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The Relation between the Powdering and the Microstructure of
the Coating of Galvannealed Steel Sheets

Yoshikuni TOKUNAGA, Masato YAMADA and Takashi Hapa

Synopsis :

The structure of the galvannealed coating was studied by etching and measuring the potential time curve

for the electro—chemical stripping.

The formation of I” phase was found to have the following extreme cases :
(1) I'layer is formed along the Zn/Fe boundary, which was typically shown in 1.6% Mn steel.
(2) I grains are scattered in the d;(c) layer near the Zn/Fe boundary ((6,+1I) layer), which is typically

shown in P-Nb bearing steel.

The behavior of cracks in the coating was observed after bending. The cracks were generated from the

I" layer or (6,+1I") layer.

The cracks propagated most easily in the I” layer, followed by the (6,+I") layer.

The length of crack propagating along the Zn/Fe boundary was mainly dependent upon the thickness of

the I layer.
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Therefore, the form of I" phase was found to affect the powdering behavior.
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Table 1. Chemical compositions and galvanizing conditions of the steels used.

Chemical compositions (wt%) Galvanizing conditions
N St : N
o eel c s Mn P S Al N Nb Ti Coating weight (g/m?) | Al cong.;::; (bath)

A P-Nb 0. 058 0.015 0.29 | 0.059 0. 006 0. 049 0. 0050 0. 058 - 60 0.15

B 1.6%Mn 0. 080 0.079-| 1.58 0.012 0. 004 0. 026 0. 0045 — — 60 0. 15

C Ti-IF 0. 0045 0. 020 0.17 0.013 0. 008 0. 059 0. 0045 — 0.076 87 0. 20

D Ti-IF " ” ” ” ” " ” " " 119 0.20

E Ti-IF 0. 0029 0.019 0.12 0.011 0. 006 0. 054 0. 0043 - 0. 058 60 0.12
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Table 2. Examples of the structure of coating
after galvannealed measured by the electro-
chemical stripping.

Thickness of phase layers (gm)

Steel
r @0+ d1(c) |. 01(p) Total
P-Nb <0.05 2.00 2.07 5. 06 9.13
1. 6%Mn 0. 86 1. 40 1. 98 4,52 8.76
Ti-IF (E) 0.30 -1. 86 3.25 3.60 9.01
-700 8¢(c)

84 (p)
-600} 1P

-500}
-400¢
-300}

Ag)

-700f 8q(c)
-600}
-500}
-400}
-300}

Potential (mV vs.

(b) P-Nb steel !

0 5 10 15 20
Stripping time (min.)

Fig. 1. Examples of the potential time curves
for the electro-chemical stripping of galvannealed
coatings.

a) P-Nb steel
Galvannealing condition : 60s at 550°C, 6° inclination-polished, Blackened portion : I" phase
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i

coating

, Steel
L OUM |, substrate

b) 1.6% Mn steel

Photo. 1. Microstructure of cross section of galvannealed specimens.
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Steel
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a) Initiation of cracks in (8;41") layer b) Long propagation of cracks in [° layer (I' layer : present)
¢) Short propagation of cracks (" layer : absent, (9;+1") thickness < 1 #m)

Photo. 2. Photomicrographs showing the initiation and the propagation of cracks in the coating.
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Fig. 2. Effects of the thickness of ' and I layer

on crack density and average crack length.

Table 3. EDAX analysis of the fracture surfaces
of the coatings after peel-tests.

Position Fe (%) Zn (%)
Photo. 3 (a) —center 39. 4 60. 6
Photo. 3 (b) —upper right corner 17.0 83.0
Photo. 3 (b) ~center 8.8 91.2
TebDEEZ bR 5.

Photo. 3a |}, (0,+ ") BOE® e~ X B (Photo.
3b D EEHS) LHigks ORI RS h EETH
5. # 1 pm OFFE BT o0, MIEHK & WERED
HbH. ZOHEE 't BOBEZIN 2 pm [ EoEB
LIELIER B .

Photo. 3a D& MAEE % EDAX = )k -oC Fe
FOM LA, FHEMC I H2ERL, B—HE%E
2 bh%. Fe BEOHHHEL Table 3 iRt X 5 1I©
# 40% Thb, ZOBEEIX Fe-Zn PERER LT
'fie e HEoBAHRBCHYTS. Ib, ZOWEM
DHBERET Ao, RREOEGSELERX{T2T
I'Exf 2 pm e B IR BfRHEhC X oT&
ErbEEBEIRD RE M BoOEMCHYS T % AR EE
P EERMETFHEE CBE L. £DOEMHL Photo. 3a
LR THD, 2o, EDAX X3 HHCik
Fe Y 22.9~24.5% CThotz. TOMBLT HD
BRI ST 5. $6oC, Photo. 3a OFfEiD Fe B
R 4% LEGOR, RECEBETABOEIHE
WO T DI FIFET HMPEOFET Fe RENR S
TiboThY, EEwix Photo. 3a ORE D I” BT
BrrEzbhs.

a) I' layer b) (§1+7I) layer (arrowed region) and d1(c) layer c¢) d1(c) layer (center) and 31(p) layer

Photo. 3. Scanning electron micrographs of the fracture surface of the coating after peel-tests.
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® {1.6%Mn
8 ] } ! ) 1 R |
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Heating time after marginal alloying (sec)

