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Microstructure and properties of (Fe-Cr)(40)-Al(60) with
tungsten concentrate powders by laser sintering

LI Gang, HAN Feng, SHEN Yu, SHEN Jin-ze, WANG Yan

(College of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: By putting 1% (mass fraction) tungsten concentrate powders into(Fe-Cr)(40)-Al(60) powders and using laser
ignition induced SHS, the in situ antigenic particle reinforced composite alloy was prepared. By means of SEM, XRD,
alloy density, porosity, hardness test, abrasion test and corrosion resistance, the effect of different ignition powers on the
sintered alloy microstructure and properties was studied. The results show that the product phases of the sintered alloys
are AlFe, AlFe;, Al,Os, AlgsFe,gWis, W and WO;. The sintered alloy exhibits batten organization, and with the increase of
the laser sintering power, the battens get more homogeneous and even small. When the laser sintering power is up to 1
100 W, the sintered alloy achieves the maximum density of 4.47 g/cm® and the minimum porosity of 4.43%; the highest
hardness of the surface layer is 1 309.7HK, that of the middle layer is 1 003.1HK; the corrosion resistance is the best, the
longest passivation area is 440 mV and the passivation current density is only 5.570 pA/mm?. When the laser sintering
power gets to 1 000 W, the relative wear rate of the sintering alloy is the lowest, the abrasion rate of the surface layer is
0.06 mg/mm? and that of the middle layer is 0.05 mg/mm?
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Table 1 Experimental materials, ingredient and particle size

Ff, Heifill 7724 100 kN

7t HL-1500 &R CO, o't i THL F3E T &
Whest, WOCEH EAN d15 mm, ZhHE K 800, 900,
1000 F1 1100 W, SI#REFEIA 15 s.

FIFH XRD—-6000 ! X S 26 AT A T AH 544 3
T AR . X LA Cu 1, LG AN
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I B A, AEASRE R 0.000 1 g () FA1104N
RV BT A%, LR, 2
v/
p- mffq;qz (1)
K p HFERRLE RS, glom’s 6 NIBIARLESS
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Material Purity/%  Particle size/um Impurity content
w(Cr) < 10%, w(S1)<< 1%, w(RSO4)<<0.1%, w(C)=<<0.1%, w(N)<0.005%,
Fe =88.0 75
w(Cu)<0.005%
Al =99.0 75-150 w(Fe)<<0.17%, w(Si)<0.11%, w(Cu)<0.01%
Tungsten concentrate ~ =76.0 115 w(S0,)<<0.05%, w(Ca)<<0.1%, w(Mn)<:0.08%, w(Sn)<5%, w(Sb)<4%
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Fig. 1 XRD pattern of sintered Fe-Al alloy
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Fig. 2 SEM images of sample surface at different sintering
powers: (a) 800 W; (b) 900 W
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Fig. 3 SEM images of sample surface layer (a) and middle

layer (b) at the same sintering power
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Fig. 4 Porosity and density change curves of alloys at

different sintering powers
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Fig. S5 Influence of sintering power on microhardness of
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sample: (a) Surface layer; (b) Middle layer

RIZHTZ0 DI RERE G,  HRJZ I Bl B2
TR SResh Ty 1100 W i, B Al ik 3]
KA, FRJZHHM 1309.7HK; )24 1003.1HK

EHPE 2 np g, REReSs DA g N, G 4aH A
%, BOEMERGN, RGN EIRZY, A4
NIRRT Ky, fEpe g R R AR T — e b2 IV,
ERCT WK WO, S50 JFURURLAH o A5 STRURE AR K 1)
FEAR SRR A 20T, X Fe-Al Begh 44t FI4R 98 (1 [
WomAL SATHUAE I o B TORORE 5 B A A (07 8 e AL
HAEH, BRI 452, (R4 SR Bt e
MRS SReaE AT, WFER)Z b 2 g =
JE R AT e Rl R DX 2 0 O RS X, Btk
(R TR 22, TR 2 58 A il B = e 31Tk
4, Fe. Al SESREN K3 IGR NV ATEA:, BRIGRFE 2
DX ) S A 5 R R 2 X I

2.5 TE RN

Peat Dy 5 IR I R RATTE KWK 6 i
o HIE 6 WL, BB DR, WA RIZX
Hreb R D T BEVE BRI N . ke ThE R 1 000 W
I, FE B A, R R RIS, RIZEIE N
0.06 mg/mm’, HUZEEHHN 0.05 mg/mm®. HAAFEH
HDC YT B R TR Z X JRRTR . B he s ol
IR, Bess 5 MG e B AL I8 5), BB
by WOGHE I IETA Hl 2 AR ki g ik, H
BERESS DI R, Sa b AR IS ]2 5
PO VR JEFH iy, PTIE R 2 W & WO, il
FUH, P DA ERRK. RIZXABOCEBIEN, #
= AR PSR N R Z, B K o 5k
K3 Skt Ha A iR, FEEREEENE,

0.14

I (2)

0.12 ()

=
—_
o

0.08

0.06

Wear rate/(mg-mm2)

0.04

0.02

800 W 900 W 1000 W

Laser sintering power
Bl6 K4 FR SR IR R K

Fig. 6 Relationship bar charts of sintering power and wear
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rate of samples: (a) Surface layer; (b) Middle layer
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Fig. 7 Polarization curves of laser sintered alloys at different

sintering powers
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Table 2  Corrosion parameters of samples at different

sintering powers

Sintering Initial passivation Corrosion current
power/W potential /mV density/(uA'-mm )
800 —260 17.968
900 —290 15.719
1 000 —400 7.839
1 100 —440 5.570
3 it

1) BG4 HIYA E 5, AlFe. AlFes. AL Os.
AlgsFesoWis+ W Al B A WOs.
2) FRELE TR I, &A1 /N B,

AN R JZ T R H AN 55 UERE D)%
1 100 W I, el & 4 I ALBR 260k 2 fe/MEL, 0 4.43%,
IR ER A, M 4.33 glem’s
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W A R OA B g K fE, R Z B R
1309.1HK, )2 BAddsifE 2 1 003.1HK. ka4t &
91000 W IR, 4540 BE 4 R B 1K, TPl B 4 0.05
mg/mm?, FXZEREA 0.06 mg/mm’,

4) BRELE DRI, & Mmd ek fexsoe, 75
PEEETHA T 1100 W I, 754 BA i i ok 5
BLIX 5K, b 440 mVs BRSO 5.570
pA/mm’,
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