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Dissolution of Iron in Molten Zinc in Continuous Sheet Galvanizing

Synopsis:

Hiroshi YaMAcucHt and Yoshihiro HisaMaTsUu

In continuous sheet galvanizing process, dissolution of iron into molten zinc results in a fairly great

amount of dross.

In order to decrease the harmful dross, the amounts of dissolved iron into galvani-
zing bath have been measured in several conditions.

(1) According to our method studied here the iron loss by the reaction between molten zinc and
solid iron is divided into two quantitative terms; a quantity dissolved and that in alloy layer.
(2) Under a condition which corresponds to the practical continuous sheet galvanizing process,

the above mentioned quantities are both in the range of 0°1~0'5 g/m?2.

For example, in the case of

10 seconds immersion in a 0°1824 Al bath, quantity of dissolved iron is 0'39+0'09 g/m? and the qu-

antity of iron in alloy layer is 0°2440'10 g/m?,

(3) The quantity of dissolved iron obtained here corresponds fairly well to the amount of dross

formed in practical processes.

(4) The ipcubation period is 0°5~1 min or 5 min depending on the phase in alloy layer ; the
former corresponds to § phase and the latter to Fe,Aly phase.
(Received Mar. 14, 1972)
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Fig. 1. The variation of phases appearing as alloy
layer with alumininum content in galvanizing
bath and immersion time of steel sheet in
the bath. (bath temp.: 465°C)
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Photo. 2. Microsection of coating with an immersion
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Photo. 4. Microsection of coating with an immersion
time of 30seconds and aluminium content
of 0-129;,
(alloy layer phase : §) x 1000 (7/9)
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Photo. 5. Microsection of coating with an immersion
time of 30seconds and aluminium content
of 0°159%,

(alloy layer phase : Fe,Al;)  x1000 (7/9)
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Photo. 6. Microstructure of interface betwecn steel
sheet and zinc with an Immersion time
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Photo. 7. Microstructure of interface between steel
sheet and zinc with an immersion time
of 30seconds and aluminium content
of 0-189%. Replica.

(alloy layer : Fep;Alg phase) % 10000
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Fig. 2. The relation between dissolved iron into
molten zinc and aluminium content in
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Table 1. Relation between quantity of reacted iron with molten zinc
and aluminium content in the bath.

Al content in galvanizing bath

(%)
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Fig. 7. Effect of lead and cadmium content in

molten zinc on the relation between iron

and zinc. (0-189, Al bath, 10 seconds
immersion)
OEEEFE 2D ETEETH B2, THICDOWTRIRE

TELILREHTS. REBERROXDICEFhO Fe JREIC
b Fe-Zn BlOEE (BREE) BdHE D RS KEEL
i & 9 EESREL, HAUGHTONY [T X HAF9EEE R &
Rt 3. Zhii HaueuTtoN 1T X 55T, Fe 2 fafn
SEBHET A v FBOGSH ALREXEFERICT>TED,
ZDRHDOEMBEOMAY Fe L XHHETHDHE L
7 LS. TeRAREBRDE L, Fe iz o Al R
EZoXoth LTeo Al IRERZ VTl 2fT7a2>T
W5,

Ay RO PhREYR 0%, BEOHETHD 0°22
%, FFBETHB 1'2% L 3SBHEICEZEAR, X
O Cd 2E%L 0%, {K\vk#EL LTD 0°01%, FHvak
WX LT 0°04% L 3B X BED Fe-Zn [
OMEVEFROZE(LIE DWW T DER ST D7, ‘

BlE LT v ¥ AL IRE 0°18% OB E LN
A Fig. 7 @57d. MIcdbBE5 X512 v BRI
Pb, Cd 284 Eh B LT X VKIBHE, AEREEIXS
2B EVD T EET.

¢ X =
4.1 BEHESLIDX v FRBEREEXRICDONT
EERHEOEIC HEC LS, REBROME BT SR
EREAYSHIBHELEEEFOBRE L SEEAE L2 &
ks roflERFo S L, HCl KGR EHEE%
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Table 2. Iron loss during immersion of galvanized sheet in HCI solution.

