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A seedless process has been developed to produce high-purity Zn single crystals by the method of vertical di-
rected crystallization from a melt. The output of a single crystal structure is from 60 to 80%. Crystals with different

growth directions were obtained: [10i5] and [0002]. The deviation angles of the growth direction plane relative to

the normal to the axis of the sample are 0.5...6°. Microhardness, crystalline perfection of single crystals and micro-
structure have been determined. The impurity composition of the start and end parts of single crystals produced from
initial grades of zinc of various purities was studied. The developed process can be used to grow single crystals low-

melting metals, such as Cd, Pb, Te, In, Bi, Sn, etc.

PACS: 81.10.-h

INTRODUCTION

Recently, the need for single crystals of metals for
practical and research purposes has been increasing. For
this reason, a new industry has increased - single crystal
growing. Single crystals of metals and semiconductors
are produced by growing from a melt mainly in three
ways: vertical directed crystallization — the Bridgman
method [1], pulling from a melt onto a seed — the
Czochralski method [2, 3] and crucibleless melting — the
Pfann method [4].

The history of the development of techniques for
growing single crystals by the method of vertical di-
rected crystallization totals about 100 years. The first
papers on crystal growth by vertical directed crystalliza-
tion (VDC) were those of Tamman (1923) [5].

In 1924, Obreimov 1.V. and Shubnikov L.V. imple-
mented the VDC method in which single crystals were
grown in a vertical stationary tubular container cooled
with compressed air [6].

Bridgman P. in 1925 made constructive changes to
the proposed VDC method. In this method the container
has become movable.

Stockbarger D. in 1937 introduced additional design
changes to the Bridgman VDC process. A 2-section
heater with a diaphragm in its middle is proposed here
to provide a larger temperature gradient at the crystalli-
zation front. In 1925, Bridgman prepared single crystals
of Sn, Cd, Zn, Sb, Bi, and Te by the VDC method.
Since then, researchers have been working both on im-
proving technological methods for growing single crys-
tals, and on achieving a perfect structure and quality of
the producing single crystals.

The aim of the work is to develop a process for the
production of high-purity bulk zinc single crystals by
the VDC method without the use of seed. In this case, at
the sharp end of the conical bottom of the crucible, after
leaving the furnace, several crystals nucleate. During
growth, one of them gradually occupies the entire cross
section of the container.

MATERIAL AND RESEARCH METHODS

Two grades of metal were used as the initial material
for producing high-purity zinc single crystals by the
VDC method: metal of the industrial grade ZVO0
(> 99.995%), and zinc produced by deep refining with
the method of vacuum distillation (> 99.999%) [8, 9].

Spontaneous directions of growth orientations in the
produced Zn single crystals were determined, their
structural perfection was studied, and the changes in the
microhardness and impurity composition of the start and
end parts of single crystals were ascertained.

Diffractometric studies of the samples were carried
out on a DRON-2.0 X-ray diffractometer with copper
Co-Ka radiation using a Fe selectively absorbing filter.
Diffracted radiation was detected by a scintillation de-
tector. An analysis of crystallographic orientation
(CGO) and crystal perfection was carried out from the
butt-end part of the rods by the rotating crystal method.

Microhardness measurements were carried out on a
PMT-3 instrument with a load of 20 g. The microstruc-
ture was studied using an MMP-4 light microscope. To
study the microstructure, we prepared thin sections by
grinding and polishing according to the standard meth-
od, followed by etching in a reagent of the following
composition: chromic anhydride — 10 g, hydrochloric
acid — 1 ml, water — 100 ml.

The impurity composition of single crystals was de-
termined by laser mass spectrometry using the mass
spectrometer of EMAL-2 type. The random error of the
analysis results is characterized by a relative standard
deviation within 0.15...0.30.

EXPERIMENTAL SECTION

The process of growing crystals by the VDC method
is carried out in special facilities in vacuum, inert at-
mosphere, hydrogen and in air. The Bridgman method is
suitable for metals with a relatively low melting point
and little chemical activity. These restrictions arise ow-
ing to the difficulty in selecting the material of the cru-
cible-container. Crucibles made of graphite, quartz,
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aluminum oxide are commonly used. The great ad-
vantage of the Bridgman method is that it allows us to
get crystals of large sizes.

