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OB G R F A FARTT T AR MoysSisCog B 09 7T AEI8 B X 8], 3 d A48 4
FEA e o A B RAY, 38 T B AR RS % R ) & MoygSisCos #2785k I XRD.SEM #= BET 4
TR T B AT AR A A R W R AR R A ML M e e 45 R A 1400 ~
1900 K 8 JE & B A, MoysSisCos #9474 £ R F 0 A7 B i ALK, A -351.3~-338.1 kJ/mol ; /£
1823 K, 1.5 h B 4645 3R 43 F0 2 i A8 69 MoysSisCoe PR, R BEE 200K, A2 49 3.2 ~4.2 pm,
LHIRACH < T KRB 2 A 50~80 nm, AR e L R @ AR A 0.753 3 m¥Yg. B ARk A &
Mo,sSisCos B89 B ALIE A . BURL B E A 1373 K B, % =4 % Mo,C;1 523 K B, £& 7
0 F3 MosSis, 42 Z 89 MoygSisCoss BT & E 1673 K B, % A MMoysSisCos, 73 A
FEBR 5 MosSis; 1 823 K B, T 3R 4F 42 A8 69 MoSisCoe.
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Study on Formation Mechanism of Mo,5Si;Cog
Nanopowders Prepared by Solid-reaction Method

GAO Pengzhao"*", XU Moyu', XIE Wen', LU Huanan', LI Qing', PENG Suhua', XIAO Hanning'

(1. College of Materials Science and Engineering, Hunan University , Changsha 410082, China;
2. Hunan Provincal Key Laboratory for Spray Deposition Technology and Application, Hunan University , Changsha 410082, China )

Abstract: The thermodynamic calculation was used to evaluate the possible temperature range for preparing
the Mo,Si;Co6 powders by a solid reaction method using molybdenum,silicon and carbon powder as the main raw
materials. Influence of temperature on composition, specific surface area,size and microstructure of the obtained
materials was investigated by using the X-ray diffraction (XRD),scanning electron microscopy (SEM),BET, et al.
The results show that the standard Gibbs free energy for the formation of Mo,Si;Cog is only =351.3 ~ =338.1 kJ/mol
when the temperature range is between 1 400 ~1 900 K. Experimental results show that when the temperature keeps
at 1 823 K for 1.5 h, the obtained Mo,Si;Cos powder possesses high purity, petal-liked shape with a diameter about
4.5 wm,specific surface area of 0.753 3 m%*g and particle size of about 1.23 wm. The reaction mechanism for the
formation of Mo,gSi;Cos powder is that,when the reaction temperature keeps at 1 373 K, the main product is Mo,C;

when it reaches 1 523 K, the main product is MosSis, and a small amount of Mo,gSi;Coe; when it rises to 1 673 K, the
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main product is MossSi;Cog, and minor MosSis; finally, when the temperature reaches 1 823 K, no impurities phase of

Mo4Si;Co, is obtained.

Key words: thermodynamic calculations ; Mo,§515Cys; formation mechanism
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Fig.1 Standard Gibbs free energy of composition exitsed

on Mo-Si~C system at different temperatures G%/(kJ+mol™)
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Fig.2 The standard formation Gibbs free energy of matters on
Mo-Si-C system at different temperatures G%(kJ+mol™)
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L34 Mo Si Ml C 45 A BYY HIEAS  HHE0 Y Mo
Si-C =JCIRFRFE 1 373K & 1 823 K IR L EIN, X
WA :Mo 5 C I Se A Mo,C, 2R )5 Si 5 Mo [z
B A B MoSi,, 4% % MoSi, 4k 42 5 Mo Jz I A K
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Tab.1 The chemistry potential of member on Mo-Si—C system at 1 373 K,1 523 K,1673 Kand 1 823 K kJ - mol™
L Mo/kJ *mol™ usi/kJ +mol ™ ue/kJ-mol™!
e T = - :
1373 K 1523 K 1673 K 1823 K 1373 K 1523 K 1673 K 1823 K 1373 K 1523 K 1673 K 1823K
Si—MoSi,—SiC -181.52 -188.4 -203.12 -206.75 -50.31 -60.64 -67.70 -80.90 -85.12 -87.21 -93.34 -94.03

MoSi,—MosSis—T
C-SiC-T
C-T-Mo,C
T-MosSis—Mo,C

CECSNORGNCNENCNC)

Mo,C—MosSi—Mo

SiC-MoSi,-T -110.3 -122.88 -136.01 -149.62 -85.92 -93.40 -101.26 -109.46 -49.51 -54.45 -59.78 -65.47
-112.06 -124.73 -137.96 -151.70 -85.04 -92.48 -100.28 -108.43 -39.83 -44.31 -49.06 -54.08
-97.17 -109.75 -122.85 -136.43 -112.18 -119.67 -127.57 -135.85 -23.25 -28.18 -33.47 -39.08
-96.59 -107.91 -119.43 -131.24 -113.11 -122.61 -133.05 -144.16 -23.25 -28.18 -33.47 -39.08
-93.76 -105.72 -117.99 -130.61 -115.54 -124.15 -133.56 -143.56 -2891 -32.55 -36.34 -40.33
MosSis-MosSi-Mo,C  -57.61 -66.38 -75.49 -84.95 -175.79 -189.72 -204.40 -219.66 -101.21 -111.24 -121.35 -131.65
-65.46 -76.04 -87.08 -98.56 -152.24 -160.74 -169.62 -178.84 -85.51 -91.92 -98.16 -104.43
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Fig.4 XRD patterns of samples prepared

at different temperatures
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Tab.2 Composition of the products at

different temperatures
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Fig.5 Variation of the standard reaction Gibbs

free energy vs temperature for reactions
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SEAWE ) T A2 K Mo,C. i 2 L EE 1 T v, e I 3K B
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Tab.3 physical quantity the product

at different temperatures

K RRRGEmm RV (g ) R /m
1373 — 1.476 9 0.52
1523 90.6 1.267 1 7.5
1673 96.4 0.987 9 10.30
1823 103.0 0.753 3 15.62

H1¢ 3 AT A1, BT TR AR AR MoysSisCas
AHR AL RST I R (R Jade6.0 X MoysSisCos
FEOEUEEAT AT ) 5 TR, B I 188 T i, AN [ 3k B r
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K6 Arn i 1823 K T i MoysSizCos H3 A
SEM e, NI 6(a) i n] DIFE H , Mo, SisCog HIURL 12
ek, HARZ) 3.2~4.2 m; A 6(b) il fHLmg A 1
AL IS5 R SRR FE 2 8 50~80 nm.
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B 6 1823K THE 1.5h ah+H4He LT
Fig.6  SEM image of sample prepared at 1 823 K for 1.5 h
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