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Purification Technology for Boron Nitride Nanotube
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A surfactant polymer species that can remove byproducts contained in boron
nitride nanotubes (BNNTs) and increase the BNNT yield was investigated along
with the byproduct concentration and the dispersion and separation conditions,
with the aim of developing a process for purifying BNNTs. The high yield
more than 50% of BNNT which contains less amount of the byproducts such as
the boron particles covered with the hexagonal boron nitride layers and the
hexagonal boron nitride thin sheets could be achieved in the case of the use of
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1. #&

Z{t+rvFF /) F2—7 (BNNT: Boron Nitride
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BE:L Ml Property comparisons of BNNT and CNT
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HEEMNMRYEOHEHR (h-BNY — b) 5 5 5K 5 Bl 4 R
P50 witRBEFAEL TV S, 2N DOFEIERY X
BNNTIZHAR, 7 ARY PN S Wiz o, EFdDiE b
747 =L LTCOHRMBEBENNECDALLT, 2hH
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m TEM image of as-synthesized BNNT products

Properties

Boron Nitride Nanotube (BNNT)

Carbon Nanotube (CNT)

Young's modulus (GPa)

~1,300"?

~1,250%

Thermal conductivity coefficient (W/mK)

350 (for outer diameter of 30-40 nm) *

350 (for outer diameter of 30-40 nm) *

Electrical conductivity

Insulating (band gap : 5-6 eV ©")

Metallic or Semiconducting

High-temperature oxidation resistance

Burn at 800-1,000°C in the air ¥

Burn at 500°C in the air ?

Piezoelectric properties

Piezoelectric constant:
0.84 - 4112 pm/v "

No

Thermal neutron capture cross section

Boron isotope enrichment dependent
(°B: 3825 barns, ""B: 0.0055 barns, N: 1.9 barns)

C: 0.0035 barn
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2. FEEMHAIRUY—0D=FR

A THRE T ZERES~10 nmOFEBNNTD
REGHERIRY =L LT, sp3fatkoCHEZ AT
AL ER) 2 —DIFECTHDEE X T2, T DHEH
X, ROEBOTH 5, (1) FKMEDD Bsp3fsatED
FHEE TR 2 —EFRREDIE L, MIZEBNNTIC
BEMEPLTV, (2) THEONHEIME N LHEHIS N
5BNNT&CH/n A OKFERGE) T2 R~ —
BNNTEFEALRTW, Q) IFEAA Y ERY>—IL, B
WAL HAGbETHERSINS O, WERIICI L
UHBBRENT, BIAERY L0 H/NSOBNNTNER
CIE LT 0,

B, B2ioR G2 HE T 5 BEiRmaE42, 3,
6L DKIEFED S5 B, B EH—DFIRTLFILT—F
WTHBHEWT N a—AEE VR LBRMICAL,
1, AR CHER L7z 7L n —R (EC) IR L 7-.

= sp3 binding

Substituted glucose structure [ Nonionic functional group

RN
R=C2Hs, H Alkyl ether

IFLELO-LOSFHE
m Molecular structure of Ethyl cellulose (EC)

3. RBRTE

3.1 BNNTER¥DEME(LZTOEX

BNNTA B O FEME/L7T 72 A2 R3I1C X D FiH
T2, REEEARY > — L EIRIEDOIRARZ R
%, KaZBRELZBNNTABYZBAL, BH A€
VFAYF =X O LR Z L 720 Z D&, T EIR %
WIE L, T—70 by T ELE LI & D EL S
BEALERZ 1 U 720 i P2\, LB 2R A S Eh XS 1T,
EBABOAZEOH L,
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Mixing of as-synthesized BNNT products into the
mixture of surfactant and solvent
(BNNT products: 1 mg, solvent: 20 ml, surfactant: 0.1 - 10 mg)

Ultrasonic dispersion by homogenizer
(10 W, 20 kHz, Amplitude: 60 pm, 20 - 80 min)
Centrifugation
(20k-36,5kx g, 1-3h)
[ Separation of supernatant liquid and residue ]
i’ L 0 0 0
,f\ \% O “CHs $
=)L
c D i '\l\\l'\ W ‘]‘ -y
HaC. Surfactant ] : BNNT.products S
_ — olvent
=1 = :\'#—| ﬁ Colloidal dispersion
{ .~‘,m [ =g
) / L_J{?":| { \| £ 7 ¢ Sufactant
——— ! { <~ BNNT
‘ ‘ia ” I ¢ & d

Sonication m@gg Lion Sumtant separation

BNNT &BMOSHEL 7Ot R
m Purification process of as-synthesized BNNT products.

