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Foreword 1

Foreword

The papers in this selected works are selected from the author’s published scientific papers
in the national and international academic magazines. Only 50 papers are selected because of
limited space. 4 papers are published in Chinese and 46 papers are published in English; 13
papers are published in the national and 37 ones in the international magazines; and 42 papers
are but 8 papers are not cited by SCI and/or EI. The content of these papers is consisted with
my research fields, which belongs to the materials physics that is involved in the materials sci-
ence and engineering. They can divide into four classes. The first is the theory of alloy phas-
es, which consists of the formation theory of amorphous alloys, the theory of solid solution
and calculations of the enthalpies of alloys with thermodynamic theory. The second is the cal-
culated materials science_at the atomic level, which is the modified analytic embedded atomic
method model and its applications. The third is the amorphous alloy and nano-size solid powder
materials, which consist of the amorphous alloy materials prepared by melt quenching, amor-
phous alloy electroless deposits, and nano-size solid powder materials of alloys and oxides. The
last one is the surface segregation and sputtering of alloys, thermal-electron transition materials
and etc.

The formation theory of amorphous alloys (pure Miedema coordinate and chemical coordi-
nate theories) is proposed in the theory of alloy phases, which can describe theoretically the
amorphous alloys prepared by various methods such as liquid quenching (LQ), ion beam mix-
ing (IBM), ion implantation (II) and mechanical alloying (MA). There are quantitative
equations in the theories, which indicates its special features compared to the similar theories.
As for the theory of solid solution cooperated with the bond-parameters and size factor devel-
oped by the author is concerned, near 4000 solid solubilties of binary alloys based on the 56
metals have been studied systematically. This is a more complete, systematical and successful
study on the theory of solid solubility since Hume-Rothery studied originally the solid solubili-
tites of alloys in the 30 years of twenty century, and Waber and Gschenidner studied near 1500
solid solubilities of binary alloys with the so-called D-G graph by Darken and Gurry in 60 years
of twenty century. The obtained quantitative equation for describing the solid solubilities by
the author has more distinct physical meaning, and the agreement compared to the experimen-
tal data is improved further.

Since the calculated materials science is established and developed, the study of materials
has changed its researching method from the original basically experimental study to theoretical
calculation and experimental studies together. Therefore, its research is more deep and fast.
Today, the calculated materials science is developed prosperous. The representative theory of
calculated materials science at the atomic level, which is between the calculated materials sci-
ences at the macroscopic thermodynamic theory and at the first principle i. e. electron level,
is the embedded atomic method (EAM) theory proposed by American scientists in the middle
of 80 years of twenty century. Considering its calculation of original EAM theory is rather
complicated and it is rather difficult to systematize and apply for, Professor Johnson in the De-
partment of Materials Science, Virginia University of America developed the analytic EAM
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model (AEAM) from the last years of 80 years of twenty century. I just worked in the De-
partment at that time, so I had the honor of making the acquaintance of him and his AEAM
theory. Because the AEAM is still having its problems and shortcomings, so I and my stu-
dents proposed and developed the modified analytic EAM (MAEAM) theory based on the orig-
inal EAM and AEAM in the passed years after [ returned to China. The MAEAM can describe
analytically and systematically the various typical structure metals and their alloys. Up to date,
we have calculated some properties of the metals and their alloys, such as the defect nature,
thermodynamic properties etc. successfully and systematically first time. This theory is devel-
oping deeply and completely, and a theory of calculated materials science at the atomic level
with wide applications would be developed and expected.

