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Abstract

CoFeNi high-entropy alloys (heas) were prepared using a mechanical alloying method combined
with discharge plasma hot-press sintering technology. Three different concentrations of aqua
regia diluted with anhydrous ethanol were employed as etching agents. The effects of etching time
on the microstructure of the CoFeNi heas were investigated. The microstructural morphology of
the CoFeNi heas treated with different etching methods was analyzed using X-ray diffraction and
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scanning electron microscopy. Results indicate that for CoFeNi, CoFeNiAlo.s, CoFeNiAlo.5Cro.5, and
CoFeNiAlo.sCrosSios alloys, the phase composition transitions from FCC to FCC + BCC, with the BCC
phase gradually increasing in content until it becomes the dominant phase. To obtain the clearest mi-
crostructure of the high-entropy alloys, the optimal etching conditions were determined as follows:
CoFeNi alloy requires 5~10 s etching in Etchant#3 solution; CoFeNiAlo.s alloy requires 10~20 s
etching in Etchant#2 solution; CoFeNiAlosCros requires 10~20 s etching in Etchant#2 solution;
CoFeNiAlo.sCro.5Sios alloy requires 10~20 s etching in Etchant#1 solution.
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1. 51§

1995 AEM IR AR AL T Greer (1) “IRELIEHL” MR L kit T “mBE ST MO S
[1]. &6 4(High-Entropy Alloys, HEAS)IEH /& B 5 Fhak bl e =M 2 Eo i s fE ka4, H&
TCE RT3 40h 5~35 at.% [2]. mlE G &M AEE—BOKT 161 R, TE TEREEME (k& 4.
RE ) A R . A5 BE R BT 45 B R IE LU A = 8 6 2 (RIS B S 8O0 AR AR RN L IR T K
AN ) = § A e o EW ey 0 Vvt = o 7 =4 0 LW 7D VA e o = - = L AN = T 28 e
A PUEA A R RS [3]. IERAN, E A SR TSRS SRR S, AR B
B NG PERE 8 G IR T & SR AR UL TRt 707 1) G e 4 )8 7o 3 4 1) CoFeNi &
S G e U TN C AT (FCO)AH Rl & 4, FE il s M am e . R PR o S5l A 858 1 pe il 57
A8 FL AN LR SR BT A% RN HE AL e B} B e TR Tl 2 55 U R I T 8 TR R 4] o

AR, @A SRR, BRA A, EREHE T BA RSN, (AIERE,
R % it FEg b4 77 T PRI 08 T 25 ko TEEOA T JE— 3D PR 25 o Do e i 5 6 R AU 4RFE ) ke
DT THIIRZA, BLLL CoFeNi Z i & S NI 0 3244, 308 Ik o) JE8 bR 7K A< R % g e o T (P A s 1 42 SR ik
FEH M.

] CoFeNi R & &k &5 AlL Cr. Si fll Cu & e & 7] LA & & MIROW AL ZU5]-[7], &2
A SRR H 1o 183 A 25 5 Tl I 52 40 Mt A URE SROW 2 SRR 2 B 17 0 B3 AR /7 ¥ - CoFeNi
R E S MABOT R IR T BT, ARG — RO T O S 77 25 M B0 AL TT + ARG ST
(BCC). AFIMHil# T2 Bisr Z A Z RS =i & & M YAH S MAAEZE R o DEAUL R R =i &
G AR 1 73 W 25 5y 52 J bR A0 5 ik 7 v (R B2

AW B AR R G0 8 1) /K (HNOS/HC TV ) R P o P 5 JE8 Tl 2%, 4R 78 HXt CoFeNi
R A S AL R i SR . AR, feis R B 5 TEAERE WL, RS ST
FAEALTE I 22 b 5

2. SERRMRIAIR TS %

Al. Cr I Si JCE B i & e A AL AR 1, TS BRI A2 il T2 A, B
TN 1 AR IS R 3 B i 5 <. SRB R TP E0kiAe T 15 um e @ fr R (AlL Co. Cr. Fe. Ni.
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Si, 4l >99.9%, FIEEE)ENEER, &R 1 PRSI . YU A &1t fE e 47 2 Uk
BENL(F-PA00E) Hidb 4T, SRR R ANEEANHT 2 (1 BEER , BRBHFR B HL N 5:1. AR L& B KAk, 7EmaiaE
STEME RS N THI G &4t . 7E 350 rpm (A%, TBE 20 h JG4k4LiR B 4h, RAEKE 60 min, &
15 10 min fy A e ek B 07 2 AES i 42 J@ Ry IR o SR 323 T 48 (DZF-6050 AV K HL I & & AL IR AR AE
70°C FHEF 1 he

