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Abstract: In order to improve the corrosion resistance of engineering high-strength steel and
reduce the cost of materials used, a fiber laser was used to prepare Fe-Al alloy cladding layer on
the surface of Q960E high-strength steel by coaxial powder feeding process and to study the effect
of different scanning speeds on microstructure and corrosion resistance. The results show that the
grain morphology, element distribution, and content of the cladding layer are affected by the
scanning speed. The material phase is mainly composed of the Fe;Al phase with DO, structure
and the FeAl phase with B, structure in the eutectic form. The hardness of the cladding layer
increases gradually with the scanning speed due to grain refinement. The self corrosion potential
of the cladding layer at the three scanning speeds rises first and then decreases with the increase of
scanning speed, and the self corrosion current density decreases first and then increases. With the
increase of scanning speed, the pitting pits on the surface of the cladding layer after polarization
first change from deep to shallow, and then the area of pitting pits expands.
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properties
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Fig. 1 Metal powders used for laser cladding
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Table1 Chemical composition of Q960E high-strength
steel(mass fraction) %

C Si Mn Cr Mo P S Al B Fe

0.20 0.502.0 1.0 1.0 0.015 0.005 0.015 0. 005 43

&2 6061 RAEMRHULERD (RESE)
Table 2 Chemical composition of 6061 aluminum
alloy powder(mass fraction) %

Cu Fe Mg Mn Si Ti Zn Cr Al

0.25 0.7 0.9 0.15 0.6 0.15 0.25 0.35 4=

R3 AEBMROUZRS (RESE)

Table 3 Chemical composition of pure iron powder

(mass fraction) %
C P S Si Mn Fe
0.012 0.0015 0.011 0. 005 0. 001 N

AR S8R F G BUBOE R A B2 7 1 SMAT
F 5 CW SGEF SO AT RO . 2R
FHIRVA R 2608, AP SR 8 23 L/min, 35S
Ui 7 Liming OGDI 3 R 2 800 W, HOG 4

450,75, 100 mm/s, 35455 K 40%.

TR 2 U E &4 TR ST 10 mmx
10 mmx6 mm [ 4 FHREE , LIRS 5 B i Ui )2
R RE A, 43 5 FH 80,240, 400, 600, 800, 1 000,
1.500,2 0005 (RS ARAIF S f (o FH 4 WA i 5
JEF TTRIIR 18 4% (40450 B4 AR IR PG A
PP T 4 AR bl P OLYMPUS A GX71 4
FH RSB A T A AULEE , R JEM-7001F 494
T AR B EDS W £ R 48 A0 2H 2 L) K
PEAT L3 43 BT . SR FH Smart Lab 1 X 5 28 77 5%
X HOCIE 2 AT AR 38T, L 4°/min (1938 B 78
20°~100° 78 [F ¥ #4739 4 . > ] Wilson Wolpert
401MVD b fhi B 1176 U J 23 A 1 Pl 3 D 22 A4
7 1] 45 () B 30 pom FE 475 B3R, 2847 Ry 100 g,
TR ]k 15 s R FHBHTRE CS310 HL k2 T4
il 1A e 7 2 2 v FL Ak 2 T sk R Ak 2R
TR 10 mmx10 mm, IR HI R S8 B 32, 1
400~2 000 5 1) b 4% iF B2 5 41l O . 55 55 3R
25 °C, R = HRIA R , S LR AS FH SCE-1f il
oK AR, il Bl R A SR P R A, R Dl A Ty
3.5% (JFi 43500 19 NaClVA T , Ak i 22 038 e,



172 AR FZRARFFIR)

% 45 %

PG A -1~1 V, J R 1 mV/s. TS D
G FEITE 10°~10° Hz, R{H 5 mV.

2 R 55

2.1 BEBEERENRR

Kl 2 9 7E 2 800 WO F 73 51 LA 50, 75
F1 100 mm/s 94 3 B BT 1 25 1) Fe—-Al 5 42 45 76
J2 TR T 550 e JLHR A0 I W TR 550, it 40 4 ok 3
I e 2 g R A B B A, e
JZ T PR 2 AR AR A IR AR X R AR £
HF IR A DX, B A G o, v AR n
PR B b R R AN T 2

Pl 3 J2 N [R] 451 41 3 BN T il 5 Fe-Al & 42
I 78 )2 aURE 1 D R 3R THDE S0 55 R A T 4 A 4
S, BEF R BG I, R T B B ) PO X Ry
RS HA b VE FH B TR /L e 78 22 T T T AR A
50 mm/s T~ il £ AR 72 2 2R B 2494 350 um,
75 mm/s A 2R 24 250 wm, 100 mm/s |
VA2 R B 2500 180 m, PEY i [X 15 [l A 7E i
AN 3R T A 2UE0E  JEALIR , kL
Z DVREAR fh oA 3, Wk AR K T 1o B A 7 4 1)

