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Reaction Mechanism of the Sheet Galvanizing

Hiroshi Yamacuan! and Yoeshihiro HisaMATSU

Synopsis:

The relation between the changes of the alloy layer structures and diffusion paths, for galvanized steel sheets,
has been investigated and kinetics of the alloy layer growth and iron dissolution are discussed.

Any type of the alloy layer structures corresponds to one of the diffusion paths on the Fe-Zn—Al ternary
phase diagram. The growth of the inhibited alloy layer follows thc reciprocal logarithmic low. The
outburst structure, where the § layer 15 destroyed and penetrated by liquid zinc, grows linearly with time.
The growth of the alloy layer containing the thick compact ¢ layer follows the parabolic law. The inhited
alloy layer transforms to the outburst structure by an autocatalytic reaction. When immersion time is short,
the alloy layer is considered to be in a metastable state and the solubility of iron at the solid-liquid inter-
face presumably rises above the equilibrium solubility. Therefore, the rate of iron dissolution increases and
iron can dissolve in the iron saturated bath. When the alloy layer contains the outburst structure, the
d particles spall off into the bath, which constitutes the mechanism of iron transfer to the bath, Except for
the above cases, iron dissolves in proportion to the concentration difference between the equilibrium

solubility and iron in the bath.
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Fig.%1. Schematic isotherm of the iron-zinc-aluminum system with proposed diffusion paths.
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Table 1. Diffusion paths on the isotherm.

Number Diffusion path
1 1—5—21
2-1 | 2921
2-2 ‘ 3—9 —23
3-1 i 322

| 13—12—11—26—23
3-2 ; 3—9—23

. 13—12—11—26—23
4-1 L 13—12—11—10—23
4-2 L 13—12—11—10—24
4-3 13—12—11—10—15—18—25
5-1 13—12—11—17—16—15—23
5-2 13—12—11—17—16—24
5-3 | 13—12—11—17—16—18—25
6 { 13—12—11—17—20—19—25

Fig. 2. Estimated alloy layer structures from the
diffusion paths. The numbers in paren-
theses are the pattern numbers of alloy
layers.
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X 1000 (5/8)

Photo. 1. Vertical section of the “type 3-1" alloy
layer. The transformation from the in-
hibiting layer to the outburst structure is
proceeding.

Al content in the bath: 0.159; immers-
ion time : 300sec bath temp : 465°C

X 100 (5/8)
Photo. 2. Vertical section of the “type 4-1” alloy
layer, where the particles of § spall off
into the bath.
Al content in the bath : 0.209, immer-
sion time : 3 600sec bath temp.: 465°C.
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Fig. 3. Relation between iron quantity in alloy
layer and immersion time at various Al
contents in galvanizing baths.
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Fig. 4. Relation between reciprocal of iron quantity
in alloy layer and logarithm of immersion
time at various aluminium contents in gal-
vanizing baths.
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Fig. 5. Reaction curves for the transformation from
Fe,Al; to 6 at various aluminum contents
in the baths.
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Fig. 6. Relation between In((n;—n,)/(n;—n)) and
immersion time at various aluminum con-

tents in galvanizing baths.
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Fig. 7. Results of spectroscopic analyses of the
baths in the portion free from dross sus-
pensions?),
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F, nIRET kT 5EAERLEBROBEMNEINE Y OBEHE
DEFE, ns THHOBMRETHS. (9) Rickw
T ns MEBED SV Al BEIC BT 5 — B0 RH
EBRTH—ECHDHEELTEY, THELEEEHEL
T B SRR AT DI ZHEA T AT £ n B3RS
EEZXBDT, KITHEEREWESE—E LA BT T
H%5. L LEEERZER LTV SIENEHEEdI
b BBAE, K LRI X CREBDTK &
Bics. LU, KOMBERANKGERZAIRETHEL
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LRIEHIEROBEOREER T Z X5 T LIk
CLEDEE X UE Fig. 6 OFEMITIEIBZEL LT
WhHZEERLTWHDT, BRERSOEEEIETRE
HIGTH? EOfmEESZEDAFRETHS. LrLE
HRIOFD 2 DOBMGAEITHRVERERRETD 2 LTl
7o,
(1) FEEEBROEBRZER,»LOHEM
IR L > T EEBE L TEBERILADHED
ZIPEEERCHEL R IIT T LR b8, &
B RNZERRIC X DT T 5 E REEL D
Fe BafniRE HLAEW & FET 5 HABRSZEDLD T W5
DTELL, ZODIHEROHETLIEREECHEITE
{btL5%. X TCHEEMAKROZELET EE (2-2
ZR) POREO Al REL I ZEBEI IS ICHEEL, &
o Al IREWx3 5% Fe fafnigE s Fig. 7 »53koHE
L. T LTZOREZ ns & LTHY, X5 (6)R
ERAOL S LR L COEEEREEL L.

