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Preface

Unconventional metallurgy is a new technology developed in recent years, mainly
focusing on major pressing issues of comprehensive utilization of mineral re-
sources , energy saving and emission reduction,and deep processing of value —
added metallurgical products in metallurgical industry,using modern technology
to improve traditional metallurgical process,developing an efficient and environ-
ment — friendly new metallurgical reactor, deepening metallurgical theory and
process under the outside fields and extreme conditions, obtaining the original
innovations and intellectual property in the fields of unconventional metallurgy,
enhancing the scientific and technological innovation in metallurgical industry,
and promoting the leading role of the metallurgical industry on the national
economy and social development. At present main research interests include:
(1) novel technology of microwave metallurgy; (2 ) application of microwave
technology in materials science and chemical engineering; (3 ) novel technology
of ultrasonic metallurgy and micro — fluidics metallurgy.

As a green heating mode , microwaves heat materials directly through internal
energy dissipation of materials, with advantages of selective heating, fast heat
rate and high efficiency, and furthermore can lower the reaction temperature,
shorten the reaction time ,resulting in the energy saving and consumption reduc-
ing,is one of the effective way to realize clean production in metallurgical indus-
try. So, it is of great importance to develop new microwave metallurgical technol-
ogy. In recent years, the authors and members of the research group have con-
ducted in — depth research on microwave metallurgy technologies, built up the
microwave heating network models ; determined the dielectric properties and tem-

perature rising characteristics of metallurgical materials in microwave field, in-
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vestigated changes of material properties by microwave drying, reduction, calci-
ning , roasting and leaching; and carried out the application of microwave new
technology in materials science and chemical engineering, promoted the compre-
hensive utilization of the strategic non — ferrous metals refractory resources in
China.

The cavitation effects , mechanical effects and thermal effects of ultrasonic can
make the ultrasonic wave produce fast and intensive mechanic motion when
propagation in a liquid,forming bubbles or holes, when the bubbles shrink rap-
idly ,they would result in local high temperature and high pressure accompanied
by an intense shock wave, promoting phase boundary and interface updating and
disturbing , accelerating the heat and mass transfer,which has been widely used
in metallurgical ,chemical , solution purification and other fields. The authors and
members of the research group investigated the typical metallurgical units of ul-
trasonic metallurgy , studying the leaching kinetics of zinc residue under ultra-
sonic field,and compared with conventional leaching process, showing that the
ultrasound technique can make up for the shortcomings of traditional hydromet-
allurgy technology,strengthening the leaching process and reducing the process-
ing time,is a new and effective way.

Micro — fluid metallurgical technology refers to techniques of control , manipu-
lation and detection of complex fluids under the microscopic size, realizing the
micro — and nano — level mixing, mass transfer and reaction in a micro — chan-
nel. The authors and members of the research group investigated the typical met-
allurgical units of micro — fluidic metallurgy, studying the extraction, separation
of In,Fe and Zn by micro — fluids, realizing the separation of In and Fe,Zn,
shortening the reaction time, and enhancing the security of the process;for the
separation extraction of nickel and cobalt ions, the micro fluidic single — stage
extraction efficiency increased more than 10% ,total extraction stages can be re-
duced by 4 levels. Combined with the advantages of fast mixing mass transfer

rate ,reacting homogenously , continuous stable of micro — fluidic technology, re-
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alizing the continuous rapid preparation process of nano — powders through
micro — channel mixing. Micro — fluidic metallurgical technology has been devel-
oping rapidly , promoting industrial upgrading of the metallurgical industry by u-
sing its advantages of high efficiency,low consumption and safety,to transform
unit processes of the traditional metallurgical industries with disadvantages of
low efficiency and high consumption, such as the extraction, heat transfer and
mixing.