3.2 SfLE{LALIERTEDBNNT SR DT
E A EAL LR OBNNTE R B L 0EFET

ZRIERMOWES LOFEEELZERE 7 HME
(SEM: Scanning Electron Microscopy), i&i& %
P (TEM: Transmission Electron Microscopy)
WX DAL 720 £ 72, THORICE R T 2KRTELN
SEEEAREZAER R ERDITEE (TG-DTA:
Thermogravimetry-Differential Thermal Analysis)
&b, FHEREEE 15°C/min, &SR 1,000°C (FREF
L) DERMITTHRE U 7o X 72, 27 B D 2GRN
REWNNEFHC L OHEIEL 72,

4. RBREEE

4.1 SHMEACRETRENEERRISY—(=ITF
WEILO—Z(EQ))RMEDFE

AR B 1T 2 BNNTZ HOR O Y IR o S
TEHEA(EC) N BREE 2 RAIR .72 8, BNNTS
BRI MNE 131 mg, BnOHEBEF & 1320 mlo—
EE LT R4 (a) & 0 AR F 1%, ECHR & Ik
FES, A =274~279 nmTH B LD DD B, 2D
EEOXT TNV ¥—I3, hv=4.44~5.02 eVTHD,
BNNTD/N Y F¥ % v 7 OB E{E (~5.5 eV) ¥ (ZHHY
T 2. AR EDECHR MR FEE:%2E4 (b) IC” T
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ECIIMEIEM & & B 12, SRR T BB R (38
L, ECHRIMEAH1~5 mgfRE T3 2% R L7z
F 72, ECRMEZ 2 2 TlEE 78S L L5
PR 72 57 BOR D B AR ICE FNDEEYEB LU0
HOSEMEZES5ICR T, ECIHFMEICK ST, B4
RIZEFNEZWEDIZFEAEIZBNNTTH D, B4AICE
FBRBRIUIBNNTICL 2D DTHEEEZ LN D,
B5(a) EC/#MEO0.1 mg T, HEITIZZ ]ROBNNT
WEEL, EBABRPOBNNTIIARELEE LN S,
KI5(b) ECAMEO0.8 mgTiX, EBARICEEZNS
BNNT&IIIEML 7223, B5 (c) ECIFMET mgd L&

ABIZEENSEBNNTL D H KL, BHEADBNNTHN
YEMELTWw3EEZ N B, ECIHFME0.8 mgTik
BNNT 74 B S & % 720 IC R 457 Ch B L EZ b
N5 B EDREE LD, FEEHEA (EC) 0l ER i
i3, 1~5 mg (BNNTARY 1 mgiv) LHEE SN2,

4.2 SMELICKFIBE R HEFEDOE
ECOWMNE % R fii T R 7z REH AN D 1.7 mg
(BNNT 1 mg¥%b) &L, S kIFTEE
PALPR IR O B2 M3 L 72, EC (25 mg), BnOH
(20 ml), BNNT& A (15 mg) 2> 57 2R A D

(@ )
0.9} SO 3
- If/h"‘\‘:\?\(m mg 209 . e
N 5 i
0.8 /' 1mg \ §os
i /0.8 mg \\ g )
—= 07F / < 3\ Zo7{ 4
3 / / \ £ L.
S 0.6 i AN £ os
8 |IIII \ t ;
g osr | MWN \\ sl
Qo 0.4 0.1mg \ AN Amount of surfactant (EC) (mg)
o Tl 5 s
(7] | S
< 03F | R
| L
0.2} —————
0.1F | /Ultraviolet rays
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260 270 280 290 300 310 320 330 340 350 360
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BIMBICH 1T 3 B3 REVEMHIRD BNNT HEED () KRNBOREEFES LU (b) BARNEOREE AN KA

