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BbiNO/SIHEH NATEHTHbIW aHanW3 YrAepoAHOro HamnpaBieHWss HaHoTexHosiorMn. ComnocTaBJieHbl
ny6/MKauMoHHas U NaTeHTHas aKTUBHOCTb B JaHHOM 061acTy, a TakXe TeMaTudeckas CTpyKTypa
ny6iMKaumMin U naTeHTyembix U3o6peTeHUn. PaccMOTpeHbl 0CO6€HHOCTU TeMAaTUYeCKOW CTPYKTYPbl
poccuiickux n3o6peTeHuin, BO3MOXHbIe Hanpas/ieHUs U TPYAHOCTU MX KOMMepLManusauuun. UcxogHas
MHPopMaLmsa noayyeHa u3 6as gaHHbIX PocnaTeHTa, USPTO, WIPO PATENTSCope, a TakXe Science
Citation Index Expanded.

Patent analysis of the carbon direction of nanotechnology has been performed. The publication
and patent activity in this direction as well as the thematic structure of publications and patented
inventions were compared. The features of the thematic structure of Russian inventions and also
possible directions and difficulties of their commercialization are considered. The initial information
was obtained from the databases of Rospatent, US PTO, WIPO PATENTSCope, and Science Citation

Index Expanded.

[7IepOJHble HAHOCTPYKTYPBL — BaKHEHIIHe IIpeJ-

CTAaBUTE/IM HAHOMHUPA, OTKPhITHE KOTOPBIX YCKO-

PHIIO pOoKZeHHe HaHOTexHoaoruu (HT). B HacTos-
Ilee BpeMs OHH BXOJSAT B [I0OBECTKY JHS TpeX yKPyIIHeH-
HBIX CeKTOPOB 3KOHOMHUKH ~ HAHO3/IeKTPOHHUKH, HAHOOHO-
TeXHOJIOTMHM Y HAHOSHEePreTUKH, I/ie OKUIAeTCs pearsa-
LM OCHOBHOIO roTeHIHMana HT. Hy6)n/n<au1/m Y IIaTeHThI
YaCTO UCIIOJB3YIOT )1 KOJIMYeCTBeHHBIX OLIEHOK 3ddex-
TUBHOCTH MHHOBALIMOHHBIX IIPOLIeCCOB. B HacTo4-
IIell CTaThe BHIIIO/IHEH aHa/IN3 [TaTeHTOBAHUS YITIepoJ-
HBIX HAHOCTPYKTYP C UCII0Nb30BaHKeM 0a3 faHHBIX (B/I)
PocriatenTa, US PTO u WIPO PATENTSCope. Hapsapay c Tpa-
OULIOHHON TPUAJoH "by/iepeHsl - yI/IepofiHble HAaHO-
Tpybku (YHT) - rpadeH" B pacCMOTpeHHe BKIIIOYeHBI HAHO-
anMasbl, a TaKKe gpyrue GopMsl HaHOyIIepoaa (IPHY),
HaIlpHMep HaHOIOPUCTHIH YI/Ieposl, HaHOTpadHT, HaHO-
BOJIOKHA U Ip. AHaJIM3 OXBaThIBaeT repuof 2000-X rofos,
B TeYeHHe KOTOPOro MHOI'He CTpaHsl Bcjen 3a CIIA pea-
JIM30BBIBA/IM CBOM HAHOTEXHOJIOTMYeCKHe IIPOrPAMMEBI.
B yacTu, oTHoOCsIeNCS K POCCHH, ero pe3y/l1bTaThl MOIyT
OBITH I10JI€3HBI IPU 0O0CHOBAHUM MHHOBALIMOHHOM
[IOJIMTHUKH.

KPATKAS BUB/IMOMETPUYECKAS XAPAKTEPUCTUKA
PA3BUTWA YINEPOAHOI'O HANPAB/IEHUA

[TocKOZPKY B MHHOBALIMOHHOM IlellOYKe IaTeHTaM
IpefIIecTBYIOT Hay4YHble MyOIHUKALIUHY, IPUBeieM Psif
6ubnroMeTpUYeCKUX HHIUKATOPOB, PACCUMTAHHBIX
Ha ocHoBe B/l Science Citation Index Expanded (SCIE).
CornacHo puc.1l, HHTepec B MUPe K UCCIeJOBAHUIO yITIe-
POOHBIX HAHOCTPYKTYP IIPOAOJIKAET YBETUUHUBATECS CO
CpelHerofoBbIM TeMIIOM POCTa YHC/IA HayUHbIX My6IH-
Kaluu 14% 3a nocnefHue ceMb 1eT. CTPYKTYPY 3TOrO
POCTa XapaKTepH3yeT PHC.2, [I0KA3bIBAIOLINE CBOeobpas-
HBIM 3aKaT "9pHI Qy/UIepeHOB", pacliBeT U MOCTeIIeHHOe
yracanue "3psl YHT", cTpeMHUTeIbHOE BOCXOKIEHHe I'Pa-
deHa, a TaK>Ke HEBBICOKHUI "HHUIIEBBIM HHTEpPeC K HAaHO-
ajMasaM U ApyruM ¢opMaM HaHOYIIepoJa. 3aMeTUM,
YTO B yKa3aHHBIM IIepHOJ IPOM30LIIH 3HAaUUTe/IbHbIe
M3MeHeHHUSs B reorpaduu HcciefoBaTeleH: BBIIYCK
ny6IMKalMi CTalu ONpeeNsiTh KPyIIHEIe a3MaTCKHe
urpoku (bosnee 68% B 2015 roxy), a KUTak CTaI HEOCIIOPH-
MBIM JIUJIEPOM Ha 0003pHMYI0 IIepCIIeKTHBY, II0OCKOJIBKY
ero 6nmkanmun npecinenosarensd (CIIA) oTcraer
II0 CBOEMY BKJIaZly Ha 26 MPOLeHTHBIX IIyHKTOB (II.IL.).

LleHTpanbHbI 3KOHOMUKO-MaTeMaTUYeCkut MHCTUTYT PAH / Central Economics and Mathematics Institute, RAS.
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Fig.1. Dynamics of publication (left scale) and patent (right scale)

activities in field of carbon nanostructures

arbon nanostructures are the

most important representatives

of the nanoworld, the discov-
ery of which accelerated the birth
of nanotechnology (NT). At pres-
ent they are on the agenda of three
enlarged economic sectors - nano-
electronics, nanobiotechnology and
nanoenergetics, where the realiza-
tion of the main potential of NT is
expected. Publications and patents
are often used to quantify the effec-
tiveness of innovation processes. In
this paper, an analysis of the patent-
ing of carbon nanostructures using
the databases (DB) of Rospatent, US
PTO and WIPO PATENTSCope is pre-
sented. Along with the traditional
triad of "fullerenes - carbon nano-
tubes (CNTs) - graphene”, nanodi-
amonds, as well as other forms of
nanocarbon (OFNC), for example,
nanoporous carbon, nanograph-
ite, nanofibers, etc., are considered.
The analysis covers the period of the

pam

Puc.2. N3meHeHue memamuyeckol cmpyKkmypbl MUpog0-
20 8bIX00a NY6AUKAUUL NO Yy2AepOOHbBIM HAHOCMPYKMY-

Fig.2. Change of thematic structure of world output of

publications on carbon nanostructures

2000s, during which many coun-
tries followed the US to implement
their nanotechnology programs.
In the part relating to Russia, its
results can be useful in justifying
the innovation policy.