Another important research field of mine is the amorphous and nano-size solid powder ma-
terials. The main contents in the field investigate the fundamental research systematically for
some advanced materials in the frontier research of materials science in order to provide the sci-
entific data and new idea for the development of novel materials. For example, the research in
the amorphous materials prepared by liquid quenching concentrates on the basic properties, in-
cluding studying the structures and amorphous formation range, thermal stability, crystalliza-
tion, wettable and mechanical properties, and effect of rare-earth elements on the properties
for the binary, ternary and quaternary Cu-P based alloys of amorphous brazing. The new re-
sults obtained by us in this aspect enhance the scientific data for the amorphous materials by
LQ. As for the amorphous electroless deposits of alloys, we concentrate on the study of prepa-
ration and basic properties for new alloy deposits. We first prepared and studied Ni-Sn-P, Ni-
Sn-Cu-P and Ni-Cu-B amorphous alloy deposits in the Ni based alloy deposits. We found how
to prepare the Fe-B based alloy deposits by electroless, and studied the binary Fe-B, ternary
Fe-W-B, Fe-Mo-B and quaternary Fe-W-Mo-B deposits, thereby a new field of electroless
plating has been created and developed. In the nano-size powders, we studied the preparation,
structure and properties of the nano-size solid powders of alloys by chemical reduction and me-
chanical alloying, and the nano-size solid powders of oxides by sol-gel method. The content
consists of Fe-Cr-B and Fe-Ni-P-B alloy powders, Zr based alloy powders, Cu-Sn-P alloy pow-
ders, and MgO-ALO; and MgO-Y,0; — Al,O; nano-size powders of oxides. All of these nano-
size solid powders are prepared first time by us. The results gained from the studying these
powders therefore enrich new content for the scientific data in such aspect.

Surface segregation and sputtering of alloys were the content of the collaboration project
when I worked at the Max-Planck-Institut fiir Plasmaphysik, West Germany as a visiting pro-
fessor from 1987 to 1989. Not only the study of surface segregation and sputtering for the two-
phase Ag-Ni alloy system, but also for the amorphous Cu-Ti alloy system, especially for the
transition from the amorphous state to crystallization of the amorphous alloys, all were not
studied in the literature before. These researches and the gained results enhance the new con-
tent for studying surface segregation of alloys. The research project is the thermal-electron
transition materials of Si-Ge and Si-Ge-GaP alloys when 1 was engaged as a senior scientist in
the Department of Materials Science and Engineering, University of Virginia of America in
1989. The contact material of the double W-W layer we studied has low resistance even at high
temperature up to 1000 K, supporting the improvement and enhancement of out-put efficiency
for the thermal-electron transition materials.
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Early in the ancient Stone Age, the Bronze Age and the Iron Age, our ancestry were
benefited by their new discovery and development in the materials, thereby created the brilliant
history and bright civilization over all the world. Today, in the new twenty-one century, the
new and advanced materials are still one of the key and important sciences and technologies for
highly developing the further civilization for the mankind. As a devoted person for the educa-
tion and science, ] have worked and strived in the field of the materials science for several
decades. I am so proud and so honored for that. I would be burst with joy if I have really sup-
plied something for the field because my work is connected with the science and technology that
is closely and tightly related to the mankind.

Science and technology require the person who devotes and strives for them must be hon-
estly, conscientiously, seriously, and meticulously. 1 can do my research according to these
requirements persistently just because the advice and help from my teachers in the schools and
my seniors benefit me, especially who are still connected with me today. Their guidance and
influence helped and promoted me having such characters that a scientist must have. I resorted
my former schoolmates, friends and people of the same occupation usually in my research be-
cause of lacking of experimental equipment and/or my limited research funds. And they always
helped me to do the experiments that we could not perform them ourselves with a reduced
price, or just the cost price, or even free. I appreciate them very well. I have applied for and
performed several research projects from the National Nature Science Foundation, the former
Ministry of Machine and from the Committee of Science and Technology of the Hunan
Province. The research fruits of mine were very difficult to obtain if no such funds to support
me. 1 am indebted to them. I went to the Department of Materials Science and Engineering,
University of Virginia of America and the Max-Planck-Institut fiir Plasmaphysik, West Ger-
many for the collboration projects two times, and they supported me, therefore the projects
could be carried out smoothly and successfully. Thanks for them. My major projects were car-
ried out with my students and colleagues in my group. Some of them provided good idea how
to select the papers for the collection, and reviewed and checked the selected papers carefully
and thoroughly, therefore one or two mistakes of content and/or characters existed in the pub-
lished papers could be recorrected. Thanks for their work, support and help.

