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Abstract: Models of spiral fluidity, thin-walled filling and solidification stress frame were designed, and thermo-
physical properties, fluidity performance, filling process, and solidification process as well as casting process pa-
rameters of both FeCoNiCrC, ; and Fe,, CoNiCr,3C,s high entropy cast iron were mainly analyzed comparatively
based on the ProCAST software. The casting properties of near-eutectic high entropy cast iron were determined.
The results indicate that the properties of Fe,, CoNiCr,3C, s high entropy cast iron is superior to the others. Mo-
reover,the pouring rate can be improved effectively by taking desirable pouring speed and pouring temperature.
The greatest stress occurs at the junction of the complex casting, where the defects of shrinkage and porosity are
easily generated.
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Parameter settings of various materials for spiral

fluidity test

Tab.1

PR WA GRS/ R/

- g/ C C C (kg+s™ 1)
QT500-7 1165 1198 33 0.5
FeCoNiCrCo. 45 1 260 1293 33 0.5
Fe.2 CoNiCrg sCo a5 1268 1 301 33 0.5
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Meshing diagram of three kinds of models
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Tab.2 Parameter settings of Fe, , CoNiCr,3C, 45 for
thin-walled filling test

K Ak
WARLRIRE/C PR/ C Dk g/ (kg s71)
1 1300 0.50
2 1 320 0.75
1268
3 1 340 1.00
4 1 360 1.50

T 2% LR %) IO g A A TR 5 R S 4 I R T
PE. RS mmMAS HLIT, [ P AS FCE 61 3764, 1R W
kR 791 5434, WK 1e, ##EFe,, CoNiCr,sCoys
AL A S E R S, BEEIRE R 1 320 C,
DETEE Ny 1.0 kg/s,



FeCoNiCrC It i &5 W i i PR BUE R £ 2%

) 2k N TR AE) X 5 U0 b RL I SR B R ) R G HEAE . R
2 RMERAAN ProCAST B4 (1 b4 FH AL SURSE B 1 53064 ) 1) 8 1 1 2
SEAEORE B R HE PE. i FeCoNiCrCous

2.1 FeCoNiCrC 5 & & . s o ol ks
CoNICrC B M & s H M1 HE 53 4 Fe,.CoNiCroy Coi B QT500-7 BR 65 8% 3 FbHA} B
NFAT ) 27 £ BE R MR 9 45 b b P Clan 361 A0 28 JE A Ak ) B 1 B T L LT 2,
8200 Fe,,CoNiCry;Cy 5 jz 100 | QT500-7 FeCoNICIC, ,
o~ ol FeCoNiC1C, , 1500 -
. 8000 Loz 235 S
g FeCoNiCICop S\ & 3 < 60 i Z 1000}
£ 7500 £ Qr300-7 B | FecoNicr G W REMA— 2 Fe, CONICr, Cous
il 3 23 m 0T , 4 QT500-7
& | U 20 . I ® 00r
7000 QT500-7 \ # Fe,,CoNiCr,,C, s 20 ¢ |
; 15 FeCoNiC1C, ., ol | ot
L 1 10 1 L L L L " L " 1 n n I I I L n 1
0 500 1000 1500 2000 0 500 1000 1500 2000 11001140117012001 23012601 290 0 500 1000 1500 2000
BE/T BE/TC EBE/C BE/C
(a) B (b) #F % (o) B A0 (d) # 5

B 2 3 ArH A6 B b Al IR AL 09 S AT L B
Fig.2 Variation of thermophysical properties with temperature for various materials
2.2 REhEEEL B K .28 FeCoNiCrC, s 14 1.4 %, 2 QT500-7 R 2454
Pl 3 9 35 FUREVE B 1 ORI 00 3 Fhbb Rk pg g RSIBREEAY 17 F. UK PRSI i A £ 09
ML R, AT PR O 0.5 kg/s BEIE 10 s VESVRERBOR T AEL R PR S HE -

Ja »Fei, CoNiCros Cous i 4 A 48 42 Jo W10 370 3l 1 5 £ N T B A A A U Sl A R 3 < e A i S

BT BAC BE/C

12000 12000 1306.0

I 10427 I 11233 ! 11345
885.3 953.5 963.1
728.0 783.8 791.6
570.7 614.1 620.1
1433 444.3 448.7
256.0 274.6 277.2
98.7 104.9 105.7

