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Effect of Trace Inorganic Additives on the Morphology and Crystal Orientation of Zn
Electrodeposited on the Steel from Sulfate Electrolyte

Hiroaki NAKANO, Kuniyasu ARAGA, Masatoshi Iwal and Kenji MIK1

Synopsis :

The effects of trace inorganic additives on the morphology and crystal orientation of electrodeposited Zn have been investigated by using a

polycrystal commercial low carbon Al-killed steel sheet as a base material and the sulfate bath with inorganic compounds of
4.8X107~4.1xX 1072 mol/! to bath. The current density, flow rate and bath temperature are 50 A/dm?, 1.2 m/s and 60°C, respectively. The in-
organic additives can be classified into 3 groups by the effects on the morphology and crystal orientation of electrodeposited Zn. When the
inorganic compounds of Fe, Ni, Co, Al, Mg and Mn (Group I) are added to the bath, the relative intensity of (0002)Zn and Zn crystal size do
not change because Group I additives do not offend the heteroepitaxial growth of Zn and the overpotential for Zn deposition. When the inor-
ganic componds of Cr, W, Mo and Zr (Group II) are added to the bath, the relative intensity of (0002)Zn increases because Group II additives
do not change the heteroepitaxial growth of Zn but decreases the overpotential for Zn deposition. When the inorganic compounds of Cu, Pb,
Cd, In, Sn, Ge, Sb and Ag (Group IH) are added to the bath, the relative intensity of (0002)Zn increases and Zn crystal size becomes small
because these additives co-deposit with Zn and prevent the heteroepitaxial growth of Zn.

Key words : morphology of electrodeposited Zn; crystal orientation; overpotential; relative intensity; inorganic additive; Zn crystal.
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Table 1. Standard Zn plating conditions.

1.20
0.56
0.31(pH:1.1)

50
1.3

ZnSO: -TH2 O
Na2SOs
H2S0s

Current density (A/dm?2)
Flow rate(m/s)

Temperature (°C) 60
Coating weight (g/m?) 20
Cathode current efficiency(%)| 95
Anode-to-cathode gap(mm) 6
Cathode streamwise(mm) 100
Cathode height(mm) 50

Bath composition
(mol/1)
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Fig. 1. Effect of inorganic additive on relative intensity of
(0002) plane of electrodeposited Zn.
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2. Effect of inorganic additive on relative intensity of
(0002) plane of electrodeposited Zn.
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Fig. 3. Effect of inorganic additive on relative intensity of
(0002) plane of electrodeposited Zn.
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Fig. 4. Morphology of electrodeposited Zn without inor-
ganic additive.
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Fig. 5. Effect of inorganic additive on the morphology of
electrodeposited Zn.
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Fig. 6. Effect of inorganic additive on the morphology of
electrodeposited Zn.
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(a)Cu:1.6X10°mol/l  (b)Cu:1.6X10°moll 3 4™
(©)Ge:1.4X10°mol/1  (d)Ge:1.4 X 10 °mol/1

Fig. 7. Effect of inorganic additive on the morphology of
electrodeposited Zn.
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Table 2. EPMA intensity ratio of additive to electrode-

posited Zn.

Int. Ratio Without Additive | With Additive
Fe./Zn | 7.65X107 7.66X 102
Ni/Zn 1.08X10? 1.08X 107
Co/Zn 8.46X103 8.45X10°

UaL/za | 147%x107 1.45%X 10"
Mg/ Zn| 7.49X10° 7.51X10?
Mn/Zn| 5.76X10? 5.75X10°
Cr/Zn | 4.85X10° 4.84%X107
W,/ Zn 1.66X 102 1.64X10?

I'\MoZn| 3.43x10° 3.42X10°
Zr/Zn | 2.31X10° 2.31%X10°
Cu/Zn | 1.38%X10? 1.78 X107
In/Zn | 1.49X10? 1.55X 107
Sn/Zn | 1.62X10? 1.75X10*
Pb/Zn | 2.36X10? 2.51X10?

o Ge./Zn 2.07X10? 2.16X10?
Sb/Zn | 1.82X10? 1.93X107?
Cd/Zn | 1.10X10? 1.46 X 10?
Ag/Zn | 1.05X10? 1.28 X102

Additive metal ; 10*mol/l
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|07 e N

7N — P 1DEHEE B (Fe, Co, Ni)i, ZDFEEN M Zn
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HAFEL BB TERREZXNTHE DO, KIFEOMBRME
T, EIFENIEFEIZD L0, Al Mg, Mnid, ZOFEE
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BEBL IFERMASEROIZK OB TEEDD, Zn
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Table 3. Chemical and electrochemical data at the current
density for Zn deposition.