Table 1. Composition ratios for high-entropy alloys

® 1 SEEEmSELL

Mo L : i

Fe Co Ni Al Cr Si
CoFeNi 6.44 6.78 6.78 20.00
CoFeNiAlos 5.97 6.29 6.29 1.44 20.00
CoFeNiAlosCros 5.25 5.53 5.53 1.26 2.44 20.00
CoFeNiAlosCrosSios 4.92 5.19 5.19 1.19 2.29 1.23 20.00

A SR AR B, RS8R B4 1 (SPS-20T-10)H HE T e st . Best T2 S HUNTHRE R
100°C/min, KELEIRE N 1000°C, HhF[E 77 40 MPa, fRIGET[E] 8 min, EZAE/NT 5x 103 Pa, 4558
JEAHIZE 200°C J5 A, $RAFEAR(D) 20 mm. JEE 8 mm KSR &SRR RE.

2 WAIZE ARG SCHER A, R A 4 R A RS IR PR R B SR T ] . AR IRIAE BRT AN,
CoFeNi Z i i e i & 48 I i 7909 £ /K (HCI:HNOs = 3:1), {H S P72 75 75 BRmRe, 8 s Ay g
o DA S s T 545 B IR Ko N TR & B S 2 B T 8%, KR R N s 5% 2
S5 ORI R S A S B MA SR T2 %A, AR LK BRI T K
(HNO3:HCI:CoHsOH)/E M Zl i1, #F 78 H5t CoFeNi & i & & B A SR RAM o K =Rk BE (AR £k
W A 44 4 Etchant#1 (A7 LE 1:3:4). Etchant#2 (1:3:8) A1 Etchant#3 (1:3:12). #¥0% )5 &4 kE 2 52
NZIhF e, B8 =Nl ] JE ] : 55~10s. 105~20s. 20s~30s. J& i oe Bl 5 B A 25 B T /K bk,
TR CEEMK, B E AR T&H .

Table 2. Composition of high-entropy alloys, corrosive agents, and corrosion duration mentioned in the literature

2. XEPRENSHESEMT . BT S E metE

75 TCE ST el JE& sk i)
1 AlxCoCrCuFeN:i [8] FIK(HNOs:HCI = 1:3) —
2 AlCoFeNiTios [9] 50% C.HsOH + 50% F 7K —
3 AlFeCuCoCr [10] FK —
4 CuCoCrNiFe [10] Tk —
5 AlFeCuCoNiCr [10] Tk —
6 AlFeCoCrNi [10] EK —
7 AlFeCuNiCrV [10] K —
8 AlFeCuCoNiCITiV [10] EK —
9 FeNiCrAl %[11] FK 5s
10 AlCrFeNi £[12] FK 8s
11 CoCrFeMnNi [6] 50% H20 + 50% 7K —

E: =" RS ITIR AR K ki 1A
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KH X S AT 9 (X-ray diffraction, XRD) 73 #r =i i & & 4040, #EAF 4 Cu, &L 40kV, &R 40
mA, FTER 10°~90°, $K 0.02°. KA FAHi#E 7 B MBi(Scanning Electron Microscope, SEM)WL %2 & fk
MRS, B & AEik 1 (Energy-Dispersive X-ray Spectroscopy, EDS)IHEAT M X .50 737 «

3. SRR
3.1. CoFeNi REEA £/

15 CoFeNi &5 441 XRD K1, HoriiCor 5 S AH (FCC) 1% 1 PDF#04-0850(Ni)F i itk4T
bRy, RO S5 HH(BCC)F4 R PDF#06-0694 (Cr)-K Fbrid. M 1 a4, 4 SPS 4G, HlRakaan
faj A [E VAR . b CoFeNi mifi& 4y FCC #; BE%E Al. Cr A1 Si JuRMIHE I, CoFeNiAlys Al

CoFeNiAlgsCros PRl &4 FCC AHAT I A58 IR W%y, BCC AHATSTIG H B HLaZ @it as, N FCC +
BCC X{H; CoFeNiAlysCrosSios =i &4 Lk BCC AFAH.

v FCC
& & BCC
. . v, £
CoFeNiAl sCr, 5Si, A 2
v,
. v
CoFeNiAl, ;Cr, s * v &
A S DA
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CoFeNiAl, s
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Figure 1. XRD pattern of CoFeNi heas
[ 1. CoFeNi RSt & €H XRD Ei%