V ng—1ny
K= 1 ~
S(ta—1) n<ns—n1>

72720, my, ne WOEREE LR 4, L ITxtiSd % Feifg
EThs. ki K wskosicx 10) £xHWE &
(6)R2D5H, UEOBE,LSL KBV n, 1IREHO
EETH S Z a0, (5)N &Rzl
LAa(6)RTEYThv. T LOEELARM 2 X
Uty OITIR K XD o BZL LW ERET S Z
L X2T, KEXIU ne ORFFIKFERZRI Lcd D
ARAORK ELOTWE. EEFEOKDOEHIT 10 @i
X-RERFHO S LT LT oL LB LR
L ELTALAEZ LR E 2T 27. BohniERE%
F Li-bhon Fig. 8 ¢hHs.

(2) FEEHOBHRA»SLOEL

RIS L X DI RERIGEETH 5551CiE, £
OREEBVIVEERICC X BEX /S RFEe S
v F ZTHREER OB A OREERE (7)Ric k>
TEHHE LY REEREO R LT D L L.

(M)RIZEKT 2 dp OFEE, pi OPIELTE LR
(Zn-0.039%Fe) RUEDOEESATELEOT, HRK BT
5 Zn, Fe OBEXFREFHLT o0 L L, E2ERK
KI5 Zn OEELY po KHYTHIIOLE LTEHEL
oo Fex 3B ORFFMORIDESEREREE L
T & 27 Dre(in lig. Zn) IAEREN VO T Zn D
BRI D 7 — 432 iz, 20X 5 LTHRD
72(7)RNDBIA 4p=3%x10-3, p;=4.8%x10-3cm?/ sec,
x=2.5cm, D=2.5%x10-5cm?/sec 75 K=4.4%x10-*
cm/sec=4pu/sec #{87-.

)

60

10 100 1000

Immersion time (sec)
Fig. 8. Calculated solution rate constants in accor-
dance with galvanizing conditions.

D2 o0t boE0z 3birsd. +hbb
FED Fe fafiRE ORERIC X 5 L2 EEicwhTd
Fig. 8145 X 5 EREEH K RS X U0BHRo Al
IREIC X 2T LT 3. £L T £0fEix 0.09 35X °
0.129 Al D&KL & Fig. 8 Oifitdhic FIT/E 4
WTH 2.5~Tp/sec THOTHEEIEBEE DML
SHIGT S, LMo T o KDEIRENISRED S
WIERELE (B Al IREC R DTWB O TRE
BUSTEE TR EF 2 DMBMIEBIXZ T 7)) OIEAT
BISI £ 785 bDEVS Z L THHMANTRETH B

—7, LRCLMS ORI iR E R OE e st E
[EXDFYKRE V. £ LT ZOMERERD R ~2029)
TRIIRLCLPBEMEBEPCEAREELHE LA
DWTHLN/EREEHIE 1.5~12u/sec 2L L5 Lt
V. T Fig. 8 i2xid s 10p/sec D FoEESEE
A DN/ BT T, LLETHET LB R R Lt
DEFIC L DT Fe EHEAB I DTV BD TR VA X
FEIEEREDT .

