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The Effects of Microstructure and Chemical Compositions
of Steels on the Reaction between Iron and Zinc

Akihiko NISHIMOTO Jun—ichi INAGAKI and Kazuhide NAKAOKA

Synopsis :

The effects of surface microstructure and chemical compositions of steels on characteristics of Fe~Zn
intermetallic phases formed on continuously galvanized steel sheets have been investigated, using ultra low
carbon and low carbon steels.

From a SEM observation, the morphology of Fe-Zn IMP formed at interface between steel and plating
layer were classified into three types ; outburst structure, fine granular structure, and pillar-like structure.
The formation of the outburst structure was accelerated by decreasing solute carbon content in steels.  Phos-
phorus inhibited this formation when solute carbon was combined with a carbide forming element such as
Nb or Ti. The comparison between distribution of Fe~Zn IMP and corresponding steel surface indicated
that the outburst structure was given priority to form at the grain boundaries exposed on the steel surface,

whereas fine granular structure formed mainly at the surface grain interior.
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Table 1. Chemical compositions of steels investigated.

Steel C Si Mn P S Sol. Al N Nb B Ti

1 0. 0033 tr. 0.04 0.015 0. 009 0. 056 0. 0026

2 0.030 tr. 0.16 0.015 0.013 0.017 0. 0021

3 0.0019 tr. 0. 26 0. 005 0., 005 0. 006 0. 0017 0. 020 0. 0010

4 0. 0066 tr. 0.27 0.076 0. 005 0. 004 0. 0023 0.016 0.0018

5 0. 0005 0.29 0.26 0. 006 0. 006 0. 007 0. 0024 0. 020 0. 0022

6 0.043 tr. 0.14 0. 016 0.020 0.032 0.0014 0. 0026

7 0.011 tr. 0.24 0. 008 0. 004 0.029 0. 0028 0. 086

Hot rolled sheets Cold rolled sheets

of Steel 1 of Steel 2
950°C, 3min. 950°C,3min.
700°C,0-12 hr.
AC. AC.
Y 30 »06mmt !

[Normalizing][Decarburization] [Homogenizing]

Galvanizing

Fig. 1. Decarburizing conditions for investi-

Table 2. Galvanizing conditions.

Reducing temperature 800°C
Line speed . 60mpm
Temperature of zinc bath 470°C
Fe: 0.06 wt%
Chemical compositions Al 0,16 wt%
of the bath Pb: 0.24 wt%
Cd: 0. 007 wt%

¥t No. 2 CGL @i L7c. ZDOBED » D X4 k%
Table 2 7R3
22 AEHOBRSIUEMESE
DOEXHORBRMOWMR DX BEORE BT,
/oo REmLMd) AhER L Fe-Zn 54 ©
BT AEEETEEEE (JSM T-300) M. ki
M OFENIH 20 mm A GIWT L 7= 308 o Wi & AT E O
FHECTHEL, BRETCRABETELHELL.
KROBEIFAREOR YA v e €2 =% EM LA
HRRPCBE L, 7 HEERREL CEMIKERRS
Fe-Zn G&MONTM L WEY 2 KETFHBIZE L.
COREHRE XTI oM c oW TIERET I £ A
Ay e =K FEIT, Fe-Zn GE&MORE % A
fo. fEA U/c3E L EusoiNt 2§ AME-50 #Th b,
wWyE L LC 50mCi » 5Co &\, A7Z7 btz v
E o — X TE— 7 58U L.
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3.1 C oE®

Steel 1 #HRUET S L X v #FCEXEILE
BRB, BIOLEME U GREOERRMETH
% Steel 2 DIRBF D0 X BT B F % Photo.

gating the effects of carbon.

Photo. 1. Effects of carbon content on the forma-
tion of Fe-Zn IMP. Carbon contents which were

determined by internal friction method are attach-
ed.

1 wrd. 7ok, Ml Lich CRINMBERIEC XD
WELIETHS.

BEREPIL, TOREHD Hl LC2EEHD Fe-Zn
BEMEIBEINRS. Thbb 12 bW 5 Out-
burst ## (Type 1) Thb, fideliK/» 2 FHEs
BCHEETAECBROAEM (Type 2) THS. &
REM (a) O/ Do RmmcizE & LT Type 2
D Fe-Zn §&MIBEIhBsDR% LT, HKAEE
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Fig. 2. The relationships between alloying period
and average hardness HV of alloy layers.

