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Morphology and Microstructure of Electrodeposited Zinc-Iron
Binary Alloy

Kazuo KoNDO

Synopsis:

Zinc~iron electrodeposited sheet steels have been widely adopted for automobile bodies for their im-
provements in the corrosion resistance and paintability. In principle, these properties depend on the crys-
tal structure, morphology and microstructure of deposits. The deposits of various zinc contents have been
prepared galvanostatically from sulfate baths and examined by scanning and transmission electron
microscopes. The 99.5at% zinc, 7-single phase deposit exhibits a collective morphology of hexagonal
plates thin in the direction of c-axis. With the increase of iron content, the [™-phase forms in addition to
the 7-phase. The 7-phase plates stack in the direction of c-axis and form the hexagonal columnar crystals
which have triangular pyramidal shapes in morphology. The [™-particles disperse within the grain and
along grain boundaries of these 7-phase plates. The Burgers orientation relationship holds between the 7-
and I-particles. The 91.2 at% zinc hexagonal columnar crystals form steps on {10.0]} ,» surfaces. An in-
crease of iron content to 85.1 at% zinc, however, flattens the steps on {10.0} , surfaces. Further increase
of iron content to 73.0at% zinc produces a large amount of [-particles, which cannot be absorbed any
more within the 7-phase. These excess [-particles form granular crystals, and precipitate between the

hexagonal columnar crystals.
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A: Platinum anode B: Cathode C: Stirrer D: Heater
Fig. 1. Schematic illustration of electroplating
cell. Length units in mm.

Table 1. Condition for electroplating.
Fe' * Vion concentration 500 to 1l 5500 ppm
p .
Bath temperature 323K
Current density 8000 A-m 2
Plating time 60s

Stirring rate 13.3r.p.s.

Table 2. Bath composition.
Concentration (mol-m~3)
Bath
FeSO4 NaZSO4 ZnSO,;

A 0.71x10% 0.84%10% 2.50x103
B 0.79%x103 0.93x103 1.19x103
C 0.85x103 0.99x 103 0.76 X103
D 0.87%x10% 1.02x10% 0.55%x10%
E 0.88x103 1.04Xx10° 0.47x10%
Z 0.90x10% 1.06x10° 0.35%x10%

ERMOFINEE LTit, 7H b CXA2BEWEBIEDS
X100 % HEAKBRIC L ABKEITo. EEDOM
BoHr, ERETHEMEBES LOCXBEITCHY %
MIZEX 0.8 mm, —AH% 35 mm D IEFEOMRKKRFEHHK
T, BAEFEMEACRES 0.0lmm, —#EH 10
mm O EFEOEESE Y vz, BEDORKRIE,
vk, REHERTED RV L2 L. BEY
DML AR, RE 1200 F F T SiC HIEK
LRIFE3.0um DF A Y E Y FR—2 M KB % i
L 72#%, HCl % 0.0005 %% 0.001vol % & A 75T F )V
THI-NVBBRICEDTy F ¥ 72 fTF0ERL 2.
Zn-Fe RO BE W I B ICAREE TINBK I SEE
DEF ELBVR TV, 2070 B B8 TFHEME
BRI EEETEH Lo2EH 2601 F ¥
I I DERL .
BEYORRES X 0K L Bl 2 EEW O IIER
BFFEMBEIC X O THRE L2228, LB LRI —
Ky EEXITO. HEHKIZAI e — 0.5v0l %

FWMULZ 10 % BWEEKBR CEEYOALERL, &
ARFESS XYy PREDBECIOSH L.
EBETHEMERERAR oMM IZ STEM/EDX € —
KT L EEROILFSWE L OB 2B /2. A
DRBIIBEFHR~ A 207+ 94— (IEBEE 20 kV,
BB 60nA I K D GHT L 2. RS &EEE I X
(Co-K,, EERE 30kV, BER 100mA) IZX VBT L,
F 7 BRI & 1 IR BT 200 KV 0F @ E T M X
NEREEL 7.

