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Abstract

AlMoZrSi high entropy alloy powder and Cr3C; alloy powder were selected as cladding raw mate-
rials. The in-situ synthesized MC carbide reinforced cladding layer was prepared on the surface of
TC11 titanium alloy by plasma cladding technology, and its microstructure and phase characteris-
tics were characterized. In addition, the microhardness and wear resistance were also studied in
comparison with the matrix. Results show: The cladding layers of AIMoZrSi(Cr3C2)x (x = 7.5%, 10%)
high-entropy alloys are composed of BCC matrix phase and in-situ synthesized MC-type carbide
reinforced phase. According to the microhardness and wear rate test, it is shown that: the average
microhardness of AIMoZrSi(Cr3Cz)x (x = 7.5%, 10%) high entropy alloys are 846.33 HV and
1009.27 HV, which are 2.17 and 2.56 times of the matrix microhardness 390.3 HV, respectively.
The wear rates are 2.176 x 10-7? mm3/N/m and 1.979 x 10-7 mm3/N/m, which are 19.2% and 26.5%
higher than that of the matrix, respectively. The AIMoZrSi(Crs;Cz)o.1 high-entropy alloy cladding
layer exhibits excellent comprehensive mechanical properties.
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1. 5|15

TC1 Bl DAHAR 7 s BE RN PTG AS R 10 )32 T AU R B s I OLEE AT 28 55 o A A
E[1]. AT, TC11 MURERERR, MEEPERERLZE, X T HAR N ERR A P i i AR AR A3 T 55 34
Barh s W] AR 32 A AR A AT e I e TR AR S VR, AR 5 3 O AR AR T [V BE AR R 1T R R, &R0 Rk
AEPEFEL[2]. Bk, SRR SRR TR AR S EREIIR R, R A AR T 96 S M7 B 451
PERERAEH AT LM [3]. HiliE, RimSMESR EEUBOCIEE . AR B i KIEDTR
P SARURR MR SR ORI 45 B8 T4 B2 5 [4] [5] [6] [7]. 55 B RS BEHOR T ASS ISR A B A1 A
rR R e A E, HRECE, IREED, I DL AR AR AR S E MR
X TAEREE BERARAEARE i, A AR T AE = AR 5T R 3 20 1 2 N (8]

R A E MR DR, BRI 3L B AR (R SO S5 AL R SR R 5 0 2 PR RE TR T B T (AR R
FRAE[9] s & T BAT IV KRR, ok B BE 6 0 17 -T2 U400 325 45K (BCC), - T 40 3775 4544 (FCC)
AVEHNTT I (HCP) [10]. WHFCRIT, il & e BT RIF PTR A MERT BE R ke, I AT S o i 2
LR AU BB R AL, SR, O 1 i o < BT SN0 T B BE AN 7 SE PR RE, DR, TN
AL R RO S A I B, (A A SR AR TR R 2R S PR RE RO TR TR AR [1D]
I AR % WC SRR & SRR, KINZIE R AE L2 AT 4~6 . Yan SE[12]485] T WC
EENAFWRIBEOCH BRI E RN, 458KV, WC & R MHEn T Sus 5 = 1 i 5 AT
PESRE RES A R 103 T . (HA2, X T i & &y,  JRAL & s AT QA 3 S AR )
WD .

WHFERW], TEE Al TR NI S E R & ek R 17 BCC 455648, I HATHe & i 45 L g
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[13]; Mo JT R HIHA AT LA I $2 s 05 o S R EEANAE FE [14]; & Zr JTR AT N W] o8 & ek R 500
HZR[15]; TR Si TCER W B = R A S I HT AL REANT B Tk PR RE[16]; B A4 e BERBORE A 78 N T 2 2%
SETH A R R B AN BB RE[17] DRIE, ASCHE BRI S8 TR BOR, #R7TEIE 17 AIMoZrSi
BRI RS PRI CraCo MY SRAORL, T SR B BH AR sCBRAL VU3 5 A0 (K s B & 8. 0BT CraCo R
TR AU AL, T AR P RITRS JEE 453 E RE IR o

