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Table 1.  Physical parameters of alloying elements in Al,CrFe
NiTi alloys!'?.

JCHE JRFAE /A VEC SR T/ C
Al 1.432 3 660.2
Cr 1.249 6 1857
Fe 1.241 8 1535
Ni 1.246 10 1453
Ti 1.462 4 1660
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Fig. 1. Effect of Al contents on valence electron concentr-
ation, formation enthalpy and structure of Al CrFeNiTi
alloys. When z = 0, 0.5, 1, 2, 3, 4, the atomic percentages
corresponding to Al content are 0, 11.11 at.%, 20 at.%,
33.33 at.%, 42.86 at.%, 50 at.% respectively.
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Fig. 2. Effect of Al contents on lattice constant and atomic
size difference of Al,CrFeNiTi alloys.
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Fig. 3. Density of states (DOS) of CrFeNiTi, Al,CrFeNiTi and Al,CrFeNiTi alloys.
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Fig. 4. Charge distribution of Al,CrFeNiTi alloys: (a) Elec-
tron density difference map on (110) plane for Al,CrFe
NiTi; (b) the atomic Mulliken population of Al,CrFeNiTi

alloys.
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FRE L AN, Fe Fl Ni B 7645 /1 X 8 DL
AL T 578 5% o, 1 X 4 R 9 — 2 i 1)
P, BERHIX S JE 7 () A T REHAT B 145 & IARE;
1M Cr-Cr J§ F Z AT — & LM BRRAE 19 22 40 Hy
% 4345 . B 4(b) i BCC 45441 Al,CrFeNiTi
REELEVEEH T A F TR W 5 A0 5 50 b
25, TR R P FAOTR R — R
AW H AL AR I EE ), BRI 4(b)
HOR R TG 2R 1 A SR AU IZ AP T R TR SR
J AT AR A, YA A P A R
B, MWREIZC RIS Z e R W, iR
Sk A R AR B L SN B (SR
IE{E) ULEZIC R BA R (%) BRI,
1] 4(b) ATAT, AL JEF R Ti J5 76 i s 3 2
JFEH T 1 Ni JEFA Fe 1588 F. Cr J&
TB: TAEMUIE CrFeNiTi A4tk 57, 1 HA
ALCrFeNiTi (z = 0.5, 1, 2, 3, 4) 54 "h 155 H,
T M E BN AL TR T R T s Pl L5
BT Cr JiT . Ni i Fe Ji+ b, 3FH Ti &
TFIRBLH . Al TSR AL FRIRE . Bl AL T
FE B, Cr A Ni JE A H FRE ) 2B
SRAVES, T Fe JRFIEAMRFEAZR. 548, BRpUsT
CrFeNiTi &4 LISk, Hop &4 Fe iR 5 Ti gt
R Rl Al TR S AL L2 —En
RS> AR REAE, AT LASEDN T JR 2k 2 i B A ]
REEZT R Fe JiF L. 7EA & PAFETCR HLfaf
TEBRLEWE A A TR T Z A —E
BTEAERT, AR T A I U E 25 . 45
G2 rAT R BE R0 T, 76 AL CrFeNiTi
RAE PR Z s RE R A 48 s2h A1
FH AR — s N R s SR, XFEm 2
Figg & A BAEH, 15 A & A B a5 i
TETE.

