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Fig. 1 XRD patterns of porous Mn-Si at different sintering

temperatures
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Table 1 Reaction equations and standard free energies for

manganese silicide formation at different sintering temperatures

Standard free energy, AG/(kJ-mol ")

Reaction equation

800 C 900 C 1000 'C

Mn+Si=MnSi —74.73 —70.30 —73.795
2Mn+3MnSi=Mn;Si; —64.40 —67.42 —=70.27
Mn+Si=Mn;Si; —288.62  —290.31 —291.66
4Mn+Mns;Si;=3Mn;Si —65.37 —65.04 —65.04
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Fig. 2 Volume expansions as function of sintering

temperature for Mn-Si intermetallic compounds
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Fig. 3 Open porosity as function of sintering temperature for

Mn-Si intermetallic compounds
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Fig. 4 Surface morphologies of porous Mn-Si materials at different sintering temperatures: (a) 600 C; (b) 700 C; (c) 800 ‘C; (d)
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Fig. 5 Pore structure parameters as a function of sintering

temperature

B KB, PESCRRIRIE, 7E MnSi Z4ERF, Mn
A HE 32 S0, XEeFLIE R BT Mn B B8O K
F Si &4 Kirkendall 23 117 S8, BEEBesh iR

FE T, 3Bk 4L & 2E, I 700 “C I SEM AR (AL 6(b),
() AT LAMLER ] Mn S0k 5 MnSi 2[RI T 85K 1)
TR X2 TR YRR T, Kirkendall FLAS
WrA . KR, mEERILR.

L@ AMLAY) MnsSis ARG BLE AR, FL
— >4 Mn F MnSi 2 34 i, MinsSis o £ & 1T 7£ MnSi
HSi YT Mn 1 B £ SR, Si i MnSi
BZ MnSi 5 Mn 5L, 5 Mn RARRB, AR
MnsSise MR TELE Kirkendall 208, 7E 750 CH
ZEURI) SEM 8, 7E Si BI0RE Y J F [RI R PT AR 3 e
T Kirkendall 2874 FIFLIH . MERER &, ¥
Bk 44T, Mn. Si. MnSi #EFESARL, 785 Si X
JER MnsSi;, TEHE Mn X2 MnsSi. B 6(e)fT
NN IR AR IR BN I FLBRIE A -

g TR, BAGegh I R, GV R BN
BOR R HIFLBR B, BRI BRR, LA Mn JGER
ASi JCRAEY BUR B A [F T BOE B 5] 1)
Kirkendall 205, FLBR IR AT Loy A =N B: 23—
MB, WA RMNIEAKRAE, WE 7(@)FTR, fLERE



2528 B 9 W

BN, 5 Mn-Si BREAE ML SRS & 1795

Kirkendall pore
(b)

Kirkendall pore

(©
E7 Mn-SifpARIEME LT
Fig. 7 Kirkendall pore formation process of Mn-Si: (a) Stage
I'; (b) Stage II; (c) Stage III

B 6 ARRSGEEZTRIE 1 hE
Mn-Si KE45 74 115 # SEM &
Fig. 6 BSSEM images of Mn-Si

sintered compacts at different holding
temperatures for 1 h: (a) 600 C; (b)
700 C; (c) 700 C; (d) 750 C; (e)
1040 C

PR R IR SR AR AURE [ PR FLAE R, B R 7R PR e 3 »
FLBRA/INIEIG AN 25 BB Mn JCEM St TE K
A B & MinSi, BT Kirkendall 205, LB B
ZRTE, WK 7(b)FiR, 7E Mn Al MnSi f9 7 B2 A4
K&/ Kirkendall #L; 25 = AMB Bo& MnsSis FI4E %,
Si 7E MnSi ¥ HUE R E Mn 1K, 724 Kirkendall
Lo

