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Influence of Steel Surface Property on Galvannealing Rate of Galvanized Steel Sheet

Nobue FuiiBayasHI, Kazuaki KyoNO and Chiaki KATO

Synopsis : Galvannealing rate becomes fast by heat treatment in N, of the hot rolled sheet with scale. During the heat treatment, Fe inner oxides which

contain the easily oxidizable metals are formed just under the scale by internal oxygen diffusion, and this inner oxides remain at the surface

layer after pickling and cold rolling. The cause that of galvannealing rate becomes fast is shown in the following.

(1) Amount of surface segregated oxide which is formed by reduction annealing extremely decrease, because the oxidation-reduction oc-

curs inside the sheet, in other words, Fe-containing oxides produced during heat treatment changes to oxides of easily oxidizable metals dur-

ing the annealing.

(2) The concentration of easily oxidizable metals at surface layer decreases by the formation of this inner oxide.

Key words: galvannealing rate; surface segregated oxide; internal oxidation; heat treatment.
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Table 1. Chemical composition of steel. (mass%)

C Si Mn P Al Ti Nb B Cr
0.0019 0.01 0.09 0.009 0.038 0.029 0.008 0.0005 0.02

SER14FE4H30 B2 PR 1499 A 15 H32 3 (Received on Apr. 30, 2002; Accepted on Sep. 15, 2002)
*  JIRBISk (BR) BEiRFZERT (Technical Research Labs., Kawasaki Steel Corp., 1 Kawasakidori Mizushima Kurashiki 712-8511)
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Fig. 1. Optical photomicrographs of cross sections of the hot rolled sheets.
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. 2. SEM morphology of cross sections of the hot rolled sheets. (a),(b) Steel A, (c) Steel B.
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Fig. 3. GDS depth-profiles of the hot rolled sheets. (a) Steel A, (b) Steel B.
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Fig. 4. EPMA line analysis of grain boundary of the hot
rolled sheet (Steel A).
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Grain boundary Surface

Fig. 5. TEM morphology of cross sections of the hot rolled sheet (Steel A). (c) Grain boundary oxides at 1~2 um depth,
(d) grain boundary oxides at 4~5 um depth, (e) inner grain oxides at 1~2 um depth.

Table 2. EDX analysis of inner oxides of the hot rolled )
sheet (Steel A). (mass%) Surface segregated oxide

b)

Si Mn P Al Ti Nb Cr Ca Fe

Grain boundary  0.52 11.13 044 6.67 0.27 125 525 2.05 72.44
Inner Grain 1.50 18.59 0.00 17.21 4.33 0.00 9.12 2.59 4579

Fig. 8. SEM morphology of segregated oxide on annealing
sheet surfaces. (a) Steel A, (b) Steel B.

Fig. 6. SEM morphology of cross section of the cold 0.6
rolled sheet (Steel A). a)

N
'S

1.0

Intensity

Intensity

0 10 20 30 40 10 20 3.0 4.0

Sputtering time(s) Sputtering time(s)
10nm (as Fe)
0 20 40 {11 J—
Sputtering Time (s) 500nm (as Fe) Fig. 9. GDS depth profiles of annealed sheets. (a) Steel A,
(b) Steel B.
Fig. 7. GDS depth-profile of the cold rolled sheet (Steel
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Fig. 10. Amount of segregated oxide on annealed sheets.

Fig. 11. Optical photomicrographs of surface grain of an-
nealed sheets. (a) Steel A, (b) Steel B.

