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Abstract

A method for testing the linear thermal expansion coefficient of materials under vacuum and low
stress was developed using a Spark Plasma Sintering furnace, and the average linear thermal ex-
pansion coefficient of high entropy alloy CoCrFeNiAly x-o,05,1) was tested at 30~800°C. The cylin-
drical samples of high entropy alloy were placed between the upper and lower pressure heads in
the Spark Plasma Sintering furnace, and then the samples were invariably pressed by the pressure
heads with 3.1 MPa pressure and heated at constant heating speed and the system displacements
were recorded. A graphite sample with known linear thermal expansion coefficient was used to
correct the system displacement test values within unit temperature, and then the linear thermal
expansion coefficients of the materials could be calculated. The results show that the linear ther-
mal expansion coefficients of the high entropy alloys were accurately calculated with the newly
developed testing method; the expansion coefficients of CoCrFeNiAly x-o,0.5,1) range from 10.0 to
18.9 x 10-6°C-1, mainly depending on their chemical composition, and decrease with the increase
of Al content.
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1. 518

FOBMEAE AT R 2 32 BN B A5, TORAN R BRI A A s, P AR “ IRV 47, XAk
HAR T B AAAE L S A I 2 FER G TCFAEE BT, BRI A REZMA[1] [2]. 8% K
FECRRACM B “ HKA 47 TERE, Wl Rom R I B AR LI I RO AR 1 [3]. MR AZIK
FABR R ERICAR A R EIR W S M ME,  H AT EA R A IR R B0 F R BT BOBEXS
P BEE. TR EBE, HrPTIRHER I )7 [4] [5].

TR I8 R AR 22 B 1 PR R AT I AR, SR AT & ol E R I el B, 12
25~400°CR LRI, #RFPRHER IR 959% B 15 /KPRl (ks FE EIR 1) 4% [5]. (H X S E A H 2
DN AV AR 2R RO RS B fie i [6] o ASSCRI TR A B T he 4 b, SRAISRIUTTFRAR R B, TR
T A AR T A B B IK R BT, IF LR & 8 CoCrFeNiAlL = o, 05, 1 X PB4 45
FRPRLT] [BT9 MRS e, T T IX A A4 KK 30~800°C R FAZAK = %

2. SKh
21 WS

PA=Fp il & 4 CoCrieNiAly - o, 05,1 3D FTEH AR g5k}, 7E T80 &5 B F-BR 4h o i 46 Ji s BE 208
10.0 mm [ EAFTERE S, B4R E N 1150°C AT 1200°C » A HRAS B T-Best b i 7 5 4 SPS-3T-3MIN(H),
J R Bl RERER AR A A RS IMPRIE )y 2300°C, P HJIN 0.1 BiJj(Tons), fHKHE )
3.0 Tons, i KALFEHN 60 mm, iFE#EE <1um. P4 4 CoCrReNiAly =0 05 1) 3D FTEIH A
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Table 1. Test sample information

* 1 IRERER

wit wwme  mem s REME wpnn ggon ommg 2
1# CoCrFeNiAl, W 1150 19.76 19.76 9.96 24.28 7.95
24 CoCrFeNiAl,  HFl =i 1200 19.80 19.80 9.60 23.63 7.99
3 CoCrFeNiAlys  HEF 1A 1200 19.72 19.72 10.00 23.00 7.53
4 CoCrFeNiAlyy, R 5iE 1200 19.76 19.76 10.00 21.62 7.05
aRsSyEdT (S aE- HHE I 20.00 10.00 5.75 1.83

Xf 8 G 42 CoCrReNiAly - o, o5, 1y IWFEREAT R B AL R . J2H 180 H B Ak T2 H S AR D 4R % 2
B BE SR T B AN 28562, F5H 400, 800, 1200 F11 2000 Hib4LH4TBEEITE . AERTEREY G,
e W15 &NIAHeE MG, RN . KH 4% R A 0O S AR TH S 9], ARG 1E

SDPTOP CX40M 4 #H &3 N %%,

2.2. SEMdRE

Figure 1. Experimental assembly diagram
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SRIE AP IR AT, R s & e iURE HEAT T0UE CARA ORI 5 IRt e I fik o B e 8 AN CRE A7 R0
T 7179 0.1 Tons, AH2T ¢20.0 mm AL iR 32 (1 R 5 409 3.1 MPa. #7547 8, FTOTHUME ==
ML fE N RS EREZE/ANT 15 Pa FITESL T, ENRITHTIN, B3 TR S0 TR ERILS]
BRI, FRR LB TTRAIGETOT R RPN RS R 2T 0.01 Pa )5, JFETHRTLZ, LL10°C/
I B THIRE 2 T i 2S00 H AR, LR B B sh B ORAF DR, ORAFAH ST BE AN s Sk A A 080
T R IR TS - A 2t iRt . BARSEIGIRAE WIS 2. MR g, Rk
IR IR FHE AL .