Investigations of the process of producing zinc sin-
gle crystals by the VDC method were carried out on a
facility designed for growing gallium arsenide single
crystals. The heat unit and mounting of this installation
were modernized for the process of growing single crys-
tals by the vertical Bridgman method. A special device
was fabricated, the diagram of which is shown on

Fig. 1.
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Fig. 1. Scheme of the device for growing Zn single crys-
tals by the VDC method: 1 — cover; 2 — container for
metal; 3 — heater; 4 — thermal screens; 5 — metal,;

6 — graphite adapter; 7 — cooled rod

A container with molten zinc was pulled down from
the heater to a cold region, where, as it was pulled, a
single-crystal structure of arbitrary orientation was
formed.

To carry out the processes of directed crystallization
of zinc, the special containers were made of high-purity
dense graphite of MPG-7 grade. The impurity composi-
tion of such graphite is given in paper [7]. The contain-
ers were of conical shape at the bottom with an apex
angle of 90 and 40°. Before use, the container was cal-
cined at the temperature ~ 1000 °C in a vacuum of
1...3 Pa for half an hour. The crystals were grown with
a crystallization rate from 0.63 to 0.21 mm/min under a
pressure in the apparatus chamber of about 1.7...1.9 atm
of pure argon. The temperature gradient at the crystalli-
zation front ranged from 18.7 to 23.3 °C/cm.

RESULTS AND DISCUSSION
Fig. 2 shows the diffraction patterns of two single
crystals: (a) and (b).
The analysis of the diffraction patterns revealed that
the crystals are almost 9f single-crystal structure with

the growth direction [1015] (a) and [0002] (b), but there

are also fine grains with a different orientation (in par-
ticular, the lines (0002) (a) and (1000) (b) are present on
the diffraction patterns). It was found that the angle of
deviation of the growth direction relative to the axis of
the rod is o = 0.5° for the single crystal (a) and a =~ 4°
for the single crystal (b).
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Fig. 2. Diffraction patterns of zinc single crystals

Table 1 shows the microhardness values and the to-
tal content of impurity elements for the start and end
sections of single crystals produced from zinc of CVO0
grade (crystal A) and distilled zinc (crystal B), and Ta-
ble 2 shows the content of separate elements in the start
and end sections of single crystals A and B.

Table 1
The microhardness of zinc single crystals, H, (kg/mm?)
and their purity, %

Crystal A Crystal B
Start End Start End
section section section section
44 + 2 49+9 45+ 2 49+6
~99,997 | ~99,995 | ~99,999 | ~99,998

It is seen (Table 1) that the microhardness in both
crystals is higher in the end section, which is explained
by the redistribution of most impurities to the end part
of crystal (see Table 2). This is due to the fact that most
impurity elements have equilibrium distribution coeffi-
cients in zinc ko < 1. The exceptions are Cu and Ag im-
purities for which ko > 1: k, for Cu is 1.5, k, for Ag is
2.1[10].



Redistribution of impurity elements in zinc single crystals, x10 wt.%

Table 2

Element Crystal B
Start section End section Start section End section

Al 2 4 0.1 0.05

P <0.3 0.1 0.08 0.15
Cl 0.7 1.2 1.2 5

K 0.1 0.12 0.3 0.45
Ca 0.5 0.65 0.4 0.65
Fe 1 2 0.5 1.0
Cu 6 5 0.3 0.2
Br 3 4 0.23 0.34
Ag 4 2 1 <0.1
Cd 6 10 2.0 13
Sn 1 3 <0.1 <0.1
Sh <0.2 0.4 <01 <01
W <05 3 <0.1 <0.1
Pb 4 15 <0.1 <0.1

Zn, % > 99.997 99.995 > 99,999 > 99,998

Fig. 3 shows a photograph of the microstructure of
the end sections of zinc single crystal. The single-crystal
structure of zinc is formed with distance from the start
section of the ingot and amounts to 60...80% of the
crystal length.

Fig. 3. The microstructure of the single-crystal part of
the zinc crystal

By the developed method the high-purity single
crystals of cadmium and lead were also obtained, which
are in the process of studying their properties.

CONCLUSIONS

1. The process has been developed to produce high-
purity Zn single crystals by the method of VDC from
melt. The output of single crystal structure is from 60 to
80%.

2. The spontaneous orientations of Zn single crystals

close to the growth directions [1015]and [0002] are

established. The angles of deviation of the growth direc-
tion relative to the axis of the samples are 0.5...6°.