The book is divided into four chapters. The Chapter | discusses the applica-
tion of microwave metallurgical technology in the drying, reduction, calcining,
roasting, leaching, comprehensive utilization of the metallurgical material and
process simulation of interaction between microwave field and materials; the
Chapter II introduces the application of microwave technique in material sci-
ence and chemical engineering, such as novel materials preparation by micro-
wave sintering,and the comprehensive utilization of waste/spent catalyst and the
regeneration of activated carbon ;the Chapter Il describes the effect of ultrasonic
metallurgical technique on the process of zinc residue leaching and model of
leaching kinetics ;the Chapter [V introduces the application of micro — fluid met-
allurgical technique in the extraction separation and the synthesis of nano — pow-
ders. The book is informative , illustrated , reader — friendly and practical , not only
has practical value,but also make it easier for the reader’s understanding of new
technologies and innovation.

Authors refer to a number of books and literatures in the process of writing the
book ,the authors pay the deep respect and gratitude to whom concerned the
book and gave suggestions and comments. Special thanks go to the National Sci-
ence Foundation of China,Fund of Ministry of Science and Technology and Min-
istry of Education, Yunnan Provincial Natural Science Foundation and Supports
of Corporate. With these supports, the authors can carry out the uninterrupted re-
search on unconventional metallurgical technique, and included the results in

the book. This book was completed under the guidance of me and members of
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the research group,the achievements of research group in the book are always
impregnated with successive sweat and wisdom of doctoral students, graduate
and undergraduate students, here,l would like to take the occasion of completing
the book to give my heartfelt thanks to them.

The authors are aware that the expertise is limited and that there may be some

errors in the book. If so,please do not hesitate to point them out.

Jinhui Peng
January 2015
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Microwave Sensor for Measuring the
Properties of a Liquid Drop®

Ming Huang,Jingjing Yang,Jiagiang Wang, Jinhui Peng

Abstract;: A novel microwave sensor for measuring the properties of a liquid drop has been invented | its
analytical theory established and a working prototype has been constructed and tested. It was also found
that the theory based on the microwave sensor is in good agreement with the experimental re-
sults. Excellent linearity is achieved by optimizing the design, with an accuracy of distilled water drop
volume measurement of approximately 0. 5L, and this microwave sensor has been used to measure sur-
face tension,species concentration and the microwave absorption properties of a liquid drop simultane-
ously ,which are the key parameters in the fields of physical chemistry and microwave chemistry.

Keywords: liquid drop;microwave sensor;surface tension;absorption properties

1 Introduction

The formation of drops is a phenomenon ubiquitous in daily life, science and technology'''. It is
found that a great deal of information on liquid properties is contained in the process of drop forma-
tion. This makes it possible to measure several physical parameters of a liquid by using dropanalys-
is. The development of a fibre drop multianalyser has been reported over the last 15 years'*’. It has
proved to be a powerful analytical tool for determining the physical and chemical characteristics of
liquids. More recently , capacitive tensiography has been reported ***!. It has been demonstrated that
the capacitive transducer gives a direct measurement of the volume in the pendant liquid drop, with
a resolution of 1pL.

It is well known that microwave and infrared form a continuous electromagnetic spectrum that
extends from RF frequency to optical wave. It has been shown that the RF capacitive sensor and fi-
bre sensor can measure the parameters of a liquid drop'>”*’. Therefore , it is possible to measure the
parameters of a liquid drop by a microwave sensor. The objective of this paper is to apply the mi-
crowave sensor for the measurement of the parameters of a liquid drop. Preliminary experiments
have been carried out and these show that the microwave sensor is capable of measuring drop vol-
umes with an accuracy of down to 0.5pL. It can also measure microwave absorption properties,

species concentration and surface tension simultaneously.
2 Theory

Microwave sensors based on cavity perturbation techniques have been studied by many research-

@ This article was reviewed in “Nature CHINA" on 6 June 2007.
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ers °*°!. Measurements of a liquid drop are performed by inserting a small, appropriately shaped
liquid drop into a cavity and determining the properties of the liquid drop from the resultant change

in the resonant frequency and loaded quality factor which is given by’
1 = -
fofo = (8= DLW [ E - ES dv (1)

07 - Q' = WS BB do (2)
here &, =&’ —je" is the complex permittivity of the liquid drop;&! and g7 are the real part and the
imaginary part;E is the field in the unperturbed cavity and E is the field in the interior of the lig-
uid drop;v, is the volume of the liquid drop; Q, and f, are the quality factor and resonance frequen-
cy of the cavity in the unperturbed condition respectively and Q,, f. the corresponding parameters
of the cavity loaded with the liquid drop; W, is the total energy stored in the cavity.

