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Structural Evolution and Mechanical Properties of FeCoNiAlTi HEA

Coatings Fabricated by Plasma Surfacing
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(a. School of Mechanical Engineering and Automation, b. School of Materials and Metallurgy,

University of Science and Technology Liaoning, Anshan 114051, China)

Abstract; In order to deeply study the influence of the surfacing current on the microstructure and mechanical properties of FeCoNiAITi high -
entropy alloy coatings in the plasma surfacing process parameters, five different surfacing currents (140, 160, 180, 200, 220 A) were used
for coating preparation, and the microstructure, hardness, wear resistance and tensile properties of the coatings were evaluated by XRD, OM,
SEM, micro-Vickers hardness tester, profilometer, friction wear tester and universal testing machine, respectively. Results showed that the po-
rosity and elemental segregation of the coating were significantly improved with the increase of the surfacing current, but there was no significant
effect on the coating phase composition. The coating mainly consisted of the typical FCC solid solution phase and Co,Ti precipitation phase.
When the surfacing current was 180 A, the surface microhardness of the obtained T3 coating was up to 322.77 HV,, which was about twice
that of the substrate. At the same time, the T3 coating showed the best wear resistance, with a maximum wear depth of only 2.144 pm, an av-
erage friction coefficient of 0.362 and the lowest wear rate of 3.83x10™° mm’/(N + m). In addition, the tensile strength and elongation of the
T3 coating were 948 MPa and 26.61%, respectively, showing excellent strength and toughness.
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Table 1 Chemical composition of 304 stainless steel

-lement C Mn E S Si
w/ % =0.080 =2.000 <=0.045 <=0.030 <1.000

Element Cr Ni N Fe
w/ % 17.500~19.500 8.000~10.500  =0.100 Bal.
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Table 2 Parameters of plasma surfacing technique current
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Fig. 2 Schematic diagram of plasma surfacing process

1.2 JA5 b
HERRGE R 5 TR R R R AR | 5 P ZE U130
IR ZER S 15 mmx 15 mmx5 mm , B 57 E) 6 1)
AR T K £l A R S s vE LR T Uk, o
B 320600 .1 000 .1 500 .2 000 H#SACXHE Ve 19 ik
#ﬂf 747 B JF 4 0%, f# B F /K (HCL, HNO, {4 FH
1) XFERESEA T b S DR [E) SR 20 ~ 30 s, JE S )
ﬁtﬁ*’@ﬁﬁ Axio Scope. A1 Jt5 i i Bi (OM ) Hl Sigma 500
FAHE T 5 GO (SEM) I WL 3 T 11 1 700 20 21 4%
4, I8 SEM B4 P RE IS (EDS) #fi 2 IR 20 &= &
i, [HH D8 Advance % X 5247 14X ( XRD ) oK %4 3¢
BRI, FAHE 20 KV H I 5 mA = A E
20° ~100° I [A] 2 min, DA PIEI RSN 3 fr
o AT EESR IR AL 7 A N A TR 3 R e ik 56 44
B VB G A B B A R AR AT AT R B R

ey

Matervials Protectlion

ST BRI T B
e

120,

R3.5

&3 Hr A R
Fig. 3 Dimensions of tensile specimen

{diFH HV - 1000 75 5 ok 4k FC A B 31 v )2 38 T DL &
HETALAE B A TI0RE  N AR 200 ¢ AR E] 10 s, B IR
JZFTBEPLIN & 10 D a5, 25 B H b i KAE A e/ ME,
SR G SR BHEAE iR 2 2R TR BE 4% AT A TR 2
FEI T GBS, (A BE o 0.15 mm B2 324K, &1
I A E g T 3 i B PECRIEPR IR 2,
K MS -T300 7Y B4 32 56 AL A V28 458 5 4 1 56, 268 Ay
775 N 3% 300 rad/min JEEERE 4 mm 6] E] 60
min, K H] Si;N, *JTFXTJ%F*}*VE%FE@HU PRI A 5 R
H] Alpha -step #4515 B {300 s 301 2 o i AT — 4k 3R AL,
TR HER AR, ﬁﬁﬁ ETM105D J3 A2 56 1L X 37 i
AT = R P AIRE , IF T Sigma 500 1R+ 2
U W 14T oA, 0 e LR 2O X
2 HFRkSihe
2.1 EYH

