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Effect of Coating Structure on Powdering Resistance of Galvannealed

Steel Sheet

Michitaka SAKURAIL, Li Wei ZHANG, Yasuhisa TAJIRI and Takaaki KoNDO

Synopsis :

Effect of coating structure on powdering resistance of galvannealed steel sheet was investigated and the

followings are clarified.

1)Higher galvannealing temperature deteriorates powdering resistance. But slower cooling from higher
temperature (500~550°C) improves powdering resistance.

2)In the case of lower galvannealing temperature (= 440°C), the powdering resistance is rather good,
although the cooling rate doesn't affect powdering resistance.

3)Exfoliation of galvannealed steel sheet after tensile test correlates with amount of powdering

evaluated from draw bead test.

4)I" -phase (FesZny ) is formed along the interface of coating galvannealed at lower temperature
(<500°C) or cooled slowly from high galvannealing temperature.

5)The decrease of I'y ratio [I"; /(I +I",)] deteriorates powdering resistance.
Key words : powdering resistance; galvannealed steel sheet; I';-phase (FesZny,), I'-phase (FesZn,,),

galvannealing condition ; draw bead test.

1. # |

EELARES Y - SEAE, TEM - BN - B
HIZERLTWL I Ehs, HENBA - ¥EH - EHMAZ
BLHELTESHYLRTWS, LPL—FT, 7L
Z M LOBEIZ S > EBAMEKIKICHEE (Wbwbt
TENT) LRTWEWIHELEYND DL, Do ABD
Ny Y v, EECREROKILICO RN, £
27V AGRNTHERE L 7o R, 0TI & 37 % M0k
DRIEEEL SEBFHEE 5. _

R, A LBERMESRY - RO/ ST 5 ¥ IBS
K2WTEHELOBENLZENRTWBY™D, fif/iy ¥y
YUHICHEERRIITO - A5 E LTk, WD, B
EftEEY, BB Fe &AEY, A&LEEY, B,
B ALREYD 2 ddh b, Do EREHEEIIONT
i, THOESIZET 2002, (HOKERICHET
2H0Y B FellED 6 HICHT b0, v &5
ROBRBEAIEATHLDD 2 &hd b,

REETIE, BT 5D v 7o - EEEEO]
REHO,IZTHILEHME LT, G4tBEL LY
BHEEEEXTCHEET Fe EHEN 10wt% — &%
HESIEENE L -6 {bERIES D - & HH O
R T IR OVTRE LR 2 HET S,

22 X B 5 &

2-1 f#E#H

A, EER L RERARIES D > X5 M0y b
A4 THEELZHNE 0.8mm OHEED - 2§, T
HESOIICRTE Al SV P2 B2 20K %

‘Table 1 12, 8544 % Table 2 I2/RT.

Table 1. Chemical composition of the substrate
steel.
Chemical composition (wt%)
Steel
C Si Mn P S Sol. Al N
Low C
Al-killed 0.040 0.010 0.18 0.016 0.023 0.022 0.0014

P 24E I ARSEBHERSICTHEER PR 24E 11 A 19 B2+ (Received Nov. 19, 1990)
*  NKK $k##F7ErT (Steel Research Center, NKK Corporation, 1-1 Minamiwatarida-cho Kawasaki-ku Kawasaki 210)
*2 NKK k727 (3 : National Steel Corp.) T_{# (Steel Research Center, NKK Corporation, Now National Steel Corp.)
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Table 2. Galvanizing condition.

Coating weight 58 g/m?
Al content in bath 0.15 wt%
Pb content in bath 0.10 wt%
Bath temperature 460°C
Entry temperature of sheet into bath 460°C
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Fig. 1. Galvannealing heat patterns.
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— A :Bead
" a : Die
B :Load cel

C,c : Oil cylinder & rod

D :Specimen

Fig. 2.
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25”2/1/ Steel sheet

‘ Test piece

Tensile direction

Coating side—-—‘
Substrate side

Fig. 3. Sample preparation method for instru-
mental analysis.

