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BNNTs (Boron nitride nanotubes) is an analogue of CNTs o2 9=3) 2~ Q)7 Ho] 244 A Hy HEL

= o=
(Carbon Nanotubes) in terms of lattice structure. In BNNTs, a
o ) ) . ' o|Eglo|E 7184 R A
boron atom forms sp2 hybridized bonding with three nitrogen |Eete| =] B 540 ed= (3.04)Re &

atoms, and so does a nitrogen with three boron atoms in the o] H7|SAE (2.04)7F A7) wfj&of HA7} A4 £
honeycomb structure. Its innovative properties, such as high 2 2227 Hol 427 53 4 9 A Hug Fd

the.rmal conductivity, neutron shleldlng capaplllty, superb omdatpn o FHAT BAL R EHOL O A5t T2} FLEXS
resistance at 900°C, excellent chemical resistance, and superior

O
mechanical properties are advantageous for a wide range of A= 0] G2 V| AA O R o oA B E 17

applications, especially for electric device packages, neutron I =2 dAREE 7Y, gAY EHOE= T2 A
shielding, protective coating materials, and functional composites. AELZZ 0l5te] Fho|ZElElel WA= Ar)H HAAA
as ! yul U = v

In this paper, boron nitride nanotube synthesis, properties and

application are reviewed (large bandgap semiconductor, ~6 eV H1=7%), 900

T 7HA] 4bebE|A] okar HS A= WaltsHd, SRS

F5ote] Apdsle A5 A, B4t A A

o]9] o]F=At= Qlste] 7k HEFd u Wysh= o

ME A5, OJZPQVS =g B4, 5] dez AR
4 T gaaAoAs HolA] &

HEUo|Egto| B a9t 37 259 2p MY &= T4 5AE 7HRth o83 BNNTsO| AUt
371 sp, sp’, sp’ 40 b Al IAAelE ek T 9t BNNTsO| &8+

3 AR, HEYolEZoE YkFHE(Boron U AlIFNEE v ARMA0I=T, o= HE7IE
nitride nanotubes: BNNTs)E 1990dt] o|=& 7} o] ZdE|x] eFok7] wfjiolc}, slx|qk 22 n|=to] LA}
& gol A7 24 F el v R E (Carbon  9F FHUTES] NRCollA Z42h 319F #lof#] of&d|o]dt
Nanotubes: CNTs)e} A2 stUF fLx(sp)E L& Fek=nbg o]43te] BNNTsE ~g £& ~kg 4
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o] hFAI ol FddE = 71d A= 7diEn
BNNT Ehfate 3 34 oIS

BNNTs= 19959 Fullerenedt CNTsE FAd3H ofF
3 YA o] &sto] 22 AAH ol = IS
25, glolA] ol&dold, Eek=nt W 5ol ZUE Sl
o}, At - 3154 BNNTsO| oA 7Hd 583k A
< BOF No&2 48 ArARRe 7P mapafo|uA
e SRR 384 h-BN 725 7R dAe A==
P == Aol ekt g4 R ARSE AFAE
o] Tl Wt BNNTso] A4 vlAYEE ZFo| 7t itk
g 5o 1129 7oA B-N-H 7} 234 A4
(BsN3Hs, BH3NH3) 5°] @443} (BxNyH, — BN +
Ho) EAY [1], 4B)7F 2&= A+A (amorphous
Boron powder, B2O3s)et A&(N)7F Z3HE A4
(N2, NHs)E £3i5te] 23H2B + Ny — 2 BN or 2B +
2NHs — 2BN) Al# BNNTsE A8 4= Qlct [2]. o]
3k o]f- 2, CNTs Xt et wlAYS] B H4dslt,
7)ol A= 2+2+e] /gt A/t kst Al 4
HAUZo thslf Fotres g},

t

g

= 7|t Z2HH (Chemical vapor deposition, CVD)

tolr

CVD H'H& CNTs, 123 (Graphene), 18]l T}k
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[Fig. 2] a) Schematic diagram of a catalytic chemical vapour
deposition (CCVD) setup for BNNT growth and (b) a TEM
image of double-walled BNNTs by the CCVD method. A
MFC represents a mass flow controller in the diagram.
Reproduced with permission from Ref. 4. Copyright (2005)
American Chemical Society publishing group.