ToBIKREM (b~e) ik Type 1 & Type 2 23
BELTHEDY, @hCROHME I Type 1 © & H°
BALTHBZEnbns. ok, #BihT5L 5k Fe-
Zn {E&MHOERIT TSR OMEMK S BEY s LIET
7o, BRRABHCOWTRERZT2her, BERER

A SRt

D EoBZEER»L, P C1 Type L T b b
Outburst DO ERZIHT 5 & L BH S L 70T
R, BB HCRLETMRrCoBE L HE L
72. BER U CEDOR 2 RBA 2 F/HEEN <
B (450°Cx10~1205) L, W IhicA & BWIE O
ExAIE L. BB, B<127et, »—2FIRA
Bsr AL, fHntER 2.9 <otk

Fig. 2 wEE&BOPHES (5 RHlE) ws L T
BN L RP CEOBEYRT. Mhd, 4
CMEBEAEL 553 Y, A&BOTBESNERT
B, Thbb, A&L0ETCECEEBEIELEL
TWBE Ebrnd. ILIBAERAL MECEND
OREHE Y, BHBOEERETHD L, Tiebb,
BSEENEARLTHD T ENELNTHS.
kDX 51, $HCI1E Fe-Zn 448D AER S X O
BEOWMBECH L THEELE L WD Z Ehrbol.
3.2 CLNDOBETOEE

Photo. 2 & Steel 3~Steel 7 DR/ DO H1H &
AR LI Fe-Zn #&MHOREBERRE 2 R T. X
th, (a) 1 Nb & BR¥EMUCIEBERES (Steel 3)
RiAER LI Fe-Zn G&HTH Y, KB AVERES
HoEAETHSD Type | HEHILDTHS. O
BEERND, o Nb iz NbC LTHHTAZ &

T ¢ phase [ T T [ 1
5 ,5 aFe
0
8 N1 & phase °
£ i £
@ y ! ]
2 / | 2 t
3 | L) ' jk
v | | el e Vot s
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(a) Steel 6

(b) Steel 1

Fig. 3. Mossbauer spectrum obtained from Fe-Zn IMP.
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Photo. 2. Effects of alloying elements on formation of Fe-Zn IMP. SEM observation was
carried out in parallel-to~the-surface section of each Zn-removed specimens.

wXb, $ihCo Outburst MEIHRAPBEBR T 25 = &
AiEEEIRhs. Ti 2EMUCERESRCTH 5 Steel 7
(b) oBFCLRAEDOHEEILBEIND. —F, Steel
3  PEIHEMULI Steel 4 (c) D Fe-Zn FE& A
25 Type 2 B D DTS, Zhds b, flid Gt
FEEIIEVEE, Pk C (d) &Rk Outburst ik
DEREIHTBZ &b B, Fi, (e) i3 Steel
31 Si BEHEMUEATD 5 8, TOBATIXEHR/
B ¥ RECABRACHH LickRo Fe-Zn &4
Type 2 LIERELEINS. cORRESHE OH B I
Outburst KO XECHEIN D D LRAKRTH 525,

HEXIRRAC OB L TW B0 LT, BEIESHK
EHR LWL ETRLS. 2B (Type 3) ©» Fe-
Zn G, TTCRBELLL S Si RHEMUCE
RERDODOX FHC HBE IR TV B,
3.3 SFRAEBORE
KHBERORBN ¥ FHiEBRPc@e & L, Fe-Zn &
SHEBRRELCE, 71 2 VBRI X D THEEKD
B EZE L. Steel 3 % X0 Steel 4 @D\ C,
Fe-Zn HEMOAFURILE THgAM & & O K %
Photo. 3 =R .
BEEH» S, Fe-Zn &Moo H1 & THISMIER & ©
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Photo. 3. Relationships between distribution of Fe-Zn IMP (left) and microstructure
(right) of Steels 3 (upper) and 4 (lower). Each character and arrow indicates corre-

sponding locations.

Photo. 4. Typical bird’s-eye-view of Fe-Zn IMP.
Symbols (a) and (b) show outburst structure
(Type-1) and .fine granular crystals (Type-2)
respectively.

e BOHBBEGRAZS b h 5. T bbb, (2) &
(b) ExH#THZ ek, Outburst FHERIXTHEE
REBOMEBB AR L RRE LTERL, BWIRES
Hchs Type 2 IFEEHEMHBLO AW OLEFFE L T
WhHZ ENbMS. —F, (¢) & (d) EOHEMND,
P PRI Eh B LSRRI 1 5 Outburst

R ER A MEIEh, Fe-Zn SRR H
KR Ehic Type 2 DR KDHE Ehbnb. Ik h,
RiEDEMHICEHE B © &\ Steel 2 3 LU Steel 6
THBEEIN.
3.4 Fe-Zn SZHEDOFEE

ERUEE 5, AEcHE IR Fe-Zn 541
DAL SEEC Y B S h . Type 1 KX
Type 2 D&&4H% Photo. 4 ©ZiR$.

