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In this research was prepared gas sensor of nitrogen dioxide (NO,) fromnitrogen and
boron doped carbon nanotubes (CN-NTs and BCN-NTs) and to compare with pristine carbon
nanotubes. Experimental process, the carbon nanotubes were synthesized by chemical vapor
deposition method (CVD) at temperature 900 °C by using solid precursors of ferrocene,
imidazole and boric acid as source of carbon, nitrogen and boron atom respectively. For
comparison in three type preparations, CNTs, CN-NTs and BCN-NTs were synthesized by
using various ratios of C, N and B at 1:0:0, 1:2:0 and 1:2:1 respectively. Morphology and defect
structure were investigated by scanning electron microscopy (SEM), transmission electron
microscopy (TEM) and Raman spectroscopy. From TEM image analysis showed the bamboo-like
structure within CN-NTs and BCN-NTs. The experimental results from Raman spectrum of
BCN-NTs supported that high defect of structure had the highest I,/Iratio as compared with the
other carbon nanotubes. The functional groups and elemental analysis of the three types of carbon
nanotubes were characterized by Fourier transform infrared spectroscopy (FTIR) and X-ray
photoelectron spectroscopy (XPS). The FTIR spectrum found that boron and/or nitrogen atoms
doped carbon nanotubes was occurred carbon types of functional groups with boron and nitrogen
atoms. XPS spectrum analysis of CN-NTs showed two nitrogen types of C-N bond as Quaternary,
Graphitic-N-O, while BCN-NTs found various types and low quantity of boron. The NO, gas

sensing on carbon nanotube samples was studied at different concentrations of 100, 200 and 300



ppm at room temperature using resistance measurement from two probes technique. The result
showed that CNTs have the highest response with having small average diameter size. Therefore,
CNTs have more surface area and improved NO, adsorption on CNTs than other types. In this
case, the CN-NTs have faster response time and complete recovery. The reason is from nitrogen
atoms dopant enhanced its semiconductor property and increase chemical reaction on surface of
carbon nanotubes. For NO, gas detection, the responds in three types of carbon nanotubes
increase with increasing the concentration of NO, gas. However, the BCN-NTs in this preparation
showed long response time to NO, gas and incomplete recovery. This result supports that the

boron atoms dopant has strong binding to NO, molecules.
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A 7 Tageadaves BON-NTs nuvddedli (Yu & Wang, 2009)
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MU 11 LHUNINUDITELUDISARAHI5D (Ando & Zhao, 2006)
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2.4.1.2 MANAMITLNIASIALTDS (Laser vaporization)
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SWCNT Eqgs (eV) d (A) Q (le)®
Pristine —0.12 3.167 0.00
B-doped —1.05 1.582°F —0.30
N-doped —0.39 1.741 —0.17

* @ is defined as the total Miilliken charge on the molecules, and neg-
ative number means charge transfer from tube to molecule.
® The O atom points to the tube wall.
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Gas
Controller

Multimeter

MR 22 TTVUNMINAADUUN AT UL (Han, Kim, Li, & Meyyappan, 2014)
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{ a 4 ] v [
11NN NA 28 LdAIwaNITIATIZHHYHeAFUAIY FTIR ainasuved CNTs, CN-NTSs
[ A 1 a 1o Jo d? Y
118¥ BCN-NTs 91nwa FTIR ailnasulunini 28(a) wunlu CNTs inangilanduau laun
a -4
C-C (Yadav, Kumar, Budhwar, Yadav, & Yadav, 2016), C-O ttas C=0 (55 gnd Yavad
1AZI5ITT WUFUUIIY, 2548) NUTNDUAWKUL 1459 cm ', 1020 cm ' 1AT 1736 cm |
o w 1o d o . . . . { a ) ] -
N GRION]] ‘ViiJ“‘V\NﬂGb'u C-H (Misra, Tyagi, Singh, & Misra, 2006) NUNVUTHIUA YU 2856 cm '