BRIEF BIBLIOMETRIC DESCRIPTION
OF DEVELOPMENT OF CARBON
MATERIALS

As in the innovation chain the pat-
ents are preceded by scientific pub-
lications, we present a number of
bibliometric indicators calculated
on the basis of the Science Citation
Index Expanded (SCIE). According
to Fig.1, the interest in the study of
carbon nanostructures continues
to increase in the world with the
average annual growth rate of the
number of scientific publications
of 14% over the past seven years. The
structure of this growth is char-
acterized by Fig.2, showing the
peculiar sunset of the "fullerene

era", the flourishing and gradual
fading of the "CNT era", the rapid
ascent of graphene, and also the
low "niche" interest in nanodia-
monds and other forms of nano-
carbon. It should be noted that dur-
ing this period there have been sig-
nificant changes in the geography
of researchers: the publications of
papers began to be determined by
major Asian players (more than 68%
in 2015), and China has become an
unchallenged leader for the fore-
seeable future, as its closest pur-
suer (USA) lags behind in its con-
tribution to 26 percentage points
(pp.). Together with the structure,
the indicators of scientific impact
also began to change, for example,
since 2011 China has outstripped
the United States, and South
Korea has outstripped Germany
on the contribution to the top 10%
of the most cited publications in
this area. Singapore, in turn, has

#1/80/2018 NANO INDUSTRY
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Puc.3. Temamuueckas cmpykmypa 3as80k PCT WIPO 8 0baa-
CMu y2nepoodHbIX HAHOCMpPyKMyp

Fig.3. Thematic structure of PCT WIPO applications in field of car-
bon nanostructures

BMecTe co CTPYKTYPOM CTa/IM MEHAThCS U IOKa3aTeIn
Hay4HOI0 BO3[eHCTBUS, HallpuMep, c 2011 roga Kutanu
orepenw CIIIA, a IOkHas Kopes - TepMaHHIO 110 BKIaTy
B Tomn-10% Haubolee LUTHPyeMbIX IybIHUKALIUMI
B paccMaTpuBaeMol obnactu. CHHIamyp, B CBOIO oyde-

Puc.4. Temamuueckas cmpykmypa namenmos US PTO 6 06aa-
Cmu y2AepooHbIX HAHOCMPYKMyp

Fig.4. Thematic structure of US PTO patents in field of carbon
nanostructures

pens, c 2012 roga oboresn DOpaHLIUIO U BenHKoﬁpHTaHmo
I10 BKJIAZTy B TOII-1% CAaMBIX IIUTUPYeMBIX ITyOIHKALIHH.
Poccus 3aHuMara B 2015 rofy aeBaToe MeCTO I10 IIPOAYK-
THUBHOCTH, OLHAKO, I10 CpeHEel LIUTUPYeMOCTH I1y6mu-
KallUH BXOAM/IA IMILID B YeTBEPTYIO JeCSATKY.

bypassed France and Britain since
2012 in terms of contribution to the
top 1% of the most cited publica-
tions. Russia was in ninth place in
2015 in terms of productivity, how-
ever, according to the average cita-
tion of publications, it was only in
the fourth ten.

ANALYSIS OF PATENT ACTIVITY
BASED ON US PTO AND WIPO
PATENTSCOPE DATABASES

The intensity of the transformation
of scientific knowledge into patent-
able results can characterize the
following integral ratio: about 4.4
US PTO patents and the same num-
ber of PCT WIPO applications per
100 publications in the period of
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2000-2016. It is worth noting that
carbon nanostructures do not refer
to leaders in this case. Large com-
mercial maturity is demonstrated,
for example, by lasers, where there
were 28 US PTO patents and 17 PCT
WIPO applications per 100 publi-
cations over the same period. Fig.1
shows that the world's publica-
tion and patent activities (accord-
ing to the US PTO database) grew
at almost the same pace, while the
dynamics of filing PCT WIPO appli-
cations in recent years has become
noticeably lagging behind. As it
follows from Fig.3 and Fig.4, the
thematic structure of the patent
results in international databases
is mainly determined by the rivalry

between CNT and graphene, and if
graphene outstripped the CNT in
the PCT WIPO applications from
2013, then in US PTO patents they
practically equaled only in 2016
year. The remaining types of nano-
structures serve only as a back-
ground for this rivalry. Fig.5 shows
that the thematic structures of
publications on carbon nanostruc-
tures and filed PCT WIPO applica-
tions correlate well enough among
themselves.

INVENTIVE ACTIVITY OF RUSSIANS
AND STRUCTURE OF PATENTING

The most important international
economic bloc with the participa-
tion of Russia is the BRICS, which
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AHANN3 NATEHTHOW AKTUBHOCTU HA OCHOBE

b/1 US PTO N WIPO PATENTSCOPE

HMHTeHCUBHOCTb TPaHCOOPMALIMK HAYYHOTO 3HAHHUA
B IIaT@HTYeMbIe pe3y/IbTaThl MOXKET XapaKTe€PH30BaTh CJIeIy-
IoIllee MHTErPa/IbHOE COOTHOLIEHHE: IIPUMEPHO 4,4 IaTeHTa
US PTO u cTonbKo ke 3a51B0K PCTWIPO mpuxoautcs Ha 100
ny6nHKauH171 3a rrepuoz 2000-2016 romos. CTOUT OTMETHUTb,
YTO YI/IePOAHBIE HAHOCTPYKTYPHI He OTHOCATCS B AHHOM
cyly4ae K IufepaM. BosbIlyo KOMMepPUecKyr 3pesiocTh
IeMOHCTPHPYIOT, HaIlpUMep, 1a3epel, e Ha 100 mybnrka-
LIMH 33 TOT >Ke MIePUOJ, IIPUXOANN0Ch 28 maTeHTOB US PTO
u 17 3agBok PCT WIPO. Puc.1 mokasbiBaeT, YTO MHUPOBLIe
ny6/1KMKalOHHAS U TaTeHTHas akKTUBHOCTH (CoryacHo Bl
US PTO) pociu IpPakTHYeCKH OGHUHAKOBBIMH TeMIIAMH,
TOrga Kak JuHaMHMKa nomayvu 3asiBok PCT WIPO B miocyien-
HMe Tofibl CTajIa 3aMeTHO OTCTaBaTh. Kak cyiefyeT us prc.3
U 4, TEeMaTHYeCKYIO CTPYKTYPY IaTeHTYeMBIX Pe3y/IbTaToB
B MEK/IyHApOZAHBIX 6a3aX JAHHBIX B OCHOBHOM OITpefie/isieT
corepHu4ecTBo Mexkay YHT U rpadpeHom, mipuueM, eciu
B 3asaBKax PCT WIPO rpaden omepenun YHT c 2013 roga, To
B naTeHTax US PTO 0HU ITpaKTHYECKHU CPaBHSIMCh TOJIBKO
B 2016 rogy. OCTa/IbHBIE TUIIBI HAHOCTPYKTYP CIIY>KaT JIMIIb
$OHOM )11 3TOr0 COITepHUYECTBA. PHC.5 ITOKa3bIBALT, YTO
TeMaTH4eCcKHe CTPYKTYPBI MyOIHUKALIMH II0 YIJIEPOLHBIM
HaHOCTPYKTYpaM U ImofaBaeMbix 3aaBoK PCT WIPO mgocta-
TOYHO XOPOIIO KOPPEIUPYIOT MeK/y CObOL.

