
US 201601451 01A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2016/0145101 A1 

CULHA (43) Pub. Date: May 26, 2016 

(54) A PRODUCTION METHOD FOR THE BORON Publication Classification 
NITRDENANOTUBES 

(51) Int. Cl. 
(71) Applicant: YEDITEPE UNIVERSITESI, Istanbul COIB 2L/064 (2006.01) 

(TR) (52) U.S. Cl. 
CPC ......... COIB 21/0646 (2013.01); COIB 21/0648 

(72) Inventor: Mustafa CULHA, Istanbul (TR) (2013.01); COIP 2004/04 (2013.01); COIP 
2002/84 (2013.01); COIP 2002/82 (2013.01); (73) Assignee: YEDITEPE UNIVERSITESI, Istanbul E.86. E. 

(TR) (2013.01) 

(22) PCT Filed: Jun. 14, 2013 The present invention relates to a method, which essentially 
comprises the steps of performing crude boron nitride nano 

(86). PCT No.: PCT/B2O13AOS4883 tube (BNNT) synthesis (110) and purifying BNNTs obtained 
S371 (c)(1) in the crude form (120), and wherein direct BNNT production 
(2) Date: s Dec. 14, 2015 is provided with the use of colemanite that is aborate mineral. 

e - rs 

syss &$ $3.88 &txei & 
s -------. 

$:88x3:38's 

is giris: 

Y. & 

------------------------------------------------------------------------------------------------------- 

£e:'k's six giys 88 is {: ixits 8 s.------' & 
t 

  

  

  



3.SS 

US 2016/01451 01 A1 May 26, 2016 Sheet 1 of 5 

ww.rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr was rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr wr 

; 

Patent Application Publication 

Y Ya 
Ys. 

|- www. 
SSSSSSS 

$xts: sis: sc: six 

S. 
S. 

* --~~~~ ~~~~--~~~~ ~~~~ 

S&ass.-- 

  

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication May 26, 2016 Sheet 2 of 5 US 2016/01451 01 A1 

w SS S 

& Š 
& 

S S 

S 

& & 
S S 

SSXXXXXXX Š Š 
S $8 
s Š S SS 

Š Sis 
Š Š SS 
$ SS 

S 

Š 

  



Patent Application Publication May 26, 2016 Sheet 3 of 5 US 2016/01451 01 A1 

isssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss X 

SSSS xx&KSaxSSax SS S. SSEY 8 

is as 

Wave length rim 

Figure 3 

  



US 2016/01451 01 A1 May 26, 2016 Sheet 4 of 5 

{ Naventriber 

Figure i 

Patent Application Publication 



US 2016/01451 01 A1 May 26, 2016 Sheet 5 of 5 Patent Application Publication 

- y 

S: 

Ramar shift for 

(28) 

s 

S 
S 
S. $& 

cr: 

Rigre 5 

Riffraction angle 

Figare 6 

t 
was as 
S-3: 

- 

***** 

  

  

  



US 2016/01451 01 A1 

A PRODUCTION METHOD FOR THE BORON 
NITRDENANOTUBES 

FIELD OF THE INVENTION 

0001. The present invention relates to a new method 
wherein the direct boron nitride nanotube production is pro 
vided with the use of colemanite which is aborate mineral. 