The dependence of wave length on the absorption amount of ultraviolet rays in BNNT products dispersion liquid containing the
different amount of surfactant (EC) (a) and the dependence of the amount of the surfactant on the maximum absorption amount
of ultraviolet rays (b).

et W

Residue

» . i i 7 ol 3 M +
RESENH (EC) FMBELX TRERAHS L RO BILE L 75 8080 LBHRS K UEBEOFEND SEM (& (ECFINE:0.1,
0.8, 1 mg, BnOH RIE : 20 ml, BNNT SEHRIMNE : 15 mg, @FRFMH 1 TOW X 20 min, ZOBESRM : 30k x g, 3h)
(a) 0.1 mg EC M ERD LiEHREEY, (b) 0.8 mg ECHRMAERD LBEHREEY, () 1 mg ECHRMABIRD LEHR
28%, (d) 0.1 mg ECFMAERDOEE, (e) 0.8 mg ECHMABBRDEE, () 1 mg ECHFMABRDOBRE
SEM images of the substances in supernatant liquid and residue of mixture liquid consisting of EC (0.1, 0.8, 1 mg), BnOH (20 ml)
and BNNT products (15 mg) after ultrasonic dispersion treatment (10 W x 20 min) and centrifugation (30k % g, 3 h) (a) Contents
of supernatant liquid in dispersion with 0.1 mg EC, (b) Contents of supernatant liquid in dispersion with 0.8 mg EC, (c) Contents of
supernatant liquid in dispersion with 1 mg EC, (d) Residue of supernatant liquid in dispersion with 0.1 mg EC, (e) Residue of
supernatant liquid in dispersion with 0.8 mg EC, (f) Residue of supernatant liquid in dispersion with 1 mg EC

ZOFYU7ILEIR Vol.38(2023) [l




12

Bk (HI10 W) ALBRIRE R & 43 B - Do 4 Bl D b
BAWICEHRTHABNNTEEORRA2HFHAEL 2. K6
IR T &SI, Bl R & R O LB R A 13 1F
LAERDONT, WHEKFE20 minTHIZEA EDHI
LRI EER R I N TV, —7, WHERI60 min
TIEIBNNTHHEL 22 0, LEFFRIS0 min TIZBNNT®D
Fa—TEEPENTHBREZE LT\,

¥ 7z, BIACIR AR D 78 330077 B D FRIE O SEMA
Z R 728§ MBEERI40 minA T, AN A RELT
VRBTEDODN R FEAFONTREFTEOHE
R ORIEBRM D% EENTE Y, BNNTLRIZ R H
EFLDEEINTO D Z LD D5, — 7, B HL
HEFR2360 minbl Eic7 5 &, HOBNNTOEH &Y
BT 2HAAED SN ZNHDFER LD, BNNT

EC (25mg), BnOH (20 ml), BNNT &H#1 (15 mg)

NERZESROEEFRK (HA 10 W) LIBRFRE & 28 -
EDODEERO BNNT OFZEEDEIR (a) 20 4 (b) 40 43 (c)
60 %3 (d) 80 %
The relationship between morphology of BNNT and
ultrasonic dispersion treatment (10 W) duration in mixture
liquid of EC (25 mg), BnOH (20 ml) and as-synthesized
BNNT products (15 mg) after centrifugation (a) 20 min,
(b) 40 min, (c) 60 min, and (d) 80 min

EC (25 mg), BnOH (20 ml), BNNT &5 (15 mg) h54%

DYWL 1L D72 b, 8 H AR ] 2 20 B /MR 129
LRENDHY, 20~40 minFBEHFEIEEEZ 5N,

4.3 BHELICKRIZFTEOIERGDEE

05T SRR R L ALPRI ) & Tl o B3
ARG T RIERYROBGREZRHE L 2. B2 5
O E 0TI NT: EBARICER T 5BNNTH
B DSEMB % R8I T o IR E LI, BT
FTEARAMEMTYRECEODN AT ERFOHY A
ABLUOEFRMETL, EON30kxgDFEMAFICE
T ZOVARXBLOEERP RN 0T, — 77, &
DH36.5kXgDFEMEICBTL, A7 7—LVED
WiNEs LBNNTOHEAMEA R D bz, TS D
BED,EmDLE30kx g HEIEEE Z N5,

