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Boron Nitride Nanotubes

The Most Intieresting o0Stuffdo You
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Forms (Allotropes) of Carbon

graphite

Images: wikipedia.org



Macro Forms of Carbon

From left to right: C60, C70, C76/C78, C84
in solution.

buckyballs

graphite carbon nanotubes

Images: www.nano-c.com www.megaexecutive.com www.diamondvues.com www.teamdeltax.com



Allotropes of Carbon
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Allotropes of Carbon
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Kroto, Curl, and Smalley
C60 (buckyball)
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Allotropes of Carbon
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Geim and
Novoselov
Isolation of graphene
Nobel Prize 2010

S a———andd
e =




Allotropes of Carbon
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Sumio ljima
2002 Carbon Nanotube
Benjamin Franklin Medal in Physics,
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Forms of Boron-Nitrogen
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Hexagonal BN (hBN) BNNT

Images: www.mext.go.jp http://nano-bio.ehu.es



Macro Forms of BN

Diamond-like cubic BN

White oO6graphited Boron nitride nanotubes

Images: www.cybelesays.com www.kyocera.com.sg www.momentive.com



Boron Nitride Nanotubes (BNNTs

Are just as strong as carbon nanotubes
and are good thermal conductorst o o , but é

Have double the service temperature,

Are highly electro-active (due to polar bond),
Are good neutron shields (due to boron content),
Have more active surface chemistry,

Are white (you can dye them!).

Are non-cytotoxic (to human cells, so far),

But, BNNTs were much harder to make than CNTSs.

eunt i | now.



Structural similarities and differences,
BNNT vs CNTE



armchair

Image: coecs.ou.edu



CNT
(carbon
nanotube)

BNNT » A= Grey=carbon
(boron nitride
nanotube)

Blue=boron
Grey=nitrogen

images: www.computenano.com
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Image: http://home.icpf.cas.cz



Images: wikipedia.org
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Defects in

Carbon Nanotube

Under tensile stress
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Four-wall carbon nanotube

Image: http://nanogloss.com



Three layers of graphite-like hBN, showing stacking structure

0.1446 nm

Covalent bonds

Nitrogen(N) ____»

atoms
‘\\‘
— Layer 3
Van der Waals—
bonds
Boron (B) — =
atoms =
E_ Layer 2
—
Layer 1
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Cross-section, one-wall BNNT
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Cross-section, two-wall BNNT



9

Cross-section, three-wall BNNT
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Cross-section, four-wall BNNT?




HRTEM images of multiwalled
BN NTs found in the specimens
synthesized using Ag,O (a) and
MoO; (b) promoters. Definite but
different stacking order is
apparent in marked areas in (a)
and (b) as highlighted in the
insets. Hexagonal type stacking
in (a) and rhombohedral-type
stacking in (b) are confirmed by
corresponding computer - : :
simulated HRTEM images T St St STl
(right-hand side images) for BN+ = = = S <2 L

NTs having the axes parallel to

the [1010] orientation (zigzag : ety

tubes). e e

Source: O0lnsights into the structure of BN nanotu
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Possible Combinations of B,C,N,

!
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(d) stripe-like BC,N (e) BsNsC,  B3N:Cy ()NC;

S. Azevedo and R. de Paiva 2006 Europhys. Lett. 75 126



Possible Combinations of B,C,N,

] FLr

1.37eV 0.96eV 1.57 eV
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(a) island-like BC,N {b) island-like BC;N

1.07 eV
=1116 nm

1%

(d) stripe-like BC,N (e) B3N:Cy . (f) BsN3Cy () NC3

calculated band gaps

S. Azevedo and R. de Paiva 2006 Europhys. Lett. 75 126
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Properties of Materials for Vehicle Structure

@ Baseline Materials @ 5-10 years (TRL = 4-6) ® 10-20 years + (TRL = 1- 3)
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one millimeter

nanotube fiber!

images: www.vectorstock.com http://www.wallpaper.net.au
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- CyberPower u
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BBINYCTUAM UrPOBEIE
MK ¢ wectuagepHeiM
m AMD Phenom 1I X6

Kapapuaep Fuijifilm
ANA NPOCMOTP3 &
3D-KOHTEHTa Ha
HD-Teneeuzope

Notebook Cooler
Basic, Notebook
Cooler Designer u
Notebook Cooler
Mini: Tp1 HOBBIX