TEHEAT =) & 42 CoCrFeNiAly = o, o5, o I ZIK AL AL M e SLIG I, BB EEES . AER A, A
2 IR FEANEE A 28 ARAE A T RS AR Z K, IR Z R FE h RS A
Ko T5dds CAnFIIK R B BT = 2 SRR G B A S K S S A, 4 O [ 0 IR L 2
AT AT L FAE SR AN SR AL RS 258, FH DARES RGO AL R IE o [T sl S50 0 RST 2078 20 x
10mm, %Pk 1.83g-cm™, HIbEER MEARRA R (R I)EM, B BIE L.

HLAET H B R 0.
REAR > i > ML Nt 5| i
FRHL | Fren 2| S bt 1 e 1
ffo eV
10 “C/4r 4\1/;
] ﬁfﬁf& T [ BTEE T
LR FLAFE ik B35 o
THESISE | RIEHE | gp gy [T0-01 Pa| KILER | K| IR TR
I < e € M, 41F 1. 3 e HEFR
" I yS=" o

Figure 2. Experimental flowchart for testing temperature-displacement data
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3.1. &H%EW

)i 15 4 CoCrFeNiAly = o, o5, o IVFE I EAR IR ILIE 3, TBOKAE 30 500x. A&l 3 FTLAE Y, DA
f#i 5@ CoCrFeNiAl « = o, o5, nIXFERISS I BCEI2), TEWIR REES FLIA BRI . £E 3#CoCrFeNiAlys Al
4#CoCrFeNiAly o b, AR BIER, Xfeke Yang T [10]FrEREEE Al &ERHEN, =
1 & 46 CoCrieNiAl x = o, 05, 12> LS 70 FH AR R ffs 25440
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(c) 3#CoCrFeNiAlgs (d) 4#CoCrFeN|AI1 0

Figure 3. Metallographic photos of CoCrFeNiAly -, 05, 1) high entropy alloy
3. EEE & CoCrFeNiAly =g o5 IR EHERE

32. BlAEFRTREPELMBEN

Table 2. The fitting trend line equations, R? and K values of the test data
2. MHHBOINEEELSIE. RAIKE

REEBIR BHEZITE R? K/pm-K™*
1# y = 1.0629x — 36.6095 0.9982 1.0629
2# y = 1.0265x — 45.3673 0.9980 1.0265
3# y =1.0288x — 28.0877 0.9985 1.0288
4# y =0.9795x — 37.1803 0.9984 0.9795

i ERR A y = 0.9358x — 28.4780 0.9987 0.9358

TERATHE R, PG A A S A B FIESLIEINZ) 3.1 MPa 57 R RAERIZAK, KR
fEE AR, FHE 800°CIINAE I HAAE, WA ARSEZ i H 5, WA 5A 888 R AW
RN AHTE 1000°CHNRSS, HCH IRRE 132 Fii 1] 5 0 S8 3T EAE M AR IE L &, IR S A B TE R
AR I RVE R N T 46 IR BSOS ORE o PR, R A U i 2 A SRR AT 1#CoCrFeNiAlg o M 1 30~1000°C
A FR PR EAE, AR 3 BRI T 30~800°C i VK £ «

1000 F —— WA
— g
800} y = 1.0629 x - 36.6095 -
e R? = 0.9982
= 600t i
fou
= 400t §
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Figure 4. Temperature-displacement curve of

press head for testing 1#CoCrFeNiAl,
[ 4. 1#CoCrFeNiAl, IR E - LI #ihsk
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Figure 5. Temperature-displacement curve of

press head for testing 2#CoCrFeNiAl,
5. 2#CoCrFeNiAl, iR E - [EL{Ifhsk

L —— WA E

800
— BB

|y =1.0288x - 28.0877
6001 R2 = 0.9985

ﬁlﬁf (um)

[

(=]

(=]
T

400 600 800 1000
IR (°C)
Figure 6. Temperature-displacement curve of

press head for testing 3#CoCrFeNiAlgs
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Figure 7. Temperature-displacement curve of
press head for testing 4#CoCrFeNiAl, o
7. 4#CoCrFeNiAly o HIRE - ELIFihsk

4~ 7 gy TAETHR R T 4 A mi A ek B SR AR E - A L. BRI Y, R
JSkBEEAS; BRSO T RGNS RFEAE, SREE MR RRE . A SR8 A s Sk i #
AR AT 2218 LTt IX 4 A HCKIGIREE - A2 IR BT DU, BERIR TR, 5k P EAL
SRR LTS . X4 SR TG, BB ELMRIRK)N AL o /AT, Frp AT 2R, AL
o TR R & SRR RGTBHIR ARG SRR AR L. 3 2 FIHH T AT R AT RP(E AT K
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fli. PTLAAH 4 MEHLITFEN R*$A/NF 0.9980, BLHATLA B 47 FE A Wm0 B A5 B, W] LAl St
ST HIR R AR A AL FE R £ A K R SR BRI L A2
3.3. ARREHARTREFEXLBEN

