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Morphology and Microstructure of Pulsed Electrodeposited Zinc-Iron

Binary alloy

Synopsis :

Kazuo KoNDO

Zinc-iron electrodeposited sheet steels have been widely adopted for automobile bodies for their
improvements in the corrosion resistance and paintability. In princiles, these properties depend on the
crystal structure, morphology and microstructure of deposits. The deposit with various pulse off time
have been electrodeposited from sulfate bath and examined by scanning microscopy and X-ray diffraction.
All the deposits consist of the 5~ and I'-phases, and the deposit morphology consists of hexagonal columnar
crystals and J'-phase granular crystals. These hexagonal columnar crystals consist of the 7-phase plates
and fine granular [-phases dispersively precipitate within the grain and grain boundary of these »-phase
plates.

For the 1.0 ms pulse off time deposit, the granular crystals form only on the (00-1), of hexagonal
columnar crystals. For the deposit more than 1.0 ms, these granular crystals form both on the (00-1), and
{10-01, of hexagonal columnar crystals. The amount of granular crystals increases as the increase of off
time. Also the deposit cross sectional observation reveals the increase of white microstructures whose
zince contents are less than dark microstructures. The X-ray diffraction shows the decrease of diffraction

intensity and number of diffraction lines of 7-phase, and the increase of those of -phase.
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Table 1. Bath composition.

Concentration (mol.m™%)

FeS0, ZnSO04

0.90x10%

NaySOy

1.06x10% 0.71x103

Table 2. Condition of electroplating.

Fe®* ion concentration 500 to 1 500 mg/1
pH 1.5
Bath temperature 323K
Pulse current density 8000 A-m ™2
On time 1.0 ms
Off time 0.0to 10.0 ms
Total on time 60.0s
Stirring rate 13.3r.p.s.
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%, HCl # 0.0005 % & 0.001vol% & AT F VT I
A= NWEBRICED T v F o T2l Tol I — Ko #%E%
i UEHEE L 7z, ,
BEWOFES X UOWHIGERE TIAMBEIC X > T
gL, BEYWO InEhAmld, 1y —% 0.5
vol% @A0L 72 10 vol% IREE KGR CEEW O & % Ef#
L, mH&£%77xv/l/b FNE L D 4T
EAVOMAMKIEFH~I 707+ 51—
(JJu %F 25kV, HHEER 5nA, 2Ry P 1.340.1
um) (XD GH L7 BAEE R XKAET (Co-K.,
BEEH 30KV, FERK 100mA) 12X 0BT L.

3. K B & B
3-1 EEETFEMEHE

a : Pulse off time is 0.0 ms b : Pulse off time is 1.0ms
¢ : Pulse off time is 3.0ms d : Pulse off time is 10.0ms

Typical morphologies of zinc-iron alloy pulsed deposits.

Photo. 1.
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Photo. 1 @ a 705 d ISR T EEW O LT OFF
HMErHETS.
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c; SABERICR Z HREE & RRE & 25 3HF L 72T RE.
RS S AR R A AR OSEE LM b AT
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Bk EhE ¢ EHNTECERTS (T,;=10.0ms). Ll

+t T,,=0.0, 1.0, 3.0, 10.0ms THK T »HEZ
Photo. 1 @ abed &4fns&C AR, B# CZ,
DEILIFAZ 22T 5.
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a, b : Pulse off time is 1.0ms a : Viewed with tilted angle of 0°
b : Viewed with tilted angle of 56.80°
¢, d : Pulse off time is 10.0ms ¢ : Viewed with tilted angle of 0°
d : Viewed with tilted angle of 57.50°

Photo. 2. Morphologies of hexagonal columnar crystals of zinc-iron alloy pulsed deposits.
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Result of EPMA spot
analysis.Unit inmol®/ zinc
Toff =3.0ms
wi| 86.73 [ di| 90.21
w2| 87.42 | d2| 90.26
W3| 87.07 | d3| 89.47
Totf = 100ms
Ws| 88.80 | daf 91.31
Ws| 88.50 |ds| 90.65
We| 88.60 [ de | 89.41

a : Pulse off time is 3.0ms b : Pulse off time is 10.0ms

Photo. 3. Typical microstructure of cross section of zinc-iron alloy pulsed deposits.
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=0. (200) (10:2)
TOff 00ms ’ substrate A |
Toff=1.om5
Toff=3.0m5
Toff=10.om5

90.0 80.0 70.0 60.0 50.0 400
20,deg
Fig. 1. X-ray diffraction patterns of zinc-iron alloy pulsed deposits.
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AR/ E VDD - Tid 0,=0.276 H 5 0.275 nm,
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@ : Mole per cent of zinc W : Total weight of deposits
Fig. 2. Zinc contents and total weight of zinc-iron
alloy pulsed deposits.
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AR R/ AR 7 Ao
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KIERER 2 A3 5 2V AR CTHERT HAEEDE, v
FROKILEE T /-2 L VRS h s (Fig
1). 2o 0EEMOK DI, NAERE &RIR
gl AHAE L7 (Photo. 1 abed). ANAMKSITEIR
TAEEMBRICHIRD -H2 c-AHMICHE T H 2 &
X DK s b (Photo. 2 ab). fKIEEEM A 1.0ms
OB, BRSSO (00-1), IZDOHAERT
% (Photo. 1 b, Photo. 2ab). {KIEEEEA1.0ms £V
WAT B ENAERED 110-01, 12 bRARE A AR L
7= (Photo. 1 c¢d, Photo. 2¢cd). &I T4V ZAEKNIK
R e AR (00-1), & 110-0), &ZAERT
BEARFBOTREZLIZ OV TELE TS,

n/I- 2 B THR T HEEWE, BUK n-HORMNR
B S P 7 Rk o T-AR % S8 L TS 597,
WK O n-H1x 7 ORI T RO - L
T Zn SHBFEVZD, 79V ZEROKIERERHIC
n-HE T-HEPREEREEEL, ZOME n-tH*

Fe rich Fparticle

ise off time
pulse of'

Zn rich n-plate

Fig. 3. Growth model of deposits at a short pulse
off time. The granular ecrystals form on the
(00-1),, of hexagonal columnar crystals. The fine
Fe-rich [-particles precipitate within the grain of
Zn-rich 7-plate, and this 7-plate grows along
(00-1), of hexagonal columnar crystals. A short
pulse off time will cause local galvanic cells be-
tween the [™-particles and the 7-plate. This local
galvanic cells dissolve the 7-plates, and the
[-granular crystals remain on the previously
formed hexagonal columnar crystals.
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