Conditions of Draw Bead Test

Bead tip radius : R=0.5mm
Bead hight : h=4mm
Loading force  : P=500kgf
Drawing speed : v=200mm/min.
Strip width : 30mm

Sliding length  : 120mm

Schematic illustrations of draw bead tester.
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O Water quenching
A Gas jet cooling
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Amount of powdering (g/m )
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Galvannealing temperature (°C)

Fig. 4. Effect of galvannealing temperature and
cooling process on amount of powdering.
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Galvannealing temperature

(2):440°C  (b):500°C (c):550°C

Photo. 1.

water quenching.

Microstructures of coatings galvannealed at various temperature followed by
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Fig. 5. The relation between amount of powdering
evaluated from draw bead test and exfoliated area
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Photo. 2. Microappearances of fractured surfaces.
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Samples were galvannealed at (a)(b) 550°C, (c) 500°C,
(d) 440°C followed by water quenching.

Fig. 6. X-ray diffraction patterns of (a) surface
and (b)(c)(d) coating side of fractured surfaces.

EiR (550°C) &4 bl L < 1% (Furnace cooling)
T%:&Ki@,ﬁm(MOC)uﬁkﬂﬁ®§wkm
REOBMTEIC 2 5 Z b h o7z,

4. & =

4-1 & - & RRFIMEOMEEHER

Fig. 6 120 - & EEOEFE X HRBETER 2 RT. Fig.
6aid 550°C THSILMBE LAKG LYY T NDD - &
D FME (Surface) il L 724K %, ¥7:, Fig
6b, ¢, d iZFNFN b:550°C, ¢:500°C, d:440°C C
GEEMBELKE LT TV - S EEE & AT
RARERIC X 0 KB L 722 A (Coating side) % %
L7-kER %3, Table 3 2 Fig. 6 THEE X 1 [
#F& Geuwes SO R LBALCHEEL L
WREPRT. SOIHAICHE L T Genes HI2 & - Tl
FEANLHERXBEIICLLEERD - TORL 4.

550°C THEILMLE L KIF Lo o & RERIRORE
X, Fig. 6a THE s hBEIHY— 7 H 6, tH (FeZn;)
Hyhov¥—2 (No.6, 11, 12, 15, 20) THRINS
cEns & HEKRTHAHELEXAH. ST, PhOE—
BRI NDDIE, o EEELSER T LB
Do FPOERMAO Pb 2 REBIKETLE LT, K%
CEETARBICH LB s TRILLAEbDEEZ LR
B, —F, o AEBEHEROKERMOEXRB I T £
I i ERTHAHEELOND. Table 3 IZ/RL 7

STHM, I, 6 HRZE K DHSTERLTYS

LA L7%AS Fig. 6b,c,d Tid I' 7213 T H4FH D
¥— 2% (No.l, 4, 13, 19, 21) »EHE SN 6, fHEM
DY —2 (No.6, 11, 12, 15, 20) RO bW &
o FEid I HHTHB EHRTL .

Table 3. Indexing of diffraction lines in Fig. 6.
Line d (nm) 59 L L * rmw I* Others
1 0.2847 0.2845(620) W 0.2841(310) w
2 0.2824 0.2820 Pb(100)
3 0.2612
4 0.2601 0.2598(444) M 0.2599(222) M
5 0.2520 0.2524(233) 6 0.2519(711)(551) M
6 0.2486 0.2486(235) 7
7 0.240% 0.2403(143) 6 0.2404(642) S 0.2404(321) MW
8 0.237
9 0.2345 0.2348(146) 4 0.2343(731)(533) S
10 0.2197 0.2193(154) 45 0.2197(733) S
11 0.2161 0.2160(14-12) 45
12 0.2132 0.2136(330) 100
13 0.2120 0.2120(660)(822) VvVs 0.2122(330)(411) VS
14 0.2080 0.2092(241) 31 0.2078(751)(555) VS
0.2070(05-10) 19
15 0.2041 0.2040(05-11) 7
16 0.2030 0.2027 a-Fe(110)
17 0.1990 0.1992(249) 10 0.1974(911)(753) M
18 0.1942
19 0.1918 0.1918(664) MS 0.1918(332) MS
20 0.1864 0.1867(24-14) 8
21 0.1838 . 0.1837(884) MW 0.1833(422) MW

* Intensity sequence : VVS>VS>S>MS>M>MW>W>VW
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Samples were galvannealed at various temperature followed
by water quenching.