I was born in a very beautiful village, which is grown and covered with moss in the south-
west of the Hunan Province. My parents brought up me. And my brothers and sisters helped
and supported me. Thus I could grow up. Just because of their gereat love and sentiment, I
am only the person in my brothers and sisters who could have opportunity to stride forward the
brilliant and bright scientific palace. Therefore, I can not forget such great love and sentiment
from them for ever and ever. This moment, I appreciate particularly to my wife who lives
with me day and night, where and there. At the same time, I cherish the memory of my old
first wife who has passed too early very much. Their love, help, support and encourage for
me are the important guarantee and the necessary conditions for the research fruits I gained, so
their contribution and meritorious service cannot be neglected and should be remembered forev-
er.

Lastly I want to thank the Press of the Hunan University. Their labor ensures the collec-
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tion published and met to the readers.

It is difficult to avoid smoe mistakes or shortcomings in the collection, 1 would be appreci-
ated to receive the criticism and opinion from the specialists worked in the same occupation and
the reading public.

Zhang Bangwei
Yuelu Mountain, Changsha
April 6, 2001
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Table 1 Size factor of amorphous alloy
Composition At. radiust’ Size At. radius'®! Size
Alloy range factor Goldschmidt factor
AR AR
system x,at%h A E* , % A ‘R—l , %

Auygo - £Si, 18.6~30 1.44~1.17 18.8 1.44~1.32 8.3
Aug; Geyy ' 1.44~1.22 15.3 1.44~1.37 4.9
Agig - S, 17~30 1.44~1.17 18.8 1.44~1.32 8.3
Feg Cis 1.24~0.77 37.9 1.28~0.77 39.8
Mnyg - . Si, 25--28 1.3~1.17 10 1.3~1.32 1.5
Pdyg- :Ge, 18~20 1.37~1.22 11 1.37~1.37 0
Pd,go - .Sk, 15~23 1.37~1.17 14.6 1.37—1.32 3.6
Ptig- - Ge, 17~30 1.38~1.22 11.6 1.38~1.37 0.7
Ptyo- - Si, 23,25,68 1.38~1.17 15.2 1.38~1.32 4.3
RhGe ? 1.34~1.22 9 1.34~1.37 2.2
Rhy5Si;, 1.34~1.17 12.7 1.34~1.32 1.5
Aljgo- .Ge, 30~80 1.43~1.22 14.7 1.43~1.37 4.2
Coy00- Pz 18~25 1.25~1.09 12.8 1.25~1.28 2.4
Feyo- +Si. 0~175 1.24~1.17 6 1.28~1.32 3.1
FegoBz 1.24~0.97 21.8 1.28~0.97 24.2
LagoGagg 1.87~1.22 34.8 1.87~1.35 27.8
Mgz, .27Gayg. 7 1.6~1.22 23.8 1.6~1.35 15.6
Niygy- P2 8.6~26.2 1.25~1.09 12.8 1.25~1.28 2.4
NigoSz 1.25~1.04 16.8 1.25~1.04 16.8
Nig;.sBys.s 1.25~0.97 22.4 1.25~0.97 22.4
Tei0- -Ga, 10~30 1.43~1.22 14.7 1.6—1.35 15.6
Teye- . Ge. ©10~25 1.43—~1.22 14.7 1.6~1.37 14.4
Tey- -In, 10~30 1.43~1.62 13.3 1.6~1.57 1.9
Teyg- Pb, 14.5,20,22.5,30 1.43~1.75 22.4 1.6~1.75 9.4
Tlygy- . Te, 15~60 1.71~1.43 16.4 1.71~1.6 6.4
TigoSize 1.47~1.17 20.4 1.47~1.32 10.2
AugsPbys 1.44~1.75 21.5 1.44~1.75 21.5
Auygo- Snx 29~31 1.44~1.55 7.6 1.44~1.58 9.7
Alg; 5Cuyy 3 1.43~1.28 10.5 1.43~1.28 10.5
Pbs;Sbyg 1.75~1.45 17.1 1.75~1.61 8
Ptg- . Sb, 33~37 1.38~1.45 5.1 1.38~1.61 16.7
SngoCuyq 1.55~1.28 17.4 1.58~1.28 19
Thigo- zAu, 25~60 1.71~1.44 15.8 1.71~1.44 15.8
CuBi ? 1.28~1.55 21.1 1.28~1.82 42.2
Gdg, Al 1.8~1.43 20.6 1.8~1.43 20.6
MggsCuas 1.6~1.28 20 1.6~1.28 20
MgBi 7 1.6~1.55 3.1 1.6~1.82 13.8
MggoSbao 1.6~1.45 9.4 1.6~1.61 0.6
Cuygo- - Tiz 30~35 1.28~1.47 14.8 1.28~1.47 14.8
Cula ? 1.28~1.87 46.1 1.28~1.87 46.1
Gdygo - zCo, 39~96 1.8~1.25 30.6 1.8~1.25 30.6
Gdigg - s Fe, 15~94 1.8~1.24 31.1 1.8~1.28 28.9
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gx1
Composttion At. radiust!] Size At. radius!?] Size
Alloy range factor Goldschmidt factor
system x,at% A % ,% A ’ _Aé? L%

