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Table.1 Metal purity grades after purification by different technologies
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Purification method Te Zn In Cu Al Fe Sn
Chemical method 4N 4N 5N 5N 4N 6N 5N
Vacuum distillation 6N 6N SN SN - - SN
Zone melting 7N N N 10N ON ON 7N
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Table.2 Zone refining length when the maximum solute removal rate is obtained per pass.

1.15

Zone Refining Times 1 2 3 4 5-8 9-19 >20

Normalized melting

zone length, Z 1 0.35 0.25 0.2 0.15 0.1 0.05

Z=1L / L
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Table.3 Advantages and disadvantages of different heating methods and their applications
Heating methodology Advantage Disadvantage Application

Resistance heating

Induction heating

Electron beam heating

Plasma arc heating

Simple equipment, mature
technology, cheap

Fast heating speed, easily
controlled melt zone width,
provides stirring effect

Higher heating temperature

Shorter melting zone, melting
refractory metals

Difficult to control the length
of the zone; greater risk of
container contamination

The equipment occupies a
large space and the power is
unstable in the process of zone
fusion
Harsh operating conditions
and high cost
Complex equipment, large
space occupation, harsher
operating conditions

Widely application, more
suitable for metals with
moderate melting point,
such as Te, Cd
27], Gal%letc.

Semiconductors and most
metals, such as A112%],
CuP%, Ge, etc.

Refractory metals, such as
W, Lal¥ll Sil?3] etc.

Such as Cr3Z
Z¢13)
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Table.4 Differences in zone refining technology

Category of
zone refining

Heating Method

Advantage

Disadvantage

Application

Horizontal
zone refining

Vertical
zone refining

Floating
zone refining

Continuous
zone refining

resistance heating,
Induction heating

resistance heating,
Induction heating

Electron beam
heating, induction
heating, plasma
heating

resistance heating,
Induction heating

Wide applications,
simple equipment, easily
operated

Small footprint

Low secondary
contamination of metals,
good removal of volatile

impurities

Low secondary
contamination of metal,

high productivity,
continuous production

Large footprint, secondary
contamination of raw
materials with crucible
Difficulty in loading and
unloading material, high risk
of crucible cracking

Lower melt zone stability,
low production of single zone

difficult and costly to operate

Most metals

Most metals

A few high
melting point
metals

Still in the
research stage

[40]
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Table.5 Comparison of high purity metal analysis techniques




Analytical Sampling Measuring .
Method Method Range (g/g) Advantage Disadvantage
Multiple elements can be determined
. Constant ~ simultaneously. high detection .
GD-MS Solid 10712 efficiency, low detection limit, and low Expensive.
matrix effect.
There are matrix effects and
ICP-MS Solution 106~ 1012 High resolution and sensitivity, a wide isotope 1nterfer?nce. And the
measurement range. sample processing process is
longer.
High degree of ionization, stron, Cumbersome measurement
NTIMS Solution 1010~ 10714 £ degree L & process and a narrow
resistance to isotopic interference.
measurement range.
Solid/ High sensitivity, high accuracy, and it There is a risk of nuclear
NAA Solution 100~ 1013 can simultaneously determine Cl, Br,I  radiation and poor sensitivity to
elements. Pb.
. Constant ~ Small matrix effect, Less sampling, It can only
TXRE Solid 1012 and the detection limit is low. perform surface analysis.
Small measurement range, and
GF-AAS Solid 10°~10? High sensitivity. it not suitable for high melting
point metals.
. e . The detection limit is not low
ICP-OES Solution Conlséint - Fast, High sen:lftflgzcltty, Small mafrix enough, and the matrix effect is
' serious.
NTIMS NAA
TXRF
GD-MS ICP-MS
GD-MS
ICP-MS

5.1
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Research progress of high purity metals prepared by zone

melting
QIAN Qing-hua, HE Zhi-qiang, GUO Xue-yi, XU Zhi-peng

(School of Metallurgy and Environment, Central South University, ChangSha 410083, China)
Abstract: The zone melting method is a deep purification technique for the preparation of ultra-
high purity metals. With the further development of precision electronic instruments, aerospace,
modern communications, photovoltaic semiconductors and other strategic emerging industries, the
demand for high purity metals will further expand. Reducing the impurity content, clarifying the
impurity migration mechanism, and improving the production efficiency have been the focus of
high-purity metal research. This paper systematically summarizes the research progress on the
preparation of high-purity metals by zone melting, including the principle of zone melting,
parameter optimization, analysis methods, limitations and future development directions, which
provides theoretical guidance for the study of zone melting mechanism, process parameter
improvement, equipment optimization and production cost reduction, and gives an outlook on the
development direction of zone melting preparation technology.
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