ThSDEERXEE LT, XBEHFET ok, #
SRR ASTM XREIH 7 — 2o Fe-Zn 4
HEBOL—HERI LDk, Chix, ALHEAIHE
Wk (B pm BT, BIUCERLEASHCRGE
SHEDEET B LigEDld LB bhi.

FoC, BRETHAASY > -SSR L) &
HORER RS, ST oREORTOBRERE
Bohix A Ay »— A7 + 4k 3k Fig. 3 R
3. ®r, (a) x#EVCHRELM (Type 2), (b) 1%
Outburst % (Type 1) BB LHTHS. BHbh
FeAAAY o — A7 P ARV Ea — 2B L D&
O AR v VSR ER TS,
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s¥, Type 3 A& >WTIL Type 1 & [ 4%
DRAARY o — ARy b AERR LD, &2 CTREK%
LTWh., SRBDAAAY »— A2 b s B Fe-
Zn ERMEORERIT > Hich, M. J. GrRaHAM 59
BIO R D. Jones L1 hBHRhi-F—z25R#E
Tl FThbb, BbhicrAAY »—AX7 b A%
B LR, (2) kiR LcEWSLRE ST 6, #,
(b) DHMERESHETICHENLLE2TVBZE b
Mot UL, ZZTERTRED L, BRETR
AARANY =GB X ) B OB EHRIE, ARoEE
NOBTA Y 7Arr—aPNOBEBCBEON S Z LT
BhH. LT, HEREINTOLHR/BEREYY L EFE L
T, HFESHOBELYE L. T 72 b, Outburst
& (Type 1) X0 Si HIRCEZE IR 7 BRE
&M (Type 3) 1388/ D> & REH#E - 6, HEMED
T CHTHD, HOBURASM (Type 2) 1k 6, fT
BrrELbh5.

4. # =

4.1 Outburst BO4EREBE

BRI D DX LB T B E DO X H & ORI,
Fe-Zn-Al ZEROKIGE LTHE R IR TV 5.
M. UkepniGex 513 Fe-Zn-Al =TEEREBROLE
Wiz Diffusion Path DE x ek BA L, MEHD
DEWRREE TN D L KBFECRAC Fe,Als Ak
BT 5 i BEERYD LI, BRSNS DX KT
LGRS L. Ih, LR bR »

Fe-Al IMP

Abrupt drop of Al concentration
i

ey

wh gt PR
i \ Grain boundary of substrate

(a)

Nucleation of g, phase

zinc bearing Fe-Al IMP

TL’
w)\

Rapid growth of ¢ phase

) ) I 1 §1 phase

(c)
Sidewise growth of phase PN
[

T

(a)

DOEWMRPBEINIAEBOEEY 12 o8
L, Thbo4ERE XU EY Diffusion Path 1w X p
FHLCWAD, 22T, WTFho#gETh Fe-Zn &
SO, MErORERK L) RIGKELHTR
T AIBEOE TR BIDEELLRTVA.
AHFROFEER, Outburst MikIT FHIERK © & RBKA
WhE L LTERL TS Z EBBH LS, ok
lix, ERUA Al BEOE T T bRk & dob A5
B TRIIRTVWIEREKRTSL0EEZLRS.
ChbnZ &hb, Outburst HERITKRD X 5 7o M
TERTHIDEELBNS.
MErDOXHPBREIND &, EHHE-EHE R @
iy Fe-Al H&MERERTS. O, THMEROM®
SRR RIS RN E B L CHETh B o D i, Fe
& Al OGBS AERE CTH - EEE SR
b. TOREE, TFHSRKOR AWM EOBES Al BEIX
BEh LD RMCETTSEELBh S (Fig. 4 (a).
iR L & 5 e RIGRBEILBC ST 515F Al BEOK
Tz Fe-Zn S&MoMRERE X R L, & M2
W Fe-Al A&MEY B TAEK T %W (Fig. 4 (b)) . ®
©, MRS OXEAOHTERINS &, ROKIG
01 +1—¢
PR B EEZ BRY, S TR O/ b R %
BECABCHRETS. —F, TH#MiKo/kahPEc
ERSEEI GBI, A& Fe-Al R b Fe-
Zn Z~NOBTRIKGOBMcR - 5 ¢ E 2 bh %
(Fig. 4 (¢)). TO#E, THMKBRIIO F & & <

Fig. 4. A model for nucleation and
growth of Fe-Zn IMP.
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Fe-Al MP
B

— 1

Grain boundary segregation of C

(a)

Zinc bearing Fe-Al IMP

d (b)“

51 phase

(c)
Fig. 5. A model for suppressing effect of carbon.