AR A TR Y A X e Tt B R 7 AR T
— JE M2, 4 it rp O B SO e A RE 1 L 9 ]
(1 i P DXl 2 A T 2 AR A 1) e 7
BN, BE AT S v O DX A
AR AN R 1) 000 58 8 2 6 T A 968 e O 55
B M L P S s PN D P A
UCHEIRAE R, HLI G (1 35 J3E 3 T K

HI""(';')‘"'HII11III|IHI1HH
I 5 6 7

S0 mmpE 75 mmis

9 mm
_

B2 AEBXPAHEEETEHHEFe-AIGEBEEN
RMFERERG RN
Fig.2 Macroscopic morphology and flawed
morphology of Fe—Al alloy cladding layer

prepared at different laser scanning speeds
(a)—4R 3w 5 (o) — R M) .
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Fig. 3 Surface optical morphology and cross—sectional metallographic microstructure of Fe—Al alloy cladding
layer prepared at different scanning speeds
(a)(d)—50 mm/s; (b)(e)—75 mm/s; (c)(f)—100 mm/s.

2.2 BEBEERMMMAR

4 RTR AR R T Tl 4 Fe- AL & &0
Z MR Y SEM B, 4576 2 i L i A 2L R, 7
f Bz PN A S AL o A 2 B TR AN BRCIR 44U L
TE bR N 2 — 8 A 2SS 3 A . HLBE SOG4 4
JE BT AR VR AN AR AR K AR 2

bz 2tk .

KA R 2 S A AT RS 30 ) JHOCHR L5 0
DX F ] XA AR it B 2 J2 B4 TR Rz 4
B XTGBT I R T I R
T HAT AR RS B G/R LUAfEL, Forh G MRS &4
58 o] SR TR TIPS LB JEE , R Sl B TR, 7R 1t



%28

WESCHFSF A2 b ik E XTI R IE B Fe-Al S 215 B B R R L0 F R

173

GRARFHAL ) G/R o) FCBR ™ HE B oy i %
PN, ok 2 DAKR S 2R K BEE G/R IR,
I3 I Ve B B R IAT R it 4 A 4 T 3T i
HEE  AERE M5 R R T AL G/R SR, Aok LA
P TARE ] . A5 12 X I8, 2R B T R ot Aoy
AR B AE AR A, T L5 4 DX 2 A7 A Y e A

4 AEEBEE T & Fe-Al G BB EE EH SEM

AR X T AR LN AR, T AR
e AL, o 2 S R ¥ AL BE A P, i
4% G/R WI(EAL /)N, BIr LS 22 09 ok LA IR A Y
e AR, 37190 T 32 A 384 2 3 18 R )
oridve .

Fig.4 SEM images of the cross section of Fe—Al alloy cladding layer prepared at different scanning speeds
(a)(d)(g)—50 mm/s; (b)(e)(h)—75 mm/s; (¢)(f)(i)—100 mm/s.
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Fig.5 EDS plots of the cross section of Fe—Al alloy cladding layer prepared at different scanning speeds
(a)—50 mm/s; (b)—75 mm/s; (¢)—100 mm/s.
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Table 4 Point scan of cross section from surface to substrate of Fe Al alloy cladding layer prepared

at different scanning speeds(atom fraction) %
JLHR a4 a, a; b, b, bs G ) )
Al 14. 64 10. 48 11. 16 14. 84 11.70 13.34 13. 20 9.20 8. 08
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Fig. 6 XRD patterns of Fe—Al alloy cladding layer
prepared at different scanning speeds
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Fig. 7 EDS surface scan of the Fe—Al intermetallic cladding layer
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Fig. 8 Hardness of Fe—Al alloy cladding layer from
surface to substrate direction prepared at
different scanning speeds
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Fig. 9 Grain size distribution of Fe—Al alloy cladding
layer prepared at different scanning speeds
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Fig. 10 Polarization curves of the cladding layer
at different scanning speeds
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Table 5 Corrosion potential and corrosion current
of the molten cladding layer at different
scanning speeds

T (e s) By — LA
A-cm™
50 —-0.937 2.158x10°°
75 -0. 887 1.119x10°
100 -0.939 2.104x10°°
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Fig. 11 EIS results of Fe—Al alloy cladding layer prepared at different scanning speeds
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Table 6 EIS fitting results at different scanning speeds

P E/ (mm-s™) R/(Q-cm?) Cgpp/(WF-cm™) n, Cepps/ (PF-cm™) n, R/(Q-cm?) R/(Q-cm?)

50 6.271 3.5272x10"  0.81494  48.939x10™*  0.81393 1556 383.9

75 4. 586 6.551 6x10* 0.765 18 10.511x10 0.500 51 876 1022

100 5.629 3.7979x10*  0.812 86 15.81x10™* 0.597 15 1 009 600. 1

201413
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Fig. 12 Equivalent circuit used for EIS fitting
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Fig. 13 Surface morphology after polarization of Fe—Al alloy cladding layer prepared at different scanning speeds
(a)—50 mm/s; (b)—75 mm/s; (¢c)—100 mm/s.
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