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Introduction

In many technologies of manufacturing of
fullerens an intermediate product is carbon
soot. Besides fullerens this soot contains
carbon clusters and particles of amorphous
carbon. So the extracting fullerens from the
soot is problem. The individual fraction of
fullerens cleared of extraneous impurity has
higher functional value and has higher market
cost. However, only methods of analytical
chemistry are used for extracting of fullerens
now. Usually they need highly qualified
personnel and low productivity resides in these
techniques.

The new technique of extracting of
fullerens has been proposed in this paper.
Flow-3D Flow Scientst company has been
used for computational simulation. The
realizability of this tyechnique is shown. The fields
of velocities and pressures of gas flow have been
calculated for planned physical experiment.

Results and discussion

In this problem the nozzle flow of gas into shell
was considered. High of the shell is 150 mm and
its diameter is 50 mm. Diameter of nuzzle is 5 mm.
It has been calculated the flow of Newton’s
viscous fluid by use Naue-Stokes [1]. Applied to
suspension carbon particles (clusters, fullerens,
microparticle of soot) Fy,, acrodynamic drag force
has been calculated in concordance with [2]:

deg:CD-N-m-vj-ﬁ-dz/Z (1)

where C4 — coefficient of aerodynamic drag; N
— density of gas; m — mass of gas atom or gas
molecule; V4 — drift velocity of suspension carbon
particle; d — diameter of suspension carbon
particle.

It was shown [3], that motion of suspension
carbon microparticles in gas flow is described as
motion of macroscopic body. Fulleren’s coefficient
of aerodynamic drag is:
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e 45° +45% -1
C,(S)= T (1+25%)+ e erf(S) @
where: S :VV—d; Vip =AJ2KT I m

k — Boltzmann constant, T - working gas
temperature, mg,s —mass of gas molecule.

Pressure varied in a range from 1 kPa to 2 kPa.
Outflow velocity was within from 2 m/s to 68 m/s.
Hydrogen or helium was chosen as working gas. It
have been calculated the fields of flow velocity and
pressure. Fig. 1 sows the obtained distribution of
velocity. The results of these calculations have
been used for calculation of carbon particle
motion. The particle mixture consists of fine
graphite powder, Cgo, C70, Coo.

Fig 1. The calculated gas flow velocity field.

Modes of flow in which Cg are concentrated in
the area of lowered pressure have been obtained.
Fig. 2 shows typical distributions of carbon
particles in different areas of the gas dynamic
separator. Area 1 is area of convective gas motion
with closed line of flow. Area 2 is section of output
annual channel between the nuzzle and shall wall.

As can be seen on fig. 2, the concentration of
graphite powder particles in reduced pressure area



(area 2) is less then one percent. Whereas the
concentrations of Cgy, Cy, Cog are 93%, 5% and
2% respectively. Remeaning Cg particles
accumulated on the wall. And only insignificant
share of Cg (less than one percent) is flies out.
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Fig. 2. Distributions of Cg, C79, C¢o and particles
of graphite powder in different areas of gas
dynamic separator.

The concenracins of graphite powder particles,
Coo, C70 on the wall of shell are 84%, 11%, and 4%
raspectively. The concentrations of graphite
powder particles, Co, C;0 in outflowing jet
respectively equal 8%, 47%, 44%. This result has
been obtained in following mode of gas flow:
velocity of nozzle flow of gas into shell V=8 m/s,
at pressure of gas P=10Pa in case using of
hydrogen as working gas. Some results have been
obtained in case using of helium as working gas in
following modes: p=24Pa and V=18 m/s or
P=5Pa and V=6 m/s. The adduced histograms
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show that Cg, target yield are concentrated in the
area of reduced pressure (area 1 in fig. 2).

Then it has been found a mode of flow of
hydrogen in which C;, are accumulated in area of
reduced pressure: V=5.5 m/s, P=113 Pa. In this
case concenrations Cgy, Cog and C5y in the reduced
pressure area are 5%, 3% and 92% respectively.

Conclusion

It has been simulated the gas dynamic
extracting of Cgo fullerens from other attendant
fullerens and microparticle of soot. The modes of
gas flow in which concentration of target yield
achieves to 93% has been found. A capability of a
selective separation of fullesens other mass has
been shown. This technique is proposed as basis of
extracting technology for industrial production of
carbon nano materials.
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Beenenne

