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Abstract

The Mn-Fe-Co-Ni-Cu-Ti-C system was microwaved to generate TiC particle reinforced MnxFeCoNi-
Cu matrix composites. The phases and structures were characterized by X-ray diffraction (XRD),
scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS). And the analysis
of sample hardness was tested by microhardness tester. The results show that the TiC particles
formed in the high entropy alloy are uniformly distributed in the matrix. With the increase of Mn
content, the enrichment of Ti and Mn decreases, the amount of TiC increases, and the diffraction
peak of the matrix shifts to the left. With the increase of the TiC addition ratio, the enrichment of
Ti and Mn increased, and the diffraction peak of the matrix shifted to the right. At the same time,
the hardness of the material increases as the Mn content increases and TiC addition increases.
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1. B

FIHACNIE, ARCEMINFR 7TAHE: $hikds. 81464, Y6 E. B6E. WesE. 85
SEE[1] [2] [3] [41TEA I 30 RFRAAM & &R, AEMWANIIFEIE FHAL, Hxtx—30uR, &%
B ETS]TF 1995 SR B M A S RITEE—2ZE 0mlE 4, XRW T HRANEGESRITES. 45
HERB, s IR b B S ST ROE )R SCE A S BOEA)TERE, A Son RN
ZWf P ERZ A, RILERESBERLAEHIL, FEEESHIEEERN. T2 Eomle s
— e 5~13 PR ECERA R, HEMICRNEREENT 5%~35%, B35 5 KR 4o AR A &
Hatt 4 AL G H0[6]. mliG &R mRE R . i B SR AR T M LR AR R e B A5 7] 8]
FRT, B TAEEATS SR & SR B, g @i &S rmm s, Bamk. BanAR
FISHE G SRS A RER, Rtk sia &mit, DUEEBE &R mvERe. syl
FIEAT NI ARG R A BUAS TR KA HERE[9] [10] [11] [12] [13]. {HAIETER &SN E SR T
BD[14] [15] [16] [17], ASCEEHFF TiC Fikii sk Mn,FeCoNiCu =i A4, @it mkbess, xbeds)a
PIRE AT x B ATH(XRD) AT, 3 L BE(SEM) AT, 43 B He A i TiC BURLA 70 A7 150 BL A2 Min & &
Xof 2R R R o

2. SEI§

$4 )@ Ni K3 (4hJE 99.8%) Ti #3 (4l 99.5%). Mn ¥ (4L 99.7%). Co #3(4liJE 99.6%). Fe ¥ (4liJE
99.4%)~ Cu #H(4LFE 99.5%) C #H(ZiSE 99.8%) i — & I LLFIFL B K .« 7F Mn,FeCoNiCw/TiC Fili &4
BEGEMEY, Sl G SRS AT Mn SN AR, B Fe J . Co AT+ Ni . CuETH
Bz o 110101, FE, HAP R Mo JEFSER x H2 508 02, 0.6 1.0, RIEHE, BHIARF TiC
R = (5%, 10%) IR K& 20 go HECHILF IR RN IR T8, ARG RNERESRE, AT
BREE 4 AN/NBF . BREESEHG, BRGSO ATRNE IR Y. SR)G, K580 IR AR
Beab (B D), ML E, HhEAS, JETIFA AR S, W E MR T4, fEriRIcT 300C
Je, PTHCHFES . o, 201 R T ARG A A 10 & R B BT A K.
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Figure 1. Schematic of microwave vacuum reaction chamber
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Table 1. Experiment with using the device list
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3. ERMiTe
3.1. BAIR MR TiC

P 2 R e 4 1 £ 1Y TiC/MnFeCoNiCu FFF ih 2l 21454 SEM R H & EDS ik, M 2(a)shar L
i, BB IRZ BRCIR A IR . 454 EDS BG4 7] LA 1 A A5 TiC A, Forp Ntk
RNARAKTERI TIC Bk, B AL,

K] 3 J¥ TiC/MnFeCoNiCu £ X M =Pl & 4 52k XRD B, MEIHaTLLE M, H LA EEE L
(1R e N — ARG PR U o ARAR OGRS 2 AT M 2800, AR R vy R W R AR ) 06, T DAAS HH A A THT A0 7. 77 (FCC)
SERY, TR RAR M TiC IV, MR Tic 1) & &K, B AUgEsR I BAR T 504k, (BAKkSR ]
DAYGIE i 08 & s A R R A T A2 I AR AL T TiC s