Al content in galvanizing bath (%)
0 0-03 0-06 0-09 0-12 0-15 018 0-20 0-30
t 9 10 12 13 14 15 16 17 20
iy 20 20 20 20 25 30 35 40 45
ey 0-33 0-22 022 0-06 0-10 0-12 0-12 -0°13 0-18

¢ty : Immersion time in HCI solution required to remove 90% of zinc layer. (min)
tz : Immersion time in HGI solution required to remove zinc layer thoroughly. (min)

ez : Iron loss during immersion in HCI solution for ¢; min. (g/m2)

EDTA v FRBELBR SR D, REIGOHIKER DS
HCl BRCIBHT 22 &2 kT2 &0 BEERAA
v hEEB.

COFHETHETHHD L LT JIS H 0401 AR5
ERBRECHELT v FEUESDH Y, RO X » X1
TEOWRTIEKRESBZOELT v FE e AV
BEEZRDTWE. LrLIOEL7 U FELREA »
F LTWinWiths HCl B~ 5 2 & %51k
THDWEEEEN, * v FIWOMEPBEIEMRERE LT
BEAREERDIDTHD. ThbLbLEAERDBEED X ST
Ay XEBEEERBEEDTRABR T L2 EW
LUT, # v ¥R%& HCL kiEH~ 20 min DL HRET
5 &, iR 5 150g/m? 30> Fe p5 HCl ¥EHRiC 5%
LTLES. LEBD2TIDXdREBTTR, bihvb
oS 1g/m? LITOHEIERIRDER V. 2D
HiEA v 2 —% &L 10% HCI kifHi%w * » *EHE
RERCAWSGZ &L L.

THEEEREET A » ¥ REOEMIRETERMIE
2y FRDOANRET X DZE(LTS. Tibb FeAl; (b
&% HCl KB ERT501iE, (B0t é(k
EWMEERT S X VRS, S, £ OV LS
WLEMBEBER LT ARICET O Fe SRR E A
LEHTELDEEXOLNS. Thbb, # v EE
BRI e €2 —DEABT SRR Dt EET5
Fe BETHHMIFEHE X * » 3B Al BECIVRELRD.
DI X o ¥ L EERERREORE RS X CHEHEe: 23K
B LI DEM (T D7, Table 2 B oh-iER%
Y. RPD t, &6 LORHE, TRHOLETF LN
10% OEmPEEZRET HHIC, e OERLT IR 5
Fe P+ 52 s EBRERIITRTID e @
iz (L)RHE>T, SIERIEE AW, oI LEIL &
WOBEERfT DI BDERTH 5.

Table 1 7R L7212 {EEH] 10sec OFEEHD, £F—
Z DFHEC M35 FERED KES % BFTT5 &,
SIFHEIC BB LTI K Al BER, - 4&REPosk
EECRALTRE & AL REAIO 3820 IEHIC KEVvT &

Pbhhb. Al KIREQIT SIEHE © BRENS KEVO
W, ZOEWHT CREBHERRLTEIE 10 Fo
% b MENICE L GEBFO GELOEID,
BHEEZRDOTCWB LB T 5. TRbbAEER
DEEZRD B LBHW O 1% OFRERE LR ETS
L, TOBRENSKBEHEII LTIE 10% OREZEL
LWHERI LML TH S, £E Al BERICcESE
FBROS$BDRESKE VO, FeAl; DIEFITENE
EEwsxt LT, HiFEETH 5 e DOfEH Table 2R
HX5iT, BEBTOHRELFAEORE X EFOLDE
#Z25.
42 Al {ZmMNICEKBZEZEDOEILICDONT

