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Thermodynamic and Morphlogical Investigations of Dross in Molten Zn Bath

Hideo Koumura, Chiaki Kato, Kazuo Mocuizukir and Nobuyuki Morito

Synopsis : A study was conducted on the formation of Zn-Fe and Fe-Al crystals in a molten Zn bath. Baths similar in composition
to that of a CGL, were prepared in the laboratory and attention was paid on the cooling rate in Zn bath sampling.

When samples were cooled at lower cooling rates than 100°C/s, crystallization and crystal growth were observed in
the Zn bath sample ingots. Higher cooling rates than 10°°C/s inhibited the crystallization and crystal growth during
cooling. In order to evaluate the presence of crystals in the Zn bath, it is necessary to employ a rapid cooling.

The type of crystal changed with the Al content of the bath. In a bath containing above 0.13mass% Al, Fe,Al;
formed. Below 0.13mass%, FeZn, formed. From the results obtained with the rapid cooling technique, an equilibrium
solubility curve for Fe and Al was estimated in the region where Fe,Als was crystallized. The curve was expressed as
Log[Fe]?[Al]5=5.37—9354/T for Fe+5/2Al=1/2Fe,Al;. With this equation, the available Zn-Al-Fe ternary phase
diagram in the literature was corrected at the Zn corner.

Key words : Zn ; Zn-Fe ; Zn-Al; crystal ; cooling ; growth ; equilibrium solubility curve ; phase diagram.
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Fig. 1. An equilibrium diagram of Zn-Al-Fe ternary
system (Zn corner at 465°C)®.
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Fig. 2. Microstructures of the Zn samples quenched at various cooling rates.
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Fig. 3. X-ray diffraction and EPMA composition
analysis of crystals extracted from the sam-
ples A and B cooled at 10°C/s.
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Fig. 4. Appearance of FeZn, and Fe,;Al; in the
quenched Zn samples.
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Fig. 5-1. Influence of cooling rate on amount of
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0. 07
e 0 06 AZO. 15%A1, O-OI%FE
s T B:0. 12%AL, 0. 08%Fe
< C:0. 14%A1, 0. 05%Fe
= 0.05¢ D:0. 18%AL, 0. 04%Fe
N
§ 0.04 ¢
g 0.03}
bS]
= 0.021
[=}
3
g 0.01f
<

0.00L— L L

102 10° 104 105 108
Cooling rate °C/s

Fig. 5-2. Influence of cooling rate on amount of
crystallized Al

arm



# & $@Vol. 81 (1995)No. 8

Table. 1. Fe/Al ratio of intermetallic compounds
crystallized during cooling (The values in
10°°C/s column show Fe/Al ratio of crys-
tals at 470°C).

Bath Cooling rate °C/s Fe/Al ratio
10 40 100 10® FeyAls | FeZng

A 1/1.2 ) V/1.0 | 1/1.0 -

B 1/0.3 | 1/0.3 | 1/0.2 170.4 1 1/1.1 1/0. 4

c 1/0.6 | 1/0.6 | 1/0.5 1/1.2

D /1.2 1/1.2 | 1/1.3 1/1.2

DWHGEE = 31 5 dhIBAL dh B FelRIE L 105°C/sT D s i
Al, SHFelBEDZEL LTKRD, ZOMEDFe/Al (ER)
H#Table 1 (278 L 172, #HD105°C/stDFe/AlLLiZ, ¥
WRETOREIDOER L CDTL0°CTRIBELTv 388
RMLAYIDFe/AllL %R T, 272, A& 1213Fig. 3 DEPMA
M H 6 Fe,Als £ FeZn, OFe/AllbZ K fedE R b on LT,

a2 LI:Bisth il D Fe/AlLIZ#1 1 /0.4, C, D
BH#I1/1.2%2R L, & diiiFeZn, % & ('Fe,Al;D
EPMASGHIFER L L —8 L T2 DA L, WinsE»’
LA LCIBDOFe/ALLLIZFI 1 /06028 b L2, 72, K
WHEE T LICABDFe/AlLLIZ 1/(1.0~1.2) TH-
72, b o, BT % EWHIBRKRTA, DI EIZFe,Al;
H3, B, CBRFEZFeZn,» T % LHEZE S NLic,