N30BPETATE/IbCKASl AKTUBHOCTb POCCUSIH U CTPYKTYPA
NMATEHTOBAHUA

BaskHEHIIUM MeXIyHapOoAHBIM 3KOHOMHUUeCKUM 6710~
KoM C y4acTueM Poccuu siBasiercsi BPUKC, KoTopblH

DynnepeHbl
Fullerenes

60

YHT
CNT

LOHY
OFNC

HaHoanmasbl IpadeH
Nanodiamonds Grgpﬁene
— Ny6avkaunn — 3asasku PCT WIPO

Publications PCT WIPO applications

Puc.5. Temamuueckas cmpykmypa (8 %) nybauxauuii u 3asa8ok PCT
WIPQ 8 06nacmu y2nepodHbix HaHocmpykmyp, 2000-2015 za.
Fig.5. Thematic structure (in %) of PCT WIPO publications and
applications in field of carbon nanostructures in 2000-2015

B IIOC/IeJHHe Ol 3aMeTHO HapalliBaeT H3obpeTarens-
CKYI0 aKTUBHOCTh. Hanipumep, mons 3asBok PCT WIPO,
B KOTOPBIX XOTsI 6bI ONMH K3 HM300peTaTesnel sIBISeTCS
IrpakGAHUHOM OFHOU U3 cTpaH BPUKC, yBenu4MIach
c 3,8% B 2010 ropy mo 17,2% B 2016 rony. [lyisl CpaBHEeHHUS:
3a TOT Ke [IePHOJ aHa/IOTUYHas fo/1g EC-28 yMeHbIIH-
nack ¢ 23,9 10 19,5%. JlIokoMOTHBOM BbICTyIIaeT KHUTaH.

in recent years has significantly
increased its inventive activity. For
example, the percentage of PCT
WIPO applications in which at least
one of the inventors is a citizen of
one of the BRICS countries increased
from 3.8% in 2010 to 17.2% in 2016.
For comparison: during the same
period the similar share of EU-28
decreased from 23.9% to 19.5%. The
locomotive is China. Its citizens are
among the inventors in 843 US PTO
patents for carbon nanostructures
issued in 2000-2016. Further, with a
large margin follows: India, Russia,
Brazil and South Africa, whose rep-
resentatives participated in 51, 33,
10 and 1 US PTO patents, respec-
tively. A peculiar indicator of the

"donorship” of the country can be
considered the share of its patents
(on the principle of citizenship of at
least one inventor), which are issued
to the patent owner of another state.
The lowest value of this indicator
(6%) is typical for China, the largest
(58%) - for Russia, that is, Russians
connect the commercial prospects of
their inventions with the national
business to a much lesser extent
than representatives of other BRICS
countries.

88.4% of US PTO patents with the
participation of Chinese inventors,
74.5% - of Indian inventors, 70% -
of Brazilian inventors are devoted
to CNTs. The same topic is consid-
ered in a single patent, obtained

with the participation of inventors
of South Africa. At the same time,
only 15.2% of patents with Russian
participation are devoted to CNTs,
the remaining topics are as follows:
42.4% - fullerenes and their deriva-
tives; 18.1% - nanodiamonds; 15.2% -
OFNC and 9.1% - graphene. Already
with the example of this small sam-
ple, the specifics of the interests of
Russian inventors in the area under
consideration are visible. Among
the US PTO patents of the Russian
patent owners, the following can be
singled out:
 US 6245312 issued in 2001 to the
Troitsk Superhard Materials sci-
entific technological centre,
which was later transformed

#1/80/2018 NANO INDUSTRY
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Puc.6. Temamuyeckas cmpykmypa pocculickux nameHmos
8 06nacmu yz2aepoOHbIX HAHOCMpPYKMYyp

Fig.6. Thematic structure of Russian patents in field of carbon
nanostructures

Ero rpaskzaHe BXOAST B UHC/IO H3006peTaTenen B 843
natedTax US PTO Ha yriepogHble HAHOCTPYKTYPHL,
BBIJAHHBIX B 2000-2016 romax. Jlanee ¢ G0IBIINM OTPHI-
BOM clefyioT: Muaus, Poccus, bpasunus u IOAP, nipen-
CTAaBHUTeJIH KOTOPBIX yYaCTBOBAHU B 51, 33, 10 ¥ 1 maTeH-
Tax US PTO cooTBeTcTBeHHO. CBOe0bpa3HBIM ITOKa3a~

TejleM "TOHOPCTBA"' CTPAHBL MOKHO CUMTATh JONIO ee
[IaTeHTOB (10 IPUHLUITY IPAKIAHCTBA XOTS OBl OLHOTO
n3obpeTtaresnsi), KOTOpbIe BBIAAHBI IATEHTOBJIAIEIBILY

IPpYyroro rocygapcrsa. HauMeHblllee 3Ha4eHMe 3TOrO

nokasares (6%) y Kuras, Haubonbiuee (58%) - y Poccum,

TO eCTb POCCHSIHE CBS3bIBAIOT KOMMEPUeCKHe MepCIIeK-

THBBI CBOUX M300peTeHUH C HAllMOHAJIBHBIM OK3HeCoM

B 3HAUUTe/TbHO MEHBIIIeH CTelleHH, YeM IIpe/ICTaBUTEeNU

Apyrux crpad BPHUKC.

YHT noceBgamensl 88,4% mateHtos US PTO c yya-
CTHeM KUTANCKUX U3o6peTareneit, 74,5% - UHIUICKUX,
70% - 6pasMIBCKHUX. JTa ke TeMa PacCMATpPHUBAETCS
B e[JHCTBEHHOM I1aTeHTe C yuyacTueM usobpeTareneit
IOAP. BmecTe c TeM, YHT moCBsIIIIeHBI TONIBKO 15,2% raTeH-
TOB C POCCUHCKUM Y4YaCTHeM, OCTaJIbHBIE TEMBI pacIpe-
IeMUInCh ClefAyIoImuM obpasom: 42,4% - dyiepeHsl
U UX IIPOU3BOAHBIE; 18,1% -~ HaHOoa/1IMas3bl; 15,2% - IOHY
u 9,1% - rpadeH. Yke Ha mpHUMepe 3TOK HebObIIOKN
BBIOOPKY BUTHA CIIeTUHKA HHTEPECOB POCCUHICKHX H30-
OpeTaresner B paccMaTprBaeMok obnacTu. Cpefu naTeH-
TOoB US PTO, BRIJAaHHBIX pOCCI/IfICKI/IM I[IaTeHTOB/Iade/lb-
LIaM, MOKHO BBII@/IU TS CIelyolIye:

e maTeHT Ne 6245312 US, BhIZaHHBIH B 2001 roJy TPOHILI-
KoMy Hay4yHo-TexHHUYeCKOMY LieHTPy "CBepXTBepzble
MaTepHabl’, KOTOPBIN I03Hee Obl1 IIpeobpa3oBaH
B MIHCTUTYT CBePXTBepIbIX U HOBBIX YIJIEPOJHBIX MaTe-
puasos (TUICHYM), Ha criocob Iony4eHHUst CBepXTBep-
noro ¢y/aepuTa M U3/Je/IMH Ha ero OCHOBE;

