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Abstract

High strength steels such as transformation induced plastic steel, dual phase and solid solution Hardening
have been developed and continuously improved due to the intensified needs in the automotive industry. But
silicon and manganese in transformation induced plastic steels were known to exhibit harmful effects on
galvannealing reaction by oxide film formed during heat treatment. Therefore, in this work, the applicability
of Zn-Ni electrodeposition instead of hot dip galvannealed coating to transformation induced plastic steels
was evaluated and optimum electroplating condition was investigated. Based on these investigations optimized
electroplating conditions were proposed and Zn-Ni electrogalvanized steel sheet was produced by EGL. (elec-
trogalvanized line). Its perfomance properties for automotive steel was evaluated.
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Table 1. Chemical composition of experimental steels

(ppm)
TFE| C| Si Mn | P|Cu|Ni|Crl| Ti| Al
IF |20] 6 100 10 -1 - | - 163140

TRIP| 980 | 12382 14635 | 210 | 130|121 | 169 | 170 | 409

NS

»d—pit

/X !

§S:161m SCS : 132m RCS : 65mOAS : 1200m

Fig. 1. Heat treatment cycle of transformation induced
plastic steel (SS : Soaking section, SCS : Slow
cooling section, RCS : Rapid cooling section,
OAS : Overaging section).
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Table 2. Binding energy of chemical species

YL sh3FE/de A=l (V)

Metallic Fe 707
Fe Fe,O; 710.8
FeOOH 711.8
. Metallic Si 99.3
5 Sio, 103.3
Metallic Mn 639

Mn MnO 640.5~641.4
Mn,O; 641.5

MnO, 641.1~642.2

Mn Oxide 529.6~530

(0] Si Oxide 532.5~534.3
Fe Oxide 529.8
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Table 3. Experimental conditions for zinc-nickel electro- =218 7tuto 2 A5 Galvannealedd &3 Zn-
plating Fe 27155 298 AH3ts
Zn™ 50
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e Na:SO, 75 A71ed 2 QUG A2 Awe) gEe F
H,50, 3-14 APAAREIZ (SEM)E AH8-ate] 23l om XRF
Current density (A/dm?) 40 2 o]gsle] B 259 52 U oAl
Flow rate (m/sec) L5 9 mure] Z4T2E XRD(Rigaku, D/Max 2200,
Plating condition Temperature (°C) 50 Cu target)% AHEke] A sl AR eAe] A
Coating weight (g/m) | 30 = meold @ WAy S 7k BAL Wrle
pH 1.7 At}
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gato] 70°CM T2 BAE AT F e 8.5% [F7+e] XPS EHEA Aot} Fex EW F2
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o AYE 10mmE LFA sted Y@k 4 FF ASE FH2 EQ6) EAse Ao B
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2.3 2AIE Si ¥4 EH S0, AHEE FHE #FEI
497t & FHH o 7oA AZkE Zn-Ni A1H o F& Sie HEHA Yol FE Si0, A=
& B Bl AE §7 60 Hz S aF &4 FHE F¥lo EAlste A &+ vk 600°Cl
715 olg3le] AFH2L 6~10kA, EAAZE 10~15 A gxe s AlHe] A eol= tid] HA¢ T
cycle, 7143 3.6~4.0kNe| =7 3lol|A AR/ H](Noise to signal ratio)”} 2o} Sie] F5o] gy
19 2 e 58 ke Ao AA dojdg & F Utk A" =7t

Z7}sto] wE}l o] Bl7F AA FEHo Sie] A S

24 TEAHANZE 2 240} TEHE Aol FEHUTL

As Ak} Fdd AAE 2 AR 7SR Mn& gAl 2571 700°C o|4o 2 Z71g
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Fig. 2. XPS spectra of transformation induced plastic steel with annealing temperature.
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Fig. 3. Variation of chemical composition on the surface
with annealing temperature.
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Fig. 4. Depth profile from GDS analysis.

Table 4. Gibbs free energy with chemical reaction

Chemical reaction Gibbs free energy (at 700°C)

Fe + 3/2 O, = Mn,O4 AG’® = =556 kJ

Si + O, — Si0, AG® = -726KJ

Mn + 1/2 O, = MnO AG® = -312kJ

Mn + 3/2 O, = Mn,0; AG® = 704 KJ

Mn + O, — MnO, AG°® = —-335KkJ
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Fig. 5. Phosphate morphology of transformation induced plastic steel with annealing temperature.
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Fig. 6. Variation of nickel content with current density.

