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Interface reaction mechanism for galvanizing in Zn-Al baths
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Abstract: By galvanizing and diffusion couple experiments, the interface reactions between the iron-base and different
baths, which are Zn-0.2%Al, Zn-5%Al, Zn-25%Al and Zn-55%Al (mass fraction), were studied, respectively. The
controlled mechanism of alloy layer formation in the process of galvanizing by the diffusion path change was proposed.
The results show that in the beginning of galvanizing (diffusion couple), the diffusion path crosses the two-phase region
of melting bath point composition and the relevant Fe-Al compound following its tie-line, the Fe-Al compound forms on
the iron-based surface firstly. With the immersion (diffusion) time increasing, the diffusion path trends to move gradually
to the line connecting with two diffusion component points. Once the diffusion path cuts the tie-line of the two-phase
region of melting bath and the relevant Fe-Al compound, the first Fe-Al compound layer is steadiness losing and breaking,
which makes the thickness of coating alloy layer (diffusion layer) increase rapidly.
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Table 1 Chemical composition of industrial pure iron (mass

fraction, %)

Mn Si Zn Al
<0.003 5 <0.003 <0.002 <0.001
(0] C Fe
<0.001 <0.000 5 99.99

1.1 #iZ4E
P TN A E) B 12 mm X 12 mm X 3 mm J#4k
B BEERIGS SR 2R (i 2030 99.99% 8 H
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Fe,Als M. ASHFFE T 214 70 Bt il S X e
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Fe-Zn MHIIE R, W, HAEDFATHIEH Fe,Als #
il J2 Bt AP N [R] PR IR AR AR T, L
FEHIBER AR, FEARET, A EKIZ LI A
FAF N IREAT T 5256 - B 1(0) Frs A HeR I [R5 21 300
s I3 A 220 20 SEM . HHIEl 1(b) AT LAB
BRILSHH B FeAls A, $EEHMOL. 6 A ¢
FHALRE, & AHGRITRIBR T AR AL RS VA, PR B
Fefil & AHIGE R & AHANZ PR, CAHZ DU AR,
BEE T B R R A, Tl EDS 43 M43 2454 pe st
2 AR A Oy B ). iR 2 TLLE
W, ESAHP LA DRI, o AP IR B AT
B, A O AHAN R B R4 00 1 D ZE A0 K o

2.2 HEE Zn-5%Al. Zn-25%Al § &I BT /2
BEgELR

K P B 0y vk Rk R Zn-5%A1 AT

Zn-25%Al1 553t 173 5 4 I S s W JHEA TS, 97 Ui

Fig. 1 Coating microstructures of iron-base sample galvanized in Zn-0.2%Al bath: (a) 10 s; (b) 300 s
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FEFI R 600 °C, P oG A AEAH R B 1] R A
B HUZ B B, BRIE/Zn-25%A1 § L
IRk 300s JEfq 26 B E)Z=r) SEM 4 ls
2. HE 2T EUEH, 83 BB — 25
BRI Fe-Al &J@MAb54, 5 CHEN 2P riiE
Galfan #5237 5 I [R] 255 A9 280 1) A2 226481

G&E&ETZIAMNIZEA FeAls-Zn,, % E R

2 PR HUE) B2 AR B LS (B HE i 22)

FeAl;-Zn, M /2 7> M1 & & 2402, FEEAR 1
FeAl;-Zn, AHJZ AR B TR IWAH, 78 SEM 1%
R . SR A B A ik
2 fisl. W 2 LA H, Fe,Als-Zn, fll FeAly-Zn, #f]
RS 10% 108 [, HT8EERY B2 ¥k
PEAETHTIR A, EDS 2387 Fe,Als-Zn, 1 FeAls-Zn, A%
I3 R IVEE S AR AE I 225K . B R ] 28

Table 2 Specimens and phase compositions (with standard deviation) in alloy layer for galvanizing (diffusion couple)