M* [n*? | pHeri| Form E.
(v vs.NHE)
Zn | 2| 544| Zn(OH), 0.761
Fe 2 8.65 Fe** -0.558
Ni 2 8.09 N -0.368
I | Co 2 8.30 Co™ -0.395
Al| 3| a55| A(OH), 1793
Mg | 2| 1048 Mg 2481
Mn 2 9.66 Mn® -1.297
G| 6] — | HGCO;[ 0.833
oIl w| 6| 503| wo? 0419
Mo| 6| — | Mooz 0394
Z| 4| 241 1z, -1.874
Cu 2 | 661 o' 0219
n| 3| 42| mo, 0494
Sn 2 275 SnO -0.413
m|Po| 21072 Pb* 03567
—_ PbSO, 0477
Ge | 4| — | HGeO,| 0523
sb| 3| 168 Sbo, 0155
Cd 2 920 (o' -0.521
Ag| 1| 1595 Ag' 0563
M*? ; Additive metal (10*mol/])
n*? ; Valency of additive metal
*3) ; Values for Pb* which is in equilibrium with insoluble
PbSO,
LRI LAENEELONS,
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EaFL vy LIRRICEHEBLERITE BN, ZTRIZHLT,
SN —FUORMPE, ERICHKTSIILICKD, Fig.
8IZE N & D IT—EDH % - 7= Zn RFE S DO S
EHAZXETWS, T4bd, InOTEE2F T vy LR
EMEILTWS, ZOXL—TNOHRNIEFIZLS T
sy v LREMHIOFEE LTE, UTOZmsrER
65NB, 1) Zn¥ - XL, (W)BEEHDORERRIZLDIE
KENBZEMBKossellZXDMEINRTHDY, Thick
BEInAAVH, InfEHEEICT FA A& LTIREL,
7 EAF R ZnkSETMALBRL T, HEFBEID X
Ty TOFY ZIZHMBAThRET S, LAL, BIMITR
AHMT 3 & Zn B REERE BREEE & 0 HEFEISES
5NN D B, ZOHA, Filhk o ERROERE
BB REEBGREY, 7 R4 VAR 2ICllARE R
ZHEBELIOHELS LD, FUXLRELEED SV, i) RN
AEVPREL TS InEROX VY, X797, 77X
FOREYA M dIVIERELSSEICHM TSI LIC&
D, FVEFLAREOEME LRI,

Bh, InE#A AV EBRLRTVY T U LAHRN
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(a)Sn:0.8 X IO'3mo]/l (b)Sb:0.8 X 10-3molft
(€)Cd:0.9X 10-3mol/l (d)Ag:0.9X10 “3mol/l
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Fig. 8. Effect of inorganic additive on the morphology of
electrodeposited Zn.
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FTHRIEBRIhETIZW/EIRTEY, 22T, MED
HEEORMZLD, Do XBEEIENTI2E S »%2H
L7, Table 412, HEHEWA 10 mol/l & & 5 K 5 IZHM
LB TO iR OBRBEN 27T, ki, BRER
HEEIZS 7 MT3I1EE, HoEBEBBFRITINE LS LTV
B3LEXB, SL—TIOHRMATIE, BEEMIZMERM
BLIZF-HLTHED, HoEBBBERIENL Tk,
Zhiz LT, YL —T7HORMETIE, WIhifERE
MIZFIOmVEREIZS 7 P LTHE DD > XBBEES/NEL
KoTWb, £, FNL—THIOHRMATIE, EEYO
Ik ERBRLD, o XBEEIT, Cu, Pb, CAIF
A TIXERME & [E%, In, Sn, Ge, Sb, AgiRIEA Ti3Ky
10~20 mv{E F LT3,

XKz, S —FUOHEMMZDONT, RINEE L &S
OBk % Fig. 913" T, WTRDOHEMBIZO>NTE, &
B2 H 5 L OORMBAMMS 513 ERREEMIIEH
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Table 4. Effect of inorganic additive on the cathode poten-

tial.
Additive  |Cathode potential
(V vs. NHE)

Free -0.782

Fe -0.778

Ni -.782

I Co -0.781
Al -0.783

Mg 0.780

Mn -0.779

Cr 0.773

I w -0.768
Mo -0.772

Zr -0.772

Cu -0.779

In .764

Sn -0.762

m Pb -0.783
Ge -0.761

Sb -0.761

Cd -0.785

Ag 0773

Additive metal ; 10* mol/l

-o.7ssig e e —

-0.780 |

opo
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-0.770 |

-0.765 |

Cathode potential (V vs.NHE)
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Fig. 9. Effect of inorganic additive on cathode potential of
electrodeposition.
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Table 5. Summary of effect of inorganic additive on
(0002)Zn relative intensity and crystal size of

electrodeposited Zn.
Additivel Codeposition | Zn/Steel Overpotential (O?(i?)ln Crystal size
of additive*D | epitaxy of deposit relative of Zn
intensity
Fe,Ni
1
Co
1 No Change| No Change || No Change | No Change
Al,Mg
0
Mn
n|cW 0 No Change| Decrease Increase | No Change
Mo,Zr
Cu,Cd 3
No Change
Pb 2
I Ag 3 Decrease Decrease | Decrease
in.Sn 9 Decrease
Ge,Sb

* 1) Codeposition Rating : Larger number denotes increased amount of codeposition
amount for each trace element
Large amount < (3, 2, 1, 0) — nil
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