO2 /
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50ºC 5V 45s

8

XPS

1M

0.2M

ICP Inductively Coupled Plasma

XPS

ICP

ICPS-8100 1.2kW

14L min-1 1.2L min-1

0.7L min-1 Zr (213.656nm) Zn (343.823nm)

XPS /

/ SiC #2000

JIS H4321

0.6mm 2mass% AZC

80ºC 200ºC

XPS /

/ 80ºC

37.8nm 42s Zr 7.38%, Zn 68.7%, O 24.0%

200ºC 32.4nm 36s

Zr 8.12%, Zn 68.2%, O 23.6%
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XPS

5mass% AZC 80ºC 200ºC

FIB : Focused Ion Beam

100nm TEM : Transmission Electron

Microscope STEM : Scanning Transmission

Electron Microscope X

EDS : Energy Dispersive X-ray Spectroscopy

FIB JIB-4000

TEM STEM JEM-2100F

200kV Cu

EDS JED-2300T 200kV

1nm 50mm2

Fig. 8-1 60s

120s 300s

5V Fig. 8-2

45s
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60s

Fig. 8-3 2V

5V

200s

50ºC 120s

5V

2V

Fig. 8-1 Chemical deposition amount of zirconium on
electrogalvanized steel sheet by immersion in AZC solution at 50 ºC.
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Fig. 8-2 Electrolytic deposition amount of zirconium on electro galvanized
steel sheet by anodic or cathodic electrolysis (applied voltage : 5V) in AZC

solution at 28ºC.

Fig. 8-3 Electrolytic deposition amount of zirconium on electrogalvanized steel
sheet by anodic electrolysis (applied voltage : 2V) in AZC solution.
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Fig. 8-4 (a)

(b) 80ºC (c)

Zr(OH)4 (d) AZC

30ºC AZC (NH4)2[Zr(CO3)2(OH)2] (e)

NH4HCO3

(e)

N-H C=O C-O 3190cm-1

3040cm-1 2870cm-1 N-H 1600cm-1 N-H

1440cm-1 C=O 1310cm-1 C-O

(c)

O-H 3370 cm-1 O-H 1554 cm-1

O-H
1)-3)

(d) AZC Fig. 8-5

(e) C=O C-O N-H

(c) O-H 30ºC AZC

(a) 80ºC (b)

(c) 30ºC

AZC

3600 2600cm-1

O-H 1550 cm-1 O-H
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4)
6

80ºC (b) Zr Zr

O-H

3230cm-1 (c) 3370cm-1

O-H

3080cm-1

80ºC (b)

XPS O1s

Fig. 8-6 530.7eV 531.7eV 532.9eV

3

87%

6.7 0.2M

ICP Table 8-1 110mg l-1

36.6 mg l-1 0.401mol l-1 19.1 mg l-1 0.291mol l-1

/ 3/4

55.7 mg l-1

OH
OH
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Fig. 8-4 Comparison of infrared spectra of AZC anodic deposition film on
electrogalvanized steel sheet with comparative coatings or standard compounds.

Fig. 8-5 Structure of ammonium zirconium carbonate (AZC).
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XPS O(1S)

Fig. 8-7 Fig. 8-7(d)

(a) (b)

(c) AZC 30ºC Fig. 8-5

(a) 530.6eV 532.5eV (b) 529.8eV

531.4eV (c) 530.5eV 532.5eV

(d) 529.3eV 530.9eV 532.2eV

533.6eV

Fig. 8-6 XPS O1s narrow spectrum of AZC electrodeposition film.

Table 8-1 Content of Zr and Zn in 0.2N HCl solution containing the dissolved
anodic electrodeposition film analyzed by ICP.
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XPS

Fig. 8-8 / XPS O1s

80ºC (a) Fig. 8-6

531.0eV 532.0eV 533.0eV 3

200ºC (b) 531.0eV

532.2eV 2 80ºC (a)

533.0eV

Fig. 8-8 Effect of curing temperature on binding state measured by XPS analysis of the
interfacial area of the AZC coating and the substrate.
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Fig. 8-9 Fig. 8-10 AZC Fig. 8-9