Table 3. X-ray diffraction of annealing sheets

Steel (110) (200) (211) (222)
A 048 231 204 10.74
B 048 135 223 10.64

FERIERLTWBZ Lbhrs, —F, MllEmERL
MBBER I NizSteel ATIE, ZREDITLERDOE — 713/
&<, RENORLIZIHI E T, Fig.10i2GDSTD
MnFEEMEIC & 2 RERLERELOBRETR T, MnEE
B3 Steel AN Steel BOK1/3ThH D, BEERDO MBI
Lo THFIZRARLAARI ENTHE I L hbr b,

X 512, BAALEE A B U 7= Steel A DBRIENR B % BFHI L
TSR EREL 2%, WHE, Bl =88R Tid,
Steel AIZHNREZIBLEIIHML, BUHEEKEL Tk
W Steel B EIZIFEISEE KD,

Fig.1 11 BBIIRR AL RE O W BE MBI BG4, Table
JICKREEAMBO BRI DOMEE #7733, Steel A & Steel B
DOFREFERBIZE I 20 um TH OHERIR STk, £
7o, BAMBICSHEBIRR O THAEL,

3.4 AflbEE

Fig 121284 b#E & LT, 460°C TOA & ILIRF R
LOHOEHDFeFHELOBBRETRT, BULEAEL -
Steel A TIZFe BHEMNT%IZ K 5 E TORERMAM21sTH S
A3, Steel BTI229s &M 155 DEEIALETH D, #M
BAEML7-Steel ATAEIEBHEL E->TWBZ ERnbh2

27

ARAT R TERE D - EHIRO A SER IS RITTHE

10 O Steel A
< Steel B S
teelA.
8 || A Steel A ground : Af grgfmd
o o
g6 &
é) &
4
2
0
GI 0 10 20 30 40

Galvannealing Time (s)

Fig. 12. The relationship between galvannealing time and
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Fig. 13. The relationship between Fe contents in coating
and powdering index.

5, £72, AEILDB Steel A DBHENZE S % BIH|L 72
FRTIEASISEBHENR O N, ASLDOE Steel B &
FREREICE S,

3.5 MINIHFUL T

Fig 13Ic¥ > EHFeEHER L OEHITHMIFRLIZK S
I )y TEEEDOBRETR T, AELDHE L Steel A
EBENDE N Steel BT, MIUFeBHAERIINT S5/30 4
)Y ZIEBIIEIEERSE TH D, BIERTORLEIZL BN
HRCMOBEET, ASLERELENLEE 3 DD/ Y
Sy IHICBEEERITE RN,

4. EE

4.1 BMIEERBIBIC L 2 ABEBIEHOERICONT

A = AT EDBEROBMEEIZ LD, A7 —LEATOD
FRERBN R L X ORAIZMn, AIZDOSEEILETEL S
BY 5 FeB LD ERHFBER SN 72(3-1). THITHIRA
BICHEET S L6, BULEIC & D EERHIHR NI HLE
FTEZELITK > TERLZHRNBRICI THD EEZ S
hs,
—RIZAEONPRILIZOWTIE, &%/ Ay — L RH
THRIZXDRE L BENASHICHIBIL LB+
T B5ZERHMENTNEY, FIX I TIX, Fe-5~
10%Cr#fiIZ B W THEL OBM P DK X\ CrhFele Lt
%EITC LUSRNER T Cr,0, BT 5 2 & W K HfE &

27 R



. 28

$k&$H  Tetsu-to-Hagané Vol. 89 (2003) No. 1

N3, L LUAFETIE, Table LIZAR LK D IZ8iH
Mn: 0.1%, Al: 0.038%, P ¥ & U'Si: 0.01%, Ti: 0.03%, &£ &%
AEIBODTHLVKETH D, 2D KD ERTORKR
LD ERIZ DOV TEEM ARSI I Z L2k,

K TONEBEILID AR, 2 — ILRLE A SHE A
5 WZ 22 5 T Fe,0,, Fe,0,, FeOTH 5728, N,5RHX
1 720°C DELERIZ K D RE OB K5 E A FeO D R BEEE R
SE102am® X DK T L, Fek OIZREEL /=720 L EZ
bhd, REEL 720 MR AILEL 7212, Fe&x FRT & L
R ER L T35, NEEIL T3 & 0 BB R 7
FEDERNERD ALK T 5 728, Fe MO O 4K
BBV, ZOYD, BEBRE ST AR
HIFLE-2ED/PNE VAL T, Si, Mn, Cr, P2 E&HT
BHEABRIMATERL T3 RIS,

