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Fig.1 Morphologies of AICoCrFeNi (a) and CoCrNi (b) powders
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Table 1 Technical parameters of selective laser melting molding
Parameter Value
Laser power/W 280
Substrate temperature/°C 100
Scanning speed/mm-s! 2000
Powder layer thickness/um 30
T T Cooli
1200 | 1 Cooling
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g | S~
S 800} - f} '
£ | S~
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Time/min
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Fig.2 Process of annealing treatment
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Fig.3 XRD patterns of (AICoCrFeNi);/(CoCrNi)x (x=20%)

composites after annealing at different temperatures
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Fig.4 SEM microstructures of (AlCoCrFeNi)./(CoCrNi)x (x=20%) composites after annealing at different temperatures: (a) as-built,

(b) 600 °C, (c) 800 °C, and (d) 1000 °C
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Fig.5 Microhardness of (AICoCrFeNi)1../(CoCrNi)yx (x=20%)

composites after annealing at different temperatures
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Fig.6 Wear loss (a) and coefficient (b) of
(AICOCrFeNi)1«/(CoCrNi)x (x=20%) composites after

friction

annealing at different temperatures
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Fig.7 Wear surface morphologies of (AlCoCrFeNi);/(CoCrNi)x (x=20%) composites after annealing at different temperatures: (a) as-built,

(b) 600 °C, (c) 800 °C, and (d) 1000 °C
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Table 2 Wear surface chemical composition of (AICoCrFeNi):x/(CoCrNi), (x=20%) composites after annealing at different

temperatures in Fig.7 (at%o)

Sample Location Al Co Cr Fe Ni 0O
a 12.53 18.85 19.12 14.50 18.58 16.12
As-built
a 7.61 11.45 11.34 14.90 11.91 42.79
by 11.96 18.51 18.63 13.88 18.20 18.82
600 °C
b, 6.72 12.26 10.85 15.37 11.48 43.32
C1 12.14 19.03 18.51 14.29 18.92 17.11
800 °C
C2 7.25 11.85 11.03 15.62 12.19 42.06
d; 11.71 18.35 19.27 14.16 19.01 17.50
1000 °C
d, 6.33 12.16 11.83 15.23 11.94 42.51
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(AICOCrFeNi),,/(CoCrNi), (x=20%) & kHE G
TAFE S AN [F)R R FE A3 5 1R FETE IR R 1 3.5%
NaCl ¥ 2 360 h 2, = (2) H5EA
t, WEERYITER 3. WK I HHLIEL, FERK
TRFER T, 6 o 28 A B PR (K % . 600 C
B JCIRAE 5 R JCRTURE IR o ZR AR L, AU 2
5.85x10 (> hy', JEihiH SEnE A PEA, Td B ke
MG R R . Zeid 800 A1 1000 “CiBkHikkE, JiF s
R R FFK, XU 800 A1 1000 CiB Kt & &b BHIE
PR RAL 3, LA 1000 °CAB KVRE FRTR T ik B o
AR R A S A AR ok =R, s
PR A 1 223 T DL 52 A R B e e ] o AN [
J5L IR K A 3 (1) (AICOCTFeNi) . /(CoCrNi), (x=20%) &
A MEHE 3.5% NaCl & s B At 28, ikl 8
s e & LR AR AL 28 35 s Hh T RO B B AL
X, iR kJE, EAEMERRFER B X ) 6 U
K, XA LAYID B IR K AR FR A = T S A AR A I G
P ClURRIRE ST HiR Ak il 2R3E i ST 545 B 1)
BB SHI TR 4. WTUHEH, WEEMEHHT
BAKJE, FEE A, R RN . AR

U FE R T, ok PR  OROR R o LA 2 R RN R
AR X BB R KR FER T =, A AR ol
(G g k], g ol i B AT Wﬁﬁ*ﬁiktﬁerjo X543
IR T R H B4 AR, it — PR IR K E IR
3.5% NaCl ¥ b i it ORI otR L . R4 R
TR AT A [R) R R AR KRR B B A AR A D 1
PR SEEAT TEE, WE R 45 R & 8 s, B
K RiT (AICOCrFeNi),./(CoCrNi), (x=20%) H&#EHR
FE LA K 28 3 3R 2K AR i et 2 T 0 0 5% 214 AN A 72