4, L
4-1 BERAHORLM

ER R LCRMR R BRI L T 2 DUIRIB # HELE T
BEAIE L TRIETH S HiEO 1 DA OB Lo e —
RO D B, 7 DI2DHIZI2105°C/SFRE DR HIEE »°
MEDEZE bR T 5%, A ROFERIEIDREHIET 5,
@105°C/sLI ETHEBAEN LICAB ST FelBED 0 %% R L
122 L, QB~DIRTIRNIIEEZ SO T bmtiFeRD3 6
BBV R N L&D G, 105°C/sL L omdn
HETRAW T MM INERTOSREILAH O & i L 8
TEBEEL 5, THHHI0C/sBEDEFGIN 2 T
e E BT A Znit BRI LICE 2BMEE L
THBEI TS EF LT, TNLDOHAEZ S LITKETRE
IR ERER L 72 Zni 2 A L T, Fed PHgIAMRE thiR %
ki,

4.2 Zni8HhiZ 1T BFenFHEEAMRE AR

A~DiB EH12120.10~0.20%Al1,0.01~0.1%FeDZni#
#470°C L490°ClfRFE L, 10°°C/sDB AW LI Znit P DAL
Fe, sadi b D g iBAL daiFe? 24T L, FANBE &)
25 Fed’ 0% L It 2FelEEE #FeDinfIE L LTz, kxthk
T 2 IREMALRE, FMFaREILKRDERIL 5,

46

SALRE — dh MANRE =18 OIEMFALREE oo (1)
“Felr% — fuhFelRE =P OIEMHFelRIE (2)

A~Dift ¥ & U CFAA LICZniB O T H 6 AIEBRE S0 .12
%L T OB TIEFeZn, » & H L, 0.13% L FT3Fe, Al D% 5
L TecDT, 0.13%AILL EDBTILEBEFMDFe k Alb
GFe, Al 2P dnitt U, KRR DPHEEHHALS 5 L L T, 470°C L
4190°COHIETEK # ko 12,

Fe+5/2A1=1/2F@,Al; =++orrorererrrerarerenarniannaninn (3)
K=[Fe,Als Y2/ ([Fe]+ [A1]5/2) r+eeeererereamuarnaniniann. (4)
logK=—1ogFe—5/210gAl- - crrerermrremiearnencane (5)

AL L IR Feli B O ERIME D 6 470°C DA FRERR X
—7.22, 490°CD Z L —6.89% %572,

Kz, FeAls L VT i Fe, AlDIGHFEMOUEEMK
LPEERDORDHRES LIRE LT,

InK:*AE/RT ............................................. (6)
I EELENCRATERET 5 L
IogK:A—B/T ............................................. (7)

I I TAEREMHE A=A ¥F —, RBAMKE R, A, Bid
EB, TIHXRIETH 5,
Bk U 72470°C £ 490°CiZ 3 1) 2 IBfRERK O FEERE IS —
s, R(7)»6

log[Fel2[A1]5=5.37—9354/T

#1312, TOR(8) &b £120.13% L EDAIT450~490°C
D PR R IR 2 5K o 72 KR B Fig. 6 1278 L 720 @ ALR

0.08
®:
Log Fe2Al5=5.37-9354/T
0.06 |
490°C: c
¢l Fe/Al=1/1.1
e bl d
X 0. 04870 % D
[V
465°C:
"~
H50°C NN
0.02F X w\\\
O spetisie 4 =
O T Moreau A % D
AH. amaguti E
0 | 1 1
0.12 0.14 0.16 0.18 0.2
Al %

Fig. 6. Equilibrium solubility curve of Fe in Zn bath
containing Al ((J, O, A : at 465°C).