13 Outburst KT AERSE T, BENATCERK L
Outburst ##% (CH) OEFH~DOEED L  BEX
h5 (Fig. 4 (d)).
42 SAPRTORE

4.2.1 CopE

Photo. 1 iR L7k 51z, #d Cix Outburst JH#%
DEFEMETS. —J, Photo. 2 11, #rhic Nb %
Ti I ORICHHBICRZTRINT 5 & 38 #) # %5 £
NEbhAERBERLTWS. ThbD R E 0 b,
Outburst fA#DOERAZINHEI LT\ 5 b DXERF O EE
CThnLiEIhs. —ite, SHERECRILERE
OB HBBR TR SRR R T 5 @235 5. Fig. 5
CRLick o, CHMENTT 5 & TSRO dbr Ak
FEINB D, 41 T/RLA X 57 Outburst
BoOERIIEH IR L EDEE LS.

4:2:2 RACHYTBTROEE

AR THCIEESRIZE T, Fe-Zn KR % X
13 Nb % Ti I QRICHEBRITERE © B8, @+
DEBCEYBI IS LeBETIIDEELLR
fo. FER BN Fe-Zn Fite s X318+ Ti Bo¥
HAAEL, STELEEECHEr, Tihbbiiho Ti
BRI S L RRC SRR EET A L2 RELT
WhHR, Thie2wTh, EECo Fe-Zn KIGIHIZD
BHEL e olcled EBT A LN TE .

4.2.3 PoEE

Photo. 2 i\ ~C, Steel 3 1 Pa#¥inL %= Steel 4
o Fe-Zn H£&MTHEGHRE4&EN b b, Steel 3
THE Ihic Outburst HL P omine X » I
Twb. CHRBPEEC LA, PrdiEiiick

VT aEmEnRss L THREATE .

PofERtf~ofmincEAL T, £ELW~17 110k
P L » Site Competition t\WHEEANDBH R L Tk
D, @bo CENHEINT 5 LMK T 5 POREN
BB TAZERBELTCWAEY. ZoBEYERT
%k, Steel 4 Tik, XBHDOCH Nb LFEFGLTNS
7o, EE CRIIEER A WL E 2 bh, TORKERE,
PR R imsT Lo3 < 7 b, Outburst f# o A
M EhizdboLtEILN5.

4.2.4 Si o

Photo. 2 “GiR LI X 51, Si 2¥RIN L A-AB{E R E8M
DO /D20 &E RECIIAHRACHBEL R A& & M
(Type 3) B IRz, AFELAESME ST RINMER
FERMoDOXBFICIHZLIABY.

ST Si AARINEh D &, DOXBREEEROM
wEEE CGL DE ki cHB I hic St gtd
REKETOLRETBY N ERCEET 2. Hi
B TN L O, Thb, FRTERLYH EEER
BEEHOBRREF A b eTeD EELD.

5. & g

BAER S ROy Xk, Fe-Zn F&4H O ARG
s XIE T T HSR O L B DB HE L.

Boh BRI TOERYTHS.

(1) »oxEhrcggihs Fe-Zn #4812, %
O f8h & Outburst &k (Type 1), W BRESRMH
(Type 2), BIOHERELME (Type 3) K4S h
5.
EREFH 2 Ay » —HSPORBE, Type 1 &
X0t Type 3 iz #8, Type 2 &2k 6, oD A7
P AR IR,

(2) @ Cix Outburst AEEDOEREZIHIT S &3
2, BEEOEELXHETIES.

(3) Nb 2 Ti SR{AHPRILRL, MAPOEEC
PRALRHEXBUC, EEHSHRLBERLT S

(4) #ho Pz, ERCENEFRCEV-HAE, C
L [A# Outburst ARkDAER X IHEIT 2.

(5) SR Si AEMmEh5&, Type 3 o Fe-
Zn FLHIPBEIRD LI5S,

(6) Fe-Zn H&tHosn4 & THMBMAME O FHic
EVWHEERAEZE S hic. T/, Outburst #
Sty L LCTFHMR oA RS, Buiiae
AR ORI AR TS Z LD LnoT.
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