&l 4 & FeCoNiAlTi = & & 1R 21 XRD 3%, H
Kl 4a 7] W25 FeCoNiAITI E &4 LAY 1Y) FCC A
LI Co, Ti #7 i AHZH i ( PDF#03 - 065 - 7000 ) , 1EA [
L HEAR A AL S b, B FCC AE I SoRL B AR ] AT
VIMLEZ R T1~ T3 A (111) A7 5 5 32 3C = 1 (200)
FT 0 | H (200 ) 177 504 ARy 5im 58 Bt FH I8 356 o132 i 184558
MHER L IS E] 200 A B, T4 162 (200) 17 5 065 B fix
ZOT (111) fi g AR T S A 4 R BRI 2
A FE RO ), B B 7R S5 B T HEAR T 2w L,
J2 FH T R ] TV UURR o) g R B B A K P s
R B 4b ATLIE T T2 T3 W20 (111) fiihfig
FHEET T4 T5 [ ZE 4 T wke , Wi ZE R840 0 2 T
AT RS R T B, 1T RS S B G i a] U R ? FCC
F A b R AR R ) AL IR T R B [ 2
7% 3 4 FeCoNiAITi mf A4 nE 2%, ik 3 v,
T Al JGER S 5 SR TR 3G, eI L g ok




R4

T4 TS5 IRJEH Al JTTRIE LA =BG, (515 g 5 B R &

¢ —FCC = % ) = 8
»—CoTi T v % )
Y v
l A b * o
TS ||
T4 Ji.. _)IL -
T3
T2 jt - -
T1 A

| Ccr};[‘i PDF#03-065-7000
H 5 = N | 4

.I FC;C PDF#Qﬁ-QI'[}l-B{)BS
1 1 | | 1 | " |
20 30 40 50 60 70 80 90 100
2011 = )
(a) XRDi¥

F58% « B4 - 20254 A w

AR B2 BT (1) iR A

- TS

- e T1

42.0 42.5 430 43.5 +4.0 44.5 45.0
20/(° )

(b) 42°~45° AbHK

14 FeCoNiAlTi fihii & & R)ZHI XRD i
Fig. 4 XRD patterns of FeCoNiAITi HEA coatings

&3 FeCoNiAITi BHEESETESH
Table 3 Parameters of FeCoNiAlTi HEA elements

Elements Fe Co Ni Al Ti
Melting point/“C 1535 1500 1453 660 1 660
Atomic radius/nm 1.241 0.125 1.246 1.432 0.146
Vaporization heat/(kJ-mol™') 349.9 376.5 3745 283.8 421.0
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Fig. 5 Surface structure and morphology of coatings
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Fig. 18 Friction coefficient curves and average friction coefficient of the coatings

K 19 SR & B A0 A5 1Y) 1 J2 P IR 16 T 52 BT — 4 TP
S, Al DA BAE B IR Wi 2 A A7 A BH B R, X &
T EE 2 ot i 2 H Si, N, A B O X S BK (2 500 ~2 800

8

o= r2 RN N
T

Depth/um

Lateral position/mm

119 TRz B R A e o — AR TP 5
Fig. 19 2D morphology of wear track profile of coating

HV,,) 5ER)Z 088 RE A 25 KK, FF 01 iR )= 28 1 77 A
F, SEUBIR M GAL =4 T BB AR | X 58 B
PR R R PR

&1 20 AR 2 BEUE 1Y BEIR R E | T R RN B 5 R AR
AR, Al RS R RIS TG BT, 78
PR HE T IS O s 01 2R A vy, LS IR TR B A IR B i
R, T U2 IR IR oK 7.344 wm , 1117 25 HL 3 ) T
160 A B, T3 ~T5 ¥R JZ R R BE A 9 BE Y445 2 1 8 5. 19
TR, T3 IR Z M BIR R f/N, UR 2.144 pm, T3 IR
JZ T S 611 BE 26 B B Ak, BRI R 3.83x107°
mm>/(N - m), IR B TS B2, BEH KN 8.16x107°
mm’/(N - m) , T BB PERER R ER N T1 )2, H
BEHER N 3.44%107° mm*/(N - m) , 8 T3 EEH 9
o T3 WREFR A T fomr, B0 0968 B BE 08 1R 4 s 1]
BT W) e, B AR B R E L T,




R4

T1 T2 &2 A8 B 45 i (E T B AR 3 T i H i 22
] e R R 55 B 7 e AR o i B AR B 14 )2 N BB AL
Rt s = (A= 3 S =Y P 8 R B WA /G LS SRR G B