Under the quasi — static approximation,the electric field within a liquid drop sphere placed in a

uniform external electric field E, is given by'"

3E,
Tel 42

(3)

Substitution of this expression into(1) yields the usual expression for the perturbation of the fre-
quency by a small liquid drop sphere,
3E, (s} - .,
2W,(el+2) °
where V, (t) is the volume of the liquid drop which grows in the process of drop formation. Eq. (4)

Af =fo-f. = (2) (4)

indicates that the resonant frequency change Af of the cavity is directly proportional to V, (t).

The microwave cavity is a two — port network. The insertion loss and half power width of this net-

: [9
work can be written as"’

2 /B
BEY T (3)
0.-% (6)

where T is the insertion loss of the network,and T = (P,, - P, ) /P, ; P, and P, are the micro-

out in?

wave input power and the microwave output power of the cavity respectively;8, and 3, are the in-
put coupling coefficient and the output coupling coefficient of the network respectively,and B8, =
Yo /n,G,B, =Y, /n3G;Y,, is the equivalent input admittance of the network ;Y,, is the equivalent
output admittance of the network;n, and n, are the turns ratio of the input ideal transformer and
the turns ratio of the output ideal transformer,respectively; G is the equivalent conductance of the
networks; B is the half power width of the network.

Suppose that n, ,n,,Y,, ,Y,, are constant,and R =1/G =ke"V, (t) ,where R is directly propor-
tional to V_(¢) with a coefficient k,8,<1,8,<1 ,then from Eq. (5) ,the following can be obtained

2./B.B.
P - Ny e P = = / . P
out 1 1 Bl ' ﬂz in 1 2 BIBZ in
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2P. "k /Y, Y, 2P k'e"
o - inEr ooz V.(t) =1 _¥L .
n,n, n,n,

where k' =k, /Y, Y,,. Eq. (7) indicates that the larger the volume V (¢) of the liquid drop, the

smaller the output power P, of the cavity. Therefore,the smaller the P, ,the smaller the output

V.(t) (7)

voltage of the cavity,and the output voltage of the cavity is inversely proportional to V,(t).
Substituting Eq. (3) into Eq. (2) would yield '
3¢"E,

2W,(el+2)

Eq. (8) indicates that the larger V, (t) is,the smaller Q_will be ,and @, of the cavity is inversely

0 =05 + - V(1) (8)

proportional to V_(1).
3 Measuring equipment

The microwave sensor consists of a cavity,a microwave generator,an interface circuit,a detecting
circuit and a computer. The cavity is a circular cylindrical E ;, mode resonator, of which the reso-
nance frequency is 2. 45GHz, aperture diameter is 8 mm , the outside diameter of the liquid delivery
tube is 3. 5Smm and the inside diameter of the liquid delivery tube is 1mm. The microwave genera-
tor is scan frequency with a resolution of 1MHz. The detecting circuit is composed of a linear detec-
tor,a low — pass filter and a 12 — bit high speed A/D converter. The output voltage accuracy of the
microwave sensor is 1. 22mV. The sensor system was controlled by the computer. Its software ran in
a windowsXP environment. The control software was programmed by visual basic. A structure dia-
gram of the microwave sensor system is schematically presented in Fig. 1. The computer controlled
the microwave generator through the interface circuit. The microwave signals were transmitted into
the cavity. The output signals of the cavity were picked up by the detecting circuit. The data pro-

cessing of the microwave sensor system was based on the computer.

Liquid drop
s x
U Cavity
0 i
Microwave generator Detecting circuit
Interface circuit Computer Interface circuit

Fig. 1 Sketch of the microwave sensor for measuring the properties of a liquid drop

4 Results and discussion

Fig. 2 shows a 3D graph for constant — pressure delivery obtained from distilled water. Fig. 3 is ob-



