. 584

O

$ & $RB Tetsuto-Hagané Vol. 86 (2000) No. 9

BEXRZnH > ZHMROBEE, KREICRIFTABAD
BEREYRIMOZE

hEF EEI* - Kb

f&* - A2 ES -l e - B8 A¥W*

Effect of Small Amount of Inorganic Additives on the Lightness and the Gloss of Electrogalvanized Steel Sheets

Hiroaki NAKANO, Satoshi OUE, Masatoshi Twal, Tetsuya AKIYAMA and Hisaaki FUKUSHIMA

Synopsis : Zn was electrodeposited on a commercial steel sheet from the sulfate baths containing a small amount of inorganic additives. The lightness

and the gloss of deposited Zn were evaluated by the conventional techniques and the morphology was observed using an atomic force micro-

scope. On the basis of their effect on the appearance of deposited Zn, the additives used were classified into following three groups: Fe, Ni,
Co, Al, Mg and Mn (Group I), Cr, W, Mo and Zr (Group II) and Cu, Pb, Cd, In, Sn, Ge, Sb and Ag (Group III). The additives of group I hard-
ly affected the morphology, crystal orientation and surface roughness of deposited Zn, and therefore they caused no change in the lightness
and the gloss compared with the deposit from additive-free bath. Since the additives of group II enhanced the (0002) orientation index of de-
posited Zn, the surface roughness decreased significantly. As a result, the lightness and the gloss of deposited Zn increased although the mor-

phology was scarcely affected by these additives. The additives of group III caused a significant change in the morphology of deposited Zn
and therefore the surface roughness changed considerably depending on the additive concentration in the baths. With an increase in the addi-
tive concentration in the baths, the lightness and the gloss were generally decreased, although the addition of extremely small amount of Cd,
Ge, Sb and Ag compounds to the baths increased the lightness and the gloss of deposited Zn.
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Table 1. Standard Zn plating conditions.

B ZnSO 4Tk O (mol/l) 120
Bath composition | Na,90,  (molfl) 056
H2S04 (molfi) 031
Current density (A/m?) 5000
Flow rate(m/s) 13
Temperature (°C) 60
. . Coating weight (g/m?) 20
Operating conditions Anode-to-cathode gap(mm) 6
Cathode streamwise(mm) 100
Cathode height(mm) 50
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Fig. 1. Effect of group I inorganic additives on the light-
ness of electrodeposited Zn.
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Fig. 2. Effect of group II inorganic additives on the light-
ness of electrodeposited Zn.
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Fig. 3. Effect of group III inorganic additives on the light-
ness of electrodeposited Zn.
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Fig. 4. Relationship between (0002) orientation index and
the lightness of electrodeposited Zn.
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Fig. 5. Relationship between (0002) orientation index and
the gloss of electrodeposited Zn.
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(a) AFM image of electrodeposited Zn
(b) Surface roughness proflle of electrodeposited Zn
(c) Surface roughness profile of electrodeposited Zn

Fig. 6. Morphology and the surface roughness profile of
Zn electrodeposited from inorganic additive-free
bath.
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(a) AFM image of electrodeposited Zn
(b) Surface roughness profile of electrodeposited Zn
(c) Surface roughness profile of electrodeposited Zn

Fig. 7. Morphology and the surface roughness profile of
electrodeposited Zn from the bath containing
1.8 X107 mol// of Mn.
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(a) AFM image of electrodeposited Zn
(b) Surface roughness profile of electrodeposited Zn
(c) Surface roughness profile of electrodeposited Zn

Fig. 8. Morphology and the surface roughness profile of
electrodeposited Zn from the bath containing
1.9X107° mol/! of Cr.
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(a) AFM image of electrodeposited Zn
(b) Surface roughness profile of electrodeposited Zn
(c) Surface roughness profile of electrodeposited Zn

Fig. 9. Morphology and the surface roughness profile of
electrodePosited Zn from the bath containing
0.8X 107> mol// of Sb.

(a) AFM image of electrodeposited Zn
(b) Surface roughness profile of electrodeposited Zn
(c) Surface roughness profile of electrodeposited Zn

Fig. 10. Morphology and the surface roughness profile of
electrodePosited Zn from the bath containing
0.8<X10"*mol// of Sb.
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Fig. 11. Relationship between the gloss and the lightness
of electrodeposited Zn.
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Table 2. Effect of inorganic additives on the lightness and
the gloss of electrodeposited Zn.

Morphology |Index of Surface roughness of Zn || L jghtness
Additive rphology - 5 and gloss
of Zn (0002)Zn Height ape
of top of top of Zn
Fe,Ni Layered
1 | Coal plates No change [No change | No change No change
Mg,Mn
(oA Layered
I MoZr | pl a)":sre Increase Decrease Roundish Increase
(*) (*) ﬁk)
Ge,Sb Decrease | Roundish crease
Granular
m e blocks Decrease | Increase | No change [| Decrease
Sépb Increase No change Decrease
,Sn

(*) : Results in the bath in which the inorganic additive concentration is
extremely low

(a) AFM image of electrodeposited Zn

(d) AFM image of electrodeposited Zn

(b) Surface roughness profile of electrodeposited Zn

S hness profile of electrods ited Zn
(c) Surface roughness profile of electrodeposited Zn (@) Surface roug profilec: pos

() Surface roughness profile of electrodeposited Zn

Fig. 12. Effect of the surface roughness on the gloss of electrodeposited Zn.
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