2. MBS

DA TCL1 Bk& & A 2, ilid DK7720 B K AR EdB BT HINUA R H )%y 100 mm x 80 mm x 5
mm [{R~F. Al Mo, Si(4hifE, RIEE B 5K T 99.5%) %R 4 @F AR Zr (R 2 i & oh Al
66.7%, Zr: 33.3%) LA K CroCo By RAVE NIGTE IR AL . FLFh & @M R IIRLAR 4 7E 70~250 H 2 [ AIMoZrSi
A S RIS T AR ERE, CrCy My RKIIRIIZTE AIMOZrSi Eilii A &k A LAl 3% i i &
B HACE . BB IR R XQM-AL BUBREEHL LUK BR 5T & LE o 5:1, 300 r/min BFEE 3 /NS A
XMA-2000 BF446, 100°C (iR T4 1 /NSE, BEAEA A R =R, (RIEISEM BRI R 5058
TFaR 2 A FRP A0 TCLL BKA &R THIFT BE b 2235 A B, ARG FIEARS EAT 8 7 i e I BT 48

Table 1. The plasma cladding process parameters

T FETHREINSH

Car_rier.gas and Plasma gas/ Powder feeding Scanning Diste}nce between
shielding gas welding torch and

flux/(L/min) (L/min) speed/(r/min)  velocity/(mm/s) matrix/(mm)

Component Cu(r';e)nt/
AIMOoZrSi(CrsCy)y

(x = 7.5%, 10%) 120 6 15 100 25 5

SEB T SI 2 5T MOTOMAN UP6 B! Tb LR E FC %545 [R1 4l 4% ) DML-V02BD A% & -1
JENLTER. WS RR P LR A S N IR SR, R 2 A b . SERSHUnE 1 FoR. A EX
TeHA Ze V) EINLIA NG BT ) 2% 1) 1o ol 6 < Mo 78 2 2 () B A VR e R T D) 10 B 5 mm x 5 mm x 8 mm A4, IR
FH 60#~3000#4 5 (R ACRTRLAE 2.5 pum (1) & WA A A e ot JLE AT RIF B8 Rt e b B8 . SR L4615
WA QUANTA FEG 450 B #7544 HiL 1 R AUBE (SEM) WG AN 43 BT ity (1) SO 2L 23 DA B A 2 L 4 o
SKH XRD-7000X A X S AT AL XRD)FATHIAH 73475 75 f VG D9 20°~100°, 4434 4 5'/min. %
Fi HXD-1000TMB 4 [T A B2 oI B0 78 = () SR U 2, #8fir 4 200 gof, ORENSTR] 15 s, FANFF St Il &
15 /MRl ISR 2 TR U6 1) 36 5644 77 1), R4S s TR R A 500 pm. FJ A HT-1000 53k 4 =8 #5245 ik
U5 WU 78 J2 0047 T R R 45 5206 o BEHEBR AR A 06 mm ) SigN, BR, ik A i A 15 N, SZE6 R 1] 30 min,
FAhiE i 318.8 r/min. FJFH KLA-Tencor D-100 7 — 446 B4 I BE R AR A . 4948 e 1 B 1M% (SEM)
MBEREAEDS) M AT BE BRI 85 . N T T ERIE, TR AIMoZrSi(CraCyo)y (x = 7.5%, 10%)
6 SN JE MR 5 2 e R 1 FEE L 2.