- 1o Jd o a Y4 1Y a

18z 2920 cm’ taznyilandu H-O-H (F3gns 3 ladad uaz15155a WUFUUIIY, 2548)
A a ° ' -1 & A o Y Ay
WUNUTIUA MU 3130 em” 1AL 3410 cm” Faausadudu'ldin CNTs Usiannsiedie
~ a [l J v 1o Jdo
PEABUVDITIA 1A ) NINN 28(b) terasmstnanylanduly CN-NTs viilanguves C-0
WURDSIUA WKL 1020 em™ wag 1120 cm” nafflandu C-C wag C=0 wuhusnud
- - o @ 1 Y 1
1459 cm' 1@z 1733 cm” awdray aznyfilanduvesTuTasion 1dun C-N (Misra et al.,
a v J o a
2006), N-O (Yadav et al., 2016) (tag N-H (%m‘wﬁ Yadad uazirssas WUTUUIY, 2548)
WURUTUR MU 1259 cm™, 1312 em” 182 1639 cm aud1ay wyiladdu C-H wufiuSom
A9 2866 cm ' 1Az 2927 em’ tazyyilanT U H-O-H wuiuSnsidmiia 3136 cm' taz
o1 & o ] ' s
3416 cm' Feansoguduldnezaenlulaswugnived Il lunemn TumsveuIdoinms
a ] J v o (% ~ a ] d v
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] d v A A ) 1 - -
T BON-NTs nyjilansuved C-C, C-0 nag C=0 WUNUTIUAWNUL 1459 cm ', 1018 cm '

-1 o w dy a [ J o Lﬁgj 9 [
ez 1733 cm’ awdau wennntnumananyilsnsuves Tusouuaz TuTasnuau laun
B-N-B 118¢ C-B (Kida et al., 2009) NUTNIUAWNUI 800 cm” 118 1101 cm ' AWAIAD LAWY

J o { Aa o ] - - - o w
Wandu C-N, N-O taz N-H WURUTIaUA MU 1263 cm’, 1315 cm' 1482 1635 cm™ ANA1AY
vy lendu C-H woRuSnadmUe 2865 cm”' 1Az 2927 em”’ waynyilasFuves H-O-H wuf

F
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= 9 1 4 & a 'd 1o d o
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NN 29 HAAINANTIATIZH CN-NTs @romaiia XPS ilemoamlsznouves
pxaoumolune mawa XPs anlnasulunwd 29(a) wuhreliniozaouvesmTeY
lulasiou uazeonginu Idyanuainasuvesig lulasnulsngdelulassadues
CN-NTs Tagnuanlnasuusd C 1s, N Is 1ag O 1s Aafiananfius @i 284.4 ev,
401.4 eV LAY 532.4 eV AWAWTY AW 29(b) HAAIMINANUTLVDIDLABUAIS VDU
ozaoudy o Tugliuumdsnuiusziuandiaiu Tasdnlngizsutudieiuszuos c-c
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WAI9TU 401.4 eV (Quaternary nitrogen) 118 402.4 eV (Graphitic-N-0) 1ag518a2108Av04

Wuszuanalua1519n 3

! J @ a 1
A1519N 3 EaveInlsTnauar U s FHAAI ] U9 CN-NTs

ﬂﬂﬁ’ﬂizﬂﬂﬂﬁm Atomic concentration Binding energy WUFLFUAN 9
(%) (eV)
C 96.93 284.3 C-C (sp)
285.1 C-C (sp)
285.8 C-OH
286.5 -C-0
287.2 -C=0
288.0 0=C-OH
(Wepasnick, Smith, Bitter,
& Fairbrother, 2010),
(Bratt & Barron, 2011)
N 2.07 401.4 Quaternary nitrogen
402.4 Graphitic-N-O
(Kelemen, Gorbaty, &
Kwiatek, 1995),
(Artyushkova et al., 2013)
0] 1.00 531.4 C-OH
532.6 C-0-C
534.2 COOH
536.2 Chemisorbed oxygen

(Feng, Dementev, Feng,
Vidic, & Borguet, 2006),
(Pal et al., 2015), (Biniak,
Szymanski, Siedlewski,

& Swiatkowski, 1997)
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NN 30 (a-¢) LAAINANTITUATIZH BCN-NTs aemaiia XPS Tun1mi 30(a)

[ 1 ' % 1 4
Llﬁﬂ\iWa‘llfNﬁlﬂﬂ@]iﬂﬂgﬂﬂuﬂl@\‘l‘ﬁ'lﬂﬁ'lﬂ 9 molune gﬁWU?Tﬁﬂﬂﬂﬂigﬂﬂ‘U‘UﬂQﬂgﬂﬂﬂJ

=1

B, C, N tiag 0 agaelune Usngalnasuued B 1s, C 1s, N 1s 1ag O 1s inaianan
VTNUARWHUI 191.0 eV, 284.8 ¢V, 398.8 eV 1aE 531.8 eV AUa 191 U luaILuV0INa B 1s

< { o { A a o 1 A
Using ldmuanudung iennsanmsinaiusz vesezaouuaazatianialu BON-NTs

