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The research carried out at the Institute for Superhard Materials have made it possible to determine regularities of carbon
phase transformations and transfer in metal solvents and to create methods for growing large-size structurally perfect diamond
single crystals. The results of research underlay a basis for a diamond production technology to be used in electronics,
manufacture of laser equipment and drilling tools, and in precision machining. The use of large 6-punch high pressure
equipment has allowed the researchers to develop a much more effective technique for growing diamond single crystals.
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In several past decades, the study of physico-
chemical and structural aspects of phase transfor-
mations in carbon materials allowed the research-
ers to achieve important results in the field of
superhard materials, primarily, to develop tech-
nologies for growing diamonds. Today, there are
two advanced technological solutions for grow-
ing structurally perfect diamond single crystals:

1) at high pressure and temperature (HTHP
method) in the area of thermodynamic stability;

2) by deposition of carbon from methane (CVD
method) in metastable conditions.

Using these methods one can get diamond
crystals with controlled defect-impurity compo-
sition having a size of 10 mm. They have proper-
ties, at least, as good as those of the natural crys-
tals. However, the use of the second method is
limited because it is very problematic to keep the
equilibrium conditions of diamond formation pro-
cess during the reaction CH, & C +4H,asa
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result of which, at a certain stage of growth, car-
bon graphite deposits on the diamond surface
thereby complicating the further process. There-
fore, today, the CVD diamond growing method
allow the researchers to obtain structurally per-
fect diamond films and layers having a thickness
of a few millimeters, however, to get bulk samples
is a serious problem to address which a long time
is required.

The HTHP method for growing diamonds, as
opposed to the CVD method, is used in the area
of thermodynamic stability of diamond. The main
types of high pressure apparatuses (HPA) used
for studying the crystallization of diamond and
for growing the crystals are showed in Fig. 1 (see
color inset).

For a long while, the team of authors were stu-
dying the growth of diamond single crystals us-
ing «anvil with hollow» TS40 HPA (the hollow
has a spherical shape) developed at the Institute
of Superhard materials (ISM) of the NAS of Uk-
raine. This apparatus ensures stable growth con-
ditions with possible duration of diamond grow-
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ing cycle of up to 500 hours [1]. Its design makes
it possible to enter thermocouples and electric
contacts in the reaction zone for in-situ monitor-
ing of crystallization parameters. An advantage
of the «toroid» type HPA as compared with other
types is a simpler assembly of growth cells, a fast-
er load of containers, and a wider range of pres-
sure variation.

The HTHP method research conducted at the
ISM of NAS of Ukraine has made it possible to
identify patterns of carbon transfer and phase tran-
sitions in solvents, to substantiate techniques for
computer simulation and calculation of tempera-
ture distribution in growth volume, to establish
configuration of thermal fields for creating requi-
red temperature gradients, as well as to develop
methods of precision control of temperature and
pressure for single crystal growth. Based on these
results the researchers have developed methods
for growing large diamond single crystals having
a perfect structure (Ib, ITa and IIb types).

Growing diamond single crystals with a per-
fect structure and controlled composition of ad-
mixtures by HTHP technique is interesting from
the scientific standpoint and allows the research-
ers to define a set of important functional proper-
ties, including the color of crystals. From scien-
tific point of view, the influence of oversaturation
with carbon, temperature, and pressure on the ki-
netics of growing diamond crystals of seeds from
carbon solutions is a very relevant issue [2, 3].
These diamond crystals obtained under control-
led P-T parameters and composition of the growth
medium are applied to electronics, laser technolo-
gy, precision machining, and manufacture of dril-
ling tools. They surpass the natural crystals by
many characteristics, especially, due to the fact
that in the process of mass production it is possi-
ble to keep stable the impurity composition and,
consequently, thermal conductivity, electrical con-
ductivity, and required habit shape.

The research conducted at the ISM of the NAS
of Ukraine has made it possible to study the basic
laws governing the process of growing perfect
crystals of similar structure and to create equip-

ment and methods to ensure their production in
required amount. The main technical requirement
for this is to create a high pressure apparatus and
diamond growth cells.

