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Fig. 1 Sizes of casting model (Unit: mm)

£ o e
B2 & MnERESEEHE
Fig. 2 LOM images of Al-Si alloy without Mn: (a) Low; (b)
High
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Fig. 3 Metallographs of Al-Si alloy with
different Mn contents: (a) w(Mn)=0.4%; (b)
w(Mn)=0.6%; (c) w(Mn)=0.8%; (d) w(Mn)=
1.0%; (e) w(Mn)=1.6%; (f) w(Mn)=2.2%; (g)
w(Mn)=2.8%
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Fig. 4 XRD patterns of Al-Si alloy with different Mn contents

2.3 Al-10Si-2Fe-xMn &% SEM X EDS &l

K 5 B RN Mn GRS 41 SEM
B, R 1FFINE 3 &4 50 EDS 4558 . Bl 5 wf
S, AN M B R AR 4 T2 B B R AT AL R
DRI [ 3L S Ak DA K (1 B IR B A 4L, RELR
FOIRE B A AE AR L A4 . N EDS S5 R AT
A, B 5 P EEERIRE BT n(Al):n(Fe):n(SHZIHN
66:19:14, 256K 2 AIANZAHLLERT & AlgFe,Si, R

5 RN Mn I ERRES 4211 SEM &
Fig. 5 SEM image of Al-Si alloy without Mn addition

F 1 RAIN Mn B4REES 42 EDS 45
Table 1 EDS results of Al-Si alloy without Mn shown in
Fig. 5

Mole fraction/%

Region

Al Si Fe Total
Point 1 66.18 19.22 14.60 100.00
Point 2 66.26 19.76 13.98 100.00
Point 3 65.85 19.34 14.81 100.00
Point 4 98.20 1.80 100.00
Point 5 73.92 26.08 100.00

2 LI Fe-Al-Si #H17

Table 2 Compositions of Fe-Al-Si phases!'”

Phase Mole fraction/%

Al Si Fe

AlyFesSiz(1)/79) 44.5-21.5 18.5-41.5 ~37

Al3FeSi (1a/y) 64.8-54.4 15.2-25.6 ~12

Al FeSi(z3) 55.5-53.5 20.5-22.5 ~24

AlsFeSiy () 53.5-46.0 30.5-38.0 ~16
Al 4Fe,Si(zs/a) 71.25-68.75  10.0-12.5 ~18.75

Al sFeSi(z¢/B) 6765 17-19 ~16

Al;Fe,Sis(17) 48.2-39.7 27.8-36.3 ~24
AlyFesSiy(tg) 28.1-24.6 39.5-43.0 ~324
AlgFe,Si;(19) 57.5-58.5 17-18 ~24.5
AlsFe,Si(z)) 64.5-66.0 9.5-11.0  ~245
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JREE B XRD 455,  Htnl DALAIE 2 iZ 5T IR AR A
S-AlFe,Sir (5 # 75-AlgFe;Sis).
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T Mn Ji 75 Fe J& F7E 0 & AR ARSI AR,
JEF2RARAEEL, Mn J5 7RI BLS Fe JEFAHE B, )
1M A A AL-Si-Mn-Fe PY7cA6-E4) % Mn. FeT /R
IBEAE R =J0M Al-Fe-Si W Fe MIBE/RH. 454
EDS 255 3k 2 al i, B 6 s 1 FTTEM DIk & Bk
AHEBE 7R 73 BN 71.09%, Hops) o] LB A 2 71.09%Al.
17.67%Fe 1 11.24%Si, 74 15-Alg(Fe,Mn),Si H1 5% Ji& 7
PIBEIREE, BT AR S B W] AE 2 a-Alg(Fe,
Mn),Si. [RIFEA 2. & 3 e S SAHE T LUE 2
a-Alg(Fe, Mn),Si #H.