3. The microstructure and microhardness of the start
and end sections of the grown crystals were ascertained.
The microhardness of the end section of single crystals
is higher in comparison with the microhardness of the
start part of crystals, which is associated with the redis-

tribution of most impurities to the end section of single
crystals.

4. The content of impurities in the start and end sec-
tions of the grown zinc single crystals of various de-
grees of initial purity was determined.
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HOJYYEHHUE BBICOKOYACTBIX MOHOKPUCTAJJIOB IMHKA METOJIOM
BEPTUKAJIBHOU HAIIPABJIEHHOU KPUCTAJIVIN3ALINN

AL Hlepoans, I'.Il. Kosmyn, /I.A. Cononuxun, FO.B. I'opéenxo, T.FO. Pyoviuesa,
J.I'. Manvixun, U.B. Konoouii, B./]. Bupuu

Pa3paboTan 6e33aTpaBOYHBIN MPOLECC MOTYIEHUS BHICOKOYHCTBIX MOHOKPUCTAIIIOB ZN METOJJOM BEPTUKAILHOM
HampasiieHHo# kpucTausaimu (BHK) u3 pacmnaBa. Beixon MOHOKPHCTAITMYIECKOH CTPYKTYPhI COCTABIsET OT 60

10 80%. Tony4eHsl KPUCTAIBI C Pa3iMYHBIME HampasieHusMu pocta: [1015] u [0002]. Yruibl OTKIOHEHHS IUIOC-

KOCTH HAaIIpaBJICHHUS pPOCTa OTHOCUTEIHHO HOpMAIK K och oOpasma coctaBirioT 0,5...6°. OnpenenaeHbl MUKPOTBEp-
JOCTh, KPUCTAIJIMYECKOE COBEPIICHCTBO MOHOKPUCTAIJIOB M MUKPOCTPYKTypa. VcciienoBaH NpPUMECHBIH cOCTaB
HayaJIbHOM M KOHEYHON YacTell MOHOKPHCTAJJIOB, MOJYYEHHBIX M3 MCXOIHBIX MapOK LIMHKA Pa3IMYHOW YUCTOTHI.
Pa3paboTanHbIii Mporiecc MOKET OBITh MCHOJIB30BaH Ul BHIPALIMBAHMS JETKOIUIABKUX METaUIOB, Takux kak Cd,
Pb, Te, In, Bi, Sn u mp.

OTPUMAHHSI BUCOKOYNCTHUX MOHOKPHUCTAJIIB IIMHKY METOJIOM
BEPTHUKAJIBHOI HAITIPABJIEHOI KPUCTAJIIBALIII

O.1IL ILl]epbans, I'I1. Koémyn, /1.0. Cononixin, FO.B. I'opéenxo, T.1O. Pyouuesa,
J.I'. Manuxin, 1.B. Konooiu, B./l. Bipuu

Po3pobieHo Ge33aTpaBouHMil MpoLec OTPUMAHHS BHCOKOYHCTUX MOHOKPHCTANIB Zn METOAOM BEPTHKAIBHOI
HampasiieHoi kpucranizanii (BHK) i3 po3miaBy. Buxin MOHOKpUCTalmigyHOI CTPYKTYpH cTaHOBUTE Bix 60 10 80%.

OtpuMaHo KpucTany 3 pisHUM HanpsmkoM 3poctanss: [1015] i [0002]. KyTu BigxXuiieHHsS HAOPSMKY POCTY BiHOC-

HO Oci CTepiKHiB cki1anaoTh 0,5...6°. BusHaueHi MiKpOTBEpAICTh, KPUCTATIYHA JOCKOHAIICTh MOHOKPHUCTAIB 1 MiK-
poctpykrypa. JochikeHo JOMIIIKOBHI CKJIak MOYAaTKOBOI i KiHIIEBOi YAaCTUH MOHOKPHCTAJIB, OTPUMAaHUX 3 BHXiJ-
HHUX MapoK LMHKY pi3HOi 4yncTOTH. P03p0obieHuit npouec Moxe OYyTH BUKOPUCTaHUH ISl BUPOLIYBaHHS MOHOKpHC-
TaJiB JErKoIIaBKkux Mertaiis, Takux sk Cd, Pb, Te, In, Bi, Sn 1 ix.



