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A Method for Estimating Amount of Reaction Between Steel
Sheet and Liquid Zinc Alloy in Continuous Galvanizing

Synopsis:

Hiroshi YAMAGUCHI and Yoshikiro HisAMATSU

1) Arithmetrical formulae have been derived on the amounts of dssolved iron into a galvanizing
bath and iren in alloy layers in the continuous sheet galvanizing process influenced by working conduc-
tion, such as the aluminium content in the bath, the line-speed and the temperature of the sheet.

First the quantities of dissolved iron 4W, (g/m?) and iron in the alloy layer 4W, (g/m?) are studied
in relation to three separate variables; the aluminium content in the bath, y (%), the immersion time,
t (sec), and the temperature of the sheet, # (°C). Then equations of first degree or second degree
are derived from these studies, and these equations are combined to arithmetrical formulae using the

common conditions in these studies.
Al is as follows:

For example, the formulae for the bath containing 0°12-0-149,

AW, =(0°2994+0-0481t) - (2:22—6-77y) - (0°233+0°001544)
4dW,=(0"132+0°075¢) - (17-47—231 y+ 784 y2) . (—0°027+0°00206 ¢ )

2) A study has been carried out to estimate the aluminium concentration in the coating on the
basis of the quantity of iron in the alloy layer. The aluminium concentration in the alloy layer is
lower than that estimated from the equilibrium diagram.
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Fig. 2. Relation betweenZquantity of reacted iron and aluminium content in galvanizing
bath with two different preteatment method, as hydrogen reduction and chloride

fluxing.
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Fig. 3. Influence of iron content in galvanizing bath
on quantity of reacted iron.
(0-159% Al, immersion time : 30sec)

iRV 30sec & L7z

BohifERs Fig. 4 omd. &k Fig. 4 XV
#Ho Fig. 5~6 i L5 TEMS X O, m/h 2 3k
W X DB ETE Lo ERER S X OElR 2 ke
TH5 BONERBEOLER b FRHCECA L.

3-1-4 RERFRDORE

Fe RSBEORERRMIC X o8& %, 5 ALREN0 12
% £0°18% LD 2 ODEHTTHMER L. RiERRE

® N § >y
~ . = ~ .
= 12 “n 3 4 J‘\
S g E=
o;" 3‘ - 3 \
- o
zY o T 5 2 4
N3 & = X
> o s |1
B2 < S
> x —
> o 0
) 8 3 009 012 015
5 ° Atuminium contert (%}
c.E . ——
20T N
-; I§O<
5% R
Z& 04
58
3 .=
<]
o2
0
008 012 015 018020 030
Aluminium centent (%)
Fig. 4. Quantity of reacted iron vs. aluminium
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Table 1. Functions and constants for estimating quantity-of dissolved iron.
. ' Al content . Exper tal

Capital ' bath (%) ! Function Constant conpditliron:n
Immersion time ¥y =0"10~0"14 | f(t)=0-29940-048t —_— 8 =500

(t, sec) y =0°15~0-30 | fz(t)=0-194+0-026 ¢ —_ -
Al content in bath | y =0-10~0-12 | g, (y)=1-580—8-50y Cr=gr(0"12)=0-558 d =500

(v, %) y=012~0'30 | gu(y)=0-899—-2-742y |[Cr=gyu(0'18)=0'405 t = 30
Sheet temperature | y =0-10~0-14 | h; (8 )=0-207+0-00137 ¢ | dp.=h; (500) =0"89 6 =460~600

(6, °C) y =0'15~0'30 | hy(#)=1-438—0-00189 ¢ | dy=hy(500) =0"49 t =30
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Table 2. Functions and constants for estimating iron quantity in alloy layer.
. Al tent i . E i tal
Capital batl(l:o?a/ir)l n Function Constant coxnpgirtliIgrfn a
Immersion time v =0-10~0"14 | fL(t )=0"1324+0075¢ e g =500
(t, sec) v =0-15~0-30 | fg(t)=0-245+0-026t —_ -

Al content in bath | v =0-10~0-14 |g; (v )=24'554—325"2y 41102y 2|CpL=g(0°12) =1-405]) @ =500
(v, %) vy =0-15~0-30 [gu(y)=0-817—1'313y Cy=gy(0-18) =058 t =~30
Sheet temperature | y =0-10~0-14 | hy (8 )=—0'022+4+0'00169 ¢ dy=hy (500) =082 | § =460~600

(g, °C) v =015~030 | hy (8 )=0-869—0-00021 ¢ dy=hg(500) =076 | t =30

B Al BE »y b o TV BIEBER, X v FELK
D Al RELHETES. Tivbh Al/Fe k% b, Zn
BffE (g/m2-sheet) % w THShyIE, » v FELE
D AL BEYIZ(2)RR X2THKDOLNS.