(a) QT500-7 (b) FeCoNiCrCo_y5 () Fer.2CoNiCrosCo.us

B3 3 AM AR AR A S KR R
Fig.3 Spiral fluidity test results for various materials

FTHT A P 90 Bl B2 R AT T A SR LI 40 MRS IR DI GETE I AR by T S A6 0 22 S Bk A B R B R
By T 5 R I (] Y 56 2R VIR 8 U Bl T AR R A5 A L TT LA I B, S BROH P X U Bl 3R L A o S 4 1) I Bl
BB AR A A B . TEDSIEWI o iR R v e BT R P DB 2R R UL FeCoNiCrCoys F
SeiE N BIRIE B3l (WL 1a) . 3 Tkt R S 44 37 5 3k 2 Fe,; CoNiCrs Co.is (=10 A 42 10 54 38 Ui 3 PE 88 7T LA AR
B H R 5 24 4 VRS G DS R S . 4 BT A UEFE B o B R AT
By T IR /) 5 24 B 38 B2 e 58 I 1 AR I 3 3 T3Hh . H B 2a AT R 2 RE IR B e A BL R
FERE B B K (0. 15 m/s)., BE 5. W o3 B B W Fey, CoNiCros Cous 3 35 i 5 1 & & 00 % B B2 I
EARTL 5 [ R M R AR A TR R L FEIRE Y FeCoNiCrCo 3t i E & & M % E H 4 200 kg/m®,

07 M. X FHH Fe,, CoNiCr,Co 5 bt FeCoNiCrC, s i 25 77 B Bt

= oer A, & 2d PR PE W] 13X — . Y PR S
Ll % B [E A1 % 45 980 % I . Fe,, CoNiCr, s 4 8 W
% ! ) I B FeCoNiCrCo s Ik 27 C , [B] $2 £ B] T
S o0} Fey CoNiCros Cois B A B 1 378 20 1 - 350 L 7 3 1k

Ly Vi BUAE R 50

° 2 zlt 6 8 10 12 14 16 12 2|0 2.3 %%ﬁﬂﬁgﬁ%%ﬁ*ﬁ

FRF(8]/s
B8 Ak 3o T T R )
Fig.4 Average flow velocity of various materials GEREER

1051



R Fh B3 MA@

2023 5 43 5 8 M

(DPERBE R Em FERTHEER 0.5 kg/s B,
BB BSR4 o8 1 300.1 320,1 340 F1 1 360 C,
3 A e T I B T A R G T AL R Y S L 4R
DL S R 3, MM 1300 CHhEEl 1320 CHf,
TR RE ) 727 3R N 78.3 % 1Y TN F 83.5 % . 11 K5 . v BE
HFE RN 16.7 % W Z 2 TH 5 77.4% . AT 0L, K1 RE

3§§§\ BE/C BE/C
\ " 1300.0 " 13200
11203 B 11467

958.7 9733

788.0 800.0

6173 626.7

4467 4533

276.0 280.0

% 1053 106.7

,&
(a) 1300 C (b) 1320 C
A 5
Fig.5

®3 ARBETHEREKINFTRE
Tab.3 Filling rate of thin-walled filling models at different

{14 70 10 4 R T L RE g TR R O i T OKF
T RE 1) S8R e T R T B R A AR T 2, R BE TR IR
JRE i v AT PR T R R S A A M EE R ST R Y
GETEIRIE M1 340 CAI 1 360 C I, 8 B 58 )8t (8] 2 5l
T4 s FIA4 s X BEITGETE T Y B e i R R 6 A T
T [A]

N

(c) 1340 C

BE/C wEIC
l 1340.0 l 1360.0
F 11640 11813

088.0

812.0
636.0
460.0
284.0
108.0

@ | |
1002.7
824.0
6453
466.7
288.0
109.3

(d) 1360 C

Fe,, CoNiCrosCoys AL ERR R EZBRETHEEAB LR (LA 100 s i)

Thin-walled filling results of Fe; , CoNiCry5C, 5 high entropy cast iron at different temperatures

(OPWEFEHEE R 721 300 CTF, BB D
BEAR Rk 0.5.0.75.1.0 Fi1 1.5 kg/s, o BILE R ILE 6 F

9 TN .
e L FA LIRS I 0.5 ke/s T E] 0.75
i i/ .
77l 1300 1320 1340 1360 kg/s i, B ELERE A F0 R A 16.7 % 2 5 5 68.4% , K
KT 78.3 83.5 100 100 SEERE R SRR M 78.3% R E 94.8% , MpEiE i E
e Lo UE 10 10 O3 WA $11.0 ke/sFILS ke/ s BURR A& PR F A 15 1
& BEC
& ) 13000
‘ I1129.3
i 958.7
788.0
6173
446.7
276.0
1053
(a) 0.5 kg/s (b) 0.75 kg/s (c) 1.0 kg/s (d) 1.5 kg/s
B 6 Fey,CoNiCrgsCous %lﬁé‘é&‘&ﬁi [ %/ilifi_l:éﬁﬁgiﬂﬁgé%
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R4 TRARTIEETHERBUERNFERE
Tab.4 Filling rate of thin-walled filling models at different
pouring rates %