BACKGROUND OF THE INVENTION 

0002 One of the nanotube types is boron nitride nanotube 
(BNNTs), and it has boron and nitrogenatoms following each 
other at the corners of hexagons on graphene plane. The 
synthesis of boron nitride nanotubes (BNNT), which are the 
structural analogues of carbon nanotubes (CNT), can be per 
formed with the similar methods used in the synthesis of 
carbon nanotubes. BNNTs are more resistant to high tem 
peratures and chemical corrosion than the CNTs are and they 
have two times higher hydrogen storage capacity compared to 
CNTs. 
0003. Many methods have been used in synthesis of 
BNNT until now. First of these is arc discharge method. In the 
following years, chemical vapor deposition, laser ablation, 
ball milling and many other methods were used. 
0004. In many articles disclosing template assisted boron 
nitride nanotube synthesis, one of the methods known in the 
state of art, used carbon nanotubes (CNT) or aluminum filters 
as templates. CNTs are reacted with BO, and NH gases, and 
the carbon (C) atoms are replaced with B and N atoms. 
Therefore, the production of B.C.N. tubes is possible. How 
ever, in the said method, impure BNNT products are obtained 
since the carbons cannot be replaced completely. 
0005. Another method in the state of the art is chemical 
vapor deposition (CVD) method. Many articles disclosing 
BNNT production with this method have been published. 
0006 Chinese Patent document no CN10287.4776, an 
application known in the state of the art, discloses a method 
for producing BNNTs. The said method comprises the steps 
of mixing amorphous boron powder, CaO and hydrochloric 
acid, and heating to temperatures of 1000-1100° C. Further 
more, in one embodiment of the invention, it is disclosed that 
borax is used. 

SUMMARY OF THE INVENTION 

0007. The objective of the present invention is to provide a 
production method for BNNTs wherein the colemanite is 
directly used as the boron source. 
0008 A further objective of the present invention is to 
provide a production method for boron nitride nanotubes 
which enables to obtain the product with high purity and low 
COSt. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. A production method for boron nitride nanotubes 
developed to fulfill the objective of the present invention is 
illustrated in the accompanying figures, wherein 
0010 FIG. 1 is flow chart of the inventive method. 
0011 FIG. 2 is the views of the TEM and HRTEM analysis 
of BNNTs obtained with the inventive method. 
0012 FIG. 3 is the UV spectroscopy view of the BNNTs 
obtained with the inventive method. 

0013 FIG.4 is the FTIR view of the BNNTs obtained with 
the inventive method. 
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(0014 FIG.5 is the Raman microscopy view of the BNNTs 
obtained with the inventive method. 
(0015 FIG. 6 is the XRD (X-ray Diffraction) view of the 
BNNTs obtained with the inventive method. 

DETAILED DESCRIPTION OF THE INVENTION 

0016 A production method for boron nitride nanotubes 
(BNNT) (100) developed to fulfill the objective of the inven 
tion comprises the steps of 

0017 synthesizing crude BNNT (110): 
00.18 mixing colemanite, catalyst and pure water to 
obtain a first mixture (111), 

0019 pre-heating the first mixture by taking into a 
container (112), 

0020 heating the pre-heated mixture in a furnace 
(113), 

0021 cooling the furnace (114), 
0022 collecting crude BNNTs by removing the con 
tainer from the furnace (115): 

0023 purifying BNNTs obtained in crude form (120), 
0024 mixing crude BNNTs by putting into hydro 
chloric acid (HCl) solution to obtain a second mixture 
(121), 

0025 centrifuging the second mixture (122), 
0026 stirring, the centrifuged mixture by adding into 
the nitric acid (HNO) solution to obtain a third mix 
ture (123). 

0027 centrifuging the third mixture (124), 
0028 obtaining pure BNNTs as a result of washing 
and drying after the precipitated Solid is separated 
(125). 