Al ZEIN L7z Zn & Fe ORI ENE &4
[E DMLRRIC DT, FRA IR IR S hSEERL T
&I x%. $7dbt HorstMann i 0°5%
Al IS IC CTRANICIR SN 5 8 4&E1: FeAL ETH
HZLEBRWH L7, %7 Cameron & ORrmav® |3 Al
E&T Zn gL Fe LOMRERSNEEEBITONWT
FRMENCE, 14 EOEEE L Al LehTh L
ST BALMPIT L. 205 b REBROHE & F%k
0:047%C Dffittz 0:47% D Al 25T 440°C T RiF
L7z X v F31T 30sec i7i& LB B OAE B, BAMES
CEDVEIETEDIEDEEBRITLAERL, BHH
T FeAl #ARGNAD, 0 HORINILRENTD
bihvizd LTw5b. —7F HaucHton® jX 0°19% 7nw L
0-29% @ Al #&% 450°C wWRIF L2 1 irwiL
Smin FETSHL 02 BED FeAly, LA BBNT
%27 EEEELTWS. F7- BoriziLro & Haun? |3
BF 0°20~0°309% Al 3~ 20 72\~ L 320sec i85 L7-
BECHERINEEEBIT OV THIRLZTRY, ThF
NANEE AL FeAly 455 2T 5 & & & XEEiC
FREH L7z, Z0Erfe RN 50, MUTw2iE
Al &% Zn Bic 35T Fe-Zn BIOR S 24+ 54
&JBE, LESH, XEREH, XMA 47 X b, Fe,Alg
IV AED2TWBESh TS,

—F, WhHrkHEEBRBERINS»ETFHET ST
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fFig. 8. Isothermal section at 500°C.
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Fig. 9. Isothermal section in the rich-zinc
corner at 500°C.

Fe-Zn-Al 3 oiREER A V5 Z EMEFR|TH 5. Fe-
Zn-Al 35TIKkAEX & L'CiE RENNHACK!Y [T X 53D &
KOsTER &+ GODECKE? [T X B30 EHHDHH, T Z
TS E X7 K6sTER & GODECKE T X % JKEER
% Fig. 8 L QWA LTEEZ#ED/w. Fig. 8 &9
BRI Zn 0T HTEVTHELS 5 Al {bE
v Fe,Aly #8TH 0, Cameron® <2 HORSTMANN'® 73
MR X VIFET 5 £F 27 Fe-Zn-Al 3ot &WideF
FE L. Eio Fe-Al O&BLEW~D Zn BREED
FHCREVTEBRDLNS.

FoA4MREE, FAE LT3 ikEERM LT x » FEEHE
AERT AL Fe (HS L2 BSM ECHFETLM25
0, ZThoOMBIEIRERED Fe {l SERICESR?
T Zn PSERDETEEB 2L LTV BRI TH 5.
Tiebb Fig. S ZoFRAIREATRE, Bho AljR
BEH 030% LUTo Zn e Fe LoffEHILEREND

E&EVE, TRCFe s I, 6, { MEBIECIESE
TTHD. Ly FEPRD Al JRED 0°30% LIF
OB ELC 2V TR LAaENTER L OCSHOIBIC BT
LEBERE, [, 6,  HEPEBRCULALZEELE,
AL IREDB CTARWIEES (0003% LUT) &5 WIdixiERs
HBREWESERKOAGTET S Z &, REREPEVES
i FeAl; BHH WL 0MEREEB L LTHET S
EERLTVS. 20X, ERFMEECBEOEE
JB D REFRT, BN EHPR B DB A3 Es © T 5 25,
CREDWTIR2EDL D MR ITREL LS. Tk
b Fig. 9 W T Zn ik (S) LT M8, Al
iR OELICIE V& ALRERID? 5, (FeAls+S), (FeaAlg
+8+S), (6+8), (0+86,+S), (6,+S), (8:+ C+8),
(¢+8) o7@cZbLTwS. —7%, E# Fe LiERl
Zn E3ME LICHE, FHIREB~OHBIIIERSE S s
In FERI> BIECER IS Z B TREINSE. L
MBOT A v FWA~OEFEFHES T EWGaicix, L3
D7 ODOMRIT I CRELE S FBTHVWEED, * v 3%
o Al BREOZE{LIELTCEhETh Zn i & Fe &
OFECEMEREINLEE&RBLE LTHPLASDDL
Exzbhb.