1 a [ J { o o 1 o

Tunnd 30(b) HAAIMIAANUTLUDIOLABNATS UBUNTLAVNAINUAN 9 dsoduunld

o 1 1 a ] 4 Y 4 a ~
6 uuv Tasuszaulvgazinaluglunuiuszvesmsueuiumsven #arsanluniui

I o A a a o ¥y ] R @
30(c) umsuaasiusenoznouoangnuamnsamnanuse 18 sediulvgzlnuseiy
4 o [ { o {
PZADNUDIATVOU FIHTUNINT 30(d) HAAIMHINUIIRUTZYo0z AN U Tasiouiiilsing
Tugtvesiuszae q eunsoswunld s uuy muszaundanuiuse Taenuimsina
e e ge . . . . a 42’ Y a
Wusz1131/v04 Pyridinic nitrogen, Amine 1182 Quaternary nitrogen Aa¥W 18 luFuanam
Y A T o A = [ 9 o ~
MUNFINIIRUTZOU 9 nsdinuszueezaon Tusouduna ldnmilnaiulunini 30()
LAAIMSINANUTLIENING B AU N ua Iwuiusesenan ¢ /U B iilesnniidSinaezaen
a A ' 7 : 7

yosTusoude lalsnandeslulassad oo Tumsveu dsamnsoaslesnsznon

tazRusEriae 9 melu BON-NTs laauaisiei 4

M15197 4 UanI0IATLABULAZ UL YA ) Y99 BCN-NTSs

29R1/52nOUT 9 Atomic concentration Binding energy WUTZHUAAN g
(%) (eV)
B - 191.0 B-N

(Bepete, Voiry, Chhowalla,

Chiguvare, & Coville, 2013)

C 92.46 284.0 C-C
285.0 C-C (sp)
285.8 C-OH
286.6 -C-0
287.4 -C=0
288.4 0=C-OH

(Wepasnick et al., 2010),
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(Bratt & Barron, 2011)

N 3.05 398.5 Pyridinic nitrogen
399.4 Amine
400.5 Pyrrole nitrogen
401.4 Quaternary nitrogen
402.4 Graphitic-N-O
(Kelemen et al., 1995),
(Artyushkova et al., 2013)
0] 2.92 530.4 Cc=0
531.9 C-OH
533.2 -C-O-
534.0 COOH
535.5 Chemisorbed oxygen

(Feng et al., 2006),
(Pal et al., 2015),

(Biniak et al., 1997)

4.3 HAMINDUAUDINDNIIATIVIAUNT NO,

1 2]
NNITNATDUNITADUTUDADUNT NO, ﬂ'lf]sligqumﬂ

a 1 J
ﬂN%@Qﬂlmﬂﬂu’lIuﬂ’liﬂﬂu

1 J 1 4
(CNTs) o Tuamsuoude luTasau (CN-NTs) tagnou Tuasueuds Tusounay

TuTas9u BON-NTs) maldarnnudumu lWihisudunaraduluudazdinginia Iag

v = Y Y 1 1 v A ° A o Y o o A=
ATIAVIAULNE N02 NANUVVUYUAN €] DYWNADIUDILATNINITAUAINIYNITNIVALUNET I\IO2 Ny

v W o 9 2] 9 [ 4 9 A
Lmzﬂ‘ummamﬂmmmﬁlluimmu (NZ) Wﬁ'ﬁ)llﬂﬂﬂ’lﬁi‘ﬂﬂ'ﬂlﬁ@u uﬁmﬁlum‘lﬂm 31, 32 oy

33 MWL
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(4 Y Y J (9 @ v I 1 a Yy A 1
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52UD MIAvUAUIUed CNTs Iamnnudiumu lihasadludSunudeudraios ioiinms
A @ =\ ] =) A @ [ Y 9 A [
AU CNTs Banw Tiedes Tumsauds ndanmsldanudewe laund NO, 8onIn CNTs
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1w 3 9 = s o T = Y Y
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Tihnanas Tanuadssndanaaudd dunaaianuduniu lihvdansaudiuaazased
' Y o o w ) A Y A A A Yy v 5]
mlndifesiu ugasmssidaunea NO, ioamiz lamouvua wazilomunnududuvoane

