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Abstract

In order to study the mechanical alloying process of CoFeNi system high entropy alloys, CoFeNi,
CoFeNiAlos and CoFeNiAlsCro5 high entropy alloy powders and lumps were prepared by mechan-
ical ball milling (MA) + hot press plasma sintering (SPS) process at 300 r/min for 40 h. The alloy
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powders and lumps were prepared by X diffraction analyzer (XRD) and scanning electron micro-
scope (SEM). The physical phase and microstructure of CoFeNi alloys were investigated by X dif-
fraction analyzer (XRD), scanning electron microscope (SEM) and other testing methods. The Co-
FeNi alloy was in FCC phase after ball milling for 40 h, and the CoFeNiAlos and CoFeNiAlosCros
were in FCC + few BCC phase. After SPS sintering, the CoFeNi alloy was still in FCC phase, and some
of the FCC phases in CoFeNiAlys and CoFeNiAly5Cro s alloys were transformed into BCC phase. The
content of BCC phase in the alloys is higher than that in the powder alloys.
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Z FIUmE G S R M Y S SR R[], @SS IMa 2 S5E bl B EE TR,
FEFR G F = 7 BUE 5%~35%F Hot R TR A L S5 BE R L& 42 (2]« e (VR & J08 R Ry S 7 B 1)
e RS ME T mlE A5 X T 585 RIFGe, 19566 SER 2 S E A& fE KR
FHHT . AR (0 12 Re AR s R, A1 s i & e ) BRI T A & R IR BT R[3]: HF
A I A RS AR A OB LE = i & S RS AR R HE T RO E BRI [4]: 10 FLAR = i
JEh TR WS BRRTESEVERE, SIS A OO N BREEUE5] . A% Tl [6] RIS iR
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[8] [9] [10]Eki & & R EEMAF TN A 2 —, CoFeNi R A 42 MAY ) FCC AHEA A G4, WA
HPEREIR S [11]. PR HI 46 T2 N & R B AR & )i AN FAKL B A5 4R Ak KB FE T+ CoFeNi & =i & & tERE .
FIC L [12)K ) H A A 145 T ALCOFeNiVos (x = 0~1) i & 4. WFFE R, Al TTEAIIMAT
DASE IR i P AR P, OB AR L FAR AR e . B AL SR IRWIE I, & &g FCC #
A5 BCC AR, 5 b [F] B G 4 P 5 6 58 58 0 A [ 2 B D30 it v S S5 [ 131K FH 3743 HL I FeCONAICT,
(x=0~0.8) Rl &4, WHFLRIM, Cr It Al et Pl BVA AL %4y BCC + FCC XUAH, &4 ki
RAFAR/N, &4 PR s M 1500 MPa 18k 3] 2460 MPa, ZE & 13.56%1% 45 64%. FHI545[14]R%
PR E 432:04 1 AlFeCrCoNi =i & &k fd, S55RET, BRESITRERK, dki PN, et kiR
P20 34 A, BREEF 60 h i, KM ARBURI BRI BRI o ASHF 7EAE CoFeNi Z il & 4 (2L Atk L, 3B Al
CrMtz, R0 CoFeNi REHA SN A SIS FE, NEA &R BRI — 2 w7 8%
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Table 1. Mixing entropy of high entropy alloys (J/mol-K)
#* 1. SRASWREAE (JmolK)

Alloy CoFeNi CoFeNiAlys CoFeNiAlysCrgs

ASmix 1.10R 135R 156 R

R2N=EMEEEEMICR BRI, KA 0.1 mg ) FA2004 HL K F-FR & 4 8k 4 1 ot
o HEER M F-P4000E 17 ABREACH, BHATHMEG &M BECOVER 3 mm 1 5 mm A 5 A5
B, FUELLY 11, BBy 5:10 BREE RGOS 2EE S, FE 2y 300 r/min, BREEIN[A] 9 40 he 73 J5)4E 0 h.
41,10 h.20 h.30 h.40 h i}, BUH & &0 oK, 1 4% 5] EVO-18 434 L T 4 Be (SEM) A A1 & 78 ADVANCE
D8 AL X HHLRAT I 73 BT O & Sk kAT ORI SURI AR 347

Table 2. Masses of alloy constituent elements (g)

F2 AENEREELRGR)

Alloy Fe Co Ni Al Cr Total mass
CoFeNi 6.44 6.78 6.78 20.00
CoFeNiAlgs 5.97 6.29 6.29 1.44 20.00
CoFeNiAlysCros 5.25 5.53 5.53 1.26 2.44 20.00