g v=gto]o](Nano wires)®] 3t kol 7H gol
AHEE 7o, oheket RO A, HA|, Z1A| A+
A, 2eal SujES AR 4 e Aol 7MY 2 A
ojt}, o]& o]g3t oj2] 7}A] BNNTs &/ ¥ & skt
= 2B AAaWMN)7t 23E HA AA (BsN3Hg)
£ o] 83t Wolr}. Buhro et al. = Co, Ni, NiB,
or NigB & thefgt EmiE ARE3FRIAL (NH4)2S04%}
NaBH oA A== 34k gk-3-of oJ8f in—situ® A
g%l Borazine (B3N3Hg)®] Brpacd} W3- o]-8-5}0]
204 BNNTsE @45kt [3]. L2y o] 2|3t in—
situ $AHL Borazine (BsN3Hg) o= 4(Hy) E
= U&7k FH 9 BN 3lgHE 5ol bR A=
o] Qi

oj2igt FAakEe] e AAIsH] fIste] Kim et al,
L 7] A E =423 Borazine (BgNsHg) S A2 AF
43193 Nickelocene (Ni(CsHs)o)S F5Zm2 o] &
5lo] 1,200C 9] 1123} *1912] Borazine (BsNsHg) 27
oA & Z29] BNNTs, 1299 Borazine 4= BN U
Leuto|H & sttt (1d 2) [4].

BaB) B AAWN)7F 23 A4 B HAY] A
FA|¢] Borazine (BsNsHg), Borane (BiHy), F=
Boron trihalides (BF3, BCls, or BBr3) += E4Jo] 3
At ZHHgdo] Qlof Agsh=dl el E=d], oy
ot G2 sl A35H7] Y3l Bando et al, = Boron Oxide

(BxOy) 2 ol &3te] BNNTsZ sttt [5.6],
Mol g MpEe B 2 ZAJehs MgOsh 4(B)

£ 4131 1,300C 9] 204 dE= kA FEo] B
3kehE (B2Og)o] CVD Woll 3%+ Ammonia (NHs)
9} 3452 Hke-S E¢ BNNTs7} ghAd S dura¢l



BNNTs9] &2 50~80 nmo|H, %o AJAlefo)
WA gketont, FeOE MgO2ot F4(B)e] ol 4o
Yo | ~g =22 BNNTsE g4dstict [6].
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#|0|M HiH (Laser ablation)

Lee et al. 2 Zufj glo] Al A4 E7]oA A
%29l COz #lo|AE BN targeto] AMAIA ~0.6 g/h
A o] 1EZ] BNNTsE A5, Target EHO|A
S 2 oF 3400 K 2 A= Q) [7]. Arenal
et al, & A4 BE orglslo| 4] h—BN Targetol] H<&3
2l COy oA £ANA ©UF BNNTsE A
], Target EHAAS] 4] == oF 3,200 ~ 3,500
K 2 274530t (8]
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NASA Langley Research Center, National Institute
of Aerospace (NIA), 18|31l Jefferson Science
Associates (JSA)Q TE AFE o v HAE
e, o] AF2 Fuf glo] §4x(B) Targets AR
AL, °F 4,000 K, 14 bar® 22-319F 274 (High
temperature—pressure, HTP)3}o| 4 11&2 BNNTs
~200 mg/h = Az g st (2] 5
o] 2= 5 nmu|vHe] 22 A&, 1,000 o
Z%3J4] (Aspect ratio), 2|3l 3R HA G-} H|
3 FHE 713 124X BNNTs7F F2 SHd == &
S 7FX|al glemw o] B2 201249 BNNT, LLC,
Newport News, USA)el| 7]&olx =9, 2014 1L
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3. Z2a}=0o} ¥hH (Plasma process)

Shimizu et al., = 19999¥ BNNTs9 A2 ¢3)
Thermal plasma H'HS #2902 ARSI [9]. ©]
HFH S DC plasma torch (8 kW)E ©]-83}o] 100 torr
o] A%t Aei(Ar—Hs 5 vol. %)°ll 2Z2% BN =& A
&2 o= 7]3kA]AH BNNTsE @433t Lee et al.
£ h—BNI} Ni/Y Euje] EgH2o] At 297](Ar—
No 4.25 Vol. %) 274 d&d o2 DC Plasma (14
kW)E 7FE of 244, o+52 BNNTs7} Zuff &
lellA A= et [10]. 2ev T/ AIZH(100 msec)©]