(0029. In the inventive method (100), first boron nitride 
nanotubes are prepared in crude form (110) and then they are 
purified by applying several processes (120). With this pur 
pose, first colemanite and catalyst are added into the pure 
water to form a Suspension, and this suspension is stirred until 
a homogenous distribution is obtained (111). In the preferred 
embodiment of the invention, at least one of the metal oxides 
Such as iron oxide (Fe2O) magnesium oxide (MgO) is used 
as catalyst. Preferably, 0.15-0.17 g metal oxide is used per 2 
gcolemanite. In one embodiment of the invention, this ratio is 
0.166 g catalyst per 2 g colemanite. The pure water, which is 
used, is 2 mL. 
0030 The mixture, which is prepared, is poured into a 
high temperature resistant container in next step, and Sub 
jected to pre-heating process, thus the water is enabled to 
evaporate (112). In the preferred embodiment of the inven 
tion, pre-heating process (112) is performed in an alumina 
boat for 10-20 minutes at 150-180° C. 
0031. The boat, which holds the mixture, is placed in the 
center of a tubular furnace and a pre-heating step is applied to 
remove water from the mixture, and then heating is performed 
under the NH atmosphere (113). In the preferred embodi 
ment of the invention, the mixture is heated in a furnace with 
a heating rate of 8°C./minute until the temperature reaches 
1250-1300° C. for 3 hours (113). 
0032. Then, the furnace is left to cool and crude BNNT is 
obtained (114). In the preferred embodiment of the invention, 
the furnace is cooled to 500-550° C. The container in which 
the crude BNNTs are present is removed from the cooled 
furnace, and the crude BNNTs are collected and preserved in 
room conditions (115). 
0033. The said crude BNNTs, which are obtained, are first 
Stirred in 50 mL of 4 MHC1 solution for 4 hours at 90° C. for 
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purification (121). Then, the same mixture is centrifuged for 
30 minutes at 14000 rpm (122). The product obtained from 
this step is taken in to a 30 mL of 1 M HNOssolution and 
stirred for 6 hours at 30° C. (123), and the said mixture is 
centrifuged for another 30 minutes at 14000 rpm (124). The 
Solid product precipitated after the last centrifuging (124) is 
separated, washed with pure water and dried at 50-60° C. 
(125). The purity level of the boron nitride nanotubes 
obtained as a result can reach to about 99%. 
0034. According to the TEM images given in FIG. 2, 
BNNTs produced with the inventive method multi-walled, 
single crystalline, have outer diameter varying in the range of 
10-30 nm. In addition, it is seen that the said BNNTs are open 
ended (FIG. 2, A), and the wall thicknesses vary in the range 
of 5-6 nm (FIG. 2, B). According to the selected area diffrac 
tion images from the high resolution transmission electron 
microscope the distance between each wall is 0.34 nm, the 
sidewalk are well crystallized h-BN (FIG. 2, C). 
0035. The BNNTs obtained with the inventive method are 
examined with UV (FIG. 3), FITR (FIG. 4), Raman micros 
copy (FIG.5) and XRD (FIG. 6) systems. Band-gap transition 
peak is seen at 200 nm caused from h-BN structure in UV Vis 
spectrum of BNNT and h-BN. Furthermore, shoulder shaped 
absorption peak that may be caused by Van Hove singularity 
is seen at 273 nm in BNNT. The said absorption peaks were 
observed as characteristics in original or functional BNNTs. 
When 514 nm Arlaser is used, BNNT typically gives a sharp 
peak at 1368 cm on the Raman spectrum. The said peak 
shows the E2 plane model of h-BN web, and it originates 
from the atomic vibration between B and Natoms present in 
the same plane. No vibration peak is observed on the Raman 
spectrum under the same conditions. FTIR spectrum taken 
from pure BNNT is same with many FTIR spectrums of 
BNNT present in the literature (FIG. 4). In FTIR spectrum, 
B N B inplane bonding vibration peak is observed at 1327 
cm', and secondary absorption peak belonging to h-BN is 
observed at 758 cm'. However, in the BNNTs produced with 
the inventive method performed with the use of colemanite, 
peaks are observed at 3600 cm (sharp), 3200 cm' (broad), 
1356 cm, 1305 cm, 886 cm. In XRD pattern analysis of 
BNNT, the presence of a single and dominanth-BN phase the 
20 angles of which are 26.8° and 41.8°0 was confirmed. 
Furthermore, according to the XRD results, there is no impu 
rity in BNNT that may originate from colemanite or catalyst 
such as FeO, CaO, SiO, Al-O, MgO, SrO or NaO. 