Sample Experiment Time/s Phase Mass fraction/%

Al Fe Zn
10 Liquid* 0.2+0.1 0.3+0.1 99.5+0.2

Fe,Als - - -
Liquid 0.2+0.1 0.4+0.1 99.4+0.2

Fe/Zn-0.2%Al  Galvanizing

¢ 0.2+0.1 6.3+£0.3 93.5+0.3
300 0 0.3+£0.2 9.1£0.3 90.6+0.4
I, 0.2+0.1 23.5+0.3 76.3+0.3
Liquid 5.0+0.2 0.6+0.1 94.4+0.4
300 FeAl;-Zn, 54.3+0.4 36.4+0.3 9.3+0.4

Fe,Als-Zn, 50.5+0.5 39.7+0.3 9.8+0.3
o Liquid 4.8+0.2 0.8+0.1 94.4+0.2

Fe/Zn-25%Al Dﬁl;:n FeAly-Zn, 54.0£0.5 36.130.2 9.9+0.3
Fe,Als-Zn, 48.3+0.4 41.2+0.3 10.5+0.3
800 0 0.9+0.1 8.7+£0.3 90.4+0.4
r 1.3£0.1 21.2+0.2 77.5+0.2
a-Fe 2.6+0.2 82.2+0.5 15.2+0.2
Liquid 52.1+0.5 0.5+0.1 47.4+0.4

: FeAl;-Zn, 54.1+0.4 36.4+0.3 9.5+£0.3
Fe/Zn-55%Al  Galvanizing Liquid 51.3+0.5 0.8+0.1 47.9+0.3
10 FeAl;-Zn, 54.8+0.6 35.2+0.3 10.0+0.3
Fe,Als-Zn, 51.2+0.5 39.4+0.4 10.4+0.2

* The Fe,Als layer is too thin to be found its composition by EDS analysis.

Fe,Als-Zn,

.
2 HH/Zn-25%A1 Y EUETE 600 CIE K51 SEM 14

Fig. 2 SEM images of Fe/Zn-25%Al diffusion couples annealed at 600 °C: (a) 300 s; (b) 1 800 s
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N Fe,Als-Zn, FeAF AT, Fe,Als-Zn, AH LA AT &
FHXT ST 5 7F B BRIE RO i fE BRI C X
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Z RV S N B Sk S A, SR AR B S 06 Ty vont SL ST
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Z A7 AL FeAls-Zn, AHJZ , AR AR 56 A A I 31
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L, ABATTE 610 C RSB T EK 2 81 s 2 J5 ZIN
TEHEAK b FeAls-Zn, FHTH 2% o A S K R T
REKH] 10 s i RIIL SRR AL AR Fe-Al 42
J& (B4 FeAls-Zn, AR 2K, T 76 SRS T H IR
214 10 pm [ABCE ) Fe,Als-Zn, AHJZ , £ Fe,Als-Zn,
mn R A A — 8 S BAH, & 3(b) . FHIE 3(b)
ATULEH, RS2, KEANELMER
FeAly-Zn AHJZ 5 BOAHAHIRAEE . SERE R R I, 4

A

__Iron-base|

S 10um ||

EPEI AR 30 s N, $EEANE4ER HH FeAl-Zn, AH
J2 55 ARAH R TR 2 PR A2 AL A - Zn-55% Al Briaith #GR
PTG & &2 S A ) EDS ZpAfr g Rk 2 pr
Hle B 2 AT, Fe,Als-Zn, Al FeAly-Zn, AP [FFES
1 10% 54 1B, K Fe-Al LA W10 E AT 75980
TR AT IR AR S S B

2.4 Zn-Fe-Al =TIk F&

BRI b Zn-AVBE 2 B BOEFE 5 Zn-Fe-Al =01k
RAEZYIN KR, b Zn-Fe-Al =K R Z i 7845
FIFoERaE!" 17, PERROTH IR B Zn-Fe-Al = JUiA R
B DA A B, A o M, 1%
A RARE S R, RGeS DA,
TANG! 75 5%} Zn-Fe-Al = Gk % 450 “CL5R#k
MRIEFE A R Z = e S XA T IR,
Ik, I AHY Fe,Als-Zn, AHL BAHZ RIAFELE —AH P4 ¢
Ry M2 JEIBERRREUESE T 1% = JCHINAAAE, Ity
%00 THE. 1fi BATWERE S VP A h AR5 1S T AH, M
MBI RAR ) & AR R LA K. NAKANO
2GS 7 JEPPAL 420~500 CIRSE LN Zn-Fe-Al =
JUAZI, W PERROTUSBTA () 1 AHER B
Ty A B AHTRI R AR G548, AR E 2RI et FE DR 3k o
FHARLITAT, WT 1% = J0AH I BAFEAE, P T T
PR o EAHI ST K SCER TR A L% 1
ARG A, IFEAT DTA S0k, AR AR
WEELI R 550 °C, 5 Iy AHBAHIEARIR T 2 AN K