FEIZ F FeDIARE IR T 2 2 Lathy b, —F, IfHAL
WrhFelRE»—E T b RIBIEIZ EIEMRAL I5FEF el B b7
BT B, EWRHEETIHEF ) 7 LIRBAICIX, B
B GFEPET) TERBEILA Y i L, IERFeiRlE b’
W1 2 OT RENT EFeDEME AP RIREMI- TN 5
Ztitka,

Fe, ALOIEREFE Z KD 53 & L TMoreau 5 i, log
[Fel2[Al]5=14.18—12536/T %, Belisle’'®it log[Fe]?
[Al]5=16.42—14779/T# BT\ 5, 2 72, LU 5 VI3465°C
CIREELI N e X283 2uZni o v s G Fe b
AlZ KT L T465°COEMREIMMRZ RO T3 .6 D7 —
X% b LIZ465°CTFeDFRE KD, FHE 6 ORIR L g
L72.Fig. 6 (Z/RT & S 20T Ol b FH 6 OIS AR
£ 90.005~0.01%FREAIREN 2 7R L 121K 6 DEBROW
HMEERIRHATH 25, ZOBRERAL L THINABRTON R
AGHYE L L,

Fe® FHIEMIE Y b Li2Zn-Al-Fe® 3 TR EXDIE
AU RET H 5, Fig. 1 1275 L 72465°COZnfll 3 JTLIRERI D
FelAfREEMARIE, FHH O DEBRAR T L TR UTHRIFC
RT & 22Fe, Al b I EBEMCMEETS 5,
4°3 EESAICHTBINARE (FEERERY S

DIETE)

Fig. 6 (Z1ZA, B, C, D& DIMEZ/R L, IFHANRED
0.13%LIETH2A, C, D2 TR ZRZFhDMEY L
Fe,Al;OFe/Al=1/1.1(Table 1) DHE ¥ £ DHEFEE T\
T, 470°COWIRITI 5 N o 2 dHREZHEE L7,

0.15%Al, 0.01%Fe, ZnD A 1%470°CT XIS EE diAR L
TS L, FexdWdlBLiv, LgdT->T, BFHALR
B IEMANRIE 7, I8 FelrZ QIERFeRE 2 RT 2 L L2
70 3,0.12%Al, 0.08%Fe, ZnDOBiftit Z DiEETidFeZn,
PR L, IBPAIEE DK TIZ 2, BOfLE D & MEE b
CATOCOVEMRIEHIRR L b 2 bl L DIREZE LT 58
F|OFeh’FeZn, £ LTHHLTVAZ LiZ 3, ZDblH?
B DIEMALRE L IAMFelREXY/RL, 2n&FN0.12%%
X Uf0.038%TH 5, 0.14%Al, 0.05%Fe, ZnDCitt i, Fe,
Al L L b iFeZn, b T il L T v 12,470°CTIRCD
fIED 60.13%AIDRETH 5ClE TFe, Al p"daiti L, 2
L 6470°COIRME I & B T TR b 5c23 TFeZn,
DR L THEVWIEL TS 2 Ll b, RECOVIEM
Al0.130%, #f#Fe0.038% T H 5, 0.18%Al, 0.04%Fe,
ZnDDEI13470°CT I3 R 1 dl & TFe, Al DA G L, 5
Al0.162%, Ff#Fe0.023%TH 5, 2D & 5 Z2ALRKE,
4 FelRE» 55 UL 2 OFeD A MR & IEfEAL
B FelREDHI 6 Il b, BT OWRERHET 5 2
EDH[BETH B, ¥, HEFA DZnRy Mtk b
Fﬂz®ﬁﬁﬁ%Cﬁbfiﬁ$T%%Téo
4.4 BHABETHINBIRENEL

470°CH L4 LIS A DU IREED AL b Fig. 6 DERE

47

PEBZDI I 0 2 QAR S

iR O AR T & %5 ,10~100°C/sDUrHIBE Tl L 1245
A, WHBRTA, DiflEFe,Al;D, B, Cif¥ldFeZn, D &k
DEE S NIz, A, DIRIBFRALREH30.13% LI ETH 3 v
6, 470°CH GHHT 3 &, IR TIZ 2N T, Fe, Al 7
st 3, DIBIZ470°CTEH L Tw 2 Fe, Al (D» 6d1 D
BEESE CHEY) ChnA T, BEHBRTSM L ICFe, Al vk
352 Ltk 5, B, CIFIRIEMALRED0.13% LT 2D
T, ZOIRED GWHIT 32 L FeZn, DA T 32, CBIE
Fe,Al; t FeZn, DIGFEHTH Y 2236, T % L FeZn,»’
WINLIZDRIDIDTH 5,