» maTeHT Ne 7867467 US, BeiAaHHBIU B 2011 ronmy
3A0 "Anma3sHebii LeHTP' (CaHKT-TleTepbypr), Ha CII0CO6
[IOJIy4eHM I HAHOA/IMA3a;

into the Technological Institute
for Superhard and Novel Carbon
Materials (TISNCM), on the
method for obtaining superhard
fullerite and products based on
it;

« US 7867467 issued in 2011 to the
Diamond Centre (St. Petersburg),
on the method for obtaining
nanodiamond;

« US 9090752 issued in 2015 to an
individual patent holder from St.
Petersburg, on multi-layer carbon
nanoparticles of fulleroid type;

« US 9096492 issued in 2015 to an
individual patent holder from
Nizhny Novgorod, for hydrated
n-fullerene amino acids, a
method for their production and

HAHO MHOVCTPHA #1/80/2018

the development of pharma-

ceutical compositions based on

them;

+ US 9254340 issued in 2016 to the
Almaz Pharm (Moscow), on the
method for obtaining a nano-
diamond and glycine conjugate
for the delivery of glycine to the
body.

On the other hand, US PTO pat-
ents with the participation of
Russian inventors were issued to
such well-known foreign compa-
nies as Samsung Electronics (South
Korea), Siemens (Germany), Ceram
Optec Industries (USA), etc.

According to the sample pro-
duced from the database of
Rospatent, 1109 patents of the

Russian Federation for inven-
tions in the field of carbon nano-
structures were issued during the
period under review. Their the-
matic structure (Fig.6) differs sig-
nificantly from US PTO patents and
PCT WIPO applications. For exam-
ple, the number of patents related
to CNTs surpassed the number of
patents on fullerenes only in 2009,
and the number of patents related
to graphene only slightly surpassed
the number of patents for nanodia-
monds and OFNC in 2016.

From the point of view of form-
ing a business ecosystem, it is
important who is the recipient of
patents. It can be noted that the
share of institutes of the Russian
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Cmpykmypa cobcmeeHHUK08 pocculicKUx NameHmos Ha y2AepoOHble HAHOCMpPYyKMYypbl
Structure of owners of Russian patents for carbon nanostructures

KaTeropus nateHToB/Aajenbua

Type of patentee

[ona NnaTeHToB, BbIAAHHbIX POCNAaTE@HTOM AaHHOMN KaTeropmm nateHToBlaaenbues, %
Share of patents issued by Rospatent to this type of patentee, %

1997-2007

2008-2013

2014-2016

Institutes of RAS 348 253 181
?sr&/ Erls.L1I 13,2 73 3,8
Unvereities Es 208 =0
B'é’ﬁ;‘r”e 0.4 3,5 5,5

MpumeyaHme. Cymma B CTONBLAX MOXKET NnpeBbiwaTh 100%, NOCKO/bKY Y OAHOMO NaTeHTa MOXeT 6blTb HECKO/IbKO NaTEHTOBAAE/bLEB.
Note. The amount in the columns may exceed 100%, since one patent may have several patent owners.

» maTeHT N2 9090752 US, BeIJaHHBIH B 2015 rofy UHAHUBH-
IyaJIBHOMY ITaTeHTOB/Iaenblly u3 CaHKT-TleTepbypra,
Ha MHOTOC/IOMHBIE YI/IePOgHble HAHOYACTHIIBI PyIiie-

POHAHOIO THUIIA;

e maTeHT N2 9096492US, BrimaHHBU B 2015 rony
MHAUBULYAJAbHOMY IMMaTeHTOBIALEIbIY
n3 Huxxnero HoBropoma, Ha TUApaTUPOBaHHBIe

Academy of Sciences, FSUEs and
individual patent owners among
the selected categories of pat-
ent holders has been consistently
decreased. On the contrary, uni-
versities and foreign companies
steadily increased their share
(Table). If the first could be a con-
sequence of government mea-
sures to create an innovative infra-
structure of universities, the sec-
ond should cause some concern.
It should be noted that domes-
tic business, slightly increas-
ing its share in 2008-2013, then
again lowered it. 57 patents of the
Russian Federation (about 41% of
all patents of the corporate sec-
tor) were issued in 2013-2016 to the

OCHOBE;

H‘CI)YJIHEPEH‘AMI/IHOKI/ICJIOTBI, criocob ux I[Io/Iy4eHus
H CO3JaHHe CbapMaLIEBTI/I‘-IECKI/IX KOMHO3I/ILII/II;I Ha UX

e maTeHT N2 9254340 US, BbrIAZaHHHIK B 2016 rogy

foreign companies such as Gurdian
Industries (USA), ExxonMobil
(USA), BASF (Cermany), Photonics
France (France), Koninklijke Philips
Electronics (Netherlands), etc.
Since domestic business still pays
little attention to patenting abroad,
foreign companies often become
co-owners of patents for inventions
involving Russians, as it was in 19
out of 33 US patents and in 30 of 87
PCT WIPO applications. This cre-
ates certain risks of leakage of pat-
entable ideas.

POSSIBLE AREAS AND DIFFICULTIES
OF COMMERCIALIZATION

Perhaps, none of the other repre-
sentatives of the nanoworld had so

3A0 "Anma3s ®apm" (MockBa), Ha criocob monydeHus
KOH'BIOTAaTa HAaHOA/JIMa3a C [NIMIIUHOM [J11 JOCTaBKU
[JIULIMHA B OPraHU3M.

many optimistic expectations for
revolutionary changes in the econ-
omy and other spheres of human
life, as with the triad of "fullerenes -
CNT - graphene". However, the real-
ization of the enormous potential of
this triad was not as easy and fast as
expected [1].

In Russia, a number of special-
ized start-ups were established and
successfully operated already in the
1990s. Among them, UNICHIMTEK
(intercalated graphite compounds)
from Klimovsk, St. Petersburg-
based ASTRIN-HOLDING (fuller-
oid carbon nanomaterials), ILIP
(materials based on fullerene) and
Diamond Centre (ultra-dispersed
diamonds), as well as Fullerene
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C mpyroi cTopoHEl, naTeHTHl US PTO ¢ yuacTHeM poc-
CHHCKUX U300peTartesier 6bUIH BEIIAHBI TAKUM H3BeCT-
HBIM 3apyOesKHBIM KOMITAaHUSM, Kak Samsung Electronics
(fO>xkHas Kopes), Siemens (Tepmanus), Ceram Optec
Industries (CILIA) u fp.