EC(25 mg), BnOH(20 ml), BNNT &R#1(15 mg) H
S5IEDEARDBER(HA 10 W) 98- E DD RERDZE
E®D SEM £ (a) 20 43 (b) 40 43 (c) 60 4 (d) 80 4
AWl The relationship between ultrasonic dispersion
treatment duration at 10 W and the morphology of
BNNT in the residue of mixture liquid of EC (25 mg),
BnOH (20 ml) and as-synthesized BNNT products (15 mg)
after centrifugation (a) 20 min, (b) 40 min, (c) 60 min,
and (d) 80 min

EAROEODHLECHFZEON & EEHMRICETY DEIERYE

DR CROBMIERR 1 3h, BERMERELE 1 T0W x 20 min) () R (b) 10k x g () 20k x g (d)30k x g (e)36.5k x g
The relationship between centrifugal force and the amount of byproducts in supernatant liquid of mixture liquid of EC (25 mg),
BnOH (20 ml) and BNNT products (15 mg). (Centrifugation duration: 3 h, Ultrasonic conditions: 10 W X 20 min) (a) raw

materials, (b) 10k X g, (c) 20k x g, (d) 30k X g, (e) 36.5k X g
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RIZ, —EE DS (30kxg) T T, #ie s AL
7% D FEARE L OERIEICHEIE ST 2BNNTA R O
SEM&ZRIITR§, RIGHME T 213 L, LiEAHEH
WCERETS7 7LV ERRAL, REICETN 5 H
EHAIARY < — (77— L SBNNTZ2FRICHEL
TV ERYE) 2L, 3 hMLBisg, LEAsEHIc
BFETZ77—LVIRIEEAEHERLT CNHDRER
&0, @ IE 7R DT EES AR, @D T30k x g, LB
M:3h&FEZoN 2,

4.4 SHE{LBNNT QMR SF

kLB ESFFECOBEL 2 ESME{BNNT
(p-BNNT) & BNNTHEA (r-BNNT) © 7 —V T
M43 6 EEE (FT-IR: Fourier Transform Infrared
Spectroscopy) IZ & BN ART FLZBRT10ICR T,
p-BNNTIZ B\ T, B-NE A DH#E— F(TO) ¥
EBNNTOB-N-BE A EEE—F(R) 'O iczhfh
ERT 2HEETHS1,366 cm'E811 cm Uk
RE—IDBRDONE,—T7, BNNTERY BT
HbINOLDOERMEICE—ARDONEH, E—7
DOIIR, BE, IR Re 2, %7, BNNTABRYICB W
Ti%, 1,600 cm ' 51,200 cm Uz T e — Rz
E— 2P BEEIN5, 21, BNNTOB-NEE& D
B LU oA T — Fhko Y — 2 LRIE R
YOh-BNHEDOE =217 PBA—nN=F9 7 LT3
TeHEEZEZONB,p-BNNTIZE 2K E— 2734

—
& 100 nm

BT, E— 2 @835, NI E V. £ 72,
r-BNNTD803 cm Uz 8135 E— 7 HiEAp-BNNTT
13811 cm '~ 7 FLTWwW3, Zhidiif, Harrison &
WRE L TWBFT-IRICE Z2BNNTIZEE T 5h-BND
E B AT 2 B 3 2B RICEBIL 0 519 B o1,
RETOE—FIZHKTS780 cm'&1,327 cm U BT
pE— 7 EHAh-BNOSEERICHHTLIEEZRL
T3,

r-BNNT

5 | h-BN ~ '/

p-BNNT

o~

Transmittance (a.u.)

2,000 1,500 1,000 500

Wavenumber (cm™)

BHETL BNNT (p-BNNT) & BNNT &5 (-BNNT)
KU h-BN D FT-IR AR ML
FT-IR spectra of purified BNNT (p-BNNT), as-synthesized
BNNT products and h-BN.