3. BRE S
3.1. AL

1 Ji7n A AIMOZISi(CraCy)y (X = 7.5%, 10%) =5 & 4458 /Z 1) XRD KwE. FTLLE H, B 1 FIEE
i 2 PR ar J7 £5 K (BCC) E AR FT MC (M: Ti, Si, Zr, Mo) Bk ¥p#e AZ[18] [19]. PIAMEE S T R4
TE] CrsC, g, T WL CraCo fEZ B FIAE I A2 5BV, HEHZ5 T MC BB A . KA
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WSEIZ R SARKER ALKERITR, Bkl aar 7 458 (FCC)la BCC AR, RI Al JTTE ¥
PR T HAMATEOR, JR T2 a3 R 27 R, Ka SRR IR A NG, I H BCC 45442
NBRAS, I Gk R 217 BCC 4585 42[20]. it LABMFE il 8 RAS I 2 FCC 45449 . Jid Jade9.5 %K
PHREI BCC g 5 AlsTis HEBCART &, EIIZ R & SR R b L T 2L AlsTis 2 I EVE . @i & &
R R B T AT S S T IANE], AR S MR Rt R E X, Al TR SR RN AT A K
KERRER, B ZA R T Al TR AMEAMA T BORNEN T, RS ROTR MRS .
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Figure 1. X-ray diffraction pattern of the sample

B 1. R X ST 0TS EE

2 B NRAFE TS R RS X R EDS s R i . A 2(a1) Tl 2(b1) AT
DAE HISEJE s Rir, R, MASIREES G R, BANEMMEL. #id & SEM it —2
SRTRE, i 2@2) & 2(02) B, PSR i SR R AR AR AR B2 . ELRANRE K A )
PUZ FrIR S AR S5 # o A /5 B LA AR R o SR EDS S PANEE 1 S (8 S AR AR AN K C AR HEA T 12 A, T
RS9 T4 2 h, 3F st EDS 48R0 Ti o HIE TIE )2, X2 NS s s
Firp, STEHR TCL1 R —MERIX, WIER R NIZ X ISR A SR MRS 3RSl R
B assa, TR Ti RSB AR REE ZMMBEACR . THRRIEA E RS0, ERoLEE
Co J&brf, JoaR 5 EAZ (A EARY SO T P I SRR R, RO & A 2 5 2kt h
GaE G e 2 BE TR, AEE 1R 2 MERAAHE e S AL R C, s T —E B T T,
ERRIKEME SR C, Ti M Si iR . XRHHAFEM RS EEA AL 45672, EDS B
1 XRD M AT, PR B AN AlsTis M1 C K BCC E B AL A, WK AN MC
RUBRALIME A . D, I 2B B ] 4 (1) AIMOZISi(CraCo),(x=7.5%, 10%)mi& &iEE, B
BCC FAAAHN & B2 1 Al 1 Ti TG 2T S & S0 8B, 11 MC BURRAL A 57 M B AR 2%
T T 4 BRI saE .

MEA EAROULEE e 73 A 45 TR AT, PANRE i vh 32 A7 AE MC(M: T, Si, Zr, Mo) R . X it b ]
KA SN AT #1550 KT, W DG B4 i 78 J= 2 ZARPERE I H (W[22] A5 B I R, J
AR . AIMOZISi Fll CraCo ¥y ARG, ik F2AFE Al Mo, Zr. Siv Ti. C fil Cr &FonE. Ak
[ 3o H AT i R A TR R N A R (1)

DOI: 10.12677/ms.2024.145068 617 PR R


https://doi.org/10.12677/ms.2024.145068

Ho ok, BN

Table 2. EDS determined compositions of AIMoZrSi(CrsC,), (x = 7.5%, 10%) HEA
52 2. AIMOZrSi(CrsCy), (x = 7.5%, 10%) =& &MV ¢ALHAY EDS BT LS R

Region Al Mo Zr Si Ti C Cr
a 43.2 6.1 4.8 0.7 155 27.4 24

7.5%Cr3C,
B 6.2 8.6 5.7 18.3 24.3 354 15
o 49.3 10.2 2.8 0.7 3.2 315 2.3

10%Cr3C,
P 3.3 12.2 6.2 18.4 14.6 429 24

Figure 2. The cross-sectional morphology, microstructure and the corres-
ponding EDS element distribution of the samples
2. HmBEEE. BUWMHRREITRMN EDS TESH