Lynana nno uourfucas Sotos

WnTepHeT | Ceasb QLG0T BesonacHocTb | Buskec | Codt | Xeneso | FaaxeTsl

Co3paHa nepeas HUTb U3 HMTpMA-GOprIX HaHOpr60K
8 pekabps 2009, 10:23

Mpy NOMOLLYM NA2epOB UCCNEA0BATENM COZAANMU NEPBYHD MAKPOCKONUUECKYHD HUTh U3 BONOKOH HUTpUAa 6opa, uTo OTKpLIBaeT
NyTb K UENoMy pAay NPUNOXEHUA — OT NPOTUBOP3AMALIMOHHBIX WMTOB ANA KOCMMUECKUX Kopabnei 4o 3amTHoro
obnayeHus ana Tena. TeXHUKa CMHTe2a BLICOKOKaUYeCTBeHHbIX HUTpua-6opHeix HaHoTpybok (boron-nitride nanotube, BNNT)
paspaboTaHa B MccnegosaTensckom LieHTpe NASA B flaHram (NASA's Langley Research Center) u gpyrmux nabopatopusax. 3Tm
HaHOTpYOkKM 06NaaakT MMKPOCKONUUECKUM ANaMeTPOM, 3HIUMTENLHOW ANMHOM U CTPYKTYPHO COAEPXKAT HECKONLKO CTEHOK.
HUTpKUA Bopa He 3K20TUUECKUIA MAaTepUan — OH BCTPEUAETCA B KOCMETUUYECKWUX CPEACTBAX U Nyape.

Mo cnosam yyéHoro u3 NlaHram Maika Cruta (Mike Smith), 40 cux NOp HUKOMY He YA3aBanoCs U3roTOBUTL 40CTATOYHO
ANVHHBIE 1 NPYU 3TOM NPOYHLIe HAHOTPYOKKM, NepeaaeT 3DNews. TEXHWUKE CMHTE3a, Ha2BanHas PVC (pressurized
vapor/condenser - Utnapexue 1 KOHASHCALUMA NoA AaBNeHnen), CTana Bo3MoxHoW 6narogaps nazepy Ha csoboaHbIx
3NEKTPOHAX M 2aTem GbiNa YCOBEPLIEHCTBOBAHA ANA UCMONb30BAHMA C KOMMEPUECKUMM Na3epaty, NPUMEHAEMbIMU B CBApKE.
OHa COCTOMT B cneayrolieM. SlazepHsiid Nyd HANPaBNAETCA B MULLEHb, PACNONOXEHHYHK) B 2aKPLITOM KaMepe, 2anonHeHHou
a20ToM. MuweHb ucnapaeTtcs, dopmmpya obnako 6opa. KOHAEHCALMA OXNAXKA3ET UCNapeHUs, Bbi2biBaA HOpPMUPOBaHME
Xnakux kanens 6opa, koTopsle 06beanHAKTCA ¢ 3a20ToM B BNNT. MonyumelUIMecs HaHOTPYOKM AOCTATOYHO ANMHHBIE, YTOOk!
CnnecTv U2 NoAobHOM XNONKY MACCH MAKPOCKOMMUECKYHD) HATb MUNMMETPOBOM TONLIMHE U ANMHOM B CAHTUMETPLL. ANMHA Xe
CaMmMx HAHOTPYBOK — OKONO MUAAMMETPA.
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"OHu BonbLUKe M MATKWE, KaK TEKCTUNL, - yTBepxaaeT KesuH JxopaaH (Kevin Jordan) us HauMoHanbHOro KOMNNeKkca
paboTsl ¢ yckopuTenem ToMaca AxeddepcoHa (Thomas Jefferson National Accelerator Facility). - 3To o3HauaeT, uTo
BO2MOXHO UCTI0NBE30BATL KOMMEPUECKMIA NMPOVM3BOACTEBEHHLIA NPOLIECC M PACNPOCTPAHEHHBIE TEXHUKW ANA U2rOTOBNEHWA U2
TpybOK 2alMThl ANA Tena, CONHeYHbIX AYeeKk U aApyrux yctponcts”. TEM (Transmission electron microscope —
NPOCEEUMBAKILLMIA SNEKTPOHHLIA MUKPOCKOM) NOKA3LIBAET, UTO TONLMHE HAHOTPYOOK COCTABNAET HECKONBKO MUKDOH.
OcobeHHOoCcTE BNNT - 370 TergeHUMa K "o60paumBaHmia™ UxX B HECKONBKO CTEHOK. CneayroumMM WwaroM uccnegoeartenei
6ynet TecTMpoeaHve ceoicTe BNNT ¢ Lensko onpegenenna Havbonee noaxoaawmx o6nacTen NpUMEHEHUS HOBOMO
MmaTtepuana. B Teopuu, roBopvT [XOPAAH, OHM H3NAYT HALY U B SHEPreTUKe, U B MeanLVHe, U B 33POKOCMUYECcKoM
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Technology Review, Feb 2010