K A~ 7 25 0 I S LR AR AU THR IS FE A i & bR I AR, JE 52T SPS Keat b
) E A AR A s Sk B RGN AL . B 8 R i G iR B O A R A s R
MRAIRAF M 30~1000°C FR S b RGN L. I 8 ATUAE H, BEHRET &, EkeE28 L
FHkats . SHRE - BRI AT A, WARBLITRE. WAL RAEMAE AL « /AT {HB5)
TR 2, AL e RN 2T SRFE I R SERER A 2 B AR o A7 SRR - SR RS il 26
(AR IT7E R2 45T 0.9987, X E T FEE AW BASRE, Bets vl SEib STt il 72 o A B
AR AL -

1000 - —— ik {E
— AL

800y =0.9358x - 28.478
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Figure 8. Temperature-displacement curve of

press head for testing graphite sample

8. AR E LI iz

3.4. BIEE & CoCrFeNiAly k=0 05 AR AKREITE
XF 7% 2 PR A SR SRR AL /AT BN IR, A SR EER AL & /AT 1572 0.9358 um-C™, /&
156 GRFEN AL & /AT {HKHE 1.0629 um-"C ™, /N2 0.9795 pum-C Y, BEHILEINR 5 & SR FE 1 4
AR, KE R SR R B A SR Fa BELE N RGN, Eia Sl e
ARz NS oy o BRSO B A SR FE AR R 5L, B REER TR, IR
S R 58 SR AE N 1 B G I SR A RS 52
RSP R IR R4 a 1A 0() [11],
a=AL/(L,xAT) D
o, AT RIEFEMZ, Lo 2R FERGKE, AL B RFEKERAR L. AL BiZETHES R RS
P AR B A SR H R S8 S SR R B b, TR AR IL(2),
AL = ALy, — ALy, + (@ x Ly xAT) (2)
HA, a nnf @A SRR REL L e mdia SRl FE K E . B0 AR(Q), waetss
BT B A SR LR R AL K(E3),
a=ALy | (LyxAT) = ALy, / (Lo x AT )+ (0 x Ly xAT )/ (Lo xAT)

®)
=[ ALy, /AT = ALy, [ AT +(agp ¥ Liy) |/ L
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ERE)H, malia BRI B KE L aofl Sl &SN RGKE L O85 T 1, AL /AT Al
AL 1o/ AT 51T 2, a utRABHEN I AOFRHE R 5.6 x 10°°C™H,  [RIAT A5 H R85 & 4 CoCrFeNiAly =,
o5, piFFILINEZIK 2B, WA 3. WL 3 Wl LUE H, 1480 2#FE S I & L2 AR, BeasiRE o
Jill7& 1150°C#1 1200°C, fH =& MIE 2 5 - A B3 . {H CoCrFeNiAly -0, 05, 1 AIEZIK R EBEE Al
Er RN RIER /N, 18.9 x 10°°C 7 Z P E] 10.0 x 10°°C ™, B BLE K R A It i 3 22
SR K. Yang T [10]H1 Yang Y [12JiAABEAE Al S8 R3EM, Sil§a 4 CoCrReNiAl, k=005, 12> I
B4 FREEAS FIVR S 2k, T R 1 HE e N S35 1) FCC 45 KB A% ) FCC+BCC VR i 45 W LA K JR - M
WA KKK BCC + B2 4514, IXA[RERZ Al 2315 # CoCrReNiAly - o, o5, 12 AUZAK R EOR/N1 JR
A, B 00 R A il — 2D SR AR IE

Table 3. Average linear thermal expansion coefficients of high entropy alloy CoCrFeNiAly « = ¢, 05, 1)
= 3. ElEA & CoCrreNiAly =0, 05, 1 HI L AR R

WA 2z Rbr TG R B« (x 20°CT
1# CoCrFeNiAly 18.7
2# CoCrFeNiAly 18.9
3# CoCrFeNiAlgs 14.9
44 CoCrFeNiAl; 10.0
4. 45ig

gi bR, WL PR 4ik:

1) FIFBCRSEEFRegslr, FER T — R B S ARSI R A R B8 7%, JRIER
1 30~800°C =i/ CoCrFeNiAly =0, o5, 1) L FAIEZIK 2 E

2) FHE RS, SRR (LA A T B A FERE R® > 0.9980, Il R Sl 8 i 55 A0 7 3
Ik RECH LB S TS

3) CoCrFeNiAly = o5 I PRI REA T 10.0~18.9 x 10°°CH 2 1], FEEHmMAFR, HH
BEAE Al F 5 3G 0 K 9/ o

E&UH

R B E RN 2Rt R H “ & CoCrFeNi/7075A1 & &R &R 5”7 (5 H 905 -
202210609016);: H (i B0 L SEARTF R UFRIIE “8 - 52458 & CoCrFeNi/7075A1 & -& 444 1 il
#WT” (WH S : AR 20221477); A OB K —RIRECRE BEURERIE) @ & H “&Bie T
B TiR” (W H%S: 2022KCT78).
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