450 %
2021 4 54

BRERMBS IR
RARE METAL MATERIALS AND ENGINEERING

551 Vol .50,

May

No.5
2021

Cr =% NiCrMoCu % FLA7 Rl a0 220 Az E
= FLINIEAF SR

FEE, WK, F W, FHE RAR K
(RBUET R, Wit i 430023)

B, MEM®

# ZE. LLNi. Cr. Mo. Cu JTEMANERL, FETIE R BIRRE T7EH] % NiCrMoCu Z4LitkL, &AL T ANE Cr S &Y
AL ARBUEIKEE . FLEMAFLBIES, SR T IR A NLH . S5 RERH: ZIUMRIIFLIE. TR ARk RS54 Cr
BRSBTS K Cr B R 40 B0 30%I , LI E i e, HITALIRZE N 42.10%, S FLIZE N 48.36%, R IEZIK %y 12.60%,
PR 13.32 um, B HE N 963 mP m?kPat hl, T Cr, Mo, Cu B JRTF7E 1150 C FA RS TT i ok %,
ZE LW Cr R T-7E Ni A Cu JR T3 BOE R 43 504 1.61>10™ F1 822100 m? 57, 3zt T Mo A1 Cu % JR T (M9 BUE 2
WAL T NiCrMoCu Z LA R ALHLEI, 3 TR R T il A2 h 22 AR A R BRFLAT Cry Mo Cu JEFYEAS R34 v oo 397 o

FEAFGHER Kirkendall ZM .

KEEiE: NiCrMoCu &4; ZAUMEL FLEER; ¥ #ERS: BFiLE

hEESZES: TB383 XEFRIRAD: A

XEHE: 1002-185X(2021)05-1641-08

BRSS S R HE AR PR i Re . Pl
AAbrERE. LS RINUPERE R AT N T, B2 M T
AR R, TER JOL SRR A IR TE R Tk
I RTATL B- AR P 0 252 f) S e 3 R O,

—H LK, AxZ BT e Qe AR i i A
ST RRRRIA B HR T LR i LFE . Natalia 25158 1t
AL TN VEE AR R/ % Ni-Cr-Mo A4 76 1 mol/L
HCI ¥ (T g AT i sg e, 45 R R 1% & & 15
HCI VAW PRI IR EE T P PR 4R H Cr &&=t 8
by i R R 7 [ESRPILI R NI IRk, 4
A [ AR AR B il AR T L 2 A — P R =4
WUIREE R 2 Ni-Cr-Fe #K &4, £5d 800 ‘C/50 h
(AL, Cr. Fe JLIBIFIA] 4~12 h (HERIR & & 1Y
HAEH 0.56%~0.72%:; il 2 LA K IR 4 H 127 2
SRR LT R, BRI 2 LA R EE AR T 2 e e 2 N
MmO, H AT A A %7 e T R R,
Ni-Cr-Mo-Cu Uit &4t —Fhik R i th &4, HA
EA BIF PR A B, R i 785 % A8 e
ELAT S5 T o o AT 48 52O ) NiCrMoCu & 4]
SRR EE, FF4EH Cr il 250 #7E 30%~35%, Mo%f{E
5.0%~7.6%, Cu JiiE4{E 1.6%~2.9%FF B A K I iR
PERE. BTSN 63.14%Ni21.5%Cr14%MoCu 5%

%5 HEA: 2020-08-06

PR 2~12 mol/L 2 A I HH F ek s 82 Py [ At i ik
ITERYERALEH, PR B ELIEEE 8 925 nm,
NiCrMoCu % & 4 75 = K BE R b B A R I (P i IS ot
o N T BRFREFF ROZM R R v RedE, # HAR R
BRI L P B S T 8 S IS 4y B Ak, A B R R VE R
Gt R P AR I AR R A oy S S PR al, R kT R
NiCrMoCu 2 FLA KH il 5 S Homf 7t TAF R A+ B2
(=98

FEWFRIA Y B S EET Kirkendall 505 ]
# 1 NiCrFe Z fLAPEHEA L7 bt s A AL 1 e, IF4R
H Cr & Ni 44 Kirkendall fdr #5s B itk LA 5 41
e R, T EFS, ALK, Niv Cry Mo, Cu
TCRB AR R, BT A WAL Kinkendall 203 f#3E
U N RE L il % NiCrMoCu DT & 42 fL R, = St
FL T Cr &'t fLIR &5/ VERE AN AH L B s e, R
HIEFLWLE, N2 H TG S 2 FU R ) 25 SR AL 2
WAISZIRARTE,  FE LA SR NI K 8 4 )8 2 FLM Rl
TENE 73 B USRI P e

.