Fex0esMEBEIRZBERT v Il 2FeD B
B L OEREN ) b EoRE OO BIES £ L TERRS
N5, FEEIZF T 2 B8ME CIBOEE L HEE K
FLvEELoNED, SHHFEEIIRIEEOERT D
206, WHEEDKTIZHCNe 2 GhEPERT 20
BAHENTH B, LIFI I THEET 5 dh NIRFMHIL 32
FTORBTDH 2, BURZnP DFeDFEIER L, ZnDREEE 5
T D419°Ciz3s T AR THE (0.008%) 9 TH 5 Z L b
LREERDInF DFeDIEIIER TS 5 521 25,

A TIXFE470°COZnFRIE 2 Bz & > Tk ~72d3,
BRIZ X o TFeDIBEMEDEILT 5 DT, &k, £AIRE
H5CIRAEMAIBE (ZAIBRE — 2Feilf E =8 %AlEE)
THERLTOREBIEE L L TOBTAIRE L, ERALR
E ¥ & NEMFelBE TERLICHPEBSFMERDD 5
ek EF LB,

5. &8

CGLOAEEZ A4 % Iar— | LIZni# EBRENIC
FAL, FeaERIRIETBY Y v 27 BEOBRHEE
DHEPFHELT, UTOMRPEL,

(1)105°C/sLA OB TIER L2 Zni iz LB R
TORFr RGP rote, L L—INCHCRTE
59 P RIGEDWHIEE CRWHERTAE T2 o
2L, HALbBEI NI, I LFHETDE
DOEIRIEZ 5N 5 121X, 10°°C/sREDFEN AV LETDH 5,

(2)%HBRTHAT 2 F e 2 3BETAIRBEI LS > TR
72 Y,0.13% L1 ETIdFe,Als 3%, 2 L FTidFeZn, 5584
T 5,

(3) EmEBINEER P b L2 Znish T DOFeD PG IERE #
BMERD,0.13%AILLETidFe,Alsp ki L, Fe+5/2A1=
1/2Fe, Al DF #5535 . L T 5 £ L TlogFe,Als=5.37—
9354/ T #4572,

(4) 2 OTVHEIAMREE ERY 6Zn-Al-Fek 3 JEIKREIXI H34H
ETS5LE b, HiEs L CRHABROWH T D5 K
ROVHEET S B2 L®RLIC

(5 )R HIE 12 E W LaFET N e A9 b T 5 Dl
WEROIE F IRV FeDBMEYA L T, sih¥ 2 Fed’tl

819 mm



B 820 &%~ $MVol. 81 (1995)No. 8

mi+szt,

FIEET S 2 TORMP»PR D LH

Zbihs,

X R

WA B, ZKARERGL L8, 60 (1974), p.96

REME, BHE—, EHEEMRA  #E L 22 £ %, 5(1992), p.1736
BAZER, AR E, b, EHE— SRR, LAER :
MEE e+ 2, 6(1993), p.1561

HER OB, IR, PA—E B L e £ X, 6(1993), p.574
AR MR, IEETEE, FRPET CMEE e e R, 4(1991),
p.1631

W.Koster and T.Godeck : Proc, 9th Int. Conf, on Hot dip
Galvanizing (ZDA981971)

48

7)
8)
9)
10)
1)
12)

13)
14)

15)

16)

E.H.Rennhack : Trans AIME, 221 (1961), p.775

A ¥, ARBREL @8R b EESR, 56 (1973) 11, p.19
Bz, i R, AREBREL L 8k LS, 59 (1973), p.1994

R.K.Pitler : Nicholas J.Grand Symposium, MIT, (1985) June
L BB &R, 7 (1977) 48, p.27

PEFHR L EEMER LOH(BRES2e I ) BASR TS,
(1991), p.49

G.Hargreaves : ZBE{t2g#0012%, (1968), p.15 [HRALERIA]
T.Moreau, M.Dauzat and F.Stouvenot: GALVATECH’92,
(1992) Sep8-10, p.449

S.Belisle, V.Lezon and M.Gagne: Proc., The Galvanizers
Association, 81 (1989), p.44 ’
M.Hansen and K.Anderko: Constitution of Binary Alloy,
(1959), p.737 [Mcgraw-Hill, New york]