3.2. CoFeNi AEHE& &N ERELR

81 Etchant#1~#3 ZI1i7), 43 5% PR o 0 i & AT A A Z0 0k, Z ik s TR)5E L 43 0k 5
$~10 s, 10 s~20 s, 20 s~30 s. & 2 & CoFeNiAlosCros & & fEANEZITh 44 T BB . w4
CoFeNiAlosCros &4 Etchant#1 1 Etchant#2 A ZITH 20 s~30 s MR RZHE, HE0d B2k 7
Etchant#2 1 Etchant#3 ¥ H %1k 5 s~10 s (M RARZHE, AW 2 ik 0 B 21y 22 T 155
T, TR ETEM AL, EE ST AR Etchant#l ¥ %11k 5 s~10 s, Etchant#2 ¥
Z\lt 10 s~20 s F Etchant#3 i H %11k 20 s~30 s A 4 o 2 2450 BRIB I -

S GEZM T 25, CoFeNi &G 41 RIMAHZIM EDS 7t 4h Ranls 3 . nf LLWEER],
R EENETFESS A XA HZETIL, WL R G &S0, B B,
CoFeNi & HA ¥ —, LIRS M. CoFeNiAlps. CoFeNiAlysCros A1 CoFeNiAlysCrosSios 12 &
FRASE )R AZH LR, it EDS 045 Rl 0, KIIJE X 9'E Fe-Co-Cr A, JEMIXIHAE Al-Ni AH,
MAE Fi & 4, FCC AHIE t BCC AHI B kIt B4, mT AHEWT Hi & Fe-Co-Cr AHIWIT & i [X y FCC #H,
B ANi HEIMFE X388 BCC M, X545 XRD Kt £ILHILE 5. #£ CoFeNiAlysCrosSios & 421
EDS /g i, KIFE SR FEH W Cr R AR EeE T2 RS EE, WRAET Croox ik
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B, EHOX ISR Cr JuER I sl TAHBZ & SRR (1857°C), § iR EuRL, A&
HREAG, UL S SRR 1 Cr i Z IR G e WIF HLERE 2UHTAR R, fER4s )5 &L Cr
TLRMEEIG
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Figure 2. SEM images of the microstructure of CoFeNiAlosCros alloy under different etching conditions
2. CoFeNiAlosCros & & EARZI & T B BB LR SEM B

CoFeNi(Etchant#3, 5s~10s)

CoFeNiAlj s (Etchant#2, 10s~20s)

Elements e ¥ Elements

Fe 31.12

Co 37.28

Ni 31.60

sCry 5 (Etchant#2, 10s~20s) CoFeNiAlj sCr 58iy 5 (Etchant#1, 10s~20s)
0 5 7
| Elements — Elements A
Al 15.17

Al 1104 3021
Cr 545 275 |
Fo 1433 691
Co 4074 2296
Ni 2844 3718

Si 568 1220
Cr 78.64 495
Fe 523 2239
Co 6.34 2228
Ni 4.11  23.00

Figure 3. SEM image and EDS analysis of CoFeNi Heas
[ 3. CoFeNi RS & €HY SEM [EfRF1 EDS 534

M CoFeNi. CoFeNiAlgs. CoFeNiAlgsCros 1 CoFeNiAlosCrosSios, &4 B4 M ECC #HiZ% 57 ECC
+BCC FIHA% ., [FIS Al. Cr I Si JLZE SN CoFeNi 22 &4 MM RIS MERE, PRI A T 345150 16 51
ARG, Z0hF)rh E KRS B in, B s ) 2
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4, gEip

K MA + SPS # R #Hi| 4% CoFeNi. CoFeNiAlys. CoFeNiAlysCros Al CoFeNiAlysCrosSios. T
FKXF CoFeNi & Bl & 4 S S B ki SR . 73 Wi 4518

(1) CoFeNi =& 4N FCC #l; CoFeNiAlgs 1 CoFeNiAlosCros i & 4= FCC MIfiT 5 16 15 5 iR
R/, BCC AT ST B FLIZW 4 3%, Jy FCC+BCC XWAH; CoFeNiAlgsCrosSios &4 L BCC AT

(2) ARSI TR A HH: BCC + FCC & iymii a4, Al &L EHLEF Cr0s iy
>, Cutme sl BT, o AR .

(3) Al. Cr flI Si JuH 2 CoFeNi H &4 1 R SR BRI ph itk RE, v 1 REUH IR EHL,
TR A 5] () = 08 G S B IR RS A S AR B T2

E&MHE

LR RS A QLT O A RIS E  BRES TS0 Bl 4 U A SR 7 . SR %5
202511430145,
P
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