G/ (kg + 571

Jr X

0.5 0.75 1.0 1.5
K 78.3 94.8 100 100
2 16.7 68.4 100 100

(b) 40%

(a) 20%

1052

Y BE /Y- b BE 7 A S8 USR] 43 ) Dy 28 s L2 s, Sk
78 T U B R L o BRI R T R T R AR R TR
24 HELRERSH

DEUEHE R 1.0 kg/s TG AB T EILEK 7,
ATLLE H . MR 20% i, 4 R W T B R, i S ST i
TR e ] K T (ARG 5 2 SR 40 % B 43 S8 VT 4 )
\EC
13200

! 11467
9733

/ 800.0
p 626.7
4533

280.0
106.7

(d) 100%

(c) 90%
E 7 Fel.z CONiCI’m Co,43 r)\‘;—‘l }P—;lr {‘:\/i\ {3!3 ﬁ ﬁlifi
Fig.7 Filling process of Fe;; CoNiCr,5C, 45 high entropy cast iron



FeCoNiCrC It i &5 W i i PR BUE R £ 2%

O ] £ B3 S AE YAt 3 0 6 J0HE AR AR 1 i R A A 5 > e A
90 % B, 4 Ja VT i 1) b 7 A8 I () 1 K (R R IR TR
HESELIG 5 2 78 80 100 % J » 8 B 25 o 0F I hn e 18] . 7 €
[ 2ok A v [0 JE AE IX 3 oo I A P s I DR AE 5 4
PRI AE FEAL | 5 I J2 T 1 14 v T DX 38 DA R 85 780 1) T
o FEASHEAL A PR DX B, 4 W 1 v A0 B EE AN TR] L B
MBEAR 223 K . SO TR R A A 25 7, R BEUIE S
Qb 7 HE B IV T B AT AR A AR LR BE

Ry T S R [ 3k R e B A N T Y 0 A AR R R Y
IR FI R T S AT 1 o A S5 R WA 8. i &l 8a
AT S 3 (B P AE 55 K O A 5 DX (8 A DX 38 ) £
BRI B iX R BIZ X I e #E Rk . i
T3 A 3t 38 e R i (I C) 5 L JIT Ak 19 3 T8 4R FR LG TR A
IR 2.4 £ 4 8 WA 38 22 ¥ 20 B e, i DL
D S R B A/ . E D 8b R, A AR A R
J320 1 381.4 MPa, &l TIRIJEHE | A AWM Can B
KU C 50 [ 78 ) 3 32 AN ], S B0 X8R e A P A2
PR TR BN Sy T P A A8 R BB . X A SR T
X3 (B 5 F C 50 (1 35 B -1 [8) i 28 iy g -t [ iy 28
HEAT AT, WL 9, ATLAE . B sif C sl ¥R 2 5
KR BRI 258 180 C . B A5 A RUW J1E L
C fim i 484 MPa, iX T8 A JHABRIHEE N ],

@ %37 B/ c S5 H/MPa
0.309 1535.1
| 0.268 | 13304
A M o027 11257
0.186 921.0
0.144 716.4
0.103 5117
0.062 307.0
0.021 102.3

() 1243 (b) B E A%
B8 L#gmARXEN GG K

Fig.8 Distribution of displacement field and effective stress field

1400 1 1400

1200 1200

1079 MPa

1000 | Jio00
Ay
© 800 | 1 800 =
8 € &5
= 600 600 @
400 F 1 400 i
200 1 200
4 . ; ; . g
0 100 200 300 400 500 600
i lEl/s

B9 B &2AC 5B EF R E e T
Fig.9 Variation curves of temperature and stress

with time at point B and C
3 4 ®

(1) A4 L A P A5 400 0 8 3 1 e 52 28 25 by 3R BT
FeCoNiCrCy 5 #l Fe, , CoNiCro s Co 45 5 1 & 4 B9 I 3l

B F QT500-7 BREBH MW . I, Fe,, CoNi-
Cro.s Cous o 2 b B 05 5 2 09 T Bl 1k R AR
(2) i BE 75 BUASEARY 43 B e WY 48 o 8 10 T 3 N e v
EHR RS RS S SRR AR, s
R RO T

(3) I 3 HEAE Y 43 H7 2R W1 o 8 0 45 46 1oE 7 o R 1 oL
AR IO A R e B T TR S I R (BT AE A S A B
F R 7135 1 381.4 MPa,

5 % X #

[1] LIZ, PRADEEP K G, DENG Y, et al. Metastable high-entropy

s

duAl-phase alloys overcome the strength-ductility trade-off[ J]. Na-
ture, 2016, 534(7 606): 227-230.

[2] TANG Z, YUAN T, TSAI C W, et al. Fatigue behavior of a
wrought Aly s CoCrCuFeNi two-phase high-entropy alloy[]]. Acta
Materialia, 2015, 99. 247-258.