CoracHo BEI6OpKe, IIPOM3BeIeHHOM K3 BJl PocriaTeHTa,
B pacCMaTpHBaeMBbIH Ilepro, 65110 BbIIAHO 1109 ITaTeHTOB
P® Ha 13006peTeHUS B 006/1aCTH YI/IEPOAHBIX HAHOCTPYK-
Typ. Yix TeMaTndecKast CTPYKTypa (pHC.6) 3HAYUTETIBHO
oTiiri4yaetrcs oT rnateHToB US PTO u 3asBok PCT WIPO.
Tak, KOJIMYEeCTBO MIAaTEHTOB, CBSI3aHHBIX C YHT, TO/IBKO
B 2009 rosy mpeBhICH/IO KOJIMYECTBO [IAaTEeHTOB I10 (yI-
JlepeHaM, a YHC/I0 [IaTeHTOB, CBA3aHHBIX C TPadeHoM,
JIHILIB K 2016 rony He3sHaYMTe/IbHO [IPeB30ILJI0 KOJIMYeCTBO
[1aTEeHTOB I10 HaHoa/IMa3am v JJOHY.

C TOYKH 3peHU ST POPMUPOBAHU A [ie/I0BOH IKOCHUCTEMEI
Ba>KHO, KTO ABJISI€TCA I10/Iy4YaTe/ieM ITaTeHTOB. MOKHO
OTMETHUTH I10C/IeloBaTe/IbHOE CHUKeHMe Cpely BhIfe-
JIeHHBIX KaTeTOpUI I1aTeHTOBJIa e blieB L0 HHCTUTY-
ToB PAH, ®I'YII 1 MHAWBUAYAIbHBIX [IaT@HTOBIALe/Ib-
1eB. HampoTuB, CBOM HO/H IIOCTYIIATe/JIBHO Hapallu-
BaJIM YHUBEPCUTETHl U MHOCTPAaHHBIE KOMIIAHUH (CM.
Tabnuiy). Ecnu epBoe Moryo 6bITh CJIeACTBHEM Mep IIpa-
BUTEJIbCTBA 10 OPMHUPOBAHU IO UHHOBALIHOHHOK HHpa-
CTPYKTYPbl yHUBEPCUTETOB, TO BTOPOE JOJI’KHO BbI3bI-
BaTh OIIpefie/IeHHbIe OIlaCeHHUs. 3aMeTHM, YTO OTeYeCT-
BeHHBI OM3HeC, cJlerka II0BLICUB CBOIO L0/ B 2008-2013
rogax, 3aTeM OIISTh ee CHU3MJI. 57 maTeHToB PP (0KojI0
41% Bcex IaTeHTOB KOPIIOPATHBHOI'O CEKTOPA) BbIJAHBI
B 2013-2016 romax 3apy6e>KHI:IM KOMITaHHUSM, CpelH KOTO-
peix Gurdian Industries (CIIA), Exxon Mobil (CIIIA), BASF

(Tepmanus), Photonics France (@pannus), Koninklijke
Philips Electronics (Hunepnauasl) u fp. [IockoIbKy oTeye-
CTBEHHBIH O13HeC I10Ka yZie/sieT MaJIo BHUMaHHS [TaTeH-
TOBAHHIO 3a pybeskoM, COB/Iafie/IbLIaMU IIATEHTOB Ha K30~
GpeTeHHs C y4acTHeM POCCHSIH HepPeIKO CTAHOBSTCSI HHO-
CTpPaHHbIe KOMITAHUH, KaK 3T0 65110 B 19 13 33 maTeHTax
US PTO u B 30 u3 87 3agBKax PCT WIPO. 3To co3faeT orpe-
IeJleHHble PUCKU YTeUKH [1aTeHTOCIIOCOOHBIX UEeH.

BO3MOXHbIE HAMPAB/IEHUS U TPYAHOCTU
KOMMEPLIMA/IU3ALIUN

[ToxkanyH, HU C KAKUMH U3 JPYTUX NpeCTaBUTeNelN
HaHOMMPA He 6bI/IO CBS3aHO CTOIBKO ONTHMHUCTHYECKUX
OKH/IAHUU Ha PeBOJIIOL[HOHHbIE ITPeobpa3oBaHUs B 3KO-
HOMUKe U JPyTUX chepax deqoBedeCKOM KHU3HH, KaK
c Tpuazion "dysepensl - YHT - rpaden”. OmHaKo peanu-
3al[Ks OIPOMHOTIO IT0TeHIIMa/la 3TOH TPHa/Ibl OKa3anach
He TaKOM JIeTKOM U 6bICTPOL, KaK OKHanoch [1].

B PoccuH psif CIIIIHaTU3HPOBAHHBIX CTAPTAIIOB ObLIH
OCHOBAHBI 1 YCITeITHO paboTanu emte B 1990-x rofax. Cpenu
HUX 3A0 HIIO "YHUXHUMTEK" (MHTepKalInpOBaHHbIe
coefiHeHM s TpaduTa) M3 KIMMOBCKA, CAHKT-TIeTepOypr-
ckue 3A0 "ACTPUH-XOJIJUHTI" (yrneposHble HAHOMATe-
pHassl dyieporgHoro Tuma), 3A0 "UIMIIT" (MaTepHast
Ha OCHOBe ¢yiepeHa) 1 3A0 "A/IMa3HBIN LeHTp' (yIbTa-
IOUCIIEPCHBIe aIMa3bl), a Takke 3A0 "®ynnepeH-lleHTD"
(mpom3BozCcTBO dynepeHoB) U3 HrkHero HoBropoza.

®I'BHY THCHYM, ocHOBaHHBIM B 1995 rofy Kak Hay4Ho-
TeXHHUYeCKUH LeHTP "CBepXTBepAble MaTepHabl', ITH-
TeJIbHOe BpeMs YCIIeLIHO COueTaeT IIOLOTBOPHYIO HAyYHO-
HCCJIe/IOBATEIBCKYI0 IesSTeTbHOCTD C TaTeHTOBAHUEM

Centre (production of fullerenes)
from Nizhny Novgorod.

TISNCM, founded in 1995 as
the Superhard Materials scien-
tific technological centre, has long
been successfully combining fruit-
ful research and development with
the patenting and commercializa-
tion of its results. The Institute for
the first time created a technology
for the synthesis of superhard ful-
lerite Cg,, confirming its priority by
obtaining in 2001 a US PTO patent.
Later on, it developed methods for
producing a superhard composite on
the basis of carbon (RU 2491987, RU
2523477, RU 2547485, RU 2556673) for
applications in the space and avia-
tion industries, in metalworking,
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and in the mining industry. In gen-
eral, the subject matter of Russian
inventions is related to a rather wide
range of applications of fullerenes
and their derivatives, for example,
in medicine and pharmaceuticals,
laser energy and the production of
nonlinear optical media for laser
power limiters, insulating materi-
als, solar batteries, display technol-
ogy, etc.