Y=J+200'b-AW2/w . (2)
e SIEEERBPCHFET S AlE b AW, % Bf
BTEoT 100 % piFhil,
EOWSNRES. 7EBHRO Al BERBRELR—L
t®s RETTHRETS) &ThiE, zo Al REC
G&BCRERETS Al REoHSEMIUE X v X84
tho Al REY BEETES. BE23E£BHD Fe
BLAME LTI, BMEARORTHESRLLY 12D
DOHEETHS-

5. & =

Fig. 3 ~Fig. 7 e REN7cKkFEFEZ A4 EOHR
& Fe RGBT 2RIEEDCE Lo &1, ARtk
575 9 8 ZBEOXNEL BRTKREY. ZhIZEEHR
HROMEE DTS, KEETIC XS Fe REiRE (73
v 7{H &) 5 0°31+0°077g/m? THD, 75 v I REE
k5 Fe RERBAECL B_IFEFEREVWT LITEARAT
HLEZD-

3.1.2 LA v RO Fe REOREECHLT
XBichkitT 5. Fe BHEER Fe RERCXIKRELE
225N, S4B1D Fe lib i v HELR T
Mol VWA ER, ThFho Fe HHx XUCAEER
Rl VWS IRERIG B D Fe REC X DTRIT B EE
MECBHDTHDEFZZDL. TibbHLKRELYE, Fe-
Zn FAFBRGC T 5 E5EBORRRE TRIDCE
BREUtEWHIER SN, {LEME IO T Zn -
BICHEBAT A DD EEXLZOBRRY LBTWS.
EEBOBEET, Zn BEMETHH Al ZEATVLRA
Nrh &R 5P, FRRC Zn O—FHRIEREEET
g, » v 3Bho Fe RERASBUREE CRE R

* LASFAROERBEOBEOHOEERLIORETHSDLI.
BfHE (g/m2-sheet) R HEDOERYEIITHLDLDINS.

B ER 75 Al k.

BXESRWZEBIBRTFS. —F Fe B0
HWEExL L, Bl Zn iz Fe ZfafiLCwinWig&E
X Fe ORGP~ DBERETH S H, Fefafitho Fe %
Hiz—MEOREARK X 2 HEBRTERRY THS LM
5. BRAFRCXBEED Fe sHER, 280X
iz NERNST-BRUNNER ORI ZFEFTH 2L IT Xk 2T,
#wrhd Fe IREOMME & KEMRNHCHELTHZ L2
b b.
dn/dt=kS(ng—n)/V
t=0, n=n' OFMAEKHDO D & TR THIX
n—n'=(ng—n') (1 —exp(—KSt/V))
n, o' : FERE ns: BFNRE
K:E# §:mfR V: @

F/ (n—n') 13 Fe igHBICHY T 5.

Bho Fe BfafiLTW BB AE0HAEBTIRRL, £
DEEBEERDLL DO TV, TOBEZTOF /T TE
LEEBOBEBHACIOTEELIQLHRAIINS. T
bLEBBTEIRGTO Fe iREIC X hEELZT W
tEZOLNS. DEoERc XY, Fig. Stk \wiiEh
@ Fe iBEAEVWESIE Fe BHE3BHho Fe B -
L IEBANCED L, Fe REBSEL /3L Fe B
EBWR—EERDZEEHMATLHILENTES. /220D
Fe BHEN—E LB HEEN D, 0°15%Al Fic Fe fi
FOEMT T 572 0°0209% D Fe ZIFEMlLizz D
BZYHNR S ST LN,

Fig. 8 iR L7z Al/Fe HiZFHEIRASE® 2> HHEE L
7= Al/Fe b iz E 07z EF L7\ FTisbb Pk
BEM TV, FeAl; ABO# AKX Zn T Al45%, Fe 42
%, Zn 13% TH D, &ABvX Zn 88%, Fe 9%, Al 3
B%RBETHD EHAENSE. LEEBO2TEERBELTF
BHAEER &k v O &3 ERTHE, Al/Fe ltixth
MDD L XI1IF 033 TH Y, Thd FeAl tHD &
X3 11 25T THS. L SICERBEIXEALR
ERITK 0°04, & AlLREfIT 02 Tho/k. HIRT
bhbhRELOTH» 5, & AL IRERAICERTEE

> >
Z ZiZ
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€FROMETHY, B Al RERITIE FeAlL HTH5

ELl7. L LEROXSHERBRLEE T L, &
SETFEIRIETE XD 6 b 51t FeAly & 1EH,
D BIEDIALEWMP BBEDT VB Z Ebh 5.

