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Superhard material
Frain WikEpedia, the free encyclopedia

A superhard material is a material with a hardness value exceeding 40 gigapascals (GPa)
when measured by the Uckers hardness test_~~~~2~~3~~d~ They are highly incompressible solids
with high electron density and high bond covalency. As a result of their unique properties,
these materials are of great interest in many industrial areas including, but not limited to,
abrasives, polishing and cutting tools and wear-resistant and protective coatings.

Diamond is the hardest known materiaE to date, with a Vickers hardness in the range of 70-150
GPa Diamond demonstrates both high thermal conductivity and electrically insulating
properties and much attention has been put into finding practical applications of this material.
However, diamond has several limitations for mass industrial application, including its high cost
and oxidation at temperatures above 800 "G.~~~~6~ In addition; diamond dissolves in iron and
forms iron carbides at high temperatures and therefore is inefficient in cutting ferrous materials
including steel. Therefore, recent research of superhard materials has been focusing on
compounds which would be thermally and chemically more stable than pure diamond.

Superhard materials can be generally classified into iwo categories= intr9nsic compounds and
extrinsic compounds. The intrinsic group includes diamond, cubic boron nitride {c-BN), carbon
nitrides and ternary compounds such as B-N-C, which possess an innate hardness.
Conversely, extrinsic materials are those that have superhardness and other mechanical
properties that are determined by their microstructure rather than composition.~~~s~~y~ An
example of extrEnsic superhard material is nanocrystaltine diamond known as aggregated
diamond nanorods.
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Scientists predict a new superhard material with unique properties
,~,~. ia, zais.soeaom:n~::o-sue.-~Ee 1re~n,~'~gk

Pmmn-W BS
:~ w ~ ~~

• ~

~ • • ~

•
~-'

..
~

~
~

§
~

~
~

i.. _'_ ~. ~ ___~. Z

~ ~ a
New Boron-Richest Phase

GetliT The Jouma! of PM1yoxa~ L'trem'fry L51lere

An International team of scientists has reportetl a new superhartl material that
could be used in drilling, machine bulltling antl other fieltls. The new tungsten
bonde they discoveretl outpertorms the witley used pobedit, a harcl tungsten
carbltle antl cobafl composite material with artificial tliamond interspersing.
The results of their stutly were publishetl in the reputable scfentttic Journal, the
Joumat of Physical Chemistry Letters.

- w SupEfhe~tl SubSte~t2s helve a broad
scope of application in wen dnuing,
machine builtling, me[ahn~orltlng, the

HANGERS tlefense intlustry, medicine and many
other fieltls_ The hardest known material, 

-~-~N=~ ='~ ~"'~^ diamontl, is an unaftorUable for many
applications. Its tlisfant competitor,
pobedlt, has remainetl unrivaletl for the
last 80 years. Developed in the ~930s. it
was usetl during the Secontl worttl War
to make anti-tank shell caps (the wortl
"pOU2tliC' is actually tlenvetl horn the
Russian "pobetla," which means

'tiictoty") antl tHs bEen usetl for tl¢tatles to manUfactufe tlnll bits for the
tlrllling tlgs. Harder malenals either require higher-pressure syntnesls or have
fltuth IOWEt frBCtufC'tOtl~hll¢SS.

A team of scientlsts led by Professor Mem Oganov of Skoltech and the
Moscow Instilufe of Physics antl Txhnology (MIPT) usetl the USPEX
evolutionary algorithm to pretlict a new material, W85, that can be
synthesizes ai normal pressure antl can successiulp~ compete vdtn pobetlit in
the hvo most essential parameters— haNness and fracture toughness —which
are 50 percent higher antl 20 percent lower, respectivey, for WB5 as
comparetl to pobetltt. The new material is a previously unknown compountl
that can be easiy obiairretl untler normal contlitions. The Skoltech scientists
pertormetl their stutly within the framework of Gazprom Neff slarge-scale
project aimetl at creating new materials for drilling appllcallons.

"Before we tliscovered [he new material, we hatl stutlietl a lot of systems on
the computer, trying to pretllct stable chemical compountls aria calculate their
properties. These were quite fnteresiing substances, although they could
hardty compete with pobedit. At some point, 1 thought Ne would never beat
pobedB, which has stood ds ground for almost a century, aria for good reason
But sutltlenly, we saw a glimmer of hope, antl soon fountl a unique compountl.
WB5," says the stutly leatl Artem Oganov.
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hrtore from ChemisVy
'The tungsten-boron system has been the subject of a multitude of
expenmentai and theoretical studies, and it is surprising that this compound
has not been discovered until now:" said the study's first author Dr. Alexander
Kvashnin.

O Explore further: Scientists elucidate the crystal structure of sodium
boride

More information: Alexander G. Kvashnin et af. New Tungsten Sondes, Their
~tabiliry and Outstanding Mechanical Properties, The Journal of Physical
Chemistry Letters {2018). DOI: 14.1021/acs.jpciett.8b01262

Journal reference: Journal of Physical Chen~istry~
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