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nitrogen 482 Graphitic-N-O 2auzfi BCN-NTs ﬁﬂ%mmwaﬂu3au1uﬂ%mmﬁe§1LmzﬁgﬂLmumﬁwﬁmmlu‘[mwumﬂﬂluvialﬁ
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ufs No, iuasiimsaudinlianysalilosnnazasxluseuiignidaiimsBameiiuussiuluanasasuda No, daiums
Fuasied BON-NTs  faaednfudasdnumiiiatiinuiinamsaimszesazaanluseuiidauazmuauasdisznavoassalii
samauiimnzauasmiieluanag

maan: vownlumsvaudslulasiau Tusaumsuaululasd lulasiaulessnlad ufsdumas

Abstract

Nitrogen doped carbon nanotubes (CN-NTs) and boron and nitrogen doped carbon nanotubes (BCN-NTs) were obtained for
applied to nitrogen dioxide (NO,) gas sensing. The CN-NTs and BCN-NTs in this research were synthesized by the chemical vapor
deposition method at 900 °C using a mixture of imidazole/ferrocene/boric acid as a precursor. Our results showed that defect in tube
structure and the tubes exhibited Bamboo-like structure from transmission electron microscopy (TEM) analysis. The average
diameter of CN-NTs and BCN-NTs was in the range of 145.9311.5 nm and 67.9£7.5 nm, respectively. Investigation of the
defect in carbon nanotubes was determined from Raman spectrum by using the I,/1; ratio. It presented that the I,/1 ratio of CN-NTs
and BCN-NTs were 1.10 and 1.57, respectively. The elemental analysis of the carbon nanotubes were performed by X-ray
photoelectron spectroscopy (XPS) for confirming that CN-NTs and BCN-NTs contained nitrogen and/or boron atoms. The CN-NTs

from XPS results presented two different types of nitrogen incorporation in the nanotubes structure as Quaternary nitrogen and
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Graphitic-N-O, while the BCN-NTs exhibited low boron content and having many types of nitrogen incorporation in nanotubes. The

NO, gas detection on CN-NTs showed faster response time and the complete recovery. The defect structure of nanotubes from

nitrogen atoms doped in carbon nanotubes may response for the improved NO, adsorption on CN-NTs. On the other hand, BCN-

NTs showed long response time to NO, and incomplete recovery because boron atoms dopant has strong binding to NO, molecules.

Therefore, the synthesis of BCN-NTSs is still needed to study for increased quantity of boron atoms and controlled compositions of

element in appropriate ratio in the future work.

Keywords: Nitrogen doped carbon nanotubes, Boron carbon nitride, Nitrogen dioxide, Gas sensor

UNH

dasnndagtiulanidymearunaiiuvmeaime J
msUsssudaniianieq sangdwedamduiuiu

v
o A

0 M rudazllivSinamsazanveaudandunais
donnsaninduua inansznudasiiziauulan
Fudshiiludasiimsfnmnussiannglnsaiasaia
uiafiiuszansmulumsanaiaudaiwludunadan
tiagetlastuuazmizanusinausafivluus il
mmL?imﬁmaL?Jué'umswmiamgwﬁuazﬁqﬁ%”?m
viauluasuau (Carbon nanotubes) gnauwuludl
1991 log Lijima (1991) wazdaanlagniannuas
vhanlussTenilududng 9 anntiu dasnnilanda
ilwihia fduifiageuasianuuiussdongug
swmadlanialumsiantasediinnsauldd (Kaushik
& Majumder, 2015) Fagnmihaniszandlfidugunsal
mMegrudinnsaiindvaraiin 19y 1wadBaIWEY
(fuel cell), ULUALADS, fnulszquasiiugainaia
udaiusiinde 9 \Wudy (Elrouby, 2013) daanlon
MsnaaNUfzasraw lumsvaulriuseansaw
wnzulasmsideazaesmaluseurialulasiushll
Turanluasuau ivdedu veuluasuauie
Tulastau (CN-NTs) wazrianlumsvauialusau
wazlulnsiau (BOCN-NTs) (Hudu iiasannsiie

azaanlusauuas lulasuiinarlvvaunluasuay

¥
=

anUSunlasuaniansmemaninuazmaaiifod
Tagawzmsuwasuuwlasamwnisazarslauaziiiyg
Uﬁﬁ%mﬁvuﬁ’amsﬁaa:mawmmq‘[mauuaz
Tulaswhlvdenuvnuivzasenuunnsasmely
Tassadawasvatiiagy uazmeluredeuanidnsoey
Tasead1enargUdaale (Bamboo-like

structure)