[Fig. 3] (@) Schematic of an induction plasma processing system
developed for the large-scale synthesis of BNNT. (b)
Reaction product in the filtration chamber following an 11
h synthesis experiment. (c) BNNT materials collected from
the filtration chamber. (d) TEM images of a two-walled
BNNT (e) BNNT fibrils drawn directly from the as-grown
fibril material by hand-pulling and BNNT yarn in excess of
22 cm in length spun from the fibrils via finger-twisting.
Reproduced with permission from Ref. 1. Copyright (2014)
American Chemical Society publishing group.
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[Fig. 4] Digitalimages of (a) BNNT/PVA nanofibrous mats, (b) layered
BNNT/PVA hybrid film after hot pressing. Reproduced
with permission from Ref. 13. Copyright (2010) American
Chemical Society publishing group.
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Z35lo] 1 wt%9 BNNTsH A&Eoj%= Polystyrene
I} Polymethylmethacrylate (PMMA)2] Al A4
7} 20% S7Vetchs Aoy Qe (11, ®3F, Zhi
et al. o] A+ ZA¥to| w2 BNNTse] EAIE=E F7}
AlA 1EARe} BNNTs9] B27te] Adg Alshd o
& 7AH BAe AR & Uk AnE wxsy
o} [12]. o] A+ BNNTsQ| A= g Z7HA717] ¢
3l =Ak71& %718 BNNTsE Polycarbonate (PC) 2F
Polyvinylbutyral (PVB)el| 7}steo] E3tax) LE
< AFRE & 71AA EA4S SAs At 2 F
nEApe| A o HelshA S-S BNNTsE A7kt 7
+, & A7 20%7 S7FERAAINE AV IS 7HAl=
BNNTsE H7Fst 45 30%2] ©H4 A7t 578t

BNNTs7} 744 & shjo] EMomL o dds
E/Jo] Qltt. Terao et al.-> BNNTs9 —‘;—f_’ dd= &
Ao olgstol waarle] BEE A
wt%2] BNNTs”} Polyvinylalkohol (PVA)°1 ?,;
A7|HARE ol&sto] AdH Ui TS AlXs
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[Fig. 5] Cytotoxicity assay of BNNTs. (a) cell proliferation assay, (b)
cell viability test of BNNTs. Reproduced with permission
from Ref. 17. Copyright (2009) American Chemical Society
publishing group.
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BNNTs&= Z&ollA 2712 Aol v Fofube,
WAaksHdo] =371 wiizoll 900 oA = HF3RE A 7ol
o} [2]. o]l whet YA, FUE vhieolo]o] G it b
B4, B4 APNRE LA A ek
oRE ATEL, So] ojgHow thasl Ago] 7}
5317] gt BEsHE U] Egto]= YR H (Boron
carbon nitride nanotubes: BCNNTs) Hej2 HFEH|
54 e Ma2d AR HMEshe A4 JyE
[16].

BNNTs& ERF Hpol2 §-&ZoFoflAl CNTsE A
g A= A=A A7F Z8E AL ik, Bio 2of
AEE7] feiAE oA A=) AAIRSk= ik o
7} A8 E|ojoF 3ttt Chen et al. & BNNTsE HEK
293 Ajazoll A9l AES XPsto] Az =E H7lst
At} [17]. A¥ A1, BNNTs7} A|ZAPE 282 E5}o]
HEK 293 Al2zo] A2 AsfishA] d=the A gelst
At} olel= dxH o2 CNTse] 7%

o] Fegr]o] N=£O] Aol AsfE= AS L



gk 4= glolct, webA o] A= CNTs7F A A A8
oAl AREEHA MY 4= = 549 Al s
© 2 BNNTsQ] 7F5AS Hojzqleh, 1 dhe] vlo]o B
ofo] 22 Hokz 4 Hilder et al. & BNNTs7} RHETHA]
HEzA g 73 AL ol2F oz FHYsia

= H}o] QAIA, Hlo]o FHASH

Buslglch (18], Huang 18-S BNNTs #Hol| 24
Fe;04E& 7153t Uie YAE ol8sto] oFE W& A
= Xl%ﬂﬂoﬁl‘% [19].

Fske 9% % i}, 1E 53l BNNTs+= w2 34
A A BvtE 5 gy 2N Fa%
510 3F o= |t Eak NASAJAS BNNTs
UHEAE o] §3to] CNTse} BNNTsE A gala
A= AAsEIE [20]. Z1HFell BNNTsE ©]-8-3F pH AllA],
Gigahertz oscillator, YA+ FHFE 5 A7 FPE RS
W QOB TS W2 Fopof|A 382 AR 7|dEHT}
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