Lajgo - s AU, 0~ 40 1.87~1.44 23 1.87~1.44 23

Nbygo - - Ni, 25~60 1.43~1.25 12.6 1.47~1.25 15
NiLa ? 1.25~1.87 49.6 1.25~1.87 49.6

Tayg - .Ni, 25~70 1.43~1.25 12.6 1.47~1.25 15
YFe, 1.81~1.24 46 1.81~1.28 41.4
Zry;Cong 1.6~1.25 21.9 1.6~1.25 21.9

Zrygo- . Cu, 40~75 1.6~1.28 20 1.6~1.28 20
Zryo- Nig 20~40 1.6~1.25 21.9 1.6~1.25 21.9
Zryg- . Pd; 20~35 1.6~1.37 14.4 1.6~1.37 14.4
Zrio- .Rh, 18~26 1.6~1.34 16.3 1.6~1.34 16.3
Ag,Cu, x=35-65 1.44~1.28 11.1 1.44~1.28 11.1

y=35-60

Agigo- Mn, 4~13 1.44~1.3 9.7 1.44~1.3 9.7
Auggo - . Fe, 45-97 1.44~1.24 13.9 1.44~1.28 11.1
Coyg - Au, 23~65 1.25~1.44 15.2 1.25~1.44 15.2
DyFe, 1.77~1.24 42.7 1.77~1.28 38.3
Erg, Fesg 1.75~1.24 29.1 1.75~1.28 26.9

Gdioo- A8 12—14 1.8~1.44 20 1.8~1.44 20
HoFe, 1.76~1.24 42 1.76~1.28 37.5
PrCos 1.83~1.25 46.4 1.83~1.25 46.4

P:Fe, 1.83~1.24 47.6 1.83~1.28 43
SmCos 1.794—~1.25 43.5 1.794~1.25 43.5
SmFe, 1.794~1.24 44.7 1.794~1.28 40.2
ThFe, 1.77~1.24 42.7 1.77~1.28 38.3
TmFe, 1.74~1.24 40 1.74~1.28 35.9
Tige - zBex 37~41 1.47~1.13 23.1 1.47~1.13 23.1
YCos 1.81~1.25 44.8 1.81~1.25 44.8
YbFe, 1.93~1.24 55.6 1.93~1.28 50.8
Zryp - .Be, 30~50 1.6~1.13 29.4 1.6~1.13 29.4

%, Cop, Pig Bia KA Co-P 3T H, Fegg-, Cryg WEE&Rm24f)HE 1 #HEE (Feo-.
Ni P3G (2 =5-20) Lk Fe-P it 5 . XA Co, )75SiysBp(z =0-100) I R+THEMNT
Rk sii 2 AR SEm BB AR, 9% ,HA&M 61 FFE KT 9% . XWEMAT
XHEMEAEN GRRAEFTHEN RMHEEEERERSELPHER.
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