4.5 SHELICKIFTREEEFIRYT-EDHE

B2 TR FEE AR Y~ —BIRDEZ %2
WEES 2729, @l AL ICRE T 2814 R
DEFRB LY, BNNTOMUILEHEIC K 9 FLHiE %
HI AR Y~ — T OB AT T o sp3iE &tk o S E
AR <=—3%(EC: =F &)l ua—X,PVB: RYE

EC (25 mg), BnOH (20 ml), BNNT &R# (15 mg) #5453 BAROELHHLEICH I 5 LEHRS SUBEOEEYD
SEM & (DA 1 30k x g BEEAEEM 10 W x 20 min) () 1 h EOHBEHERO LEHREEY, (b)2 hBOHH%
HERO LEHREEY, (O 3 hEOHBERHREO EEHREEY, (d)1 h BOAWENEROBE, (o)2 h EOSHMBNE

ROEE, () 3 hEODERIBRDZRE

SEM images of the substances in supernatant liquid and residue in mixture liquid consisting of EC (25 mg), BnOH (20 ml) and
BNNT products (15 mg) after centrifugation at different duration (1, 2, 3 h) at 30k X g. (Ultrasonic dispersion treatment condition:
10 W x 20 min). (a) contents of supernatant liquid in dispersion centrifugated for 1 h, (b) contents of supernatant liquid in
dispersion centrifugated for 2 h, (c) contents of supernatant liquid in dispersion centrifugated for 3 h, (d) residues of supernatant
liquid in dispersion centrifugated for 1 h, (e) residues of supernatant liquid in dispersion centrifugated for 2 h, (f) residues of

supernatant liquid in dispersion centrifugated for 3 h
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ZIVTIF =), CMC: AILERFIAF)N L)L T —2R)
B I Ssp2f & REEERRY v —TH 2PmPV:
FV[m-7z=LvyE=Lr-co-(2,5-YVF 27 +*
Y-p-7xz=LYE=ZLV)] L, BNNTERYB LU
B O 72 2 IREIE R 2 B E B8, LT HEL 7252
DEBARRICEET 277 —LryBXONARELS
DROER DO R LEIERYEEZTEMBIC X 0 E
U7/ R2BENICR .48, BEE LT ECB &
UOPVBOHEIX, RV YL 7)ba—)L (BnOH), CMC
DEAIFMK (Ho0), PmMPVOEAICIE, Zaa L L
(CHCl3) 2=,

CMCit H I D Bl 42 BRI &8 B, At o FL IS A
AR AR TEBRICE S, RIS, REWT7 7 —LuB
% BDONTz AV ECMCOEBEIZH,0TH Y, &
EWEZ DRI E Nz 2 2V INER DBk M: 22 [
WCHEEINDE ZLICKVIBRT 5, I vNT A XDYE
TRARIGERET 270, IR REVWEEYHEMRSH
TLEIDREVWAHRENMFTRBECHEDNIK
DENTORGEN L ko7 LRI D,

—7, EC, PVB, PmPVIZIEA A ThH 0, GH%A
BAFHT 579, BNNTREZIZ I IVIZERINT,
BNNT& @A R~ DR TE A OB B, BLUOZ
NODOAELEIC RN E U B 720, BNNT & B4 5L
WEz+aamlik- g I 5, £7, EC, PVB,
PmPV#EARICB 2RI A ERERZIMIERT 5L,
PVBE A2 R b A7 <, ECB X U'PmPVi#EH KX (3
FFRIETH -7 (PVB<EC = PmPV),

RIS, SEAHEEAZERAL 256 0BE KT
B, DT B O BB ATRICTECT 2BNNTE &%
(DRKORDIZIREICEH T ZKTEB LR
PEAIE L, BIEOHMERIHT (TGA) I X W HlESI Nz,
2)R&LORD7 EEARPICTET 2BNNTOE[IYL
RER2R T, 28, BNNTAEY & TN SBNNT
A %2 B3E T (TEKNAKL) ARMED50 wt% s L7z,