(Adjizian et al., 2014) Mm5i3aaznanlulasaurhla

Heanuunniasiindululaseadeisuaziidiudie
TumsBiaimenuluanavesudalulasiauloaanlyd
(NO,) (3enIMIgagumaeil (Bai & Zhou, 2007)
TosufAsenszuinuds NO, nuriawlumsusuiie
Tulastauiinstatmziuiausanimaunluasuay
teadnties Fennuanmsisanauntiildsnenui
vawluasvaudalulasiauiisuialumsasiaia
ufig NO, lad nmsdnwmviawlumsuauuuums
waneru 2 wie fe vewnlumsvsuidelusaunasye
wlumsuaudelulasiau arhnanaiauda NO,
fiemwudindu 50, 100, 200, 500 ppb uaz 1 ppm
wuhranTumsuauiimsneusuasiiiaadausaNo,
walumeasetusnunanaunlumfvaudalusauuas
awlumsvuauda lulaslauLanInIsnauaUDIAD
ufia No, 1dge Tasanadiuduaasuda No, flananse
amaialadanud 50 ppb 2ulU nuhmsnavauas
yaefmaTaaiianiiadusumsiinenududiuzas
NO, Ltaztéuﬁuﬁaﬁﬂaml,ﬁuﬁuga wannniidanuily
vaurluesuauialulasiauiinisaudilaadie
augmﬁwiﬁm'ﬁﬁuﬁaﬁlﬁaugitﬂﬁm%u’luﬁauﬂu
msuauialuseu (Adjizian et al., 2014) MUY
aamlaiimsdnmnazasvgwerizu B-, N- uaz O-
ﬁgnﬁaluviauﬂum%uau Tasviaurlumsuauiie
Tusauuazvawluamsuaudalulasiaugniinn
asaiauia NO, innwdadu 100, 200, 500 uas
1000  ppb Meldamngiivias uaswuimaulu
mivaudalulasauiidsdnsanlumsanaiouda
awilusuaneldaiiasnnunnganuunnies
melulasea wu nddululasiau (pyridine-type)
agusnaNuiuazimsfudfiauysaiviamsanaie

wid wo luraw lumsusuidalusauiinsAualInen

! ]
=]

asnazaanlusauiimstioimenulaana NO, 0

143



144

Naresuan University Journal: Science and Technology 2018; (26)1

udausendy mlvendamsmidalaana No, aanly
(Leghrib, Felten, Pireaux, & Llobet, 2011) dnsulu
nsdimsidenazaanlusauuazlulasaundaniuly
Haulumsuau (BCN-NTs) ladmsanwlegldnms
Fuaerimemailn CVD Mednsaiuzad B, C ua
N uhdu 1:4:1 diaandssandlFanaiouia NO|
AANNTNIY 0.97-97 ppm WU BCN-NTs §ims
APUAUIRALAZINE Hatiaanlassaeradidiu
enanvaluasianiamedidnnsaindiindundaann
Fagheazaan B uaz N luviaunlumsuau Feeznan
B uaz N finahlviielaaviaddnasauduluriounly
msuaurhlivafiauiadiuamsnedni dnnaluana
uid NO_ 898131309 UnUazaan N Tuniia BCN-NTs
16 dwsuludiueasmside B vurnldianuainse
TumsBiaimezi@daainu NO, 151';;3@%14 (Yang et al.,
2013)
mAseifenuaulafsAnmnavasmsdainss
CN-NTs 4@t BCN-NTs 31nasanaguiniuvesuds
Lmumﬂ%mié’qé’u‘lugﬂﬂmmamamﬁ“aLﬁaﬁwm
nadauaniaudd No, fianudndude 9 meld
RGN w‘iaL“TJuummﬂumsﬁwmﬂ%uﬂqqGT?
anataifiaaumw Tashmadnmndnvaslassaia
LATAMNUANTBI2BIN BN TUAISUBUNIINNMTLID
Tusauuazlulasudiinadensasiaiausinauss
Tulasiaulesanlyd Jiaszianvauzlaseadiavas
CN-NTs waz BCN-NTs @aewnaiia SEM, TEM uag
iwmumﬂﬂima‘[ﬂﬂiauﬁﬁmswzﬁmﬁﬂszﬂaumq
uavzianuseely  CN-NTs waz BCN-NTs 6a¢
maila xps iielHiiudayauszwanniaglums
Uszgndlfiludumesanaioudasaly

Flow meter

as = v 4
IDNIIANWILDED aqqﬂn‘sm

1. MsdgaaNziiamnlumsuauziin@alusay

wazlulpsau

TunszurumsdaLmsIey CN-NTs war BCN-
NTs @2ginaianisaniaaaualelascinanaiad
(CVD) dreasmduniianasuisenaudie sim
Toa wWasls?u waznsauasn lunsdataseiuys
pantlu 2 du Tasdudt 1 Junsdaaszd oN-
NTs (1) 1Hususasduiivsznaudreiasidninse
naemiadauLuwHY Si0,/Si Tagldmawsuansas
UL adenlaa 2.0 NN waztWaslsdu 1.0 ASw
@it (2) BON-NTs duasevlaglinswananse
GusEnIN ade Ly 2.0 n5N WaslsBu 1.0 NN wae
A5AUBSA 1.0 NSN wanluazuzaiang nale

ASEUIUMSHILATIZHNG 2 uidgasnaugnuanaing
55UUNSA51N131Ma 500 scemllazanaLuaa 300
scem Lﬁaqmwgﬁwaﬁzuuﬁm 900 °C LAFBWLANIN
vanafimeiagsasiundeuinniinemausaondi
usi@mséfeﬁu Tomlumsdaeney 30 il 0t
ngalienndounazUssslvissuuiBuasgaumgiivies
mMelaussenazesunidalsnay avaUsenausag
ssuumsduaNzinawlumsuaumenailan  CVD
waasdaluguit 1 théaghanmmsienzianuus
malaseaddisnaasganssaididnasaunuudas
1910 (SEM) uaznaseganssaidiannssuuuudas
N (TEM) @n1enanysoliaznnaunniases
Tassasernawlumsvauaasrunuatunlnsaln
enevriianuszuazasdlssnausamenaiiaiand
dlnladdnasaudidnlnsalnll (XPS) vaadadng
W 2 %ila

Furnace

Quartz tube

‘ Outlet

I
‘Quartz boat
(Source)

Valve

Temperature controller

Ui 1 ssuumsduenziviainlumsuau (CVD system)



Naresuan University Journal: Science and Technology 2018; (26)1
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