JZ BT B 1 BE = A AN A2 Y
08 8 ’ 4.0
0.7} 7‘ %§ EEE%EEEE:E 3.5 -’-";‘
E 06 867NN _ e e 30 -
- N N R z
§ 05 asT A\ \ \ 125 .
:; {].4-;';4- \\ § § 2_[}?5
§ &2-&:&- §§§ ] §§5222§§5 41.0 E
01F 1} § % / 4}.55
o 0 Ak \ 0
Tl T2 T3 T4 T5

K 20 G2 E IR R R R 45 R

Fig. 20 Wear track depth, width and wear rate of the coatings

N TR )ZE B AL EE, A 43 i e
(SEM) X )= BE IR R IR AT AL, A&l 21 J BEIR Ak
U 72T I V@217 =« S s i I 10 O -9 L SR A 3

Sheewarpage)

|

Sheeywarpage;

(a) T1

(b) T2

(d) T4

#58% + B44 - 20254 A 5

RAE T R R EAEAH RN MIKE, HH
BT HAHEEER, T3 IRZENEBIE S EH BB IREK
K, FEEUE T3 R 2 G B R, BEUS AT AR5 Hb R A X
BEIRENBETE, M2 T, T4.T5 IREKRZ,
T1 0 T2 I )2 B9 BE 3 2 1 4 i 2045 5 0 7™ . H S IR 48
o, R F AR 2R 4% 2, DA S 3ok ™ 2 1) s A
FIVEIGE 1 T3, T4 TS5 ¥R J= B R Ab 1) 583 S H ) v 458
> XK T IRIZERAE T T RE B, It HE1 B
R —LEE 7 fIBLY X AR R R bR
55 I RIEF, 7R b R v, X S BR AR E 2 B TR L
ot & A R D W v I B R S R T, i — PR T IR
JZ W EE R 2R 80, NI N 1 B s 6 | 5 508 4 R B
—E IR, 25 R, n] DASERT S T1 T2 1% )2 £ E W)
PERAHLE O Bh & S 0 N - B R S 0, T
HESREYE T, T3 . T4 . T5 1% 2 i HL i A L s 461 o
PEE R E AR, HI, 5 AR T RE
BEPERE T3>T4>TS>T2>TI

/

Eurrows

/

/
Sheetiwarpage

(¢) T3

(e)T5

&l 21 TRIEEERER T SEM B3
Fig. 21  Worn surface SEM morphology of coatings

2.6 IRIZDrfpERE

WE 22 AERIAE T R )E 00 T RER 77 - 2 il
RN TR AR 2, hr gl WLk 6., Wi &l 22a A] L)
RIRBEE R e, R 20 TR N A1 2T, £
B P PR] R AP A i, i 25 1T IR JZ2 P i ST AE A
AP AT , IE 1 Al AR N 1 EE v Ji A A A 25 T e A
s, N 20 1T 2B PRI REAR . 3R 6 Al N, TS IR )2

SR R IR I RIA R T 33.70 %, {H )& Hopi fi s
JEE et i i SR BRI, 43 99 o~ 778 MPa Hl 414 MPa;
Im Tl *F%F‘ *ﬂ]ﬁ%i &J’rFfEH’é‘?{M 3.07%, %7@&

E’JJ?HEE‘&%E%J 883 MPa, ] ;H%ﬁﬁuﬁﬁ’JJEHT B T H
AR AL BT 5 e, TE LA 258 5 77 AR i 1 2R
TR IZ B B o0 DL i 25 a h AR PR RE , Tt il 5 2 A

'.H




w Vol.58 No.4 Apr. 2025

UL 9R B 4> 9 N 594 MPa Fil 948 MPa, fii K& K K
26.61 %, B B a4 e A A

A1 1 22b AT LLE H T2 ~ TS 0 T A5 Ak 5 26 PRAS 4%
M ULPA TR ETE PR W AT T TR 2 W14 2
TP T BZ R TAEAL 26 L — &R LR,
BARMH I TAEEEL S, L 3R(E T2>T3>T4>T5>
T1, 1R 2 WAL $5 B0 s |, R I 7E S PE AR P 1o i rp R
32 vl VA R e B | L A P R A AE 8 AR TR H R A

fURe s, (AR ISR R ) e etk o< i 7, T2 IR )2
1200
T4
1000_ %—/
g TS
2 800 | L
O
: ol
=
e
5 400 F
a8
200

15
Engineering strain/%

(a) TR Sy-R72E 2%
& 22

Fig. 22 Engineering stress-strain curves and work hardening rate curves of the coatings
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Table 6 Tensile performance data of the coatings
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