3.2 Al 8=t Al CrFeNiTi S &38R
220
AR I B UL IR R ) Bt 1 o 1
S, R T AIRZE I ) 2R e o, XHF5E
B 4 PO P O P A R L A ) S A L
AEEE L. R 2 MR R R A
i) AL & F ALCrFeNiTi RA &SR 5L C,
B 4 B UBURS 8 M T 3 e s B A R
XFASCHFFE 56T BCC 454 R AL CrFeNiTi
RO4, BT (0K, 0 GPa) HLIAEE HEHE 23
Cij > 0; C11+Co2 > 2C1; C11+C33 > 203;
Cag + C33 > 2C53;
Ci1 4 Cag + Cs3 + 2C12 + 2C13 +2C23 > 0. (11)
454 3% 2 PRI ALCrFeNiTI & A 4 (15
PEFE, TR B H i R AR e e, 1
Bl AL CrFeNiTi &G &S THHA RIFHHL
Wika e, IR T ALCrFeNiTi 254 EAF
E ) b IARZEAE.
9T T AL CrFeNiTi 244 By BbErE 5, %
FH (5) #1(6) Py V-R-H T %, HESR T
Z itk ALCrFeNiTi & & 4 050k 5 80, 45870
5 fis. (RS i B W S AR TE S8R ) T I
PUATAZR I RE D), BT UIRE R G J2 M AARTE 35 DI N
T IRPURT AR IE 1 i, W B B R AE
TRAE SRR R TR s bThr () P B 23 AT 5 W]
DIEH, G4 mR#ETE B AfRTE 130—200 GPa
ZMa, By YIEis G K/NA 50 E| 80 GPa, #% AR
i ETE 130240 GPa Z[i]. B Al,CrFeNiTi &
e Al FRMEZ, SRR BEIKR
FREFaHY, CrFeNiTi fAR B R B ik, 5Y YA
B GE AR LA K, Al CrFeNiTi 1 5 ) # &
GIK; IR ERSEH A FRRE LA
e, ALCrFeNiTi iU #7 KB & Efe K. KL,

# 2 AR ALEET ALCrFeNiTi £a & MsEH 4 C;
Table 2. Elastic constant Cj; (in GPa) of Al,CrFeNiTi alloys with different Al contents.

" BB C,/GPa
Cll Cl? 013 022 023 033 0-14 055 CGG

CrFeNiTi 276.1 158.8 158.8 276.1 158.8 274.4 46.1 46.1 95.0
Alj sCrFeNiTi 233.3 173.6 136.1 233.3 136.1 246.5 87.1 87.1 102.9
AlCrFeNiTi 198.1 139.3 139.3 198.1 139.3 218.1 90.3 90.3 91.5
Al,CrFeNiTi 158.3 118.4 118.4 158.3 118.4 245.8 75.7 75.7 80.7
Al;CrFeNiTi 191.6 124.9 130.4 191.6 130.4 148.2 104.6 104.6 77.3
Al,CrFeNiTi 213.4 91.6 91.6 213.4 91.6 207.1 99.8 99.8 106.9

036101-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 68, No. 3 (2019)

036101

250
—m— B
200
. I\” E
& T
E 150 \,_,' ‘.H\.
=]
g 100
E )
_——
sof ® '\'7'/
O 1 1 1 1 1 1
0 10 20 30 40 50

Al contents/at.%

5 Al & X ALCrFeNiTi A 4 S PRk A 52
Fig. 5. The effect of Al contents on elastic constants
Al,CrFeNiTi alloys.

AL E R34S AL CrFeNiTi & & HBTAFAAR
AL EWARZSY [t %S NIOE 1% A BULE A AY S & 42t L & 5
FEl N BT I RE I T .

st AR — A AR E B AT, AR A
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FALL v B (Cha — Cuy) X =ABHCTA SR PIHE
HEATIN. MA A FEE R B/G > 1.75, v > 0.26
M (Cro — Cua) > OB, B E&RIBBIVERE, &
S a2 18 6 S Al & iExt AL CrFeNiTi &4
&0 B/G A v A1 (Cry — Cuy) BIEEM. BR T
Al,CrFeNiTi 28 EME (Hdh, B/G K&k 1.5, 1A
W 200 2.3, (Cha — Cus) N—18 GPa) 4, Hsx
#J CrFeNiTi, Al,;CrFeNiTi, Al,CrFeNiTi, Al,Cr
FeNiTi fil Al;CrFeNiTi & 43P & 19 1 EF

B/G
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Fig. 6. Effect of Al contents on B/G, Poisson’s ratio p
and (Cjp— Cyy ) of AL CrFeNiTi alloys.

fie. IF HBEE Al SR, X =S8 2%
e N, Hd B/ G R AIANS L o ih 228 1k
—3. #£ ALCrFeNiTi Z& 4 CrFeNiTi & 411
B/G. IR b v Fl (Cr2 — Cua) ¥ M K, Ui W]
CrFeNiTi & & W #) f&4f, ALCrFeNiTi &R & 4
PRI AL & A3 iR, 1Y Al R
HAT S BB R E 50% 0, &4 hmBEiEL N
k.