The experience of operating the TS40 HPA of
«toroid» type has showed that for growing single
diamond crystals of seeds it is advisable to use the
Strong-Wentorf method of temperature gradient
[4], which involves the placement of the carbon
source and the seed crystal in carbon solvent
keeping a temperature difference between them
of ~50 K (T_ > T,_,). The carbon solvents are
Fe-Ni-Co-based alloys with dopes of Cu, Sn, Ti,
Zr, and Al; the diamond is growing at a tempera-
ture of 1300—1700 °C depending on the composi-
tion of the growth system. The growth is realized
as carbon recrystallization from the source to the
seed crystal. This is a melt crystallization of dia-
mond. To obtain large single crystals having a
perfect structure the process should be stable, i.e.
it is necessary to keep temperature constant and
to ensure required distribution of axial and radial
gradients of temperature, carbon concentration,
and their ratio [5, 6].

The developed methods for crystal growth have
allowed the authors to obtain large perfectly struc-
tured single crystals of Ib, I1a (Figs. 2, 3, see the co-
lor inset) and IIb types (Fig. 4, see the color inset).

In addition to the «toroids HPA, there are Belt
and Bars HTHP apparatuses widely used for gro-
wing diamond single crystals (see Fig. 1). How-
ever, in recent years, there has been reported a
considerable interest in the 6-punch devices hav-
ing a reaction volume of up to 1 dm® and more.
The devices are made in China. These devices ha-
ve an unmatchable performance for spontaneous
crystallization as compared with other HPA. This
has enabled China to bring the annual produc-
tion of diamond grinding powders and their poly-
crystalline derivatives to 12 billion carats. How-
ever, for growing large perfect diamond single cry-
stals it is necessary to design a new HPA contain-
er, as well as to develop methods and algorithms
for controlling the growing process. An attractive
solution of this problem is to use a much larger
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reaction volume to facilitate the large-scale in-
dustrial production of diamond crystals.

CS-VII manufactured by Hualin (PRC) was cho-
sen as experimental model of 6-punch press. Its
diameter and plunger capacity are 560 mm and
25 MN, respectively (Fig. 5, see the color inset).
The presses of this type have proven themselves
to be effective for the production of diamond grin-
ding powders and have highly reliable hydraulic
components and mechanisms, good rigidity, and
attractive stability of carbide compressing ele-
ments (punches) (5+10) - 10° load cycles.

A general view of the production area equipped
with CS-VII presses is given in Fig. 6 (see the
color inset). This press was purchased under the
contract and used to develop the growth cells for
growing single crystals of Ib, ITa, and IIb types on
seeds by the temperature gradient technique.

The use of basic technical guidelines developed
specifically for the «toroid» devices has helped to
configure the heating system and to calculate the
temperature distribution and the magnitude of
required temperature gradients for CS-VII HPA
container (Fig. 7, see the color inset).

Having optimized the size of the growth cell and
the parameters of crystal growth, the researchers
developed algorithms for growing structurally
perfect diamond single crystals of different types
with significantly increased output during one
cycle of growing (Fig. 8, see the color inset).

It should be noted that while implementing
the project on the use of CS-VII 6-punch press for
growing diamond single crystals on seeds by the
temperature gradient technique, the authors have
developed insulation materials and electric heat-
ers, as well as growing techniques that make it
possible to create a technology for large-scale com-
mercial production of such products. Today, there
are 6-punch HPAs for spontaneous crystalliza-
tion and production of diamond grinding pow-
ders with a volume of growth cell that exceeds
2.5-5 times that of CS-VII device. They are the
CS-XII and CS-XIII presses with a plunger diam-
eter of up to 1 m. These devices can produce 100
carats of perfect diamond single crystals and more
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during one growing cycle. The organization of
manufacture of diamond single crystals using new
6-punch HPAs with a capital investment of about
USD 10-20 million will bring annually, at least,
10 thousand carats of perfect diamond crystals
for different applications. The investment attrac-
tiveness of this project is based on a payback pe-
riod of 2—3 years.
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[HcTUTYT HaATBEPAMX MaTepiaiB
iM. B.M. baxyna HAH VYkpainu, Kuis

IHHOBAIIIIHA ITPYBABJINBICTH
CTPYKTYPHO JOCKOHA/INX MOHOKPHCTAJIIB
AJIMA3Y JIJId IX HIJTECHIPIMOBAHOTO
BUKOPNCTAHHA B HOBITHIX TEXHOJIOTIAX
21 CTOPIUYA