7 B AN 1.0%Mn I SEM 1%, 454K

Bl 6 NN 0.4%Mn BH4EEES 41 SEM 15
Fig. 6 SEM image of Al-Si alloy with 0.4%Mn

&3 NI 0.4%Mn JEHRRE S 6 EDS 45 R
Table 3 EDS results of Al-Si alloy with 0.4%Mn shown in
Fig. 6

Mole fraction/%
Region
Al Si Mn Fe Total

Point 1 71.09 11.24 6.13 11.54  100.00
Point 2 70.94 11.44 5.72 11.90  100.00
Point 3 71.19 11.10 5.93 11.78  100.00
Point 4 63.62 21.55 2.66 12.17  100.00
Point 5 64.71 20.94 2.54 11.82  100.00

:

+ Star-like
iron-rich phase

+

B 7 %0 1.0%Mn FHREES 1) SEM &
Fig. 7 SEM image of Al-Si alloy with 1.0%Mn

F4 BN 1.0%Mn BHREES S EDS 45281
Table 4 EDS results of Al-Si alloy with 1.0%Mn shown in
Fig. 7

Mole fraction/%
Region
Al Si Mn Fe Total
Point 1 70.14 12.05 9.78 8.03 100.00
Point 2 70.60 11.97 9.68 7.74 100.00
Point 3 70.12 12.35 9.58 7.95 100.00

3(d)RT R, BRI ER E B A e AR AR B T IR E R
FH, A ERAEHIRE SRARAAAE . HRYE EDS 453 n]
0, PUTIRI & PARAE LSy IR S B o-Alg(Fe, Mn),Si
FHRIEE R LG, AV eEYH Mn S &G BT BR
W2 Ah, 24 Mn B INELE] 1.0%0, S it
BT AR ESAENE 7 51 e E), BT
&1 EDS 25, BRI E BRAH R SR E
BRAIEAL, B AR LS Mn LA

8 FTZR NERIN 2.2%Mn I (1) SEM 14, Mt 457
BT T DRI E SAH ML B2 N 2 &
FHo B EDS 255 (IR S)AT 51, ZUIBRE BRAHB AT
& a-Alg(Fe, Mn),Si [FBE/R L, BT LAZ 10T & B AR N

Polygon
iron-rich phase

pY

B8 #hn 2.2%Mn 4RSS SEM &
Fig. 8 SEM image of Al-Si alloy with 2.2%Mn
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&S5 NN 2.2%Mn B EREES 4 EDS 45 R
Table 5 EDS results of Al-Si alloy with 2.2%Mn shown in
Fig. 8

Mole fraction/%

Region

Al Si Mn Fe Total
Point 1 70.15 12.39 12.10 5.37 100.00
Point 2 69.79 12.49 12.10 5.62 100.00
Point 3 70.38 12.13 12.23 5.26 100.00

a-Alg(Fe, Mn),Si. {HZ AR E BAH T [E 1 Mn &
LRI 1.0%Mn I () 3CH BT BT, 3KF] T 12.10%.
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Fig. 9 Relationships between mole fractions of AlgFe,Siy/z (a) and Alg(Fe, Mn),Si/z5 (b) and temperature at different Mn contents
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Fig. 10 Calculated solidification path of Al-Si alloy with different Mn contents: (a) Without Mn addition; (b) 2.8% Mn
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6 JC Mn 1 2.8%Mn IG5 FE 7 < k] % A2 45 2R
Table 6 Results of solidification path of Al-Si alloy without
Mn and with 2.8% Mn shown in Fig. 10

w(Mn)/% Reaction Temperature/C
Li—>1tL, 623.1
0 Ly—t6tAl+L, 595.0
Ly;—15tAl+Si 575.1
L—oa-Alg(Fe, Mn),Si+L, 719.3
2.8 Lr,—a-Alg(Fe, Mn),Si+Al+L; 595.1
L;—a-Alg(Fe, Mn),Si+Al+Si 575.6