OpHOMi M3 aKTyalbHBIX TEM CTajla Tema
pasneneHus (QyJUIEPEHOB, TaK KaKk NPU MHOTHX
crocobax monydeHHs (yIJIepeHOB 0O0paszyercs
caxka, comepamas Hapsagy ¢ (QymiepeHamu
amMopdHBIi W TpaQUTU3UPOBAHHBIA  YTIEPOJ.
OunmieHHass  OT  TMOCTOPOHHHX  IpUMecei
WHIWBHAIyaJIbHAas (pakius QyJmiepeHa  uMeeT
0osiee BBICOKYIO (DYHKIIMOHAIBHYIO ILEHHOCTh H
obnagaeT OoJiee BBICOKOH PHIHOYHON CTOMMOCTBIO.
OpHako, B HacTOsAIIee BpeMs [UIS BBIICICHUS
(dyJuIepeHOB UCTIONB3YIOT METOIbI AaHATTUTUIECKOH
XUMHUH. Onu TpeOyrOT BBICOKOKBaJIH-
(buIMpoBaHHOTO TIEpCOHANa W O0NAMa0T HU3KOH
MIPOM3BOANTEIHHOCTRIO. BcrnencTtsue dero stu
METOABI BBIICTCHUS (YJUIEPEHOB M3 CaXH HE
MPUCTIOCOOICHHEI UIst MIPOMBIIICHHOTO
MIPOU3BOACTBA PYJIIICPECHOB.

B  paHHOW  cTatbe  TPEIOKEH  METOH
ra3oAMHAMHYECKOTO  pasfelieHus  QysuiepeHo-
comepxameid caxu. Jng  npenBapuTenbHOU
BBIYHCIUTEIHHOTO IKCIEPUMEHTA HUCIIOIB30BAIACH
mporpamMma JiIs  ra30JMHAMUYECKHX pPacdyeToB

ow- KOMIIaHUU ow Scientist. [Toxa3zana
Flow-3D Fl S tist. II

peaiu3yeMoCTh  JaHHOI'O METoJaa, a TaKke
paccuuTaHbl  Ta30JMHAMUYECKHE  MapameTphl

MJIIAaHUPYEMOT' O (1)I/I3I/I‘-ICCKOI‘O OKCIICpUMCHTA.

Pe3ysabTaThl u 00Ccyx1eHue

B 3amadye paccmarpuBanoch TeUe€HUE raza H3
coma B ctakaH. Beicota crakana 150 MM, quametp
mHa crakaHa S50 MM, 1O@aMerp comia 5 MM.
PaccuuThIBamoch TeUeHUE BS3KOM HBIOTOHOBCKOM
JKHIKOCTH, c HCII0JIb30BaHUEM CHCTEMBI
ypaBHeHHHT  HoBbe Crokca [1]. Cwuma
ad3pOJMHAMUYECKOIO  COIPOTHUBIIEHUS Frag
B3BCLICHHBIX YTJIEPOAHBIX YacTHUI] (KJIacTepOB,
Pa3IWYHBIX THIIOB (PYyJEpEeHOB, MHUKPOYACTHUIL
CaXHW)  pacuMThIBajJach C  HCIOJIH30BAaHUEM
¢dopmynbi[2]

dengD-N~m~U§-7z-d2/2 (1)

roe Cy —KodpPUIMEHT a’poANHAMUYIECKOTO
conpoTuBieHus; N — IDIOTHOCTh ra3a; m — Macca
MOJICKYJIBI WJIM aroMa rasa; V4 — napeidonas
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CKOPOCTh B3BEIIEHHOW B Tra3e MHUKDPOYACTHIIEI;
d — TuameTp MHUKPOYACTHIIBL.
Kak Obuto moka3zaHo B pabote [3], OBMKEHUE

(GyiepeHOB B Ta30BBIX  MOTOKAX  MOXHO
OIIMCHIBATh TaK, KaKk eciad Obl OHU OBLIN
MaKpOCKOITMYECKUMH  TenamMu.  KoadoumueHt

CONIPOTHUBIICHUS Cpebl KiacTepaMm (QyJuiepeHa,
BBIpaKajcCs GOpMyIIon

e 48" +457 -1
CD(S)=W(1+292)+TM(S) ©)
14
e S= V_d V,, =2kT Im, ;

k — mocrosiaras bomermana, T — temmeparypa
paboyero rasa, My,, — MOJIEKYJIIpHAs Macca rasa.
JaBnenus BappupoBanuck B nuamnazone ot 2 [a
1o 1 kIla, ckopoCTH UCTEUEHHUS Ta30BOM CTPYU U3
COIUIa BapbHPOBANNCH OT 2M/c 10 68 m/c,
pabourMu Ta3aMu OpajiiCh BOIOPOJ] WM TEIHiA,
pacCUUTHIBAIMCH MOJIA IaBICHUN U CKOPOCTEH.
Brun momydeHs! most ckopocTeit u maBieHui (puc 1).
[MomyueHHple TONS MAaBICHHH W CKOPOCTEH OBLTH
UCIIOIBb30BAaHbl ISl pacyeTa JBIDKEHHs B3BELICHHBIX
YacTWL pasNW4HBIX THUNOB. B cMech BXxomwnu
rpaduToBEIi mopomok, kaactepbl Cg, C7o, Coj.

|

Puc 1. [Tone ckopocTeil ra30BOro noToka.



