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Influence of Nb,Si content on microstructure and properties

of Ti-Fe alloy coating prepared by laser cladding
Wang Rui, Wang Cunshan

(State key lab for materials modification by laser, ion, and electron beams, dalian University of
Technology, Ministry of Education, LiaoNing DaLian 116023)

Abstract: Ti-Fe alloy coatings with different Nb4Si additions were prepared by laser cladding on
TAL1S5 alloy. The influence of Nb4Si content on microstructures and properties of the coatings were
investigated by means of X-ray diffraction, scanning electron microscopy, electron probe
microanalyzer, Vickers hardness tester, nano-indenter, and frication wear testing machine. The
results show that the coatings with different NbsSi additions mainly consist of f-(TiNb) dendrite
and B-(TiNb)+TiFe eutectic. However, what has changed is that with increasing the NbsSi
addition, the content of the eutectic presents the trend of first increasing then decreasing, namely,
the highest value is obtained at 0.2at.% Nb4Si addition. Another change in the microstructure is
that a small amount of B-NbsSi; phase is formed as the Nb4Si addition is beyond 0.5 at.%. When
the Nb4Si addition is 0.2 at.%, the hardness, friction and wear properties of the coatings reach the
highest, respectively, while the elastic module is the lowest, as result of high eutectic content.
Keywords: Laser cladding; Ti-Fe alloy; Microstructure; Properties
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3 A5 BT 43 BIIE ] 2200MPa F1 6.7%) 5 1 HAELAT AP SRR ALAR 22 ECT, 24k Ay
SR EATA R JEl, AT 200k G S5 R, UrEG S i in s e
S 4:1 ¥ Nb FSi Je g, PRI EA 4 d st A IR ST s A 1, o] LA R0 sk 810 ) 2
PEfig. ik, ASCRABOGHERA, fEHAEE TRNHMERN TALS (RESRMmH & T
HA AR NbsSi F 51 Ti-Fe G882, REWIIT T NbSi X Ti-Fei GaR/ZH 5%
RE IR 5 ) FIAEE

1 SEEMRLS 5k
ERUE A 30mmx20mmx 10mm (1) TA1S EK6 G b SRRk, LRI 4120 i S5k
o-Ti 5 A AU HIB-Ti Préf . EBUREAIRL KT 99.9%. KifEh 200 HI Ti Fe.
Nb M1 Si By WIEE AR E IR 1 PRI Lo vk B AR, SR 5 Rk AR $ L AR
K FHERBEHLEAT K I R3S
T BEMELE RS (at. %)

Tab.1 Chemical composition of the laser cald powder (at. %)

Sample number Ti Fe Nb Si
1 70.5 29.5 - -
2 70.15 27.35 2 0.5
3 69.79 25.21 4 1
4 69.09 20.19 8 2
5 68.39 16.61 12 3
6 67.68 12.32 16 4

¥R BEZ 0 1.0mm (15K K TUE T Ti A 4K E@ARY T, KH SkW i CO,
BOCR AT RIEBOSE . WA T ESE0: BotI%E 3.3kW, JLBEEA 4mm, FH#H
 6.0mm/s.

K XRD6000 %Y X BHEHTHAY . TSM-5600LV ZU 49l 155 F1 EPMA-1600 74 i 454}
MGG AR O ZUESAN oy 54T 43 M A DMH-2LS 248 4l 5 v H ke 2
(PRARRERE, i 28T 25gf, INZRITR) 15s, WROGKE 7 )2 Rk th 2% & B AERE 0.10mm U
R, FSIRR =K, BOLEASFAME; R MTS-Nano Indenter XP 242K J SRR A5 42 1)
gRPERL R, MR R PR, HNREE S 1000nm; BE R 5200 2 4 CETR UMT-2 J%
FARIHL BT, SRAEREAE SR . BB AR Smm ORI EER, il 06
IEERES . BTN 2 4 SN, BEHLNTE] A 30min.
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B 1 0K Ting sFen s & SR XN LEATHT
Fig. 1 X-ray diffraction pattern of the Ti;ysFe,q 5 alloy coating.
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AR5 ] 8 A AT AR DX, S804 45 X A A A1t ) AR TR AR AT T AR R, T
RS AL ]Sl 111 0 B 4T i = R =it b7 <9 i P 5N =3 W e A e | B )
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FERE RO BEAG,  BE i 2R A S Wb 2 KB, TR R A S E K IIB-Ti 4144 A
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Kl 2 WOCHEHE TivsFeso s & SR 2 BT W ZH R TES
(a) RIHJZE (b) LRI (o) WRIEZ (d) G5E1X (o) REBMIX (f) ik
Fig. 2 Cross-sectional SEM micrographs of the TissFeq 5 alloy coating.
(a) surface (b) eutectic (c) subsurface (d) interface (e) heat-affected zone (f) substrate
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NbsSi 5 EIRJZ AL, A28 TiFe AHMIECE A TG ;24 NbaSi B INEE 42 1.0 at.%H,
B FIR PRI AR AL, I8 R BT B-NbsSis #iAH I E i, HBEAT NbaSi &8 i 390, B-NbsSis
A TiFe AHMARIE 2, B-Ti MHIIEE Ik 1 Nb,Si S I 4k 438 42 2.0at.% LA » B-NbsSis
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i S AR S O 1) L R, AT 3L i A A TiFe R Z . SR1T, 4 NbySi
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nm) =T Ti ¥ Glodschidmt }+4% (0.146 nm) , Nb EA Ti 1S 8URR &Lk KA,
115 XAKILAE FLAT S B4 ' B A NbaSi 95 5 [ 34 0 g 228 8 a0 AA X AW A%, i s i 50 1K 1
KEAaH (K 2)