7, RRICHANKATIE, BlEWINEL, Feal
RIFEL BT B, F72, KINTOBRILIMPBER I NS
FXIRRICHENERL BoTW3, Zhid, KREKANT
DBZFTEDOHEIZLD2EDEEZ LN, BEDOHAIDE
WRIFHZ AR DB NRIAPOTIE, BRRAEN E 5 IZK
TLdEELONS, FigldlZM EONEBERCYIREK
¥FEETFARELTRLA,

4.2 FEBEIMEIXAHZXL

BRAEAR O ZRALERIZ & D NERER (LW & HERR & & 7= Steel A

DB T, NESER{LMD 2\ Steel BIZHNEITTM R

Steel

Diffusion
of O

—

Low Po, High Po;

in grain at grain boundary

o o , © [-] o © ©
Steel ° oe o °°e° °o° o % °
o © ° ° ° o
) ] - € [}

M-46%Fe-O M-72%Fe-O

® Inner oxides M:ALMn,Ti,Si,Cr,P

Fig. 14. The mechanism of internal oxidation.

o

S

R T TORMIC & 2 BB RORmMBLAIH & 1
TW5(3:3), ZOBRIZDOWTEREITI,

Fig.15 {Z Steel A D WHEMR 6 & UMBESGMR D 2 & &5 TEM &1
BHER AR T, SEM COBRMESE (Fig. 6) &AMk, WL
Me, BESMR & &I 1 S5um Z THIEMABR I h Tu
BH, BAEHR RICHTH L Cnz & Bbhh B AN i
FREREER T VBRI T, KEOLDETHEHD
05~1.5umDFEICESFHEL TS, TOIT L&D,
BUEHRZE A 6893 um £ TIZFET 2T H i
80% DE FETHIIFEL X NS Z LI k- T
L-mReMEn b 5,

Table 412X Zh 6 DD 5 5B, REA, 5 0.3~1um
CHEET AU MO EDX SR ERT. Thb Ol
YO EELS 2 X 27 Tld, T RNTEHESR S k(b
ThBIEMTEN TS, WERTIE, NFBRILYHO
Fe BHEH 62%, Mndb K U AIAZNZFN11.5%, 15.9% T
HBHDIZR LT, B TIEFe BHEA26% 20D, Mn
BLUAIBZENTN26%, 18% LML T35, /2, &
EHRTIRRONL A 57281, Ti, NoDEFEERAHEML T
BILEBHMNTHSE, ZORERLD, EXHFHKT T
DBESIZE D, RSO Felk LY A B L& TG 12
&oT, KVBERT VY v LMEL RE & Gt TE
OB L2t EZbND, ZOBRETRIEE X
(1NZFR L%,

(Mn, Al, Fe)—O+Mn, Al, Si, Ti, Nb
—(Mn, Al Si, Ti, Nb, Fe)—O+Fe «ccvreeveememeemnneeene (1)

2FD, NEBRA LVHEITIE, HIR{IEMITE L #R
RENFEE) U THEMRKE THREL /AT 5 Lo 28k
LDLHHEEZ 5, ZORME, FREmISHAL L 2-RimR
iR L, KORILEL S &5, —F, Fe2 &H
T HNEERIL A b /AL, BRILETTRIBE DR
HTFeB LM ERIGT 5720, SlRERE CRETE L
W, 2D, SEEACHEITTROINRRILT » 5 FKEmRI{LY

Table 4. EDX analysis of cold rolled and annealed sheets
at 1 um depth from surface. (mass%)

Si Mn Al Ti Nb Cr Fe

Cold rolled sheet 0.00 11.54 1586 142 0.00 887 6231
Annealed sheet 3.56 26.25 18.10 12.52 553 8.16 25.87

« Surface

Fig. 15. TEM morphology of cross sections of Steel A. (a) Cold rolled sheet, (b) annealed sheet.
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