2.5 HEUBER NS & RELE KDY

IO AR A LT /IO 17 (K1 P24 170 s
HRSIINIE, =0 R 3 HOBE A7 AR B S HOHIE
FE AP B A e i R o 1 7
HH BT S EHE L (Tie-line) 2 X PUAH X, IXFP HCHE
PRSI THOME . /LSy HoiiE, 3= 21

Iron-base

B3 BRIEAE Zn-55%A1 B TP HGR P Ui 2 4120

Fig. 3 Coating microstructures of iron-base sample galvanized in Zn-55%Al bath: (a)3s; (b)10s
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LA 0.2%A1 I, 7R BEE NG 5
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o R U Path 1, 47 IO I8 (i 25 P 5 B 4L 0
Iy RIS MBI SO HEAT , BEANEREE N BB X 3,
P HOEE P BT ROE L ), Wi 4
Path 2 iz, ¥ HUBTEDIH] Fe,Als AH S5 HAHAT /6 #H
(IFEHEL:, (E4E ) T Il Fe,Als 5 1o/ AR TH
FEMIILG, BRACHE ) b ORI T 5 R R AR
TN, BAEIHEA R 300 s I, AEFFHE 2 R
L) 24 2. 3 Ul E #5321 4] 4 v Path
3 Fron A B I, 3O E DIFE A X (CHBA i 2
Jo s MU L =AU DX (GromiBiA) . A IX o Al Iy it
A a-Fe fHIX, Path 3 B335 a-Fe AL m
Zn-0.2%Al ELE WAL E . BTy HuEEH TH
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JEBGBAHIE TE A2 1k 6 AHARAE T ¢AH BE A PRt A ¢,
BT M R R

x(Zn)/%
4 Zn-0.2%Al JE A= 9 omiE < 1
Fig. 4 Diffusion paths in coating for Zn-0.2%Al baths
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Fig. 5 Diffusion paths in diffusion layers for Zn-5%Al and

Zn-25%Al alloy and diffusion paths in coating for Zn-55%Al

bath
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AEAH TR 1 2 IR AL 2R A R i 0% 2 50

3 Zig

1) S PR BN KR, 58 T L8

B (5B 20 550 5 42 (= 0.2%A N AS [A] 3 1 4% 12
@ BUEUL . 1T Fe-Al Z (A AT 5ZUFSEA)), R
)9 it B 73 4 AT RN AL 6 T Fe-Al 4
JEIALEY), TERH Fe-Al ALG RS T 5 i
BT PR X () Fe-AL AL SR, i
AR KRR FE b B P 9 B 0 o) RIS

2) M@ BUZ)EBAI, §HOEE R It
2R o I I LA A S5 0T N Fe-Al A A 10K G P AH
X, #EANiZ Fe-Al fb G AHX, AAH{ERINER I
BIReTE ke i 8 R R Fe- AL L &) 2

3) WEAEZAL MR HE 6 E Y
WIE A% B Pl . WP EREE BB Ban) i 2 2 IR A 21
Fe-Al (b G2 BA— @ tdE W, BE R PE@ )
IR AR AE K, 7 HBCH T B A 0] PR B T A
LAY, — By SOl E bR it s ol
XV Fe-Al A4 WU eI AR X 350k, B
JERU Fe-Al (&) 24 RS2 .

4) FEEFRRI SR R R AR Y,
JZ SRR S R R R OB TE YI#E] T Fe-Al b5
Y5 WA Z B S, AR TS P IR A S5 8
R A A R T, B ATROE R O B e
filgk gL, ERRIEN R N SZ S e M, BB E S
SR HUZ) PR

Bt
AR TAEAF BI040 7 LR R TI SR, AR
.
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