DX DS R I LI TR 2, EERE OB e
X565 THOEILITFHTES. bbb
REE~E DL & Lol h 5 FREREHOEING, F4k
R s WTEEB 2 AT Fe AlicE) 2 L&
25, BRMICIZEEE % T, R & & dicFeAl;
5 I LI (61+ ) FB~ELT 5 2 EHATFHIT
5. LAEo X ST FERIERIC b &5 < HEfmvE, A<HT
ZTIE 0 FBE S FREDHBINTERP DL L E2EZ
HhwhiE, Fig. 1 @R LcEG4&BcETsHERE X<
—5T 5.

4.3 EBRB5R] (incubation period) (ZD(VT

Al % &8 Zn Hic A SN RMO RECE, SNk
WL W Fe-AULEWMD» LI 2 EERNRTEBR L L, %
I LDEERBPHFELTCVWARIT Zn BT X HMOBE
PIEEIC/INE N T L, 38X O° HORSTMANND D15 X 5
w, MEVER%2 b7 5B —ERMRICHE LT
ZOBMOBITIEFICHE Y Zn T XHRAEPRIDVES
CERMOBICRBOC® 2L L LEBEVWER LS Z
ERILEABNT B0, % 7- 7 OHIFWER D&V
Fe-Al{b& X 0 ix 584 F 0K ESRERIL, WREIC
IoTXETFIWIPIZN TV 5 H5, HERSEMANNID Xy
RIEFE (incubation period) & 44313 TV 5.

FEHRRNCIE— M OBEFERES 2 v F 74 T, IR
TEPSE LS s kR (incubation period) PNOEHETTTR
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PhTED, LB O>TEEBPEFCELBEYD X
WAy FEBENELNTVWS.

FWFFROEE, 3-3 TRAKBHESIVEEED
DOEkE D RERHICST 5B bemxts s 7 ckb L
2™ (o & 2iE Fig. 5) W, EHOAE 055
2 HAEE | B ES T 5 % CORFM 2 B RERR & # X T
Bb. ZOFEEE, Al T X5MEEhESENS EES
JE DFEEDBIUIMRE S DERBCE LD, E&EI—
BT JERIC FE LT <75 &5 HerRsHMANN D8
2T X DOTWD.

TDEZCIESWTCEREREELDTHB L, B
RS E B SR E N AR CE A EES ST
H5EE (2 v F ALRED 0009~0'14% DEE)
ORI 30sec~1 min TH D, 5E&EH Fe,Al;
MTHZHE (4 v 3 ALREO0 15% DL EDFE) 1
¥ 5min OMREFRANRD B Z &I L7z

Z DRI ORK vk, HERSHMANNIY [T XD & D%
L B il & O SCRRIT 35\ T3k BT W B e
LT 2RICENT, KMAOHEOBELELC LS
FIESEE S &3 glBlicst LTRO BT W B IEE b
W15 EKRN—ET 5. FT7dbb Horstmann? T Xh
W, BREERTI R 450°C T 2 v i Al IRE 0-1%
DLEx 0:dmin THDH, Al RE0:2% 0+ & 4min T
HBHLENTWS. T Havcearon? T X, B{R
R SR 450°C T » g Al JREM 0°11% O &
E lmin DIRNTH D Al JRE019% D & F1d 5 min )
ETHBLHBESHTWS.

ZDOXHT Ay ¥ ALREDSY 001% L EogEic
V¥, Fe-Znff O ARE G206 X h 5 iR 2315 4E L,
F O 6 MEPEGERBE LTRBRENSHA L FeAl
MENEREIN DG L T, BREMSRAES Z &30
Bk inod. )

4-4 HEHE, SEEPOBEOEIMEICDNT

EIROBEHIERALL 2 » F IR HBECHETEE
WTHB * » 78 ALIREE 0 1~0°3%, 1R 10sec
DTOEEOHIBHEE IO E&4EF0%kE: Fig. 2
EB3IRBXOTHA LD 0 1~05g/m? BED{ESR &
5. ZOEIZDWTBATFHET 277 5.