In recent years, there has been
growing interest in the possible
use of nanodiamonds in compos-
ites, lubricants and as drug deliv-
ery vehicles [2]. Russia has histori-
cal traditions in the production and
use of this material. For example,
Diamond Centre has developed a

safe and reliable method of nano-
diamond synthesis with improved
technical, economic and environ-
mental parameters that allows
to organize a wide production
of the product (RU 2348580 and
US 7867467). SKN (Snezhinsk)
received the patent RU 2452686 for
a device for cleaning and modifi-
cation of nanodiamond; in addi-
tion, it was filed PCT application
WO/2008/143554. Altai JSC (Biysk),
which organized the first mass
production of nanodiamonds in
Russia, has seven Russian patents
for their application in engineer-
ing, chemistry and pharmaceuti-
calindustry. Almaz Pharm received
three Russian patents (RU 2555350,
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M KOMMepLIMaTHN3aLIiel ee pe3y/IsTaToB. MHCTUTYT BIep-
BBl CO3/1aJI TEXHOJIOTUIO CHHTEe3a CBePXTBEpAOro oyi-
nepurta Cg, IOATBEPAUB CBOHM IIPUOPUTET IOyYeHHEM
B 2001 rogy narenTa US PTO. B manpHeMIemM UM paspa-
OOTaHBI CIIOCOOBI IIOTyYeHHSI CBEPXTBEPHOr0 KOMIIO3U-
LIMOHHOTO MaTepHaa Ha OCHOBe yIiaeposa (ateHTsl PO
Ne 2491987, 2523477, 2547485, 2556673) mJisl IPpUMeHEHHUH
B PAaKETHO-KOCMUYECKOH U aBUAIIMOHHOM OTPAC/ISIX, IIPU
MeTas1006paboTke, B TOPHOIOOBIBAIOIEH ITPOMBIIIIIEH-
HOCTH. Boob11ie, TeMaTHKa POCCUICKHUX H300peTeHU CBSI-
3aHa C I0BOJIBHO MM POKUM CIIEKTPOM IIPHIIOKeHUS dyIT-
JIePeHOB U UX IIPOU3BOAHBIX, HALIPUMep, B MeJJULIHHe
U papMalieBTHKe, Ta3epHOM SHEpPreTUKe U MONyYeHUU
HeJTMHENHO-OIITHYeCKUX Cpe[ /IS OTPaHUYUTe e MOIII-
HOCTH JIa3epHOT0 U3JIy4eHH S, B U30/IILIMOHHBIX MaTepHa-
J1ax, COMHEeYHBIX 6aTapesx, AUCIIIEHOM TeXHUKE U AP.

B mocnepHUe rofbl pacTeT HHTEPeC K BO3MOKHOMY
IpUMEeHeHHUI0O HaHOAJIMa30B B KOMIIO3MTaX, CMa-
30YHBIX MaTe€pPHalaX U B KauecTBe CPeCTB JOCTABKU
nekapcTs [2]. Poccusi MMeeT UCTOPUYECKHe TPAAUIUU
B IIPOM3BOJCTBE U HCIIOJIb30BAHUHU ITOTO MaTepHasa.
Hampumep, 3A0 "Anma3susii LleHTp" paspaboTan be3-
OIIACHBIM U HaJIeXKHBIM CII0C06 CHHTe3a HaHOAa/IMasa
C yIy4IIeHHBIMH TeXHUYECKUMH, SKOHOMHUYECKUMHU
Y 3KOJIOTHUYECKUMHU ITapaMeTpPaMH, KOTOPHIN I103BO-
JIsleT OPraHM30BaTh MIKUPOKOE IIPOU3BOJCTBO IIPOAYKTA
(matenTHI PO N2 2348580 1 US PTO Ne 7867467). 000 "CKH"
(CHE>KMHCK) MOTy4IuI mateHT PO Ne 2452686 Ha ycTpoH-
CTBO JJI1 OYUCTKU U MOAUGUKALIUY HAHOAIMa3a; KpoMe
Toro, uM OplsIa momaHa 3asBKka PCT Ne WO/2008/143554,
AO OHUII "Antait” (BUICK), OPraHU30BaBIIee [IepPBOe

B PoccruM MaccoBoe IIPOM3BOACTBO HAHOA/IMa30B, KMeeT
ceMb aTeHTOB PO Ha UX MPUMeHeHHe B TeXHOIOTHIX
MAIIMHOCTPOEHHS, XUMHHU U papMalleBTUYeCKOH IIPo-
MBIIUIEHHOCTH. 3A0 "AnMa3 ®apM" IOy <M TPH POCCHIH-
ckux narenTa (Ne 2555350, 2560697, 2560700) v rmateHT US
PTO (Ne 9254340) Ha CHUCTeMBI JOCTaBKU OHONIOrMYeCcKU
AKTHBHBIX BEIlleCTB B OPTaHMU3M C MCIIO/Ib30BAHHEM HaHO-
azMasa. B COBOKYIIHOCTH POCCHMCKHe IIaTeHTHl OXBAThl-
BAIOT ITPAaKTHUYeCKH BCe M3 [IepevIHC/IeHHBIX BhIIIe 0671a-
CTeH IPHMeHeHH I HAHOAIMa30B.

PoccHMHCKHe yUeHble, OTKPBIBIIKE HAaHOIIOPHUCTBIN
YIJIepOM, XOTs BIIOC/IeACTBUU U YIYCTHUIU IIPUOPHU-
TeT Ha ero IPOU3BOJCTBO, UMEIOT Psifl H300peTeHUH,
KaCAIOIMXCSI eT0 IPUMeHeHH S B KauecTBe COpbeHTOB 115
PTYTBCOOEPKAIIUX OTXOOB (IIaTeHT PO N2 2522676), fis
CO3/IaHUS PaHOIIOIIONAIOIIMX MaTepHaIoB (MaTeHT PO
Ne 2570794), [t aKKyMYJIHPOBaHUS IIPUPOJHOrO rasa
(matent P® N2 2625671) u mp.

U, Bce-TaKH, IN106aJIbHBIM TpeHgom 2000-x romos
ctanu YHT u, mo3xe, rpadeH. Poccus He cpearrpoBaja
BOBpeMs Ha ITepeK/IIYeHHe MUPOBOr0 UCC/Ie0BaTe b
cKkoro uHTepeca ¢ ¢pymiepeHoB Ha YHT. OgHO BpeMs MBI
He MOITTH 06eCIedrTh HAHOTPYOKAMHU HY>KHOIO Kade-
CTBa AasKe 1abopaTOPUU, YTO TOPMO3KJIO UCCIeI0BAHHU S
U, II0 LIelI0YKe, [IaTeHTHYI0 aKTUBHOCTS [3]. To >ke 0THO-
cuTcs U K rpadeny. Cerdac B oTHomeHuK YHT onoxke-
HMe [I0CTEeIeHHO BBIIIPABIIAETCA. B CTpaHe eCTh HECKOIBKO
IIpOM3BOAMTeNer MHOTOCTeHHBIX YHT, ooUH U3 KOTO-
peix - OO0 "HanoTexllenTp" B TamboBe. OmHOCTEHHEIE
YHT, npaBgpa, B MacmTabax, 06ecrieqnBaOIIUX JHUIIb
HcciaefoBaTeIbCKUe MOTPe6HOCTH, MPOU3BOLUT

RU 2560697, RU 2560700) and US
9254340 for systems for the deliv-
ery of biologically active substances
into the body using nanodiamond.
In aggregate, Russian patents cover
almost all of the above fields of
application of nanodiamonds.

Russian scientists who discov-
ered nanoporous carbon, although
they later lost the priority for its
production, have a number of
inventions concerning its use as
sorbents for mercury-contain-
ing waste (RU 2522676), for creat-
ing radio absorbing materials (RU
2570794), for accumulation of natu-
ral gas (RU 2625671), etc.