42 Mg NEiE

(1) S&BEBERS

Al ZEF VBRI OE & Fe L oRGICE
THMR T, BEEHSHAPO Si BickoTikofE
DEN RS A D/ () B DEEE L5 2 & A5
LITWa. (1) BOEEBII- LBV, £
DEERPIETIN TS Fe 813 Fe B X b/ hxw
DT, SEI/NMRELSTIHEPRIICH LTV EDTIR
B EBZLRTV 5,

FMROFEIT LKL (6 +L) OMBLEL D44
BBHBHDT, HOEBIC Al 2 & ELWES LIEHT
NESLEHT TR Fe HWRETF L LTHERT 0 TIRL
{ Photo. 2 IZH B X 5IC o MO/ E LTI 8, BB
BLTWBLDEEX. T LTZDXSEESKII,
REZICET - RRThrEMomERTRT Ly
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BT, ZOPFDOARSWKOME 6 HOUE SR
VEIEED Fe iSRRI DXLV S LD Fe 2EED
BTS2 ZBLAIILTWRIZTERY. O
X5 SRERRY B TE&B2 M5 -0 HEBSEE
R X LILfTie 2R, Fig. 31tk T auto-cataly-
tic vy L linear OFFRODH 5SS ((3)B WL (4)
Bos&&Bornts) a3t Fig. 8 txl75K
DA 10p/sec LLELIEDTWSZ LMD,

(2) HEREMERICX 5 Fe fafniRE O

BFERP(RBZVWL(MA)BTRAVOILL»IbLE
¥ Fig. 8 WH W TKDENEL T Ty 5HE (30sec
UFOERIZEROEE) 1T, ns Bk § ML
L7c7c b KA RPIT EBL THOTERwr EFE X
BMETHIZKIE 10 /sec LTRETEOEIISHOT
b ZOLEFRE ISV THY, KRFEL Wiz
SR DRI DHE ns HBVITS & LT FEfatniRE
RMMEERE LEWErToRETLITECAVW L
MEBEDTWD TRV EE X

CERERAITC ns BSREWZ &1, ERTEHOBHRED
BESBEEMDODDX D E & W5 —fiFimD 2 HHEEFC
E5. X LTAMRDOBEED X S5 L B4 EIEREM
YT 5P E» TRV, FEBOHMMBREL D
mEELERE, EEBOREO MO MELFISFFIT/N
SWVWI LK LERERED 2EREZLNS.

D5 bib¥EERIILEBRLE T, 5l 5 FEiET
<, MR Th-E&E (EREME) BEREhS
5Z L1, RERMSEVESRIIEC LI HSBTE
ThHd FEFNEORMFORTDH GHUMAN 5303 Al
IZ X D EIFEHF AR D RRICAY I ahicb ok
HDOTWHRZ ERIEHLTWS.

—%, BEROMNMOMBEENIEFIT/ NS WIHEED
TR, SEETFORERE LEX5KE®H 5 WX
SEMRP TORIWE F ORI T 28T 2 R
HIZELILXDOTAAEELD. Tihbb, ZhLOHET
EHEEZEONIVRTFRE, AEOTFHEHR TV E~
BEl, TODBEREREGEL L B bbb L
Thomson-Freundlich a3 ((11D)R) Iz X >THW L
TV 5.

X%, M
ln[X—? = ﬁ‘% ceeerre e (11)
T X5 BDa~DERE, ri3RToE,
cIREBARTANY —, MIEFE, p RBETH,
(IDROEDOFHIE r=r ORIFL r=00 ORF LD
MEDBREDOHED5bLTWS. X LTEWEDS
D EEFBOEABMOEMLMMA: Thomson-Freundlich

DRDBEDOHEFTHHEBFITHEE TS EFE NI,
Zn ZETIET B T ORI MO RIELE B BFiRE
ng RHEKREIFT WS EHETES.