3.2. Mn FEXNEHEE SARSHEHERN

Kl 3 08 TiC & HON 5%8, A Mn &SRS SEM B &0 R XRD B, &idaeis ot
AL, A/NRIBURDIR 5 TiC, KB AMRY A Ti fl Mn &£ WERRTLUEH, A
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AEVAFT Mn AR S, Mn SR T EENEAR Y T, T ROTTEZS 55 A C AN 4E TiC. A XRD Bl
AT, G S B AR R R W A R AR B35, ZE S MR R AR R R Y. (H/2RES Mn

DOI: 10.12677/ms.2018.85069 590 PR 2


https://doi.org/10.12677/ms.2018.85069

KR, AR E

TR ETEHIH%
C 29.52
67.88
1.60
1.00

TR BFFHE %
Mn 14.13
Fe 23.33
23.67
21.65
17.23

>

IS

Fovvatonanloonatonnalonas

N
N

(=]

LA S T
L L L L e

0 5 10
(b) (c)

Figure 2. SEM Photo and EDS Spectra of TiC/MnFeCoNiCu samples prepared by microwave sintering
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Figure 3. XRD patterns of TiC/MnFeCoNiCu reaction products and high entropy alloy matrix
3. TiC/MnFeCoNiCu &R N =Sk E £ &4 XRD
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10%- 5% XRD El. M SEM ) af LA H, AHFE Mn &5, % TiC FIEMEM, BRI B A
%, B Tif MnEEMZ, 1Ml XRD K 3K FRFIE G IE A0S A # . il B SR A2 Ti o
IMANEIGI, Mn BEAESS Ti KAMWE, AMEAES Mo &2k, SEmmaEmRD, Fikgsa®%.
B, VSR PER /DN, IR A RESE R TiC 1 oA 3 D0 A5 T 0o 57 7 G5 R IR S A v =22 T N ST, R T AT 5 o
T RIS AA I, AT AT 5 5 P BRI

3.4. Mn ZEELE TiC FEXHHELE M E AR

2 AN Mn FBAAE TiC 355 KA 00 SR BRI 45 R, WRAP TG, BE% Mn 5
BB, SOREEEARE . 455 4 P SEM BRI AD, BEAE Mn & B RN, R R AR
b, B Mn JCER ORISR S AR ECE R, AR TR N, R, RERH R AR L TIC BiE
DRI, EEAPTRER. 45a K 5 PRSI ATA, TiC BRSO 5%, 858 BURoh A2 B 5 AR
Ky BURLZ IR R B30, 965U P 5 RS AL A PRSI R PSE A i B o SR 53K P SR LA AT 1
$&T+ Mn &8 TiC H TR FRede mbd

+ FCC
t * TiC
= (Ti, Mn)

CPS

Y ¥ R

A

e
SN N AP
||||||| ®|X =| 0]2 ®x|= 9-6‘®|x =| 1-|()

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
20/°

(d)
Figure 4. SEM photographs and corresponding XRD patterns of TiC/Mn,FeCoNiCu composites with different x values
when TiC mass fraction is 5%. (a) Mn content is 0.2; (b) Mn content is 0.6; (c) Mn content is 1.0
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Figure 5. SEM photos and XRD diagrams of TiC/MnFeCoNiCu alloys with different TiC mass
fractions. (a) TiC mass fraction is 10%; (b) TiC mass fraction is 5%
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Table 2. Microhardness with different Mn content and different TiC mass fraction
2. AR Mn FEMAE TiIC REFHENERMEE

Mn & & 0.2 0.6 1.0
TiC5wt% i il & (HV) 142.7 158.1 218.7
TiC10wt% A (HV) 177.6 199.3 254.6
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TiC FILLBIE N, Tiv Mn EEHMN, A R ABARYI PG 2 . [FR, 425 Mn & &A1 TiC 15 &
SRR E AR R

B oW

SRR B TR e T X BRI S 51371098, S1571118)FIVLH 4 H AR
SIS BK20141308)X AT H i #F .
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