And, nevertheless, the global
trend of the 2000s was CNT and,

later, graphene. Russia did not
react in time to switch the world's
research interest from fullerenes
to CNTs. At one time, we could
not even provide laboratories with
nanotubes of the required qual-
ity, which inhibited the research
and, through the chain, patent
activity [3]. The same applies to
graphene. Now, with respect to
CNT, the situation is gradually
straightening out. In the coun-
try there are several manufactur-
ers of multi-walled CNTs, one of
which is NanoTechCenter (Tambov).
Single-walled CNTs on a scale that
provides only research needs, pro-
duces Carbon Chg (spin-off com-
pany of the Institute of Problems

of Chemical Physics of RAS in
Chernogolovka). And the OCSiAl
(Novosibirsk) recently introduced
the TUBALL material with a high
content of single-walled CNTs (>
75%) at a cost 50 times lower than
products of comparable quality.
OCSiAl deserves special attention
due to the stated objectives (mass
production of CNTs) and participa-
tion of RUSNANO in the project.
In addition, in this case, domes-
tic business is actively seeking to
enter the international market.
The company was founded in 2009
by four individuals. The developer
of the original technology for the
production of single-walled CNTs
is M.R. Predtechensky, a scientist
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000 "Yrnepon 4Ur" (cnuH-0dd KoMmaHUS MHCTUTYTa
npobiem xuMmuyeckorn Gpusuku PAH B UepHOr0JI0BKeE).
HakoHell, TexHoJorudeckas KommaHusg OCSiAl
(HoBocHOHPCK) HelaBHO BhIBe/Ia HAa PBIHOK MaTepHal
TUBALL ¢ BBICOKMM COAep>KaHHeM OLHOCTeHHBIX YHT
(>75%) 1 LeHOM B 50 pa3 HHKe, YeM Yy IIPOAYKTOB CPABHHU-
MOr'0 KayecTBa.

OCSiAl 3acyskuBaeT 0cob6oro BHUMAHHUS B CHUITY 3asIB-
JIeHHBIX 33/la4 (MaccoBoe Mpou3BoACTBO YHT) u yda-
ctus B mpoekTe POCHAHO. Kpome Toro, B JaHHOM CIIy-
Yyae OTeueCTBEHHBIN OM3HeC aKTUBHO CTPEMUTCS BEIMTH
Ha MeXAyHapoJHBIN PbIHOK. KoMIaHUs 6bl1a OCHO-
BaHa B 2009 rogy 4eThppMs QUIMYECKHUMHU JIUIIAMHU.
Y HCTOKa CO34aHUS OPUTHHAIbHOM TeXHO/IOTHUH II0/TyYe-
HU S ogHOCTeHHBIX YHT cTosit M.P.l'[pemequCKI/n?I ~yue-
HBIM U3 MHCTUTYTa Terodusuky uM. C.C.KyTtaTenanse
CO PAH. OCHOBY COCTaBUJI pa3paboTaHHBIM U 3aI1aTeHTO-
BaHHBIM UM B 2000 rozy B Poccuu (mateHT PO Ne 2157060)
U B 2005 rogy B CIIA (mateHT N2 6846467 US) mna3mo-
XHUMHUUYECKUH peakTop. MeTop cuHTe3a YHT 6bL1 3ama-
TeHTOBaH B 2012-2013 romax MoKceMOyprcKoy KOMIIa-
Huert MCD Technologies (matenT PO Ne 2478572; aTeHTHI
Ne 8137653 US u 8551413 US). TexHOJIOTUsl peau3o-
BaHa B IIMJIOTHOK IIPOMBILIJIEHHOM YCTaHOBKe CHH-
Te3a ofHocTeHHBIX YHT Craphetron 1.0, koTopas 3amy-
meHa B 2013 rony B TexHomapke HoBocubupckoro
AxajJeMropogka KoMIaHHeH OCSiAl. YctaHoBKa
IIPOM3BOAHUT 70 10 T HAHOTPYOOK B IOfI, & COOTHOIIEHHE
ILleHa/Ka4yecTBO feJlaeT 3KOHOMHUYECKH Lienecoobpas-
HBIM HMX MacCOBO€ BHepeHHe, YCIIeIIHas SKCIIIyaTalks
Craphetron 1.0 1oka3aa BO3MOKHOCTb HEOTPAHUYEeHHOT0

MacImTabrpoBaHUS TeXHOJIOTUHU CHHTe3a. KoMIaHus
npejjaraeT CBOM IPOAYKT B KauecTBe HaHOL06aBOK
B KaTOAHBIM MaTepHaJl TUTHUH-HOHHBIX 6aTapell, pe3uHy
IJ151 TIPOM3BO/ICTBA IIHMH, KOMIIO3UTHI /ISl KYy30BHBIX
meTasiell aBTOMOOMIIS, YIeIJIACTUKY JJIsl IIPOH3BOJ-
CTBa CIIOPTUHBEHTAps U Ap. Ee 613Hec-Moze/nb OpueHTH-
POBaHa Ha BHeJpeHHe HaHOL06aBOK Ha ysKe CYIIeCTBYI0-
KX U OTJIa>KeHHBIX ITPOM3BOCTBAX. [IPH 3TOM B KaXKIOM
C/ydae 0/IKeH PeIIaThCsl HEMPOCTOM TeXHOJIOrHue-
CKHH BOIIPOC —~ PABHOMEPHOe JIUCIIeprupoBaHKe HaHO-
nobaBKY B MaTepHase-xo3siuHe [1]. OLeHHBast KOMMep-
YeCKyI0 SKHU3HeCII0COOHOCTh 0TeYeCTBEHHOIO IIPOeKTa,
HeJIb3s1 He YUUTHIBATh TAKKe U eCTeCTBeHHOe COIIePHHU-
yecTBO YHT c rpadeHOM, KOTOPBII 06/1afjaeT psizioM I1pe-
HMMYIIEeCTB Ilepell HAHOTPyb6Kamu [1, 5]. CornacHo HeKo-
TOPBIM HMCC/IeIOBAaHHSIM KOMIIO3UTEI C BHeJpeHHeM I'pa-
deHa mpovHee, JKecTUe U MeHee [10/IBepKeHbl 0TKa3y, YeM
Komr1o3uTsl ¢ YHT [6]. PykoBozacTBo OCSiAl Ha MOMeHT
CTapTa OLleHHBaJI0 BpeMeHHOe "0KHO" [I/IS1 pealn3aliuu
KOMMep4ecKOro IIperMyIecTBa CBOEro MeTozia B 5-10 11eT,
I10 MHEHHUIO 3Ke ITpeficesiaTest mrpaBieHus YK "POCHAHO"
A.BMybarica, mpoeKT MOXKET CTaTh AJ1s1 POCCHH prarmaH-
ckuM [4]. TeM He MeHee Ha IIpaKTHKe pacyeT Ha Mac-
coBoe BHenpeHre YHT CTanKMBaEeTCSA C TPYAHOCTSIMH.
Hanpumep, mof X BHeJpeHHe B IPOU3BOACTBO aBTO-
MOOHIBHBIX IIHH (OAO "HHKHeKaMCKIIKHA") 1 HedTe-
XUMHYecKoe Ipor3BoacTBo (OAO "KasaHbpoprcunTes'")
B 2015 rogy 651710 aHOHCHPOBAHO CTPOUTEIBCTBO 3aBOAA
B TarapcTaHe MOIIHOCTBIO [0 250 THIC. T HAHOIIPOAYKTA
B rof [7], onHaxKo, B 2017 romy 3TOT IIPOEKT y>Ke He YIIOMU-
HasIcs [4]. CUMIITOMaTHYHO TaKKe, uTo B 2013 rofy Takas