M+ C=MC (1)

MR 41 21 S (HSC chemistry version 9.5) 115 7 TiC. SiC. ZrC fil MoC 7£ 200~2400°C [ 47

HrH HAEE(AG), S5H WA 3 . MEIHRILIES] TiC. SiC. ZrC #1 MoC (1) AG 7£ 200~2400°Ciff:

FEJE I N N . RISk, T IIE S B A (R e AN E I 7 )= i A i T B R AT

fi[23]. FirLL b3k MC BURRALA 2 AE S5 B 4478 AIMOZISi(CraCy), (x = 7.5%, 109%) i & 4 (13 A v SR A7
AR .
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Figure 3. Gibbs free energy curve of chemical reaction with temperature
change

B 3. WERNMEREELNEHETERErhLE

32 BWEE

Wl 4 R T BT & s O S 7 R MR T VR IR B U ) ) SRR P Ay AT . P PTRnEAA, RS 1 ORRE
Wb 2 ST EY AR 43 008 390.3 HV, 846.33 HV, 1009.27 HV. 4K, JEfAk i) & il B 2 AR i, 4
T 7.5%CrsCy G FEdh 1 1) SR AT B A IR R I3 T CraCy (A B35 N E] 10%HT, FEf 2 BI-FH4 B4
REEERCRE S, 1 XARTH T 162.94 HV.. BESL 1 A1 2 (715 S A00Rd B 23 39 = e A4 1) 2.7 1 2.56 1% . 7] W, CrsCy
(DA IS 972 v B A ) S O REE B LA S35 A . R L AN 2 R AR B P B4 0 S VA 45 T = AN R R [24]
—JRUNINI) CraCy TEXE7E (I R H 43 i I HLIEN S T 3R AR 2 FoRBAL AR, I B A R R 7%
(1) Zr A1 Mo B e [H 75 T VA R b, SR 1Y) Sl As A LRI, (RIS Zr A1 Mo i 28 TR0 85 A, BEAS 1AL
e, R T EEARER . R EAL A I MC BRI A TEJE IR B A AR T D
MC RUBRACA A o B R (A5 kL, I ELIRAL A ) MC BUBRAE ) & BB CraCo FIBS Nt 23, 7
B A% 2 R O B A A0 ORI A 75 B A AR AT 2 R B AL AR () & Rt P2 AR HEAR, 3 T R A R
ZREALE ) MC BB R B AR TEZ FOIRBA AR E o, 8 T ORBORIER . ke
st 14 SR ARACTEE 55 43 A i P DAL, A i TOIL 0 Xt 8 A Rel 88 o e e 1), 3T ) A BRI AR X 8, AR A A
B R RS . X e T 7RSS B T AR A p 2 TE AR SR T (0 Je ik DX T Bl — A — 7 X S s X
IE DX SR B SR T =, SRS XCRRIREAR, SEOZ X IR RO S0 A8 . R 2 I Ao B v T
i LA, IR TR 2 B TREM L BARZM CrCyivineE, ISESEFITHE C S&Em A 1
SBUFRALE M MC BUBRAGY) & & m TRE 1, BB I s A R i TR L
3.3. BEMUEEIRITA

B 5(a) T JRE il 1) JBE R S A A T AR 2. AR eI LU S T AR BB Al T T 3 e 0 R~ o
K, FEah 1 BB SARECT IT A R4/, B 2 TR L ERE BN . XE—E
FEFE BRI T CraCo TSI T4 i JT PR BEHi v e A AR A

FE T I B 2 AR L A 2 (2) 75 [25]
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Figure 4. Microhardness distribution of sample cross section