3.3 Al CrFeNiTi R & £ BRI S H
iR X R

o B 4 2 B A R L P B 2 ] 1 DG R
G R R B BT T OGRS, S5 G 5K
181 Al FrEht ALCrFeNiTI 44 Bt i i1 5%
M), 388 3o S AR R SO0 & 4 I 2 R 53 A 7
Tk, IR RRE AR bR, DAITTSRIRTS 1Y & 4 b B AR
FPALFR, 1R AL CrFeNiTi 44 i Flsa ek
FRIEER. K 7 R AL CrFeNiTi 244 BRI RHE
SRR VE BT Z [RIAOC R . KL 7(a) FTLUE H,
B G R B ST 2H R 0 AR
WA BACR, BIRFRE S B B/ G H#BEE K
FIZERERE . @ BT B BTSSR A
TCE IS ALCrFeNiTi & &4 3 ) 220508
Eb 2, AT A G S HRHT A e B AR R AR T i e 1
MIRETT. M3 A ST 22008 e o, & 4%
AT A ARG A TSI AR RE ). %)
THE S m S S, [EE SSRGS
AHpix AR HSEER, WE 7(b) BiR. 78RS 51
R SRR Ap BEE TR B AS A Huix I3 AT
R, KU A AERLE R A 7 1)L ARA A 1 R AR
BAfHy AL, CrFeNiTi &G4, AT LAl s s
A IR A0 A Hypiy SRSZHR.

J T BE— A EE AL CrFeNiTi £ &4 Bk 4%
] S R 5, AR 1] 7(b) BEERC T S A% 1) S
BN CrFeNiTi FI4 ] SR ) Al,CrFeNiTi
PP G4, X A R B AE — 4k 25 W] 545 )
SRR H T R TR, SR E 8 Fin. T
A7 1 ALCrFeNiTi & G4 1 A IAZS H & T 00
Al R An ARG R, AR N B IORE I B A = 2 2s [A] HL
25 I S A T T AR (12) ST AR

1
— = [(lil —+ lg) S11 + l§533 + l%lg (2812 + 566)

E
+13 (1—13) (2513 + 544)] , (12)
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Abstract

The effects of Al content on structure and elastic properties of Al ,CrFeNiTi (z = 0, 0.5, 1, 2, 3, 4), and
elastic properties varying with solid solution characteristic parameters of alloys are investigated in this work to
explore the relationships between compositions and elastic properties of Al,CrFeNiTi high entropy alloys. The
results show that the valence electron concentrations of AL, CrFeNiTi alloys decrease gradually with the increase
of Al content, and the enthalpy formed by alloy with body center cubic structure is lower than that with face
center cubic structure when Al content of the alloy is the same. It implies that Al ,CrFeNiTi alloy will form a
single solid solution with body centered cubic structure by referring to valence electron concentration theory
and formation enthalpy calculation. The lattice constants and formation capacities of Al ,CrFeNiTi alloys
increase with Al content rising, while the structure stability of alloys presents a gradual downward trend. The
atomic size difference shows the largest value when all elements in the alloy have equal molar ratio, indicating
that the lattice distortion of the alloy exhibits the highest level at this time. The total state of density of
Al CrFeNiTi alloy moves to a higher energy level as the content of Al increases, which is an obvious
characteristic of the declining structural stability of alloys. It is consistent with the result of cohesive energy. Al
and Ti both lose electrons after bonding, while Ni and Fe both gain electrons. The bonding behavior between
atoms shows not only metal bonding but also somewhat covalent and ionic bonding characteristics by analyzing
the electron density difference and atomic Mulliken populations of Al CrFeNiTi alloys. The elastic modulus and
toughness of alloy will be improved with the increase of the ratio of thermodynamic entropy to enthalpy (£2),
and the anisotropy in compression direction of alloy decreases obviously with the rise of mixing enthalpy
(AH,,
compositions’ design for Al,CrFeNiTi alloy.

). The solid solution characteristics including 2 and AH,;, will be used as important parameters for the
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