from the Kutateladze Institute of
Thermophysics of the SB RAS. The
basis was a plasma chemical reac-
tor developed and patented by him
in 2000 in Russia (RU 2157060) and
in 2005 in the USA (US 6846467).
The method of CNT synthesis was
patented in 2012-2013 by MCD
Technologies from Luxembourg
(RU 2478572, US 8137653 and US
8551413). The technology is imple-
mented in a pilot industrial facil-
ity for the synthesis of single-
walled CNT Craphetron 1.0, which
was launched by OCSiAl in 2013
in the Technopark of Novosibirsk
Akademgorodok. The plant pro-
duces up to 10 tons of nanotubes
per year, and the price/quality ratio
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makes their mass introduction eco-
nomically feasible. Successful oper-
ation of Graphetron 1.0 has shown
the possibility of unlimited scaling
of synthesis technology. The com-
pany offers its product as a nano-
additive to the cathode material of
lithium-ion batteries, rubber for
tire production, composites for car
body parts, carbon plastics for the
manufacture of sporting goods,
etc. Its business model is oriented
to the introduction of nano-addi-
tives on existing and well-function-
ing plants. At the same time, in
each case, a complex technological
issue of uniform dispersion of the
nano-additive in the host material
must be solved [1]. Assessing the

commercial viability of this domes-
tic project, one can not ignore the
natural rivalry between CNT and
graphene, which has a number of
advantages over nanotubes [1, 5].
According to some studies, compos-
ites with the introduction of gra-
phene are stronger, more rigid and
less susceptible to failure than com-
posites with CNTs [6]. At the time of
the start, the OCSiAl management
evaluated the temporary "window"
for realizing the commercial advan-
tage of its method in 5-10 years,
and in the opinion of the chair-
man of the Management Board of
RUSNANO, A. Chubais, project can
become a flagship for Russia [4].
Nevertheless, in practice the mass
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KpyIlHas HeMellKas KOMIIaHMs, KaK Bayer, 3aHuMalo-
IIasics, B TOM YHC/Ie BBICOKOTE@XHOJOTMYHBIMU [IOIH-
MepHBIMHU MaTepHaJaMHU, OTKa3anach OT MaCIITabHOro
ITPOEKTA ITPOU3BOJCTBA U HCII0/Ib30BaHH A YHT.

C rpadeHoM, 061amaIOMUM YHUKATBHBIMU CBOMCT-
BaMHU (ITPOYHOCTBIO0, THOKOCTBIO, BBICOKOK 3/1eKTPOIIPOBO-
IOUMOCTBIO), MHOTHe CBsI3bIBaIX OyzyIiee 3/1eKTPOHUKH.
OnHaxo 3To bymyliee MOXeT 0Ka3aThCsl He CTOMb b61u3-
KHM: B JIeCATKH JIET OLleHH/I HeIaBHO BO3MOYKHBIH CPOK
CTaHOBJIeHH S I'PadeHOBOM 3JIeKTPOHMKH H3BeCTHBIN POC-
CHUHCKUH y4eHbIH A 5. Byb [8]. B aBHacTpOeHHH BO3MOSK-
Has "TpadeHOBas peBOIIOLIMS" [T0KA TOXKE JIMIIb HA CTa-
J1H 5KCIIepUMeHTOB U JeMOHCTpaLui [9].

TakuM obpa3oM, ImepBOHAYaNbHBIN OyM, CBSI3aH-
HBIH C YIJIepOJHBIMH HAaHOCTPYKTyPaMHU, [T0Ka He IIpH-
BeJI K MUX MaCcCOBOM KOMMepLiMann3aluu. Tem He MeHee
IIPOAOJIKAIONIHeCs. UCCIeIOBAHMS CIIOCOOHBI IT0MCKA-
3aTh IIyTH [IPEOZ0JIeHU s CYIIeCTBYIOIIMX B HaCTosIIee
BpeMs TeXHOJOTHYeCKHX, SKOHOMUYECKHU X, SKOJIOTH-
YeCKHX U JPyTUX TPYLHOCTeH U 6apbepoB ISl MU PO-
KOro IpUMeHEeHHU S 3THX 3aMevaTeIbHbIX HAHOCTPYK-
Typ. Poccust Morya 66 y4acTBOBAaTh B MEXKYHAPOAHOM
KOHKYPeHIIMH, Jesas CTaBKY, I10 MHeHHUIO A.f.Byns
(8], Ha opUTHHaIbHBIE CIIOCOOBI IIPOM3BOACTBA Melle-
BbIX QyepeHoB U YHT, mIpou3BOACTBO U IIpHUMeHe-
HHYe HaHO0a/IMa30B, HAHOIIOPUCTOrO yIIepoJa, 4To pax-
TOJIOTHUYECKH IOATBepKAaeT IPOBefeHHbIH IIaTeH-
THBIM aHa/NIHU3. be3ycoBHO, HEOOXOMHUMO CTUMYIHUPO-
BaTh UCC/IeJOBaHM A IpadeHa U Apyrux 2D-MaTepHuaios,
[IOCKO/JIBKY KMEeHHO Ha 3TOM CTafHUU CyIIeCTByeT BO3-
MOSKHOCTB "000THATh, He JOTOHSS .

introduction of CNTs faces difficul-

Paboma sbinonHeHa npu purarcosoli noddepskke Poccuiickozo
$oHda pyHdamenmanbHbix uccnedosanuii (2parm N2 16-06-00009).
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barriers for the wide application of

ties. For example, in 2015, the con-
struction of a plant in Tatarstan
with the capacity of up to 250 thou-
sand tons of nanoproduct per year
was announced for their introduc-
tion into the production of auto-
mobile tires (Nizhnekamskshina)
and petrochemical production
(Kazanorgsintez) [7], but in 2017 this
project was no longer mentioned
[4]. It is also symptomatic that in
2013 such a large German com-
pany, like Bayer, engaged in high-
tech polymer materials, refused the
large-scale project for the produc-
tion and use of CNTs.

Many associated the future of
electronics with graphene, which

has unique properties (strength,
flexibility, high electrical conduc-
tivity). However, this future may
not be so close: in tens of years, the
well-known Russian scientist A.Vul
[8] has estimated the possible time
for the establishment of graphene
electronics. In aircraft building,
a possible "graphene revolution"
is also only at the stage of experi-
ments and demonstrations [9].
Thus, the initial boom associ-
ated with carbon nanostructures
has not yet led to their mass com-
mercialization. Nevertheless,
ongoing research is able to sug-
gest ways to overcome existing
technological, economic, environ-
mental and other difficulties and

these remarkable nanostructures.
Russia can participate in inter-
national competition, according
to A.Vul [8], focusing on the origi-
nal ways of producing cheap fuller-
enes and CNTs, the production and
use of nanodiamonds, nanoporous
carbon, which factually confirms
the conducted patent analysis. Of
course, it is necessary to stimulate
research on graphene and other 2D
materials, since it is at this stage
that it is possible to "overtake, not
catching up'. [ |
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