[3] TRACY CL, PARK S, RITTMAN D R, et al. High pressure syn-
thesis of a hexagonal close-packed phase of the high-entropy alloy
CrMnFeCoNi[J]. Nature Communications, 2017, 8; 15 634.

L4] JAfie, B8, HILS, % mhia &0t Rk BT
I T T2, 2018, 47 (18): 5-9.

(5] @ —k. skEem. AT, 5. ma R & Ty AR
A & A RS TR, 2021, 50 (1) 333-341,

[6] LUYP, DONGY, GUO S, et al. A promising new class of high-
temperature alloys: Eutectic high-entropy alloys[ J]. Scientific Re-
ports, 2014, 4(1): 1-5.

[7] JIANG H, QIAO D, LU Y, et al. Direct solidification of bulk ul-
trafine-microstructure eutectic high-entropy alloys with outstanding
thermal stability[ J]. Scripta Materialia, 2019, 165; 145-149.

[8] ZHU Y C, ZHOU S C, XIONG Z P, et al. Enabling stronger eu-
tectic high-entropy alloys with larger ductility by 3D printed direc-
tional lamellae[ J]. Additive Manufacturing, 2021, 38: 101 901.

[9] LUYP, WUXX, FUZ H, et al. Ductile and ultrahigh-strength
cutectic high-entropy alloys by large-volume 3D printing[ J]. Jour-
nal of Materials Science & Technologys 2022, 126(1); 15-21.

[1o] fa30um. /S —F, &R, 5. St 5 s 6 & 0 oo ik e X R R
(I, Hefb o653 BT i3 4. 2022, 42 (3): 265-274.

[11] PhoCSE. Wi, SER. & SR EH G &nvtais R ]
s Py S TR, 2022, 13(1) . 27-37.

[12] 250, a7 SRR i 45 30 00 R i & 4 BT o R SR (L 1. 4 b 5 i
A (a4 42 ,2021,41(1) :32-37.

[13] NAGASE T, KAKESHITA T, MATSUMURA K, et al. Develop-
ment of Fe-Co-Cr-Nn-Ni-C high entropy cast iron (HE cast iron) a-
vailable for casting in air atmosphere[]J]. Materials &. Design,
2019, 184. 108 172.

[14] CHEN ], YAO Z H, WANG X B, et al. Effect of C content on mi-
crostructure and tensile properties of as-cast CoCrFeMnNi high en-
tropy alloy[J]. Materials Chemistry and Physics, 2018, 210; 136-
145.

[15] LIUX W, LIU L, LIU G, et al. The role of carbon in grain refine-
ment of cast CrFeCoNi high-entropy alloys[]J]. Metallurgical and
Materials Transactions, 2018, A49(6): 2 151-2 160.

1053



Aug. 2023 R S O &
Vol. 43 No. 8 SPECIAL CASTING & NONFERROUS ALLOYS

HPSIM T Z2#H N SR ATFTNRS=ER AL

THEE v 2 REE ITTE FTEE
(X IRFAELELSRREFR)

H E SdaEEREOUEARN&SEAANEW. HE T ESHEMAHEND N G2 AL 5WENEmW. REN. AP NGRS
Fi PR 0 T 0 JBE L N e d R TT 36 1.05 % B IR R AR 1 NI 38 A TR ] R 3% 1 5 S 0 2 2 32 B2 oy 40 /0 45 Bl AL R
RSF Ry 10~25 pom s [ 25 i P08 990 F D0 388 O iR RUST S0 W A8 /0 b AR 8 308 O, 32 2 2 oy 1 I PR O 1 0 186 K T N s 18 b
T AN TR U Y =

XKER  EEERBOGEM N & ROR A 4 o R AT

mESEE TG665;TG142.71 XEtRERS A

DOI:10.15980/j.1222.2023.08.008 Fr AR (R IR AR 55 ) #R 1145 (OSID)

R - S

Effects of HPSLLM Process Parameters on Nitrogen Content and Microstructure

of High Nitrogen Stainless Steel
Wang Shuhuan, Sun Xin, Zhao Dingguo, Wang Yachao, Ren Jianbiao
(School of Metallurgy and Energy, North China University of Science and Technology)

Abstract: The effects of process parameters on nitrogen content, microstructure and hardness of high nitrogen
stainless steel prepared by high-pressure selective laser melting(HPSLLM) were investigated. The results indicate
that the nitrogen content in alloy is proportional to the luminal pressure, which can reach up to 1.05% , and the
luminal pressure promotes the infiltration and inhibits the escape of nitrogen. The microstructure is mainly com-
posed of fine equiaxed grains with grain size of 10~25 pm. With the increase of luminal pressure, the grain size is
gradually decreased and the microhardness is increased, which is mainly attributed to the increase of solid nitro-
gen content, resulting in the grain refinement.
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