DER(2)RNDERE S LB LTAHS. (2)RAR
WE (2R THLbENS. Thbb Zn HAE
(# v *[ZEE) g/m?-Sheet D 5%y FOERY w,
BEROEEY w, THHbL, TpEBRoEH Al
WEE ¥ ThE, * v 3EFeEo AREY IR

Y =(pw+200-b-AW,) /w

=" (1 —205/w) +200-b- AW/t -+-veevrenns (2
8% TTT w/w 20K XV y %y &EETHE
)RR —FT 5. ZOELPOBRYHIZ dDWT
DEEHRT 5.

AR CHRET L7k 51, X » F0LETTIIE4
BOEZE 2~0 1y THB. —H pBOELEI0. B
EDDIOREV. LodS2T w/w X% 0 LiFLL
LTCHhELorzhneELrS.

— Al a2 o FBHh HEEMICIREL LT Fe-Zn
WIZRIET DX O5RFEBHE LY, 5&Fho Al BE
BN EMD, 2y FEEOINUERS 5 Fe Al
Al DIREAEWRE LSBT EBFEENRS. Likhio
T ZOEMMSEFNE, 7 B0 ALEEE A » 21 Al
WEXDVELRD 55 ZoOEHAOREIE, K Zn
BHICBALUKEZICE LA Zo 220X 3RS
ETHIRICOWTEDLSEMDOES, TihbbasfEs
5 Al OFFFRIEDS EOREFIRI N TV B2 IEET
5. £ZT Zn ORI v =4-59X 10-3cm?/ sec
R OBEEE v =150cm/sec, fRFF (R BEHZ
{LBEXE) x=300cm ZFRALTULA /L XE Re=
xufy BEIEL. FHEHBILA 2 0 IEIT9°8x 108
EY, MEDOELYOD A » XWITELHRICH B T &
Dibholc. Eie AlIREOEFNIC X 5L KREWE
LRy Fig. 9 3 Z0FEEZRLTVWSELDLEERbN
5. L7223 oT Fig. 9 It B BEDEEREOR
T RO LENDL, EHED7D Zn M2 T Whrdb
b, pBOIRE ¥ W37 v FBD Al BE y LIZIFFEL
ThdEHEX.

EE(1)RLXOTKDES Fe BHERSICEELE
oo Fe BOEDF — 4 —1E, FIMOEZRCIVELY
EFEZ2D. L LELX OFHERATSHZ LitkoT
(DEABRELVERZ DT ES»IRSBBRBIS
WCEHE FoxBEEHBWVIEIELEHRD Fe g L%
L bRBLETHTT LAaTRIEhr bR, s, bh
bhp(1)RE kDb BhE, Zhic ko> Fe

BREEF8blL Ttk s, #Ficzh® Al sl 3
LT EDTHEFEA » FICSER Al 0OBZRDB7D
THBZLEE[NFLTEE A

6 w

(1) S#EEERR Zn 2 o * 00, B Al BE, 54
v AE—F (RHE), SROEECEENE 2RA T
BTLITXY, * v FBHP~D Fe FHERIOCELE
D Fe BT 2 HEMR 2 ERK Lz

FRROERFIEI>E 0exh Ths. TFH Al
IREE 7 (%), BT ¢ (sec), SMROIEEO (°C)D 3
WOSHIT X5, Fe iR AW (g/m?) 55\idd
JEHD Fe & AW,(g/m?) OZE{LicBA LT EHEnBIE
IR Lz, o2& Ch b DBIRERE» S FnPhiE4
DEBEE AW, 5% AW, rOfFREEDLT 1 kit
FREZRAEZER L. S5 ZhLDERN IR
SHEEFRALTHEAE DY

Bl LTid Al IREESS 0°12~0'149%, DBSIcHV3
RBifRX &> &Ry

AW, =(0-299+0-048 ¢ )-(2:22—677 »)

- (0°233+0-00154 ¢ )

AW,=(0"132+0-075¢ )- (17°47—231 y +784 »2)

- (—0-027-+0°00206 ¢ )

(2) AEREFD FeBirb 2 v BLtko Al RE
D HER R L.

BEBHPD Al REFERERD SH#EE LEXLD
VX B TR D .

(3) > v FBCERETHHOMRDOIEEELE LT,
REBETCEZHA VTS 75 v 7 2ERZAVTS, Fe K
JCEIERKEBZRIBZ N b D7,

(4) X v *@Bho Fe REC XD, Fe RGR®DS
H Fe \EHHERKRELBELZZT 55, A4FHo Fe
BREEZZIRVC EBHELM D
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