1 (%)) 1 Q' ¥ Y] 1
lumsnagon MmIaeuauoasuia NO, Iaunuiu duna ldAninmsanasvesninnudu
Aa ' Ada Y Y o LA '
mu lvihnliamnannssinianududuveswna No, a1 Medsiinar lumsasuauesds
(24 A < 1 1 J I 4 o A = 9
uRd NO, N32a139071 CNTs ualinlesifuamsneuaussduiiosniniiainnudiuniu i

a 9 o
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300 ppm
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T 1 w H o
1IN INA 33 LAAINIADDAUBIABIUAT NO, Y99 BCN-NTs Nnnuidiudu@eany
ATBIUDY CNTs 11ag CN-NTs WUINAMTAUAUDIUI BCN-NTs Uanu lutadesiioninisau
o ¥ v v Va ar A2
& meldmsianudeuluussermaveslulasmu uaamsasuauaIla N LI LA
a Y 9 Y = A Y [ 09/’ dy a A
UTnannuauIuewnd NO, tazinisnouauedn Indifedny CNTs Neilo1nnaaInmsn
= a U ] 1 a d‘o’ a
ulSnavetezaeuTuseuunsndlegmelunelulsuandg tazilsunaesnauueg
1 1A= I = a Y| 2/' a o )
Tulasmudmlugisamziumsgamzusnaumisienslugd Tuanauazinaiuse i
a o Y 4] =1 % o [ Y 9 [
pongu ¥ ln luanaveuna NoO, i Tomadumie ldaeutneen Uszneunuezaonuos
i o o o {2 1 Av W o
Tuseuileduiuune NO, viiwuse udwseinnsaiduiuezaenves lulasou hlden
1 A o o [ = d' 9
AN IAUAIUDI BCN-NTs dmsuseazdeauoinmslasuudasnnudiunu e
o2 ¢ A \ P o a v
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M3190 5 waasmanudunu Wi deulyl nlesiFudmsasuausazinarlunms

ADUAUDIABIAT NO, NANMITUTUAI 9 Y9I CNTs, CN-NTs 1ag BCN-NTs

NO, (ppm) A79819 AR R-R) | (R-Ry/R)x100 | na1lumsaovaued
@) (%) Gui)

CNTs -0.2 -1.72 20

100 CN-NTs -0.3 -0.56 18
BCN-NTS -0.12 -0.58 23

CNTs -0.24 -2.07 24

200 CN-NTs -0.35 -0.65 15
BCN-NTs -0.16 -0.76 18

CNTs -0.29 -2.51 21

300 CN-NTs -0.45 -0.84 12
BCN-NTs -0.22 -1.04 16

H [ [ 1 4 3 a 4
1INA13 1N 5 LAAINANIABUAUBIADUAT NO, UDINOUT TUAITUOUNI 3 Fila 1o
warsanmsnlasuulasvesnnudiumu liihnanas CN-NTs nsulasunlasanudiy
[ [ 4 a d’ [ [ =1 J 3 4
muliihunnimeun Tumsveusiiadu uanuinlu CNTs Tulesiguanmsaouaueegga
Y A Y 9 (24 1A A o A ] = a 421
U 2.51% Nanududuveund NO, 300 ppm tazwunimsauaii ligdesinadu Tag
C . .
Tu CN-NTs Tinanlumsaeuaussisiaiifiga fle 18, 15 uag 12 Ui Aanududuves
%) o W £ = ~ 3 dgl A
una NO, 100, 200 118 300 ppm MNAIAY FINUNUNA IUMIADUAUBINTIAETININU LD
[ Y Y
uANUE UV ILRE NO,Wetiie991n CN-NTs Janyazueaius: lumsunindives
TuTasnumeluveluilSinangeihldesaeuluTaswuseslumstamtiondn Tuanaves
(24 Y 1 1 A A A 1 o z a =\ vAa I £ o o
und NO, ladnimeriadu wazilosninviou Tumsuouna 3 stia Jauiaduaisnedni
d’d [ 1 1 d! (% tﬂ' A9
NuavNdINued IugIlszua 1.36-1.39 eV FIUDUNAMNIUITUAVIULDYNIIDAIEDEADY
&£ o Yyaa 3 1 a ~ a ~
yodTusounay luTasnu JeihldisbnasoulunelulSinanguazinamsuann)aou
[ 1 (% 9 I~ [ o (%
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[ I'd a a d‘ Y 1T A A
Tiawysal auvgernnannlinuezaouves Tusounay luTasnuiunsndalunedilsinm

d' 9 [ 1 a [y 1 = 3 v A =
Hay mu“lﬁt:uuaxmu'luimmmmxmnmNume NNIezAaNVeY TUTOUTINMIIAINIZ
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