4. HEmiEEE EMERE S HE

\Y
TFL
W (mm®/N/m) & S5 56, V (mm®) 2 BER AR, F(N) BRI B 451 512 50 o i I (322 i 307, L(m) 2 W BB S
5(b)2ZEAR Fdh 1 A1 2 (BB AR BB o MBI AT LASE HE AR (R B4 R By o AR 2 IR R
RIEI AR T CraCy MIAINXT T FEARIE £, 32 i B 40V B A 22 AR o XA 1T CrsCo A
AR E R R T 7 Cr A1 C JRr, Cr JRL 7 [H¥+ BCC BARAH A, &2 T MBI 1
R T RALE BB R B A AE IS R R, BB T IR HGELIRCR ;MRS KRN AL A
Mo SE KEM & et R, ZITRIFEINR BRI R, PR E 23 AR 2 1 2 0L BCC MR
Fo ERVEIR . GREGRAAT GRS AR RDINFF T BUEPI NS CrsCo IR R EDIR TR, B 1RV e
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Figure 5. The wear cross-section morphology and wear rate of the sample
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N T PR TR E E B AL, X 0T, FES LR 2 BRI ST T HE B RAE, 45 5R
W 6 fie 146 N =ANFER BN IR 2. 151 6(a) 09 IT RIEBUESIE . ] AT H 453 1f 22
PARTE IR W, AR VR 2 UG BEE DT M S AT A, R AR B IR BB . & 6(b)
FER 1 R SESUE, BESAI, BRI SR AR 3 T R BRI A 5 A R EYTHIAE A, R
T2 BON™ A ARTEANTAT T BE T RIS . BEAE BB NAR B U], BRIEAS T IZ = A
TRECILG, A B ARAR B VAR TR M BT, IV FRAR. RSN AR R, IR RV A A
Kierht. FUICESRIE TR, FEURSEBSOvE . AR TE R B L R T PR SR AL A
BT MC RUBRAE A E T . B 6(c) bt dh 2 ROBEBUESRIE . AT AT DU %R O 2 LUK 5 5 43
N, EERMB TR 1RE, Fbh 2 WERIL 139 TR AR . X AT AT 2 1) MC RfiRiL
PIRIAFAEAL AT R om AL OB 5, A IS 1A A A BRI B IR . FERE BT B, (AR
FEAZAE N THIAE IR A LA AR VAR T, O HLSALAE B MC B BRAC MR A7 AE AT PRI 7 PR S B 5T 1
MIVTHITER, S BRI £ B LKA N E, Mid 2 BRI RBRR G HULFEs 2 EZ LUK
FEONE. WL ERHai4S, e 2 IO BT e i tE . B0 et T il 2 LA 05 i ) S ol P AN
BEZ 1 MC AL st rE i

Figure 6. The wear morphology of the sample; (al)~(b1) are the wear
profiles of the matrix, sample 1 and sample 2, respectively; (a2)~(b2)
are the local high-power wear morphologies of the matrix, sample 1 and
sample 2, respectively

6. HmIERTIE; (al)~bL)2 5 REE, Ha 1 fkm 28
Bii2si; (a2)~(b2)7 7 AEE, Ham 1 MR 2 WEBRSEEBR
iz

4. Z5ig

I FH 25 8 TR 78 AR ) 8 117 AIMOZISi(CraCy)y (X = 7.5%, 10%) s & &1 78 2 3 22 L) BCC Rk A
MC BB L . o MC BB A AR 2 LUZ Rt S i 2 A £ BCC Z: iR AH . BCC A AR
T TSRS RIS M R ENA & 456 RIF, 1 MC BRI YIRS IS B E R A
g T V1 S AR B A B A P T R A 1 B . BCC AHAT MC BB AL MR () 25 &4 14845 AIMOZrSi(CraCo)y (X =
7.5%, 10%) =l A & B A BRI LR G 1= R

AIMOZrSi(CrsCy)y (x = 7.5%, 10%) =i G 42 4 7 2 1) 2. lehill B2 3 ) o2 A 11 2.17 A1 2.56 £, BRI
AR RS T 19.2%F0 26.5%, EEAIALEE F DK BN E . BIN wtl0%CrsC, 1 S i & S =
FEUU T F v ) S ARG 5 R 5 L P i R 4R P A M
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