MATERIALIEN g
GARN AUS NANOROHRCHEN

KONTEXT: Nanoréhrchen gelten seit Jahren als Grundstoff fiir extrem stabile
Seile. Bislang lieRen sich die mikroskopisch kleinen Rohrchen aber noch nicht
fest genug verbinden. Nun gelang US-Wissenschaftlern erstmals die Synthese
langer Bornitrid-Fasern, die sich zu einem stabilen Garn verspinnen lieRen

METHODE: Die Gruppe um Mike Smith vom Langley Research Center der
Nasa in Hampton verdampfte in einer mit Stickstoff gefilliten Druckkammer
Bor mit einem Laser. An einem gekuhlten Metalldraht bildeten sich daraufhin
bis zu einen Millimeter lange, mehrwandige Nanorohrchen mit Durchmessern
von wenigen Mikrometern. Diese lagerten sich selbststandig zu Fasern von
zehn Zentimetern Lange mit etwa einem Millimeter Durchmesser zusammen

RELEVANZ: Das Verfahren liefert Nanor6hr-
chen, die etwa 100-mal langer sind als bisher.
Die Fasern lassen sich zu einem weilien, baum-
wollartigen Garn verspinnen. Doch da Bor
relativ teuer ist, bleiben Fasern aus gunstigem
Kohlenstoff weiterhin eine der wichtigsten
Herausforderungen an die Materialforscher.
® Quelle: ,Very long single- and few-walled
boron nitride nanotubes via the pressurized
vapor/condenser method”, Michael W. Smith,
Joycelyn S. Harrison, et al.; Nanotcchnololy
Vol. 20, S. 505604 |
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Science |NOW!| uvr ro tue minute news From science

Better Nanotubes May Be on the Way

by Karen Fox on December 10, 2009 12:00 AM | Permanent Link | 0 Comments

Email & Print | @ © 20 & @ B More PREVIOUS ARTICLE NEXT ARTICLE

In the world of nanotechnology, few things get as much billing as
ENLARGE IMAGE

nanotubes. Experts say that these cylinders composed of
one-molecule-thin sheets could someday be used in everything from
superstrong jet engines to cancer cures. Now researchers think they've
found a way to make large amounts of an elusive type of nanotube that
could provide even more impressive applications.

Researchers have long been able to make nanotubes out of carbon,
but they have struggled to craft them from boron nitride. The two have
about the same strength, but boron nitride nanotubes (BNNTs) can
survive temperatures that are twice as high as those carbon nanotubes
can survive--800°C and higher. Scientists have only been able to create
high-quality tubes a micron long; larger versions have been riddled with

defects in the crystalline structure.

Small wonder. The first macroscopic,
commercially usable BNNTS, spun into a
materials scientists describe the first creation of high-quality, uniformly 3-centimeter-long, 1-milimeter-diameter

Now in a paper published 16 December in Nanotechnology, a team of
crystalline BNNTs in large quantities: Each piece of fiber is long PECsatyam:
enough that it can be spun into user-friendly yarn. To do this, the

racanrcrhare Aalmmad A lacar At A ralra AF haran incida A Ahambhar GllaA

http://sciencenow.sceincemag.org



Two reasons for interest:

1. Crystallinity + aspect ratio



Japanese NIMS, B,0O,/NH; CVD-Grown BNNTSs

C. Zhi, Y. Bando, C. Tan, D. Golberg,
Solid State Commun. 135, 67-70 (2005).




BNNT, new method (same scale)

Image: Wei Cao, ODU/ARC