# 3 A EIRXIEERER B (AICOCrFeNi)id/(CoCrNi)y

(x=20%) E &R 3.5% NaCl &% iy JE thiR 2

Table 3 Corrosion rate of (AICoCrFeNi);«/(CoCrNi)x

(x=20%) composites after annealing at different
temperatures in 3.5% NaCl solution

. - -3
Pre-corrosion  Corroded ~ Corrosion rate/ X 10

Sample

mass/g mass/g g(m*hy!
As-built 2.2734 2.2726 7.992
600 °C 2.1327 2.1319 7.407
800 °C 2.2579 2.2573 5.556
1000 °C 2.3116 2.3112 3.703
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Fig.8 Polarization curves of (AICoCrFeNi);«/(CoCrNi)x

(x=20%) composites after annealing at different

temperatures in 3.5% NaCl solution

B LI, 25 4HIRFETE 3.5% NaCl ¥ h &R BN
SR AR ko T LS SR PR P R T A A W% 2 B
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N T SR I AT AN R R K AR FE ) (AICOCTFeNi) .,/
(CoCrNi), (x=20%) =AM EE 3.5% NaCl ¥ 15
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10 AR, B ST Al 2p. Co 2pgp. Cr 2pgp. Fe 2pg, Al
Ni 2pap, IR0 XPS Y itk gk 47 o WAL 515 2 (1 2 1
RN AR EF 85 T3% 5. WK 5l LE H,
B KT fE IR P BB B4y 2 i ALOs. CrO3. Cr
(OH);. CoO. C0,0;. FeO. Fe,05. NiO Fl Ni,O3 41
W 10 s, GBKETEAES 1000 CIBGRFERT Al 2p
BITE 722 1740 eV I ES A RENT BRI T 2 /Mg,
X 2 MG REE AL AT AR (AL . BAHTS
1000 “CiB KFERT Cr KRG HE YK H Cr 2pg, 1BK
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hole ./
Pitting
hole
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Table 4  Electrochemical corrosion parameters of (AICoCr-

FeNi)1-x/(CoCrNi)y (x=20%)composites after annealing

at different temperatures in 3.5% NaCl solution

Sample Ecor/mV leorr! X 10° A-cm?
As-built -363 1.41
600 °C -335 1.16
800 °C -327 1.01
1000 °C -295 0.49

BTAFER) Cr & B IEAIAE 573.8 eV Tz, FME
Cr¥ (Cr,03) [UENIAE 576.5 eV T3, ks Cr
(Cr,03) IR T 578.0 eV 45&Refr B HM T 1
NEFUEA Cr* (Cr (OH)3) . 1000 CIBKIAFE (K
Cr &JRSUENIAE 573.7 eV i B, %fk& Cr¥* (Cr,09)
A7 576.5 eV 5 & Refr B, AMLZ Cr¥* (Cr0s) K
WA BT ) 577.5 eV S5 & Rehr B AR 1 NEEEST
Cr* (Cr(OH)y) We. W35 FATLAG Y, B KRATRER
i) Cr¥* (Cr,03) [Cr X & & A 52.59at%, Zit
1000 “CB K J& HITRFEE Hh £ i () Cr¥* (Cr03) /Cr IAH
ik #| 71.11at%. iR K ATAFEAR LG, Z00d 1000 C
IR K AR R Cr* (Cr03) [Cr [RIARRT £ 5 B
D%, HATERREEBUAK, Hd AP (ALOY /Al
U B TR LR b o IR K Kb B AR T AL 1
75, CrO & EINZ .

N AN RN IR K A2 S (AICOCTFeNi), ./
(CoCrNi), (x=20%) =& #EHE 3.5% NaCl 7 ittt
FEEFIAR N R M, R EARFEEAT T B BT, JF
18 25 R0 T FL G BT AR BB B AT L . BN IR
JE£ 3B K AL B [’ (AICOCTFeNi),,/ (CoCrNi), (x=20%) H&
WAL 2 FHATHE (9 Nyquist EIF Bode [, 41 11a fl
11b iR, 7EF 1la 1, ZidiB K JE AT R R
—ANEY, X B R AT AT R AL IR KR
(Ft e, FRE TR AR K1) . 600 CIR KA
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Fig.9 Corrosion surface morphologies of (AICoCrFeNi):.«/(CoCrNi)y (x=20%) composites after annealing at different temperatures:

(a) as-built, (b) 600 °C, (c) 800 °C, and (d)1000 °C



%12 ] . 3443 -

Intensity/a.u.