SEEG A Ni By CrA. Mo # BA K Cu ¥k )
N 38~T4 pm, AEITE 99.9%LL b, ZALAER AL L

E&WiH: ExARREESE (51704221); BT RSB N EHEERS (2018J05)
eIy FEm, 5, 1993 44, midA, RPUE T RFNM TSR, Wik 2 430023, E-mail: lixidel993@163.com



<1642 -

Wit @M RS TR

50 %

mk 1R BREWKE TITERBIPHERE
5h, ERIEEN 5:1, 34 200 r/min.

KA R, K V8 Ak AR R il B @25 mm 138
FE, HEHilHE 77 160 MPa. )5, AR E T HT
Redh AT et keds T WA 1R,

K X SR ATEH (XRD) 43 M1 44 K} 40 K8 41 1% 5
W& Z AR R AT G . BT, AR R A
A+ H AR B Z AL R IZ K 26 s {3 FH SR A0 & L2
KA FALE S A s FLAR IR A (FBP-3 1) I & 3L -7 1 L
e, 3 Bk P e 4l 070 (99.99%) N IR Ak, IR A
W CRE(r AT al)s SR F SRS I vk & 22 FLAE 1
BT W S AR . 3 B (SEM) M SR
R FLRAL AT R B0 S RS AR = A
AR B HIFLI R, HAXA:

P=(M;—M,)/p (1
X, P ORAFFFLBRER, My il RE A i B IS RRE 5
&, My NARFEATHAER R E, p AAWHIEE.

2 HZREHM

2.1 Cr 2EXZ LM BHELE A0
L X EAT T (XRD) AT LA € il £ 58 il R 1)
FHA A S di Ak 454 . 1] 2a R T ANE Cr & T £

% 1 NiCrMoCu & FLF#l R B 5 B LE
Table 1 Composition ratio of porous NiCrMoCu alloys (w/%)

Sample No. Ni Cr Mo Cu
1 75 10 10 5
2 70 15 10 5
3 65 20 10 5
4 60 25 10 5
5 55 30 10 5
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Fig.1 Sintering process of porous NiCrMoCu alloys
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Fig.6  Cross-sectional pore size distribution of porous alloy
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different Cr content (b)
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Effect of Cr Content on Pore Morphology and Pore-Forming Mechanism of Porous
NiCrMoCu Alloys

Li Xide, Liu Yuzuo, Li Bin, Li Juying, Xiong Lieqing, Zheng Xiao, Yang Junsheng
(Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: Porous NiCrMoCu alloys were fabricated by reactive synthesis sintering technique with Ni, Cr, Mo and Cu element powders as
raw materials. Phase composition, volume expansion ratio, pore structures and pore morphology were characterized and the pore forming
mechanism was discussed. The results indicate that the pore size, porosity and volume expansion rate of porous materials increase with the
increase of Cr content. When the Cr content is 30 wt%, it has the best pore structure, the open porosity reaches 42.10%, the total porosity
is 48.36%, the volume expansion rate is 12.60%, and the average pore size and permeability are 13.32 pm and 96.3 m*m?kPa™-h™,

respectively. The diffusion rates of Cr, Mo, Cu atoms in different matrix elements at 1150 <C were calculated, and the calculation results
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illustrate that the diffusion rates of Cr atoms in Ni and Cu atoms are 1.61x10** and 8.22>10™ m2.s™, respectively, which are higher than
those of Mo and Cu atoms. The pore forming mechanism was explored and it is mainly based on the inter-connected pores in the green
compacts and the Kirkendall effect due to the different diffusion rates of Cr, Mo and Cu atoms in the nickel substrate.

Key words: NiCrMoCu alloys; porous material; porosity; diffusion coefficient; pore-forming mechanism
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