1. A method for production of boron nitride nanotubes 
(BNNTs), comprising, the steps of: 

synthesizing a crude BNNT, wherein the step of synthesiz 
ing the crude BNNT further comprises sub-steps of: 

mixing colemanite, catalyst and pure water to obtain a first 
mixture; 

pre-heating the first mixture by taking into a container, 
heating the pre-heated first mixture in a furnace under NH 

atmosphere; 
cooling the furnace; 
collecting a raw BNNTs by removing the container from 

the furnace to obtain the crude BNNT, and 
purifying the crude BNNTs, wherein the step of purifying 

the crude BNNTs comprising the sub-steps of: 
mixing the crude BNNTs by putting into a hydrochloric 

acid (HCl) solution to obtain a second mixture: 
centrifuging the second mixture; 
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stirring the centrifuged second mixture by adding into a 
nitric acid (HNO) solution to obtain a third mixture; 

centrifuging the third mixture; 
obtaining the pure BNNTs as a result of washing and 

drying after the precipitated Solid is separated. 
2. The method for producing the boron nitride nanotubes 

according to claim 1, wherein the catalyst comprises at least 
one of metal oxides. 

3. The method for producing the boron nitride nanotubes 
according to claim 2, wherein 0.15-0.17 g metal oxide and 2 
mL of pure water are used per 2 g of colemanite in the step of 
mixing the colemanite, catalyst and the pure water. 

4. The method for producing the boron nitride nanotubes 
according to claim 1, wherein the step of pre-heating the first 
mixture in a container further comprises a Sub-step of vapor 
izing the pure water by heating at 150-180° C. for 10-20 
minutes in a alumina boat. 

5. The method for producing the boron nitride nanotubes 
according to claim 1, wherein the container which holds the 
first mixture, is placed in the center of a tubular furnace and 
the pre-heating step is applied to remove water from the first 
mixture, wherein the pre-heating step is performed under the 
NH atmosphere in a high temperature furnace. 

6. The method for producing the boron nitride nanotubes 
according to claim 5, wherein the first mixture is heated in a 
furnace with a heating rate of 8°C./minute for 3 hours until 
the temperature reaches 1250-1300° C. in step of heating the 
first mixture in the high temperature furnace. 

7. The method for producing the boron nitride nanotubes 
according to claim 6, wherein the temperature of the furnace 
is decreased to 500-550° C. in step of cooling the furnace. 

8. The method for producing the boron nitride nanotubes 
according to claim 1, wherein the container in which the 
BNNTs are present is removed from the cooled furnace and 
the BNNTs therein are collected and preserved in dry room 
conditions in step of collecting the crude BNNTs by remov 
ing the container from the furnace. 

9. The method for producing the boron nitride nanotubes 
according to claim 1, the crude BNNTs are stirred in 50 mL of 
4M HCl solution for 4 hours at 90°C. in the step of mixing the 
crude BNNTs by adding into the hydrochloric acid (HCl) 
Solution. 

10. The method for producing the boron nitride nanotubes 
according to claim 1, wherein the second mixture stirred in 
HCl acid solution is subjected to centrifuging for 30 minutes 
at 14000 rpm in the step of centrifuging the mixture. 

11. The method for producing the boron nitride nanotubes 
according to claim 1, wherein the centrifuged second mixture 
is taken to 30 mL of 1 MHNO solution and stirred for 6 hours 
at 30°C. in the step of stirring the centrifuged second mixture 
by adding into the nitric acid (HNO) solution. 

12. The method for producing the boron nitride nanotubes 
according to claim 1, wherein the third mixture stirred in 
HNO solution is subjected to centrifuging for 30 minutes at 
14000 rpm in the step of centrifuging the third mixture. 

13. The method for producing the boron nitride nanotubes 
according to claim 1, wherein the BNNTs precipitated are 
dried at 50-60°C. in step of obtaining pure BNNTs as a result 
of washing and drying the precipitated Solid by separating. 

14. The method for producing the boron nitride nanotubes 
according to claim 2, wherein the metal oxides is Fe2O, or 
MgO or the combination thereof. 
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