AT BNNTE & = BNNTA R & - A & D
X 11- (LB + REEtAlEE) |

BNNTIIPE = |- A HBNNTE &
+ (BNNTEHMER X 0.5 X 100

(2)

&/21 b, ECH X O'PVBi# H I 13 fth o ST & 14 7158
FARE L 0 B EINERE N LD DD 5, PmPVidsp2iE
EMOFEHEAET B0, sp3faEoFE#HEET S
ECPVBIZHARTHIETH 579, kD E M F 7 FE
F) Fa—TICBEFEHL, BNNTOGHA AR5 T
bol-LHfEFEIN 5,

ABEOREELAEEAL, BEEME HOHEL
BROLEHARICHET D BNNT OEUNELLER

Response rate of BNNT in supernatant liquid of mixture
liquid consisting of 4 different types of surfactant (25 mg),
solvent (20 ml) and BNNT products (15 mg) after
ultrasonic dispersion treatment (10 W x 20 min) and
centrifugation (30k x g, 3 h).

Surfactant EC PVB PmPV CMC

Response rate of BNNT (%) 53.1 49.0 36.9 26.7

b" T e A : N e i 100 m

AEEOREELHE BNNT SRMS LUBEN 553 RABREBZT R, FON RO LEHRHROSENO TEM & (a) EC
(b) €MC (c) PVB (d) PmPV

TEM images of the substances in supernatant liquid of mixture liquid consisting of 4 different types of surfactant (25 mg),
solvent (20 ml) and BNNT products (15 mg) after ultrasonic dispersion treatment (10 W x 20 min) and centrifugation (30k x g,
3h) (a) EC, (b) CMC, (c) PVB, (d) PmPV
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5. #&

BNNTEMEA 7" 1 & AL %2 BN, BIAEBRY) Ok
TR K925 wt%, Ehh T RS K125 wit%d
B)ZIFZEAEEELREVWBNNTZEHINETHOND
RIS HERIEE 2 OWINES L 8- oSt %
AL, LT ofREE
(Dsp3fEatEoCHERET2IEAA v R v —%
WH L7254, sp3falkOCHE A B T2 44
R v —Psp2fE A O CHEZE T 2IEA A
MR 2 AR AR, BIEBRY TH 28 R E
(RE I =RC oY (Wb e VA e VAW B E-4
UHROBEREIZLALEER LR WBNNT(TEMEL
EZHE L UOFT-IRARZ FVIZ X D ER) 250% 5 F
DIANEACENE

(2) RHEIEEH (=)L —Z: EC) BN &
EBIT, B TR O BB ARICEE T ABNNT
O BB S BN L, ECHRINE T ~ 5 mgfRfE
TR ECIAIMNEO.8 mglA T TIEBNNTD NV R
WAL Tz 72 8, 38 1E 7o S I M A VR i 2
WEBNNTABY 1 mgXb1~5 mg #E5E,

(3)HHF W10 WIZBWT, Bl Rk RN
R IZIZ E A ERD 5N T, 20 minf D8
T & 0I1F & A E DRI % 57 Bk 25 7]
Be. MR 60 minbl_ETl, BNNT D /ML
WS ERD O N T2 72D, W IE 7248 35 I 4 B g ik 13,
H7:10 W, ALFRIERT : 20~40 min & #E5E,

(4)ZDIIEREL DT, EEARICEFET AN TME
b EBCELONZFIERTFOFA B LY
GHEEMETL, BLH30kXgDEMAIZBNT, 2
DY AXBLUEERPR/IME 72, —EZE DT
(30kxg) F0id, BIFHEMLET 53 & LAWK
DA HEEYEECEDN KT R T
WL, 3 hBE, FLAEHRLELIEDS, WIE
7RI oy BESR R X, 0 17130k x g, ALEERER ;3 h
LHEE,

6. &

AR IR R e KRB Ry FAOEZE
Bt E LM L EMAE Ry AT & 0L FENFZER
RO—HZE2HEDT=HDTH . KR ZHITEN 72
BAfRE I EER R T %,
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