U HEATIE HOB LA U of
Ae 253 Ul 2Rl YA 5 11~13% HH
M= vAH(NisZn,,) T E o] Folx] dor} 10%°]
ste] 9= 0t osdel %i o]FofR| ], 15%
ol gl M=

ol 15‘0}5?& =5
]

H oo e
*

o

¥, NifZn ¥]&< 0
£ 0.5~2.0% %7}51*11

oA T zfo]7t QL

_‘13] 8_9_ OT-/\-} X-]]/\
271 3}ol] tﬂr% =
Fto|th, 2y 8ollA
I3} fAbet 738k
=3 W] Ni/zn®], A5
%—7}

e r>4 y V
by
o
1
i,

A 60°CE 10°C Z7W71oﬂ E}E‘r E%* LH H?*E‘

[e]
HEEe. 8 4%A 10.6%= 2.2% “3=slFth A&
UEE 40A/dm™)A 70A/dm’E 30A/dm? =7}1EH

11.2%2 2.8% Z7V8+15, NifZne] e % 1,60
A 212 A3l uet 13.6%% 52% Z=71ssith.
weld wgE W YRGS 11-13% 304 F



(a) No pickling

Weight Conc. [%]

Fe

Fe

90 -

Sewpia i 19
80~
70-
80
50
40+

30

T »
50 55
Depth fnm}

(b) 8.5% HCl

Fig. 7. Effects of pickling condition on chemical compo-

9]

oA g A%

sition of the surface.

] A &

(X
i
L
oo
i)
L
2.
o

o

=N
=
z

)

~

ofh
=
1o

s

(a) 8.5 wt. %Ni

(b) 11.5 wt. %Ni

HEd o/ =T33 37 (2004) 263-272 269
= oA 15
g 100'? Fe Fe 12 Current density : 40A/dm’, Ni / Zn ratio : 1.6
S . [ |
g 9+ .‘__J’.’——-/—‘”“. T
H
;\? 6 t " 1 1 ) i | ) L
; 50 52 54 56 58 60
E 15 Temperature (C)
t 120 Current density : 40A/dm’, Temperature : 50 1/.
E -t
i I
e % m
(2]
'E', = i 1 1 L 3 N L i
4 1.6 1.7 1.8 1.9 2.0 2.1
Q2 Ni / Zn ratio
= 15
Temperature : 50 C, Ni/ Zn ratio : 1.6
12 + n
0 | //
0 s ' ' m [
Depth fr) 6t 1 1 L I 1 | 1

10 20 30 40 50

Current density (Aldmz)

Fig. 8. Variation of nickel content with electroplating con-
ditions.

AEZ ol A w3t WslkElE A Bk

a3 102 ol yA FFE=FS Hel st =
5 Ul VA dsle] mE QA I Bk
Fot}, yATHEo] 85wt 13.6 wi%hl A|H ]

A A Yol Bk mAg S BAh
o= Aol T 9oA FAEF] ET o
8.5 wt%t 13.6 wi%? 7% FHY vAlRET} 11.5
wt% BT S zke AlH giv|sted A3 B3
gk e ATt THREY} =
o] g R 7t Skt
A e A Ado] of o
Aujdr AR5 72U
t}. ol ;A A7 B7] o

REEEIEE

w S

;é.

o E U—‘é: fr
o
i

firns

({1/\

‘

N

o

o o
hins

=
1)
= rx

5
fl

[e=]
=
!

hind

[e}

Y
i
1

£
X
ox
it

[e]

o
oh
—oox X

, &9 Foll Zn(H,PO,),

(c) 13.6 wt. %Ni

Fig. 9. Surface morphology of Zn-Ni electrodeposit with nickel content.



270

(b) 11.5 wt.%Ni

(c) 13.6 wt.%Ni

Fig. 10. Surface morphology of phosphate film with nickel content.
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Fig. 11. Effect of nickel content on the coating weight of
phosphate film.
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Fig. 15. Surface morphology of phosphate fim and coating weight in various specimens. (a) TRIP Zn-Ni : 3.0 g/m?

(b) TRIP Zn-Fe : 2.7 g/m? (c) GA : 3.1 g/m?.

Blister width (mm)
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Fig. 16. Results of salt spray test for the various electro-
painted specimens (Test condition : 5% NaCl,

35°C, 800 hrs).
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