Hayxosi nociifzxenns, BUKOHaHi B [HCTUTYTI HaATBEpAUX
MaTepiasiB, 03BOIMIN BUBHAYUTU 3aKOHOMiPHOCTI (ha30BUX
IIepeTBOPeHb Ta MEPEeHOCy BYIVIEIIO B METAJIEBUX PO3UNHHU-
KaX i CTBOPUTU METOIM BUPOIIYBAHHS BEJIMKOPO3MipHUX
CTPYKTYPHO JIOCKOHAJIMX MOHOKpHCTaIiB anMazy. Otpumani
PE3YJIBTAaTH CKJIAJIM OCHOBY TEXHOJIOTII BUPOOHUIITBA ajiMa3-
HOI TPOJYKIII /11 BUKOPUCTAHHS B €JIEKTPOHIlli, Ja3epHiit
TEXHIIl, Tperm3iiHiii MexaHiuHiii 06pobIli MaTepiasiB Ta B
6ypOBOMY iHCTPYMEHTI. 3acTOCYyBaHHs 6-ITyaHCOHHOI TEXHi-
KU BUCOKUX THCKIB BETUKOTO 06’€MY JIaI0 MOKJIMBICTH CTBO-
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PUTH TEXHOJOTIIO BUPOIIYBAaHHS MOHOKDPHUCTAJIIB anMasy i3
3HAYHO MiIBUIEHOO IPOAYKTUBHICTIO BUPOOHUI[TBA.-

Knwuosi crosa: Anmmas, MoHOKpUCTa, e(EKTH, TOMi-
IIKH, METOAN BI/IpOH_[yBaHHH, BI/ICOKi TUCKU Ta TeMHepaTypI/L

H.B. Hosuxos, B.B. Jlvicaxosckuil,
0.A. 3anesckuii, C.A. Usaxnenxo
WHCTUTYT CBEPXTBEP/BIX MATEPHAJIOB
nm. B.H. bakysns HAH Ykpaunsi, Kues

VMHHOBAITMOHHAS TPUBJIEKATEJIBHOCTD
IMPOM3BOJICTBA CTPYKTYPHO
COBEPIITEHHBIX MOHOKPUCTAJIJIOB AJTMA3A
JUJTSI UX [TEJIEHATIPABJIEHHOTO
VICITOJIb3OBAHNMY B HOBEMIIINX
TEXHOJIOTUAX 21 BEKA

Haqume uccJjaen0BaHusA, BbIIIOJTHEHHDBIE B MHCTI/ITyTe
CBEPXTBEPABIX MaTE€PUAJJIOB, ITO3BOJINJIN OIIPE/ICJIUTH 3aKO-
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HOMepHOCTH (ha30BbIX IIPEBPALIEHII U IepeHoca yriaepojia
B METAJIJIMYECKUX PACTBOPUTEISIX U CO3/IaTh METO/IBI BBIPA-
IUBAHUS KPYITHOPa3MEPHBIX CTPYKTYPHO COBEPIIEHHBIX
MOHOKPHCTAJLIOB ajiMasa. [1osryueHHbie pe3yJibraThl cO3/1a-
JIK OCHOBY TEXHOJIOTHU [TPOM3BOJACTBA AJIMA3HOU MPOILYK-
L[V¥ JIJIs] UCTIOJIb30BAHUSI B 3JIEKTPOHUKE, JIA3EPHOU TEXHU-
Ke, IIPENU3NOHHON MeXaHUYeCKOi 06paboTKe MaTepraioB
u B 6ypoBoM uHCTpyMmeHTe. IIpuMeHeHue 6-1yaHCOHHON
TEXHUKU BBICOKHX JIAaBJICHUI GOJIBLUIOTO 00beMa M03BOJIU-
JI0 pa3paboTaTh TEXHOJIOTHIO BbIPAIIUBAHUS MOHOKDPUC-
TAJLJIOB anMasza ¢ 6ojiee BBICOKON MPOU3BOAUTEIBHOCTHIO
IPOU3BO/ICTBA.

Knwouesvie cioea: amas, MOHOKPUCTAILI, 1e(DEKTHI, 10-
6aBKI/I, METO/IbI BpraU.H/IBaHI/IFI, BBICOKHUE 1aBJICHUA U TEMIIC-
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