3. R B 8 R

3-1 EEETFIRMENRE

BEYWHEOBRHRIC LB EEEFHEBSE T
MICEIEE L /o455, Photo. 1 IGRT &) % SHEEOE
BIIAETELIE¥bh o7, Photo. 1 D atbe
& Table 2 ISRTADPSEDBME AW L-EEDE
ST 525, ZnSO, DR AT 1.42 55 2.86 X 10°
mol'm™ 3 DHEPEATI a IRTERBELRS. /0.9
» 5 1.42X10%, 0.57 » 5 0.95X10% 0.53 5 0.57
X103, 0.41 25 0.53X10°mol'm ™3 TR BDBD b,
e, d e RTHHMEATHRRBIIOHTE S,

Photo. 1 @ a 7°5 e WCRTESFSYWOHRERILUT OFF
MERT 5.

a; - IICE W NABIKGDESKA.

b; c-HA I E VI IZE—FEOANABR G E S
STEBRENLZHMIKICRZLTE. 27 LEWA
BIKRBOBELVIZEB AT » THBE SIS,

;b DBPHICBBENLAT » THHBL =A%
RIZR 2 AR
d; ZAHRCAZ 2EROBMB L REAVED BT
I
e; ZAHKICRZ AP EEITHB L RRED
A DELK.

PEoBEWEEY Photo. 1 ® a 256 e EXFILER
T, A¥, BE, CH, DR, ERLIPEZLIITS.

BEBIUCHo=ZMERICAZLMMNE, EERE
FHEMIEORXBA FHEF L, BEL LAHICBE LK
B2 % Photo. 2 IZ7”:3. Photo. 22 i3 B RIOEEY %~
L, FRICRZAZAF vy T &b o ZA%KICAR
LIEGEFBEGO#EMO I IZ 40.68° MEZTH L b D
LI CAFHBFHRICIEIFREL 20 HOBD & TAH
AI20° LB, Tl cld ATy SHMEBLAL CRO
BETHY, MUKBEFIRLZ#EDO I DD
65.80° M#ET A& d DX ) ICAKHBEFREIZITERII
Lo HOBD L THED 120° L kDl LEF2T

cay



2302 % r # % 74 F (1988) & 12 &

a:99.5 at% zinc; 7-phase b :91.2 at% zinc; 7/ I'-duplex phase c:85.1 at% zinc; 7/ I-duplex phase
d:73.0 at% zinc; n/ I', I'j-triplex phase e :67.5 at% zinc; I"/ I'i-duplex phase

Photo. 1. Typical morphologies of zinc-iron alloy deposits.

a, b:91.2 at% zinc; a : Viewed with tilted angle of 0° b : Viewed with tilted angle of 40.68°
¢, d:85.1 at% zinc; ¢ : Viewed with tilted angle of 0° d : Viewed with tilted angle of 65.80°

Photo. 2. Morphologies of zinc-iron deposits which contain 7-phase.
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a:85.1 at% zinc; 7/ I'-duplex phase b:73.0
at% zinc; n/ I, I'i-triplex phase c:67.5 at%
zinc; I/ I'-duplex phase d: Electron probe
micro-analysis of 73.0 at% zinc; Elemental dis-
tribution of iron

Photo. 3. Typical microstructure on
the cross-section normal to the subs-
trate plane.
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Fig. 3. Lattice spacings and ¢/ a ratios of 7-phase ;
solid line is cited from a previous work®.
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Fig. 4. Orientation relationship between 7-and
I'-phases of the electrodeposited film of 91.2 at%
zine in the 7/ I'-duplex phase region.
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a: Bright field image b : Diffraction pattern c : Schematic illustration of the pattern d: Dark field image using the (i0-0),,

reflection e : Dark field image using the (411), reflection

Photo. 4. Transmission electron micrographs of the electrodeposited film of 91.2 at% zinc.
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Fig. 5. Growth model for B, C and D-type de-
posits of triangular pyramidal shape. Fine ["-phase
particles precipitate along the step of hexagonal
thin plate of 7-phase which grows along (00-1) .
Fe depleted zone of adatom which surrounds the
fine Fe-rich I'-particles accelerates the growth of
thin plate of Zn-rich 7, and flatten the {10-0}, in
their morphologies.