GRIBHIE 0'1~0"5g/m? 2\ 51X, FORBED K
AFREBL OB LPEETEXTCLS. 1 7 AMK I
DDAy F T4 L CLETLHHROER L  OLBFETE
xR k% 4x100m? BELLS EEZLREDT, &
eIk 21E 0 lg/m? LW SSISHEEE > Sbe
i, BRCIRS> SEPEEET % Fe 0fE 400 kg
PRDLNS. Zd Fe i&BRHLEWEEAL, £0

ILEW» In BESHLENTVWEDOSDN Ko 2 Th
D, Foxfiod Fe fEIXR X% 1~3% BES S .
Lich3oCgkigHE 0 1g/m2 D2 v 54 T AR
400 kg DERIBEHASKRZ D, ZRARBBIZO~13t D Ko
ABEW DB BENVDIZ LTS, BBIOHE R
2AHEBRIIIEREOBES LITEASELbDERE. ZDX
1T SEBISTY SOV L A ETABEI AL S VO TR W
I EE XS BEAR R RDD I it kb, EEi
BETDH IR AR EMEI DI ENTE.
DECEERPOHE L LTRD SENAEITOWTH
F59%. #l& LCPhoto. 7 TR L720"189 Al 15, 30sec
RIEOBHFCOWTRITT S E, ZOEHKDDL L TOE
&R OHEF Fig. 3 it BRBX5ic 0045g/m?2 TH
D ERIORILTESZELET FeAl HThh, %
D Fe REEVE 3 TTIREERV 2> 5 45% BELHEEINS.
LR D2TEEEOEREIT 1g/m?2 L5 Z itk b.
—7, FeAl; fHOTEIT 4 2g/cm® TH B L% Xh
TW5. DRICKDIZEEF/BOESR L LTI, ERLE
ETHORETHD 0224y W S5ERELNSE. ZO
0'24p L5 {EIX Photo. 7 ERWITHIEINZE454E
DEHEIL—HTH. ZOIXS5CEERTRDI-ESL
BrhogkiEi, €EzklTwsEEMLERno Fe
REE L EENPPNEEEBOEXCHETES. bix
ZiC 6 FHD Fe EEEVEHY 109 THEEL 7 24 g/ cmd,
CHHD Fe BAEIII 6% THEWE 7'15g/cm® TH 5.

5. # ¥

RSN 4 v F OITVX, ¥EL Zn b~ Fe 23EH
HLEWLEDT, PRIVDED Ko 2R3RETE. 20
FER FoZROBZBALZIRELZEXEWE LT, bh
bIIELX OEHT T4 v FBPICIEHT 28852k
il BonBREENTLEOEDESLD
TH5b.

(1) FEHECAVIchbhbhOFEI XhiE, BRl
Zn r [E{k Fe & oo RIS HEE T 5§ E (iron loss)
i, B LSkELAERFOHEL D2 DOEEE
SEERTRET H 5.

(2) EOBEHESA > » FICHET BLET I,
GRIBHE L EEBTOB%EELIY, E¥H5 530 1~05g/m?
OHEOER 5. 7o:ziE 0°18% Al oy 10sec
ZE LAY, SEHEN 003910°09g/m? &k
D, S&BROEE 0024+0°10g/m? L7t 5.

(3) HBohrBFEEEDER, EEOBAICIET
5 e ADERPEY XAGTS.

(4) Fe,ZnlicBEINEEELEIL, ZnEdo Al
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IRED 0°09~0-14% DIFEL 648, 0°15% LI EDFE
1t FeAly Fim B> T 5,

(5) v ALJRESKY 00109 DL EDBEITIT,
Fe-Zn MO E KIS HIHI S h W RGRMSIFE L, £
ORI EEE L LTRSS M 6 HOSEICE
30sec~1 min TH N, Fe,Al; }HOHETITF 5 min T
5.

(6) Fe-ZnifH KIS DMRIIC X 2E(LIE, BB
(6 +7) MBAEKRINDGE TR ERNT R Re
555, & OB E IR U TR £
5.
(5) Zn@hicgEhs Pb, Cd o X 0 ekiaE,
BEFEPOREBIEL LAV,

R C ORI ORI L7 0, ZHEBETIO % 4
A DT, TEMEWREEE LoD LR EH
LS. FBLICERICE N S g — I
LET.
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