72 74 76 68 70 72 74 76 78

Intensity/a.u.

Intensity/a.u.

Intensity/a.u.

Intensity/a.u.

845 850 855 860 865 870 845 850 855 860 865 870
Binding Energy/eV Binding Energy/eV

B 10  A[RE BB Kk b 3 )5 (AICOCrFeNi)/(CoCrNi), (x=20%) 4 & 8 kB B4k I (1) 7 43 9 22 XPS &1
Fig.10 High resolution XPS spectra of (AICoCrFeNi)1../(CoCrNi)x (x=20%) composites after annealing at different temperatures:
(a-a4) as-built and (b-bs) 1000 °C
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Table 5 Relative atomic ratio of metal valence on the surface of (AICoCrFeNi)1./(CoCrNi)x (x=20%) composites after annealing

at different temperatures after corrosion tests

Al content/at% Co content/at%

Cr content/at%

Fe content/at% Ni content/at%

Sample
Al AP Co Co** Co* cr cry cry Fe Fe* Fe* Ni  Ni* Ni*
As-built 33.88 66.12 33.49 3254 3397 2393 5259 2348 23.80 30.66 45.54 28.78 10.02 61.19
1000 °C 39.68 60.32 35.14 3398 30.88 7.41 71.11 21.48 3125 21.62 47.14 3528 24.31 40.41
8 2 b -100
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Fig.11  Electrochemical impedance spectroscopy and equivalent circuit of (AICoCrFeNi)1.x/(CoCrNi), (x=20%) composites after

annealing at different temperatures: (a) Nyquist plot, (b) Bode plot, and (c) equivalent electronic circuit

% 6 (AICoCrFeNi)1./(CoCrNi), (x=20%) E&#HIERIESE

Table 6 Impedance fitting parameters of (AICoCrFeNi)i«/(CoCrNi)yx (x=20%) composites
Sample Ry/Q-cm? Rp/Q-cm® n 70/>107° Qt-cm?-s” 21<10*
As-built 9.88 4.17x10° 0.93 1.35 4.19
600 °C 9.96 4.36x10° 0.89 1.17 3.42
800 °C 9.32 5.93x10° 0.91 1.51 5.38
1000 °C 9.54 6.79<10° 0.90 1.78 3.27

Note: n-CPE exponent; yo-the capacitance value of CPE; x?-fitting error percentages
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Effect of Annealing Temperature on Wear Resistance and Corrosion Resistance of
(AICoCrFeNi);4/(CoCrNi), Composites

Guo Jing™?, Wang Dexing™?, Zheng Dubin*?, Zhai Ruokai'?, Ma Chen"?, Li Yudao'?
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Tai’an 271018, China)
(2. Shandong Key Laboratory of Horticultural Machinery and Equipment, Shandong Agricultural University, Tai’an 271018, China)

Abstract: (AICoCrFeNi);/(CoCrNi), (x=20%, mass fraction) composites with excellent wear and corrosion resistance were prepared by
selective laser melting (SLM). Then the composites were annealed at different temperatures (600, 800, 1000 °C). The effects of annealing
temperature on the microstructure, hardness, wear resistance and corrosion resistance of the composites were studied by XRD, SEM, EDS,
EBSD, hardness tester, friction and wear tester, electrochemical workstation and X-ray photoelectron spectroscopy. After annealing at
600 °C, the phase composition of the composites does not change, which is composed of bcc phase and B2 phase, and the grains are more
uniform and finer than those before annealing. After annealing at 800 and 1000 °C, the fcc phase appears and the grains are coarser. The
higher the annealing temperature, the heavier the fcc and the larger the grain size. With the increase in annealing temperature, the hardness
and wear resistance of the composites increase first and then decrease. Due to the fine grain strengthening effect, the hardness and wear
resistance of the sample annealed at 600 °C are the highest. Compared with the sample before annealing, the hardness of the annealed
sample is increased by 26.9% and the wear mass loss is decreased by 32%. Annealing treatment promotes the enrichment of Cr,O; in the
passive film and improves the corrosion resistance of the composites. The sample at 1000 °C shows the best corrosion resistance.

Key words: composites; selective laser melting molding; annealing treatment; wear resistance; corrosion resistance
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