1) Mn. Si ¥y RLER S BC HEA n(Mn):n(Si)=7:3 1]
ToHE R S e gt Hpogr S 2R O AT AR MinSi, 28 J5 MR A=
Mn;sSizs MnsSi, HIERZERLGIRE 1040 Cla, K7
fE MnsSis~ MnsSi B, FEERIFLIR RIS, 45
R4F, FLBEA 47.60%M4& & ML &% LA R



1796

hEA O RYR

2018 429 H

2) Mn-Si )& AL &2 LR IGE SLILEE 2 22

NIEHIFLBR RS, RO ER, LA Mn 5 SiBp
RAEY HOSFE P HIGE FE A [F) 51 K Kirkendall RN o

REFERENCES

(1

(2]

B3]

(4]

[3]

[6]

(7

(8]

9]

[10]

(1]

HERNANDEZ N, SANCHEZ-HERENCIA A J, MORENO R.
Forming of nickel compacts by a colloidal filtration route[J].
Acta Materialia, 2005, 53(4): 919-925.

LETANT S E, HART B R. Functionalized silicon membranes for
selective bio-organismcapture[J]. Nature Materials, 2003, 2(6):
391-395.

YAMAGUCHI A, UEJO F, YODA T, UCHIDA T, TANAMURA
Y, YAMASHITA T, TERAMAE N. Self-assembly of a silica
surfactant nanocomposite in a porous alumina membrane[J].
Nature Materials, 2004, 3(5): 337-341.

BRUGGEN B V D, VANDECASTEELE C. Distillation vs.
membrane filtration: Overview of process evolutions in seawater
desalination[J]. Desalination, 2002, 143(3): 207-218.

JULBE A, FARRUSSENG D, GUIZARD C. Porous ceramic
membranes for catalytic reactors—Overview and new ideas[J].
Journal of Membrane Science, 2001, 181(1): 3—-20.

e, SRR, THA, B, 2 &, EEH. Fe-Al
Ti-Al F1 Ni-Al &5 J& B4 &4 2 LR STt D],
A 4 JE 4R, 2011, 21(4): 784-795.

LI Ting-ting, PENG Chao-qun, WANG Ri-chu, WANG
Xiao-feng, LIU Bing, WANG Zhi-yong. Rwsearch progress in
porous Fe-ALTi-Al and Ni-Al intermetallic compound porous
materials[J]. The Chinese Journal of Nonferrous Metals, 2011,
21(4): 784-795.

HEIKKINEN M S A, HARLEY N H. Experimental investigation
of sintered porous metal filters[J]. Journal of Aerosol Science,
2000, 31(6): 721-738.

HE Y H, JIANG Y, XU N P, ZOU J, HUANG B Y, LIU C T,
LIAW P K. Fabrication of Ti-Al micro/nanometer-sized porous
alloys through the Kirkendall effect[J]. Advanced Materials,
2010, 19(16): 2102-2106.

KUMARAN S, CHANTAIAH B, SRINIVASA R T. Effect of
niobium and aluminium additions in TiAl prealloyed powders
during high-energy ball milling[J]. Materials Chemistry &
Physics, 2008, 108(1): 97-101.

LANG F, YU Z, GEDEVANISHVILI S, DEEVI S C, HAYASHI
S, NARITA T. Sulfidation behavior of Fe-40Al sheet in H-HS
mixtures at high temperatures[J]. Intermetallics, 2004, 12(5):
469-475.

AMAYA M, ESPINOSA-MEDINA M A, PORCAYO-
CALDERON J, MARTINEZ L, GONZALEZ-RODRIGUEZ J G.

High temperature corrosion performance of FeAl intermetallic

[12]

[13]

[14]

[15]

[17]

(18]

[20]

[22]

(23]

[24]

[25]

alloys in molten salts[J]. Materials Science & Engineering A,
2003, 349(1/2): 12—-19.