LA ARG R T I LICh D, ZOET N
WEAMRICR 2 A8 (00-1), & {10-0, & TH
FNAR n-HOEEERI LR BHEL, T-HNFL
n-HIHELF & DI Burgers D5 MR RO 5
LHEELIILIOTHLIRENLLDTHA., FT2RAK
REOEEGEDILHRTF » T2 L b 27 NARKSE, A
7 v THHEREL - AARRE~OBEYHREOZLE,
Fe SHBOMBEMIZE b %D IFRTONBEEOEL
LHET A LD EEZONS,. T-RHTONIMEI M



2306 & & 85 74 4 (1983) £ 12 B

TBHE, HIK p-HERBTO IRFOERSEBID
LY, B 7-Ho (10:0), ~D R F » THER
ERKELLZBTHASH. 0L % Fe SAHEOHM
W& ) I'RFORMERERORILS, BAEENEL
bbb FbneEZ NS,

5P D Fe REFBMT % &, I3 ER L
IZFe BHEDEV T-HFoohiikih & LTAERT 5.
FOLHE/MERE T Fe IBEMET LT n-HOHH
) %Y. TOBANAMKRGEER TS, 20 g
SRR T-RTFPRECEDRAL I ENTELR N, =
AHERICER L 72 - oM %8R % T-RTF 25018
e LTAERLBIRICHE®D S (Photo. 3bd). #07:
OWFHEF L -D-HOBEYHVERT B LD EEZ
5% (Photo. 1d).

5 & A

- EBAYORKENEE, BRSSO AT L B
HEL*IXRTIEEL2RTFTH A, AMETCRRES
Zn-Fe 84 ® Fe EH BRI X A5 RTLHE & i &
DEALEBEFHMBE L HORF L, EaEEOEIz>
WTEBLL., HHRBUTOLS CEHSLS.

1) # Zn iSEVWEEE b2 n-BHEOBEEW (99.5
at% Zn) it c-EiHENCE L AARREOESEL 1 5.
2) Fe EHEOHMIZE b v THEPERT 5.
BOK n-Md c-BHmCFERE L =MBIRIC R 2 B RE L
%Y, ZORAN-KRCERO T-HF2H8HTH. =
DRAHD T'-HF & 2-BMHE OMIZIE, Burgers D

S SLB R HEAE T 5.

3) ZOMIR 2D c-WHE~ORB I L B A
RETEAHERICRZ HRH O, (00-1), ~
DI-RFE»-RFLOMHEDOLYELICE > THBA
T&5.

4) K Fe &HE (91.2at% Zn) OARAMRE T,
{10-0}, £i2 (00-1),ic kB 2T v FHEHKENS, L
L Fe &HBEOHM (85.1at% Zn) 12 & b W
1100}, DT » TREHLTFIFE & 5.

5) 85ICH Feld (73.0at% Zn) Ti&, AR
fa D p-RIPNC I T-RF 2L & o, AAaERE
DEBERARD T-HF P BOD X1k b,

BRI, AFRICAELEE 2 V2w MR FE LR
REEBZ 2 6 ISR TERR) O RFE gt &
AESEBELCECBILPLEFEY. $4EE-8
BEFHEBREEEREZ BNV LW LS, 1
EH#_MRICRH LTS

X 13

1) B FE, FREZ, dE—F, B 5% Xk
8k L4, 72 (1986), p. 954

2) H. M.DALAL and G. S. GILL: J. Inst. Met., 93 (1964),
p. 130

3 ) K. Konpo, S. HINOTANI and Y. OHMORE: J. Appl.
Electrochem., 18 (1988), p. 154 :

4) HEEEE, RAME, H @B Hl B HEALZERS
gk, 4 (1977), p. 1121

5) KAWL, HE K, EEHE e, 72 (1986),
p. 961

6 ) K. KaMEI and Y. OuMoRt: J. Appl. Electrochem., 17
(1987), p. 821 ‘




