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Response of Microstructure and Mechanical Property of High Velocity
Wire Arc Sprayed FeNiCrBSiNbW Amorphous Coating to
Annealing Temperature

LIN Jinran
( College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract: Fe-based amorphous coating is widely used due to its cost-effective and good corrosion resistance, but its high temperature
performance is affected by the variation of the microstructure. In order to investigate the response of microstructure and mechanical
property of Fe-based amorphous coating to annealing temperature, FeNiCrBSiNbW amorphous coatings are prepared by high velocity
wire arc spraying, and then three coatings with different microstructures are obtained by annealing treatment at different temperatures.
Microstructure and mechanical property of the as-sprayed and annealed FeNiCrBSiNbW coatings are characterized by means of XRD,
SEM, EDS, DSC, electronic universal testing machine, microhardness tester and nanoidenter. The results show that the crystallization
process of amorphous phase in FeNiCrBSiNbW coating includes primary crystallization and eutecticum crystallization. With increasing
annealing temperature, the FeNiCrBSiNbW coatings show reductions in amorphous content, porosity, bond strength and fracture
toughness, and increase in hardness and elasticity modulus. The research result has a guiding significance to regulate the
microstructure and mechanical property of arc-sprayed Fe-based amorphous coating.
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Fig. 3 SEM images of as-sprayed and annealed FeNiCrBSiNbW coatings

4 JEmE %A &R IR E AL B
FeNiCrBSiNbW i 2 3E i AH & it FFL B % . i &l
AL, BRI Z AR A S N 87. 0%, &0t
500 °C 1 600 °C #ab 3 5 1 2 Ak Skl & & 2
4 66.9%F128. 4% , Fifi %5 FAAb B BE T TR
JZ AR B A S W D, 2 AR A B R O
500 C 7+ 3] 600 C R, U 2 Ak & & & 2R
ik, 454 DSC 453 #r , iX 7T fE A2 K2 600 C 1Y
Phoub IR R T HE AT AR R R (545 C)
A AR AR 25 TR 2 65 1 3 Be AT F R DA PR R
KA AR, K 4 R AT LIE 1 BER ASR
JZHIFLB RN 1. 8% , Bl & AL B B T+, IR 2
FLB 5 5 B W ek /N 19 # #A, 40d 500 °C A
600 °C #Ab B J5 v 2 1 FLBUR 43 51 1. 61%
1.46% , X% T 78 A B o A2 o i )2 R 2
SEZ MR m A S ARSI IREW
WA R REE M Z ] T R R A H, W E P RUMML
T Je 2480 A, T8 0 HE 35 508 1 45 4, AT % I
TWwZMILER

100 3.0
o 904 _ 3 Amorphous volume fraction
< gl ©Z2 Porosity L2s
S
5 70
g k2.0
< 60 I ! S
5 50 % ] | Lis g
[ 3
> 40 %/ 5
3 F1.0
= 30
=
=} 4
g 20 Lo.5
< 101

0 0.0

As-sprayed 500 600

Temperature / 'C

E 4 ARREREHALTE FeNiCrBSINDW 142 Y
AF S AR B A LB R
Fig. 4 Amorphous phase content and porosity of as-sprayed
and annealed FeNiCrBSiNbW coatings

DSC 5 XRD 4 Hr4s 35K W] FeNiCrBSiNbW
WRTER &L BPIE R TAERAE, — 2l T
FeNiCrBSiNbW 2 &4 HA = 1R B BE ), X &
A FRARIE B P R 5 55— T, BRI ROk, FE MR
TR Ve FE R 2l 10° K/s ) S AR S A T2
BHRAE T MRS