YANG Z, GU Y, CHEN L, SHI L, MA J, QIAN Y. Preparation of
Mn;Si; nanocages and nanotubes by molten salt flux[J]. Solid
State Communications, 2004, 130(5): 347-351.

OKADA S, SHISHIDO T, ISHIZAWA Y, OGAWA M, KUDOU
K, FUKUDA T, LUNDSTR M T. Crystal growth by molten
metal flux method and properties of manganese silicides[J].
Journal of Alloys & Compounds, 2001, 317(1): 315-319.
CHEVALIER P Y, FISCHER E, RIVET A. A thermodynamic
evaluation of the Mn-Si system[J]. Calphad-computer Coupling
of Phase Diagrams & Thermochemistry, 1995, 19(1): 57-68.
SONG D, CHEN G Thermal conductivity of periodic
microporous silicon films[J]. Applied Physics Letters, 2004,
84(5): 687-689.

DE BOOR J, KIM D S, AO X, HAGEN D, COJOCARU A, F
LL H, SCHMIDT V. Temperature and structure size dependence
of the thermal conductivity of porous silicon[J]. Epl, 2011, 96(1):
16001.

KANEMITSU Y. Light emission from porous silicon and related
materials[J]. Physics Reports, 1995, 263(1): 1-91.

GE M, FANG X, RONG J, ZHOU C. Review of porous silicon
preparation and its application for lithium-ion battery anodes[J].
Nanotechnology, 2013, 24(42): 422001.

ANGLIN E J, CHENG L, FREEMAN W R, SAILOR M 1J.
Porous silicon in drug delivery devices and materials[J].
Advanced Drug Delivery Reviews, 2008, 60(11): 1266.
EREMENKO V N, LUKASHENKO G M, SIDORKO V R.
Thermodynamic  properties  of  manganese  silicides
communication 3[J]. Soviet Powder Metallurgy & Metal
Ceramics, 1969, 8(2): 140—141.

ZHANG L, IVEY D G. Low temperature reactions of thin layers
of Mn with Si[J]. Journal of Materials Research, 1991, 6(7):
1518—1531.

LUKASHENKO G M, SIDORKO V R, KOTUR B Y. Phase
constitution and thermodynamic properties of alloys of the
Mn-Si system in the range from 25 to 37.5 at.% Si[J]. Soviet
Powder Metallurgy & Metal Ceramics, 1981, 20(8): 571-574.
BRINKMANF J A. Mechanism of pore formation associated
with the Kirkendall effect[J]. Acta Metallurgica, 1954, 3(2):
140—145.

DONG H X, HE Y H, ZOU J, XUN P, HUANG B Y, LIU C T.
Effect of preheating treatment at 575 °C of green compacts on
porous NiAl[J]. Journal of Alloys & Compounds, 2010, 492(1/2):
219-225.

SEITZ F. On the porosity observed in the Kirkendall effect[J].
Acta Metallurgica, 1953, 1(3): 355-369.



o528 B 9 BN, 5 Mn-Si BREAE ML SRS & 1797

Fabrication of porous Mn-Si intermetallic compounds

LI Wen-hao, HE Yue-hui, KANG Jian-gang

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Porous Mn-Si material was prepared by reactive synthesis, and the pore structure, expansion rate and
microscopic morphologies were characterized, and the mechanism of pore formation in the sintering process was
investigated. The results show that the volume of compact increases significantly during the reactive synthesis process.
When the sintering temperature is below 800 ‘C, the expansion and the open porosity increase with increasing the
sintering temperature. However, both the expansion and the open porosity begin to decrease after the temperature rising
to 800 ‘C. After being sintered at 1040 °C, a porous material is obtained with a porosity of 47.60%, an average pore size
of 11.97 um, and a uniform pore structure. The main pore formation mechanisms are evolvement of interparticle pores,
removal of binder and the Kirkendall effect due to the difference in diffusion rates of Mn and Si.

Key words: Mn-Si; porous material; intermetallics; pore formation mechanism
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