ZORYNIN Mn B, BB ARG SRR R AR 623.1 CUIL
Kl 10(a)H Point 1)JHT H 2 76-AlgFe,Siy, Z Jabi%E
IR F£ 5 595.0 ‘C(LIA 10(a)F Point 2))5 4k 44T H
PLI a(Al), Ffa et g 575.1 ‘CILE 10(a) " Point
NVRAEFLE R PBER T 16« Alv Siec HIIIT 2.8%Mn
aA e E S 719.3 CULE 10(b)H Point 1) AT H
T a-Aly(Fe, Mn),Si, 2 J57E 595.1 ‘C (.l 10(a) Point
)FREEMTH T a-Alg(Fe, Mn),Si LA a(Al), Ffi#&
FEFE 5 A 575.6 “CILE 10(a)H Point 3) A& 2E 3 5 e vi
T a-Alg(Fe, Mn),Si. Al. Si. HItA WL, Mn f)
VS INAE B [ i R AR AR B BB 40 1 z6-AlgFe,Sip AHI
Frt®, B Mn ISR S S SRR,
o-Alg(Fe, Mn),Si #HA /&% 1B B KK BN 2 1 TR 1
B, SRR RIS .

Bl 11 frs AR S S r6-AlgFe,Siy il 75-Alg(Fe,
Mn),Si #H5 A4 Mn IS IIEFICHR WA 11 Fmy L
FEih, RN Mn I, BHMEEELSEGEEE
H 6.35%, 124 Mn &8N 2.8%K, &4 r5-Alg(Fe,
Mn),Si A BT 7 (5 573 30N 13.18%, FEAR I Mn B

17.5

= —75/Alg(Fe,Mn),Si
15.0F *—7d/AlgFe,Siy

12.5¢
(2.8, 13.18)

10.0

7.5F (0, 6.35)

5.0

T

2.5

Mass fraction of iron-rich phase/%
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w(Mn)/%

20 25 3.0 35
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Fig. 11 Relationship between mass fraction of iron-rich phase

and Mn content in Al-Si alloy
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Mn),Si M. LI HEEE Mn TR S BRI, S
ST E AL R PR IR— AR
2. BARNFIR. BIR. 2R E YA
BAHE, BEHMAR Mn SEHEAR, HEES
#HFFE a-Alg(Fe, Mn),Si H & J5L 7 [ BE R

2) 5 XRD 4R A %1, 7£ Al-10Si-2Fe A& TR
B Mn 0] BUE B-AlgFe,Si, # 46K a-AlsFe,Si #H. 1ER
BT 0.6%Mn if, XRD 1548 46 H I AlgFe,Si 1
X Mn ZEED 1.0%K, XRD &b okl
AlgFe,Siy T, BEIEERES 4 AlgFe,Si, & &
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Mn &8N, SEESETERALERNYME, 5 EDS
s R4 .

3) i BRI F P E A, Mn [ 0 BE
16-AlgFe,Si, MIA] 75-Alg(Fe, Mn),Si FHHEAE . IhAk, M
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Influence of manganese on microstructure of
hot-dip Al-10Si-2Fe alloy coating

WU Guang-xin"*?, ZHANG Jie-yu"*?

(1. State Key Laboratory of Advanced Special Steel, Shanghai University, Shanghai, 200072, China;
2. Shanghai Key Laboratory of Advanced Ferrometallurgy, Shanghai University, Shanghai 200072, China;
3. School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: During hot-dip Al-Si alloy coating process, there will be a certain amount of Mn dissolved into the bath, which
affects the solidification microstructure of the coating. In this paper, the influence of Mn addition on solidification
structure and iron-rich phase in Al-10Si-2Fe alloy for hot-dip coating was studied. The results show that with the
increasing of Mn, the transformation sequence of iron-rich phase in aluminum silicon alloy is as follows:
needle-like—Chinese-script—star-like—polygon. The thermodynamically reasons for the transformation of S-AlgFe,Si,
phase to a-Alg(Fe, Mn),Si phase in Al-Si alloy after Mn addition were explained by means of Pandat software. Moreover,
the variation of slag content with Mn addition was also calculated, which shows that the optimal Mn content in Al-Si melt
should be 0.8%—1.0%.

Key words: hot-dip; Al-10Si-2Fe coating; iron-rich phase, dross amount
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