80ºC Fig. 8-10 200ºC

(A) TEM (B) STEM (C) EDS 6

Fig. 8-9 TEM (A) 80ºC

/

nm STEM (B) TEM

STEM 3

a: b: c: / EDS (C)

a b

c

/

Fig. 8-10 (A) 200ºC TEM 6

STEM (B)

EDS 80ºC a

b

c 80ºC

EDS
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XPS -OH

10
-6

Pa

5)-7)

8) XPS

E. McCaerty 5) O1s XPS

530.4~530.8eV O2- TiO2 532.2~532.6eV Ti-O-H

533.5~534.0eV H-O-H J. T. Kloprogge
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O1s XPS 530.5~530.8eV

O2- Al2O3 531.8~532.2eV Al-O-H 532.9~533.4eV H-O-H

O1s

(8.1) (8.2) 2

XPS 10
-6

Pa (8.3) (8.4)

(8.1) (8.2)

(8.3) (8.4)

XPS O(1s) 3

Zr(OH)4 ZrO2 2H2O (8.1)

Zn(OH)2 ZnO H2O (8.2)

ZrO2 2H2O ZrO2 H2O H2O ZrO2 2H2O (8.3)

ZnO H2O ZnO H2O (8.4)
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Fig. 8-7 (a) 530.6eV ZrO2

532.5eV Zr-O-H

(b) 529.8eV ZnO

531.4eV Zn-O-H

(a) AZC 30ºC (c)

-OH

(d) 4 529.3eV

530.9eV 532.2eV AZC

531.4eV 533.6eV

Zr Zn

533.6eV

Fig. 8-6 XPS 532.9eV

Zr Zn

531.7eV Zr-OH

530.7eV Fig. 8-7(b) ZnO 529.8eV

ZnO

530.7eV ZrO2

FT-IR O-H 3080cm-1

80ºC 3230cm-1

Zr Zn

OH
OH

OH
OH

OH
OH
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80ºC EDS Fig. 8-9 /

AZC

200ºC EDS Fig. 8-10

80ºC

AZC 200ºC

Fig. 8-8 / XPS

80ºC (a) 533.0eV

200ºC (b)

Fig. 8-6

Zr Zn

200ºC

6 155ºC

Zr Zr Zr-O-Zr

10)
(8.5) /

Zr Zn Zr -Zr-O-Zr- ZnO 2H2O (8.5)

Zn/Zr=3/4
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OH
OH

OH
OH

OH
OH
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pH9.3 AZC

(8.6) [Zn(OH)4]2

(8.7)

[Zn(NH3)4]2+

Zn(OH)2 + 2OH- [Zn(OH)4]2- (8.6)

Zn(OH)2 + 4NH4 3)4]2+ + 2OH- + 4H2O (8.7)

AZC

(8.6) (8.7)

(8.8)

AZC

I. McAlpine
11)

AZC (8.9)

AZC

Zn + 2H2O 2+ + 2OH- + H2 (8.8)

Zn + 2NH4OH 2+ + 2OH- + 2NH4
+ + 2e-

2NH4
+ + 2e- + 2H2O 2NH4OH + H2

(NH4)2 Zr(CO3)2(OH)2(H2O)2 [ Zr(CO3)2(OH)2(H2O)2]
2-

+ 2NH4

+
(8.9)



190

n [Zr(CO3)2(OH)2(H2O)2]2- + 2n NH4
++ m Zn2+ + 2m OH- + 2(n+m) H2O

[Zr(OH)4(H2O)2]n[Zn(OH)2(H2O)2]m + 2n NH4HCO3 (8.10)

(8.10)

[Zr(OH)4(H2O)2]n

[Zn(OH)2(H2O)2]m

(8.10) n/m 4/3 Table 8-1

4/3

6.7

2V Fig. 8-3 120s

/

5V

45s

Fig. 8-2 5V

8.13

45s

4OH- O2 2H2O 4e- (8.11)
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180s (8.8)

AZC

AZC Fig. 8-12 AZC

(8.8) (8.10)

Fig. 8-11

/

Zr Zn

Fig. 8-9 80ºC

TEM

Zr Zr

OH
OH

OH
OH

Fig. 8-11 Structure of the deposition film formed from zirconium hydrated

oxide and zinc hydrated oxide (zirconium/zinc molar ratio is 4/3).
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Rp Rct

Eeq I E
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