{71 10 H BIBREIRR BERR R ER B 40 h B G SRR 00T, A4 & SoMAEAE SPS-100T-20-111 i 155
BT RJERRLE R g E AR 30 mm RIRTE A, Bediid B RIFIEE R 0 1t hedi e 1
JiT7R, 22 10 min VS IR FHE] 600°C, £RiF 10 min; 342 8 min FHEF] 1000°C, £Ri 15 min f5 74415 % i,
pesid REanlEl 1 prR.
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Figure 1. Hot press plasma sintering process
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CoFeNiAlgsCros 1k AR BREE A RN 18] 1) R OB S AN 2 Brzs. 76 0 h )5 Gl 35 B ol BURE
FICEMRL AR BN X AR TT R, A TCEBR 8+ Fa . BB R8T 25 um;
Z A hERE S, BRLRCF AR, AL T V598 6EE HIEM H e B AT =Bk, BRI 10 h i, &4
MARKAEREIR, (B> REETTRBRL, BARUR RS ISAE /N, KRALE 15 um A BREER
[BIAE] 20 h i, FRORCH A RS S, ORI R BLR 8k A4, O AN BITE I 5 BRI TC 3L T
BREEZ 30 h i, J0RE BB M AGBRIR,  RBORE 13 R AN 10 pm BREEI []IX 2 40 h i, Rtk
EWEFRAEGE, BRTRESMR HK, BRI RSE 10 pm 47

Figure 2. Micro-morphology of CoFeNiAlysCry s alloy powder during mechanical alloying process
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Figure 3. XRD spectrum of CoFeNi alloy powder and after sintering
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K| 3 /& CoFeNi & b R TEAS [F] BR B I 1] A K e 46 5 Sk & 4 1) XRD 58 7E 0 h iy, mr e
TEMTIMEE ] Fe. Co. Ni = NICRIATEIE, 43t 4 h FIBREE, 20 =44.1493°. 51.5171°F1 76.1154° {114
SR SRRGS, YRR =M SRR T A S B ERESR RN, = A R EATH IG5
FERF AL PR HBWAR 08, SRLZHTANAG; BREEZE 40 h i, FEESREEEN@ 11, (200). (220)=AMiT
S, TN ERBEF) 40 h () CoFeNi & 428 K HAFAE FCC [E R 1A .

CoFeNiAlys & &b R TEER B8 1o R K BR 45 e i & 42 1) XRD 35 B U 4 fios. 75 0 h i, AR EAT LA
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W PR R FE AR IR B A, IR TR =AY FCC AT I AT — A~ BCC (WA I, Ui WABREE %5 40 h I CoFeNiAlys
G &M RAELE FCC + BCC RUAH. 4k J5 F: 06 FCC AL AZ R FCC + BCC XL, HIFEFATHeZ Al gt
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Figure 4. XRD spectrum of CoFeNiAlgs alloy powder and after sintering
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Figure 5. XRD spectrum of CoFeNiAlysCrq 5 alloy powder and after sintering
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&4 i Co-Cr-Fe I FCC #HZH3; CoFeNiAlys 1 CoFeNiAlysCros &4 & MR AN EI 2, i i i

X A& Fe-Co-Cr A, MFEXIHNE Al-Ni fH. fEERE 4H, FCC A Ltk BCC M & il 58 4y, &5
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Figure 6. Microstructure morphology of high-entropy alloys
[ 6. CoFeNi ZEtHA EHAR MR

HouE AR T S A SORMET L, WL REEE & et e s, B a s
B51. 813127, 1E CoFeNiAlysCros &< A7(E Cr LR M5, & REX A I SR ELE Cr TR
1 T HRZE SR HAR TR (A857C), §IARTRIK, & ERRE, TS SR i
o[ Cr R IR TE & &I HLERE SV AR+

Table 3. Results of EDS analyses of the labelled areas in Figure 6 (atomic percent)
2 3. [E 6 HHREXH EDS TR (FEFBE EL)

Zone Co Fe Ni Al Cr
1 36.76 37.45 25.79
2 37.59 22.19 27.87 12.35
3 25.66 14.44 32.35 27.55
4 38.52 11.81 31.28 1491 3.48
5 20.19 4.70 40.99 30.37 3.76
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Figure 7. XRD spectrum of the sintered alloys
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