Fig. 3. Effects of galvannealing time after
marginal alloying at 550°C on adhesion of

coating.
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Fig. 4. Effects of chemical compositions of steels
on adhesion of coating.
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%Mn 3R C I't BE Xl Powdering #:ithhi
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ic Powdering M T 5 HRMNGFET S & L &R
LTWh5. ‘
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ARROMBE, HFa=, F v 7/ CKEBIRLS I B
i, BRAEMEENETSE 0+ ) BOEME
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EHNBT B b0, EMELEZTEAT
BiswLix 6+ By 70 RERACDE
HIZEBOBERB DTS, 75, 7 DIEEKEX
COWTIET BEIOHME e E LS BB T D
5, I'BO4FEY Powdering M4 k% TEIL T
%. Photo. 1 WiRLIX 5 RBHc XTI 0 4K
WA TR 2B L. ’
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& (/Fe REWCEET S Zn OIEENBAT 51,
¢/Fe o Fe BEI XM LA LT 6, HINER
IhB. 0 HBREREIKhDS & oI  HIZPEE
BuZie b, TR LTRER §,/Fe RECIWT
F'HEPERIND XI5 D EVHILDTHS.

—C, ISR W CHERBRAHRCES 5
&M THOER %% 2 o84, Photo. 1b o L 51"
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la @ X 5 7 oD O R S h, ERESIEE

— 114 —

IR e S

TN _m..a’: -



AeltAEBMEHD>OTRROARRBIE L ABEDOBR 1003
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O HBEREYE x o84, 0.(c) MHpwl #Hn
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4G = (4/3) -7rr3AGV+477:rZAGs ( 1)
ZCC, BB=icaF-—Fl 4Gv=G(I")—G(d:(0)
Th%. 0,(c)/Fe REB\T, Zn © Fe o
Buz X b 6,(c) Mg BfFme Fe BEIET5 & 4Gy
FARKRD, BEFENIKELLBEE 4Gy &L
7eh. 4Gs i3, 8,(c) ME T HIORE = 1LF—Th
5.

a) I'MHOVHBELRECHET 5 BRLERL =
34Gs/(—4Gy) TH%H. HELBPBHICEZ %44
T, 6,(c) MFTOETFOBEME T L OBER
TEL. 62T, (—4Gy) ZRETAEL, H@E)»
B 0.(c) MHAADEABIC/IRL D, ™ REhiC
R LCEeT 50, OB AR c—fc
FAETHZ LY, FECHRC T HAERTS X5
R 5. RAEORKRD 6,(c)/Fe Ffo Fe il
MPERTLHBECLHED I, Fhds Photo. 1b o
BhtE2zbh5.

b) Mgk DEREK, kL EETRELDOEEN
R ENRTWT, Fhi@ LT Fe Hbcii#T 5 Zn
NHBINAHECIL, a) OFBECHTHRE TD

0,(c) MFOKETF OBEFEIZ/ NIV, BAEEFMOE
B RE DD 0,(c) HP~ELI XS, 2T (—4Gy)
BRAETHLAREETIE VDO THRREEZE L k5. -
ZOBENL, NEEBERC LY 4Gs ML TH

BARARR S THREEYREI L. iy, B
DERE 7e 5 B IEO R SR 6,(c) /Fe Rk
LCAERTS. #£2T, Mgk o EREMED 6,(c)
Bl A8 LicHBC b, o3& Photo, la
EEZbRMD.

U EoEERK X 0T, §,(c) Bl 1AL TR
35 (0,+1) BOBEMAHET 5O, ks 0iE
R ik DR 72 % BB AR X h T CHAE IR
HEHZR T BB THDHEEL BRS.

X, ETRELOEBER I'' Bo BEX% %25
L %W LU T Powdering &+ 4 2 X TWwi. L
2L, Fig. 4 KW, @ERRIRDE [t BOES
Lt Powdering M:DBERMAE U ECES W &I E
RUNDOBERNFETDHZ EEXRLTWS. LOERFIX
F'HoABHBREE 2 bh, P-Nb @<t 0,+1) B,
1.6%Mn GRCxl BrZEWCTHS Z LiciB8AL T
HEEZLRD. X, TB®Z I, 7 0BLEREKRE
wh, TORINI T, 7OERBEEELYTEL TS
EDLLEMT BRI S,

W X o T HoERFEEAEL A Z L1, it
WA TR ILEDREREC e B IED BRI &R 5.2 T
Wb ExRT. P-Nb giCit 6,(c) Bhwcl HsiEk
RSB L TRET B ED, PREBEOAREEE
LTWw3 EEBbRE., PioownwTil, sy Py
Al L PO A SILEE OREED LR REs R~
Tw5b. £, P-Nb #icixigk s o fmic EPMA ©
BOWTEITS EE L Al DR(EBD BRI, ZoH
B OWTIESBOHMABAVBLETHS. KK,
Mn REEOERAMHET S LEZ LR BN, LTOWE
DR SHE ORI .

Steel
substrate

. Steel
i substrate

a) Alloying appearance in the coating layer

b) Microstructure of the steel substrate corres-
ponding to the out-burst reactions (coating
was removed by HCI)

Photo. 4. Out-burst reactions at grain
boundaries observed in Ti-IF steel(E).
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a) P-Nb steel b) Ti-IF steel (E)

Photo. 5. Scanning electron micrographs of steel
surface after removal of coating by HCI.

Ti-TIF $ix ch b &R > CREE & &%
/~3. Photo. 4 1%, i Al BoDHoX %Lk
DD EEALIREE R LIcb DTH D, FEEKAE» B
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