FeNiCrBSiNbW &-4x 19 15 A ff B BURE 7 AT LA
SER BRI E RS T2 AT b IR R B
¥4 2507 1 23 B, INOUE . MOLOKANOV Z116:22) 31
B AR SR RE 7 K TE B Y WAH X B A 4
FEATHM R F AR EE/ T 12%, KWJEF
AR 2 ol ()P B8 5% TC e HE B iX R 4 Al AT
DARG R/ L e, (0 0 v W AR XY & 4 3 B 1
K, DI BEAS S5 8 F AR 1, 400 ] A A4 AR R TR A%
KK, Bl 5 J& FeNiCrBSINDW & 414 2 19 B T2 42
BWEZ ARG R ML, o — g BAE ST R Fe
4 S A Ak 06 L A 1 phb T o R it R, 3
HHAD Fe AR M A &AM ERES [ A i
s Bt A e A &M EA R T LLUEI, BA
e AR SRR BLRE 1 1B A AR R AT [l B R
P2 PR FEEAVNE RN ITTER, W]
LLFE ), FeNiCrBSINDW S &K R A& T K /=
FR TR TR, R TR LR TR R 1
2, X FPOCRE AT LIJE B POON 2624 42 H T M-
S-L AR A 4 1B 42454 , Hirp M( majority atom )
RFEPER/NG Fe JEF,S(small atom ) {3
E/ICE B 5T, L(large atom ) fUZR K AYMERE 4 /8
JGE Nb W, TER B BRI v MR 9 K i+
Nb W H A & B R 55, /N 28 4 ) D )2 o s
HAsBAL s R/NR AR ZU A AR, IS
Fe JRT I BB 2R L5 48 5P 45 40 A TV )l — 7 ThT 2>l
JE - (4B iR A ) 3 % 7 A5 TR M | [ AP I 11



192 2 B X W L B

2021 4%

Concentration / wt. %

1 1 1 1 1 1 1 1 1
0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.16 0.17
Atomic radium / nm

K5 FeNiCrBSINDW Al i & & B S IR AR 9 6 R

Fig. 5 Relationship between concentration and atomic radius

in FeNiCrBSiNbW amorphous alloys

A FARERE , 55— 7 T 2 S5 v I R ARG SE T ,
AR S ZE R, BE— 2L ] SR A AZ AR O, T
fe AR T e

MBI 227 R A& R B A8 A
REAS AL/ DU v o A A A A A B B g /s | e
GIEIRAR R, &GRS v WARTE K A 25 S e
i A0 A AR AL (AG) B R AN

AG = AH - TAS

o AH RIS AS JIRARIS , T IR

M AG BIHE AP A, F4InR 20
BABKRMTIR GG AH L) B KIIEA 1 AS,
PR TAE A AL, FeNiCrBSINDW K R £
HICIR R TR A BN 2R T R S IR ALAR
BN T RGERRRAS , AR e AR AT A
AU/ . BN A T A PR RE 2 R A TR
A e AR P T R I FUAZ S R R B2 i
AyEAR, PR A 57 A ph BB 22 T L4 = 3R B
MEE ST, 23 %) T FeNiCrBSiNbW JE & 4K &
MLLTCIE R A PG BTN 554
rh A 20 T ] HLA R B R A B TR TR
BRI BRE S AT Z W HA BRI 5] 1, 4o
Z ] B LR T, B B AR G W ) A B
FeNiCrBSiNbW HE & SRR h &A LT R , 7Eid
AR LA LR 2 Z Rk G Rt AT, o T
T AL B W B S50 45 DR F A V8 R A v 7 22
PEAT I B EE A, E R AR 3 D T Y = %% B HE AL 3
VYRR P AT 1) P A bt B A R D - A R A
T PRIME, T AR S SRR B AR
Ik I e

&1 FeNiCrBSiNbW §&FRETRREFHFE
Table 1 Atomic radius of the elements in FeNiCrBSiNbW alloy system

Element Fe Ni Cr

B Si Nb W
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Table 2 Difference of atomic radius between the components in FeNiCrBSiNbW alloy system

Components of alloy Fe-B Fe-Nb B-Si

B-Ni B-Nb B-W Ni-Nb Si-Nb Si-W

Difference of atomic radius/% 33 13 28

34 43 40 13 20 16
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Table 3 Mixing enthalpy values of atomic pairs

Components of alloy Fe-Cr Fe-B

Fe-Nb Fe-Si Nb-Cr Nb-Si Nb-B

Mixing enthalpy values/(kJ-mol™") -1 -11

-16 -18 -7 -31 -39
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