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Abstract

Morphologies and phase transition of three kinds of powders Cr-62at.%Mo, Cr-35at.%Mo and
Cr-15at.%Mo synthesized by mechanical alloying at low-temperature were investigated. The
milled powders were examined by scanning electron microscope (SEM) analysis and X-ray diffrac-
tion (XRD) phase analysis, respectively. The results showed that three kinds of powders milled for
18 h were composed of the Cr(Mo) solid solution with different solid solubility. Based on the Mie-
dema’s model, the thermodynamic calculation indicated that under the equilibrium-state, Cr-Mo
binary system has no thermodynamic driving force for forming Cr(Mo) solid solution. So, the
energy barrier for forming Cr(Mo) solid solution could be overcome during mechanical alloying.
XRD analyses showed Cr(Mo) solid solution synthesized by high-energy ball milling was sub-stitu-
tional solid solution.
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Figure 1. SEM patterns of milled powders of Cr-Mo system (a: Cr-62at.%Mo; b: Cr-35at.%Mo)
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Figure 2. XRD patterns of powders of Cr-35at.%Mo
milled for different times
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Figure 3. XRD patterns of milled powders with different
solid solubility
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Figure 4. Thermodynamic calculation results of solid so-
lution and amorphous phase of Cr-Mo system
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Figure 5. Changes of diffraction angle and interplanar spacing pattern
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Table 1. The calculation results of Cr(Mo) solid solution lattice constant

% 1. Cr(Mo) BB A RIS AT ELER

[ 54 Nio Ner ag ay u 20
Cr-15at.%Mo 0.15 0.85 0.3072 0.3056 1.005 41.353
solid solution
Cr-35at.%Mo 0.35 0.65 0.3003 0.2993 1.003 42.113
solid solution
Cr-62at.%Mo
e 0.62 0.38 0.2968 0.2946 1.007 43.066

[161F7T#0), BP AR 3-1 &AM E 44 Cr-Mo T & il % Cr(Mo) VA7 1) dfds i Bt 5. Bk 3-2 #e b
Fn—mEA, 1758450 3-3.
aII :aMo*X+aCr*(1_X) H (3'3)

X x——Mo 7B

AN 3-1 Ak 3-3 /5, AR 3-3 5EMEVEFAM FHIH vegard EFAXAM—F, Xt T Mo,
Cr R 712708 8.6% < 15%. B AMFMI S RL M . BATEAIZ[17]77 & B lw A A 2%k, e
UEI R REER IS 2611 T Mo Cr J5-1- R [V 7 08 B [ 4

i, A A A g, L Cr(Mo) [V A 4 1 26 oo TR, T A
200, zsatsomo ~ 20cr1satoomo = 0-993 5 2600 oot om0 — 26cr—ssaroemo = 0-76 5 ZITHERW 7oAl 3
Cr-15at.%Mo solid solution [ ¥ 77 5 W AH X T MoCr [V 47 5 I (1) fl B i K T Cr-62at.%Mo - solid
solution [ 75 /A fiT 55 I AR T MoCr [ 75 AT 5 16 A7 B s &

4, g5ig

TRE I NEB/NEER Cr-Mo — oA HIE &4 %, 1F Cr-15at.%Mo solid solution, Cr-35at.%Mo solid
solution, Cr-62at.%Mo solid solution =FhA~[F] i & Ac bt N #EATHI & 44k, YITT3R1E Cr(Mo)ia i A il i 44
&4 . Mo. Cr [ ENE 7 208 Sk B B8, Cr(Mo) BRI R 77 Mo Cr it Bl 194400 375 (bee) 45 44 .

B oW
ATCHRAT X IR 2 42 (51271143) ) BE Bl o e A} 0 P [ % B S B = SR IR BOR D AR B8 AE T

T T L ANS) 7 TR 22 ML I 2 B e S 6 ) R e o A SE R R BEAT S fit 1 e B 7R
—IHFIR R

Lk (References)
[1]1 255 (2012) Ni-Mo K& Cr-Mo J#7 J22 H il & SR PERIT AL, W83, #RIbm R, fRGE.

[21 iR, %, VREL RRET SR ARE (2006) fIRBREASE B TR IR & Cr-Mo &2 T E. feasiHI IS
T2 2,23-25.

[B8]1 %%, £, #HIE, & (1992) Cr-Mo &0t & & WAL LM K thit:. 2/F 77K, 1, 39-44.
[4] BRUE, BhFEPK, ANEIER (1990) Cr-Mo & & W R IERER 5T, 77/F /6 5879 9R, 2, 151-158.
[5]1 Benjamin, J.S. (1970) Dispersion strengthened superalloys by mechanical alloying. Metallurgical Transactions, 8,

2943-2946.
(6] 7, J#UE, A, 5L (2004) HUbK A St fEd Al-Po AR A ANE) ) 0. 2w HA P, T,
49-52.

[71  Zstibil, T, BRik, BXER (2006) HUME 410 W-Cu [V AT L. AELFI 5 T Z, 4, 424-421.

()



ZICANHE Mo-Cr F i REBRIE [ 5F 7T

(8]
(9]
[10]
[11]

[12]
[13]
[14]

[15]
[16]
[17]

PRICH, TR, 5KIE (2002) HLIEG S4Bl & MUK sk MRl #E A 627 7R, 6, 1224-1228.

b, WPy, FEWIRE, 5 (2000) Cu-Cr MU & &L T2 MW, LHEHFFIZ5 TFE, 6, 37-42.

B, TR, 2R (2011) B AN A S Hl % KV, B AR H IS TR, 6,906-911.
SeE, MR, HaE, XS4, MR, BR (2010) HUBA &bl Zn-Ni RAE R BE e mE
4 TF 1, 186-189.

Koohkan, R., Sharafi, S., Shokrollahi, H., et al. (2008) Preparation of nanocrystalline Fe-Ni powders by mechanical
alloying used in soft magnetic composites. Journal of Magnetism and Magnetic Materials, 320, 1089-1094.

Xi, S.Q., Zuo, K.S., Li, X.G., et al. (2008) Study on the solid solubility extension of Mo in Cu by mechanical alloying
Cu with amorphous Cr(Mo). Acta Material, 56, 6050-6060.

A, JRBEE, X0t DT, AR, R (2000) #ReRRE ST BB . MEFE ST Z, 3,
88-91.

MBS, MaRNME, KL, ERER (2004) RREEKES IR S SN, AL, 3, 52-54.
WG, SN (1985) X Vegard ERFI URIKER. HA7H 765 %7K, 8, 1-10.
Semiatin, S.L., Lahoti, G. and Jonas, J.J. (1985) ASM metals handbook. ASM, Metals Park, OH.



	Research on Solid Solution of Cr-Mo Immiscible Binary System by High-Energy Ball Milling
	Abstract
	Keywords
	二元不互溶Cr-Mo系高能球磨固溶研究
	摘  要
	关键词
	1. 引言
	2. 实验材料与方法
	3. 实验结果与分析
	3.1. 粉末形貌特征
	3.2. X射线衍射结果分析
	3.3. Cr-Mo二元合金系热力学分析及讨论
	3.3.1. Cr-Mo二元合金系热力学分析
	3.3.2. Cr-Mo二元合金系的固溶规律


	4. 结论
	致  谢
	参考文献 (References)