BbutH TOy4eHbl PEKUMBI TCUCHUST B KOTOPBIX
knactepel  Cgo, cOOMparOTCS B 00JacTSIX €
MOHIKEHHBIM JaBlieHHeM. Ha puc 2 moka3zaHbl
XapakTepHbIC PaCIpe/ICIeHUs YIIePOIHbIX YaCTHII
B Ppa3JInYHbIX 06JIaCTHX Tra3oAMHAMHU4YCCKOI' O
cenapatopa. Ob6nacte 1 COOTBETCTBYET O0JIACTH
3aMKHYTBIX JIMHUH TOKa TedyeHus raza (puc 1).
OO0macTb 2 COOTBETCTBYET CTEHKaM CTaKaHa
ra3oJMHaMHUYECKOro cemaparopa. O6macts 3
COOTBETCTBYET BBIXOJHOMY CEUEHHIO KOJBIIEBOTO
KaHaJla MEXJTy BXOJIHBIM COIIJIOM M CTaKaHOM.

100%;
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O6nactb1 O6nactb 2 O6nactb3

Puc 2. Konnerrpanuu ¢ysiepeHoB U TpagUTOBOTO
MOPOILIKA, B Pa3JIMYHBIX 00JIACTAX CemnapaTopa.

W3 npuBeneHHBIX HA PUC 2 TUCTOTPaMM BHIHO,
YTO KOHUEHTpaUusi B O00JacTH TOHMKEHHOTO
nmaBienust (OOmactel) TpaduTOBOTO MOpOIIKA —
MeHbIe ogHoro mporieHTa, 2% - Co, 5% - Cr,
93% - C60. OctanbHBIE YacTHIBI OCENAIOT Ha
creHkax (obnactb 2). KoHneHTpamus Ha CTEHKax
rpadutoBoro mopomka 84%, 11% - Coo, 4% - Cr,
2% - Cgo. B BIXOIdIIEM M3 ra30qMHAMUYECKOIO
cenapaTopa MOTOke (00JacTh 3) TPUCYTCTBYIOT
CIIEYIOIIMe KOHIIGHTPAMU KOMIIOHEHTOB CMECH
rpaduroBoro mopomka 8 %, 47% - Cog, 44% - Cr,
Cgp — MeHbIIE OAHOTO MPOLEHTA. DTU PEKHUMBI
HaOIOJANIMCh TIPU CIeAYIoNmMX mnapamerpax: s
Bomopomaa mipu p = 10 Ila, u ckopoctu V =8 wm/c,
[pu p = 24 Ia, u ckopoctu V = 18 m/c, nis renus
npu p=5 Ila, uw cxopoctu V=6 wm/c.
[IpuBeneHHBIE THCTOTPAMMBI CBHIETEIHCTBYIOT O
ToM, 9To meneBoil mpoaykt (kmactep Cg)
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KOHIIGHTPUPYIOTCS B 00ONacT  TOHWXEHHOTO
nmasnenus (O6macts 1, puc 2).
Beur  Takke = TpoBeAGH  pacueT I

KOHIICHTpAIlMH JPYTUX THIIOB (YJUICPEHHOB B
obnacTsax moHmkeHHoro paeinenus. ms C;,y B
atMocdepe Bofopoja ObUT HaWIEH pPEXKUM IPU
KOTOPOM B 0OJacTH TOHIKEHHOTO JaBJICHUS
koHnenTpupyercs C;y (KOHIEHTparus B 00JacTH
MMOHIKEHHOTO JIaBJICHUS TPaUTOBOTO MOPOIIKA —
MeHblIe ogHoro mpoueHta,3 % - Cq, 5% - Cqp,

92% - Cz) mpu p=113 Ila, mw ckopocTn
V=55w/c.
BrIBOaBI

IIpoBeneHO KOMITBIOTEPHOE MOJICIHPOBAHNE
npoiiecca r030IMHAMUYECKOMN cenaparuu

yraepoasbix ¢yiepeHoB Cgy OT COIMYyTCTBYIOIIMX
(hyIepeHoB IpyTruxX Macc ¥ MUKPOYACTHI] Caku. B
pe3yJibTaTe pacueTa HalJIeHbl PEKUMBI B KOTOPBIX
KOHIIEHTpAIlisl [EIeBOro TMpOoayKTa B o0macTu
MMOHMKEHHOTO  JaBJIeHUs  cocraBisieT  93%.
[IponeMoHCTpUpOBaHA  BO3MOXHOCTh — M30Mpa-
TENBHOM cemapanuu (yJJICPEHOB JIPYrod MaccChl
Iy TeM BapbUPOBAHUSA ra30IMHAMHYECKUMHU
napameTpaMu. JlaHHBI MeETOJ mpejjaraercs B
KaueCTBE OCHOBBI TEXHOJOTHYECKOTO IpoIiiecca

BoiesieHust  ¢ymiepeHoB  Cgy B YCIOBHSAX
IIPOMBIIIIEHHOIO ~ IPOM3BOACTBA  YIVIEPOIHBIX
HaHOMAaTEepUaJIOB.
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