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Evaluation of Structural Changes and Dispersibility of Boron Nitride
Nanotubes under Different Ultrasonication Conditions

Da Bin Cheon*, Won Jung Choi**, Seung Hwa Yoo™*'**!

ABSTRACT: Boron nitride nanotubes (BNNT) are materials of significant interest in next-generation technological
fields due to their outstanding physicochemical properties, including excellent chemical and thermal stability. However,
for effective utilization, dispersion of BNNT is essential. Unfortunately, BNNT exhibit hydrophobic surfaces and strong
van der Waals forces, making their dispersion challenging. Current dispersion methods include the addition of
surfactants and surface functionalization, but these chemical treatments often damage BNNT and involve cumbersome
processes. In this study, we dispersed BNNT in water under various tip ultrasonication conditions and identified
conditions that do not affect BNNT using FT-IR spectroscopy, Raman spectroscopy, and X-ray diffraction analysis.
Subsequently, enhanced dispersibility was confirmed through turbidity measurements, and the solubility range in 15
different solvents was evaluated using the Hansen solubility parameter.
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. o5to]|A] BNNTi= NAIEEL technology (Korea)2] A&
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N-H 23 5ol ZgHo] qth. frj2E 33 FH4-2 A}
&3kt

2.2 MZ F=|

BNNT 10 mgS 10 mlo] Eo] E33l & 500 W tip 223}
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3.1 BNNT EM =7}

Tip 253 AIZPHE AR BNNT &2 3]sl FT-
IR spectroscopyS &4 5} 4 t}(Fig. 2). Pristine BNNT | 4|
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Fig. 2. FT-IR spectroscopy results of BNNT under different tip
sonication conditions
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Fig. 3. Raman spectroscopy results of BNNT under different tip
sonication conditions
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Fig. 4. XRD results of BNNT under different tip sonication condi-
tions

Fig. 5. FE-SEM images of dispersed BNNT under different tip
sonication conditions: (a, b) pristine, (c, d) 2 min, (g, f) 32
min
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Fig. 6. a) visual observation and b) turbidity measurement
results of dispersed BNNT under different tip sonication
conditions
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Fig. 7. Visual observation results of dispersed BNNTs: (a) Day 0
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Fig. 8. HSP Results of BNNT

o HSP spaceol § £ 3 :?} 15k 2= 9o, RED

1=
LA ()9 2ol RE g9 7 WA B0l JEAg vl
B9 R el 3 4 gk
R
RED=-° 5
R (5)

RED < 10|, §vlt= 8419] 7 w$] vho] $1x/5te] &
43 gl U §91 =S 7h7Ick RED = 10] 7, g0
= Aol 7 wglel AAe) 9k BEAoR god
% Slch. RED > o], gl 5+ 9] ulzo] gixlao] &
7 Bobssi.

Tip 221} 25 A 2|3t BNNTE 157}4] 9] gujjof EAks}
i, 042), 793E WSkt (Fig. 7). 793 23S 7Rt
o2 gujjo]] M5 ulJAc}(Table 1). 74 71} 3, 2-propanol,
ethyl acetate, ethanol, THE, DMAOJ|AX| 7}&} QP AQ1 AR AF
]S H ¢l 9™, acetone, methanol, chloroform, water, DME,
NMPoJ A #ARS & o] Qlo, S-5%E BNNTEo] 7heket
2 AEE 24t Benzyl alcohol, dichloromethane, toluene,
DMSO°|| A= ®E BNNTE0] 7hehobe 2& 2Rlskqit.
0782 - "o, 152 - Witol], 2382 5+ Aol §1A]
St fittingshH, th3al 22 32k 12 E ATt

Table 1. HSP Evaluation of Pristine BNNT

Solvent Sp Sp 8y |[Score| RED
1 Acetone 155 | 104 7 2 1.027
2 Benzyl alcohol 184 | 63 |13.7| 0 1.01
3 Methanol 14.7 | 123 | 223 | 2 1.348
4 2-Propanol 15.8 61 | 164 | 1 0.495
5 Chloroform 17.8 3.1 5.7 2 1.485
6 |Methylene Dichloride| 17 73 | 71 | 0 | 1.092
7 Ethyl Acetate 158 | 53 | 72 | 1 0.97
8 Toluene 18 14 2 0 | 1.989
9 Ethanol 15.8 88 | 194 | 1 0.85
10 Water 15.5 16 | 423 | 2 4.056
Tetrahydrofuran
11 16.8 5.7 8 1 0.984
(THF)
1 | NeNeDimethyl e s | oa | 1| 0997
Acetamide (DMA) ’ ’ ’ ’
Dimethyl Formamide
13 174 | 13.7 | 11.3 | 2 1.183
(DMF)
n-Methyl-2-Pyrroli-
14 18 123 | 7.2 2 1.429
done (NMP)
Dimethyl Sulfoxide
15 184 | 164 [ 102 | O 1.662
(DMSO)
(Fig. 8).

BNNT] &y, 8y, 8= 242} 14.7, 7.3, 13.7 MPa™*Z Lyl
C}. BNNT A|Z 2} Ao 3% NH S0 2 Q3 §7F =&
Ao R ghetEn, tip 250k Ae]o] o BNNTO| £
Aol SFAIEH § 7} 1472 =S Ao AR HET),

4.4 =

Aol A= Tip 2591 ©]8-38f BNNTO| &2]4]
= A=SHL, ofF 24 T3l ek AR 2ER
o s4kg BNNT 54 %715 Zlsis}ol 40 28
Holoith. AAT AL TRz sfol, B 24
slo] Fof| Ao EAMA-S ¥ 713} % © ™, Hansen solubility
parameter& £l 1571 %] Sujjof] BAMA] 7] 1L £33 = H Y
B7hE AAsor

H ojLo|| 0]€3F BNNTo|= 2 C-N Z3lo] ZA5+=
o], FT-IR £4-& -3l tip 253} A2l &Ja C-N Ag}o]
ZAA| AL C-H Aol A= e& AT E2h tip =
o1} 5, 16, 325 2] 2704l B-N 2 B-N-B7} shift 5]
Qom@ tip 22ut el kel Aoz wetEr) 18
1}, raman spectroscopy ¥ XRDoJ| A= Z-30t A g] 2719
W 72 W AR Wake 9le-S selskeith. FE-SEM
2 53| A X pristine BNNT W tip 231} 2, 325 A 2| gt
BNNTE RA59l o, tip 233 & 2] A|7he] Zdoja4:

s
o 2 Mo Ar
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5 2719 BNNTS o] wo] %] 913toh, 557} Gl
selahl )
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