Fig. 8. X-ray diffraction patterns of substrate
side.
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Fig. 9. Effect of galvannealing temperature on
Iy ratio [I/ (I'+ I';)] of fractured surface
(coating side + substrate side).
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Fig. 11. The relation between Iy /(I"+ I'}) ratio

of fractured surface and amount of powdering
evaluated from draw bead test.

—127—



986 : % oL W

77T F (1991) £ 71 5

WAHBI ENbhA. -f, BB LX ), e bimkE
A% 550°C D5y, #EExHmeke IFHORETHRAEL T
WhH I ML, HiskE T HOBEENEH DI 8
EY) L IUNBILL b DEERZ DA,

Gl ERMTEEY - WK DHHzREL M L
T, k5213 O+ T HOEAMTFIBEECHEET S
EELTBh, PIsY i I HE & 2o EES
HIMEPE I BT A LS LT A, AR Tl R BER IR
WAEIC B A T F7-43 Ty Mo XBOHaE 2 L
WA, Wiy s s E L TwASEZ Eh b,
V— 7% S & ARSI S OfRE—
BHTAH, LarLads, RFFECHEL AR T
F7d D P S HIZIBEALEDON -7
A H WA 7V 3 F 0 FEEid Out-burst O#2 = 1 i<
WERE ThH D, EMY— AL Z > T
Wa EREETE L, AR, oL BN -2
HEMESEHT A0 SEFICBWT, RELEO
DD STBENCEEYGZAIEERLALDLD
Thh. '

5 # ]

ARt L AT RN 1] [ A AU I A C AN S
Lo X EHEEOEBICOWTHRHAL 2. I, WY
T EY) Y SR EY RIFT O E&todm T, {HE
& Fe AR - Bl B AlBRELREORHE %
CL, GELREBXUOGHEEYEZ TH Y S ik
BL, o xEBEEnL bEm sy 59 v 70
CoWTEEL, MT oM.

()N E{LREI SR ER S 7Y » P TS
B L Laats, &k (500~550°C) TEELT
LEVWEETAHT L L ) v s RE S R
5.

()G a LB (440°C) B0 X G HIREE O

FHAALOLTY, Wity 5 ) SHERIFTHS.

(3)EER LBV - EEEOE AW RABREZD
o X REOHBRERE, Fe—¥v— FEBRRE X
CHE L, WSy 7Y > M L R 0 #IEE R
KECEET 2. .

(4 )KiR (£500°C) CAELT 2, H5IEERT
AHEILLTHGHEERECTH L, o XHEE
ORELAE Ty AERT 5.

(5)FmEED I e (I /(HD+T)] 25@vwig e,
FEOHEERE I ER LSy 7)) v SHERME %
5.

X [y

1) J INAGaKI, S. NAKAMURA, M. YOSHIDA and A. NISHIMOTO:
SAE Paper 890349 (1989)

2) fiskBE, WHEIEA, TIHBG: 2kEM, 72 (1986),
p. 997

3) ilieg:, BETHE, ShRG: B SoeA, 3
(1990), p. 649

4) WHIERE, FE R, ICHEE, BHHE MEE 7ot
Z, 1 (1988), p. 651

5) T. NaAKaMORI and A. SHIBUYA: Proc. on World Material
Cong. of Corossion-Resistant Automotive Sheet Steels
(1988), p. 139 [Int. ASM]

6) mHHNE ZH §E KR MEE 7o, 1
(1988), p. 1626

7 ) Y. TAJIRL, S. SHIMADA, M. SAKURAI and T. ADANIYA: SAE
Paper 900508 (1990)

8) whAtikih, FIMAEE: $k& 5, 70 (1984), S 1113

9) P J GELLINGS, E. W. de BREE and G. GIERMAN: Z.
Metallkd., 70 (1979), p. 312

10) P. J. GELLINGS, E. W. de BREE and G. GIERMAN: Z.
Metallkd., 70 (1979), p. 315

11) P.J. GELLINGS, G. GIERMAN, D. KOSTER and J. KUIT: Z.
Metallkd., 71 (1980), p. 70

12) e, |E IE, T R ML Totz, 2
(1989), p. 1702

13) WARHEZ, HRiEE--,
p. 989

W — % kLM, 72 (1986),

— 128 —