o o B—(Ti,Nb) eTiFe % Nb Si, Nb,Si=0 at%
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B 3 IS INAN ] Nb,Si & B iR 2 1) X Gl o P i
Fig. 3 X-ray diffraction patterns of the TiFe alloy coatings with different Nb,Si additions.
120

2 B-(TiNb) 9 fA % e KB Nb,Si A& (K226 R
Tab.2 Influence of Nb,Si addition on lattice constant of the B- (TiNb) solid solution.

Nb,Si 73 & (at.%) 0 0.5 1.0 2.0 3.0 4.0
BEFE T EC (nm) 0.31822 0.31936 0.31942 0.31950 0.31953 0.31967

Bl 4 TR RIS INAS R NbaSi & 5 SR Z ) SEM JES . AT WL, S ISR NbaSi 77

125 BERESREVRFEE WAL R TESURFE. SR, BT 52 B-NbsSis #7 Hiot & S A4 pe sy

FERRL A RAM G FH 52 0, LA Nb A E 0 2 FEAE, BUEBR-(TIND) BHE W B NbaSi

VN IR PR3 IR T AR A, O W) I SR D S S I AR A A, BIFE NbaST IR INEE A

2.0at. %, B-(TiNb) FAA] & ek 5 /b, 1M B-(TiNb)+TiFe 3 bl 41 23550 5 AR fb & 5 UIAH

S, AETRINE: 2.0at. % e, X5 _EiR XRD 20045 B30 .t T-B-NbsSis 1%k

130 R, fAE SEM IRHL IR B N AELL A HE, (HE 6 Nb. Si PR OCE 3T T

GrorHT, IS IR RO BT IR PR R, R RARIAE F KT B-NbsSiz 32245341 T-B-(TiNb) H4

BTt L (LS, X R AREIE ] B85 2 4R 1) Nb MB-NbsSis T i, i 55 Ti JE R
B-(TiNb) [l A K.
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135 Bl 4 RINANTE] Nb,ySi 7 5A v 2 LR SEM B
Fig. 4 SEM micrographs of the TiFe alloy coatings with different Nb,Si additions.
(a) 0.0 at.% Ni4Si; (b) 0.5 at. % NigSi; (c) 1.0 at. % NiySi;
(d) 2.0 at. % NiySi; (e) 3.0 at. % NisSi; () 4.0 at. % NigSi
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B 5 SRR E U i BAUGER T A
() WHUNE (b) Nb JCER A () Si JLER I
Fig. 5 BSE photograph and element area distribution.
(a) BSE photograph; (b) Nb element; (c) Si element
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160 Fig.6 Cross-section hardness curves of the TiFe alloy coatings with different Nb,Si additions.
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Fig. 7 The influence of Nb,Si content on elastic modulus of the Ti-Fe alloy coatings.
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Fig. 8 Friction coefficient of the TiFe alloy coatings with different Nb,Si additions.
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Fig. 9 Wear volume of the TiFe alloy coatings with different Nb,Si additions.
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K 10 4[] Nb,Si %53 TiFeNbSi & 4xidt 2 BE 451 2 T30
Fig. 10 Worn micrographs of the TiFe alloy coatings with different Nb,Si additions.
(a) 0.0 at.% NisSi; (b) 0.5 at. % NisSi; (c) 1.0 at. % NigSi;
(d) 2.0 at. % NiSi; (e) 3.0 at. % NiySi; (f) 4.0 at. % NisSi
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