(ANKREBWTEDOREDOMBEE r & O7-MMx
LEROBRBESERT 20EFHE Licwd, BELHR
SREHA L VE - o BRPTHD. COBAORME
WEEBELTEERILEMEEERERE P SR OTY
50T, {hoRICHIFHIMPIE LT Pb ik & Bk
UPb; i i = F v 3 — 100 ergs/ cm? 32 A B Y
Ligv. 2T Pb gL &ERILET UPb; & R
DORMLAWF -V, 2o FBEET In S&HHELE
&EELTEERLAMEOMORE T F V¥ — LI3IE
FETHEHERTEDOEERZ LT2E¥DFEL2 T2k,
47t 0=100ergs/cm2, M=65g/mol, T=738deg,
p=4.2g/cm3 WL W S{EERALT, r=c DFHIC
% LT Fe BafNiRERE & bR ERZ 1D R0 55
BYaL7.28 Ligot. COBERETEROA — 45—
T 550 TH D IEFIT/HE V. Ui LHEUMANN
K ENEELFEhTIEILRESEL 30% chDIiED
AN LTS T b E V5D T, ZOSHRD
ZINBHLUBESCE A o~ —OMM»BTET
BREEOLRTCHFETHEVSI T EEFELIBZET
H5.

HEBINETCOEETREEAMS BELLAVWbD &
LTERYIFEDTED, AT ORMETIE < Mg
EZELA-BEOEREMIIREC I S2TELLY BHDTH
%. LT Fig. 8 kI s oERfElosrbED
RBIERITLAREVWDT, BREMOBMRICK D Fe fafniR
EOMMOELS DA TIRZDILL EDIIFBLENRT,
SOINESERILIZTTELVHELES S LD LHEES
ns.

X LA EoEEr LhiE, Fe Safil TVvw5H D
iz Fe PBHTHLVWSEHICIHHEEREY? b
Byt Fe gafndd o &8 FeZn, 2B 4 Fur
BEFHICHRE I NS L v 5 EREC KT EANL, »
EDXS5RFPTEDL. TiHbhb, FHEFESEVWEE
RELEED Fe fafmiRED /v o D Fe iRECHA T2
Eriafy Fe fafliRE i  SEL ohiE, Ff@ms v
SRNCIREENSHEET DT Lwwih, Fe Zfafbdox
BLEBITIEHET B2 L d. LrLZOERNBEDT
flicBILTix, Fe fafiREoiHhn, HoEREHiE B,
VoFRMHEEOERCEATAERILBBR T TETH
BWDTESHOBIREL LS.
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5. &

1) 12 @ diffusion path %% 1 %52 it k2T,
FEFFA BT Al IRELEEXTEEOGEROM
MOEILEHATH LM TE .

2) EEROKEDEEROBRFT 2T o7 8H, it
Kk Al I X BHHEE LTALNRT V554 B0
Rt X>THRET S5 2 &, HIHBOS @R aMRIGIC X
DTS5 T &, outburst gL LTHILNT WS 0 fEh>
Bl s A o7 ((0 + L) HRR) 2Roa4
JBVIEARENCHE S Z &, JEv> compact § BEFoa4
VIR RNCGE > T & MBS & g D7z,

3) Fe Bl RGO EERIBRETC X D, FeEHo
MELTOEDSEMRDLEH I EMBHL, LD

a. [RIERFRIN 30sec AT & &1, &fBL LT
FEMBPER SN /0D, REOERERIC X > THhE
XNDEVEFIEE & bulk 7450 Fe BufNiRfE &
DENEREN N L 7DoT Fe BRBHETE. LB 2THD
Fe IREMEHERALEFIRE CBFORBTHRE X
n5do) LigoTWwTd Fe i3+ o, £/ Fe i
L D HE IV, RECR SN S & &8 O Mkpc
M X 2BEORUROEKOMBELFE T 5.

b. G&BH» (6 +L) M & 2881, B G
HstE < B - BB 5 2 Lo X oT Fe pigh~1B4
5.

c. bidma, bLMNDEAEE, Fliimny s iR
& bulk @ Fe iIRELDEC I OTEHREINEBTOH
RRIEH B Z 5.
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