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Estimation of Isothermal Alloying Behavior in Galvannealing Process
of Galvanized Sheet Steel

Toshio NAKAMORI and Atsuyoshi SHIBUYA

Synopsis :

A mathematical technique has been suggested to estimate more adequate isothermal alloying behavior-
time and temperature dependence of Fe enrichment-in galvanized coating in galvannealing process.
Galvannealing experiments using salt-bath were conducted with mill products of galvanized steel; and
Austin-Ricketts’ type equations were applied to data-fitting by means of multiple regression analysis so
as to linearize the relation of Fe quantity in coating and heating time.

The original experimental equations, which involve errors due to unavoidable heating-up periods in heat-
treatment in salt-bath were adjusted to more adequate ones by applying finite difference approximation and
multiple regression analysis repeatedly and alternately.

It was proved through correlation between estimated values and observed ones that the adjusted
equations are more appropriate than the original ones. Corrected log (Fe quantity in coating) vs. log(t)
plots indicated the following: 1) Fe enriching behavior at 450°C is subject to the reverselogarithmic
time dependence at the outset of the reaction, and to auto-catalytic time dependence after some latent
time. 2)The behavior at 500°C and higher temperatures is subject to the parabolic time dependence.

Key words : hot-dip galvanizing ; galvannealing ; galvannealed steel sheet ; isothermal reaction ; kinetics.
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WCEM LA RER THRIE L%, ERE CREER
(M) 8 M5-G, B £ 1 53 wt%KNO3-40 wt % NaNOs-
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HAET- 72, BiROKETE3ICUNTH- 7. fHiR
WENZ B 1) B A LB O BEHE § ~ THTE R
DB, WL PIZKE EIT - 2 OB D
FrsmE MR O E» ST 1s Thol. T2, B
WLERE R 0 MR X SIS A L 2o CA BT IC &
0 B L 7.

AT OERYD > EHBICE L TH LM LO M v
Ey—am (SHfbFERRA €y b TION) 3wtk
HCl % FWv T n tHOERER £ 17 SEM BL O X #
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Table 1. Gauge, coating composition and primary
intermetallic phase of used galvanized sheet steels.

Gauge Coating composition (g/m?) LM C*
mm Zn Fe Al i
A 0.40 40.1 0.46 0.09 Gy
B 0.39 48.4 0.36 0.11 &
C 0.50 73.5 0.56 0.17 )
D 0.78 140.0 0.49 0.20 {2
E 0.78 140.6 0.24 0.40 FesAlg

* . . .
Primary itermetallic compound on steel surface
*2 Unidentified Fe-Zn- Al phase coexists with ¢

Table 2. Chemical composition of substrate steels

(wt%).

C Si Mn P S Sol. Al
0.040 0.17 0.013 0.008 0.025
~ <0.01 ~ ~ ~ ~
0.066 0.23 0.020 0.013 0.028

W U 2 0 R O ERE O M SHHE & EBRR 2 5 DR
Uk % HoB L7 Bk % S L 7~

3. B BHRR

3-1 Austin-Riketts R,(C & B 580k

Fig. 1i2—fl& LT Zn 4% & 40g/m®> 267 %
o MM (M A) o8& bARCB YA EES
Fe 820 & & bk GEHIERE), REKEEZRT.
W e B ICHBEETIRLTWASY, ZOFRERAR
N EELLBIC X L READ Fe BILEE % B2 B
WATEHERT 2O EREHL L EbNRAS. Fig 1 T
O BUEAE TR L 2 2k Fe & & A & bR O B4R

a) {-phase can be observed (Material D) b) dj-phase can be
observed (Material C) c¢) Neither can be observed (Material E)

Photo. 1. Typical view of intermetallic layer on
steel surface of galvanized steel after eliminating
n-phase.
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Austin-Riketts 13 (1) F 2k (2)XTH A6 RN
ZJII).

dy/di=n(1— y)2k " "1 ceoernnieiinn (1)

log(y/(l—'y))=nlogt+nlogk .................. (2)

IT oy 3R, B, e B XU kI TEE
TEMNRORP—~E LR SXERTHE. L ATHEIL
IS OEEROEHRVFMELE 25582 2T (3)icx
nEFE L.

y=([Fel—[Felo)/([Felx—[Felg) «-weeeeeeee (3)

ST [Fel (385 t (0B A KEED O Fe 8% [Fel,
LB > S EED Fe &% [Fels 3 A ELORMKIRE
PRELEBEGD Fe 8% RT 25, Z2Tid[Fels &
LCREAD T HOR BN ZHETH S 25 wt%Fe IRHE
D Fewxfvi, chiz(ZnftEE)/3 THE2ZHNS.
COEBEOTEEIMEHAMNTH D ASLIL T EED
b Tw# Lo vds, EHERO Fe iREEH 10 wt%
NN TdH B DT Fe BEH 20% Fith D caiA s &
LThbdbTOMENEEEZ LR,

(2)RicLBHTIEDE Fig. 1 OBZICHT L TIT-
7oA R % Fig. 2 10R”"Y. —2OHEBTHEEILKIED S
BERT LW TELZVHPHAEORELL —ODOEB{E D
TiEHH I L TIHTEHRBEERT I EMNTES.

Fig. 3 {2 500°C O A& b o B8 5 4ti#f B, C,
D D& &fbEEh 2R T 45, LREE y» SRS, Zn
fit & E OB X % & &L o B A E [ 2588 & 2

o 575°C
E 10k 535°C
s ot 8 smC
o fos ooy
= 5k é OO O
= P / 450°C e
3 / O
ST 8 /
N d P\ 400°C
2 /
g 1r o)
e £ f
O
& 0.5 — | O P
1 10 10° 103
Galvannealing time, (s)
Used material : A Zn coating weight : 40 g/m2
Fig. 1. Time and temperature dependence of Fe

quantity in coating.

log [y/(1-y)]

. 450°C

P

-2 ) ]
1 10 102 103

Galvannealing time (s)

Used material : A Zn coating weight : 40 g/m?
y means trans-formation ratio which is defined as ([Fe}l —[Fely)/
(0.333 % ZCW—[(Felo), where [Fe] is Fe quantity in coating
as a function of time; [Fely is Fe quantity in coating before
galvannealed; and ZCW is the Zn Coating Weight. ¢ means
galvannealing time.

Fig. 2. Linear plot between log[y/ (1-y)] and
log ¢ for the same set of samples shown in Fig. 1.
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Zn coating weight : B; 48 g/m% C; 73.5g/m?, D; 140 g/m?
Fig. 3. logly/ (1 — )] vs. log t plots of Fe-

enriching behavior in coating for material B, C
and D at 500°C.

Used lgf
materials §f

oD
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0

log [y/(1-y)]

Galvannealed
/@ at 450°C

1 10 102 103
Galvannealing time (s)
Fig. 4. logly/ (1 —y)] vs. log t plots of Fe-

enriching behavior in coating for material D and

E at 450°C.
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Multiple regression
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T : bath temp.
t : heating time

F=f(T, t)
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n

S :small

s=s(F-F')

¢ =t*( equivalent )
heating time

End

Fig. 5. The flow-chart of correction of
experimental equations.
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Used material : A Zn coating weight : 40 g/m?®
Fig. 7. Adjusted linear plots between log[y/
(1 — y)] and log t for the same set of samples
shown in Fig. 2.
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Used material : A Zn coating weight : 40 g/m?
Fig. 8. Adjusted time and temperature dependence
of Fe quantity for the same set of samples shown
in Fig. 1.
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Fig. 11. Estimated T.T.T. diagram of galvanneal-
ing process.
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