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Abstract

In this research, the development of filters from carbon nanotubes distributed on filter
paper (MWCNT/paper) was used to study the adsorption capacity of heavy metals and E.coli
bacteria. Under the modified carbon nanotube conditions using improved the surface and the
addition of iron nanoparticles onto the carbon nanotube surface were done. The filter derived
from the nitrogen doped-carbon nanotube/ iron oxide magnetic nanoparticle composites
(Fe,0,/N-MWCNT/paper) was tested with a solution of Cu’ " and Cr "at 1.5 mg/L for 1 hour.
The obtained results showed that the percentage removal of Cu’ " solution is higher than that of
cr *, which due to the higher charge on the surface of the copper ions compared with the charge
on the surface of the ions of chromium. As a comparison result, the order of efficiency of
adsorption of cu’ 'in sample filters are Fe,0,/N-MWCNT/paper > Fe,0,/MWCNT/paper >
N-MWCNT-COOH/paper > MWCNT-COOH/paper > MWCNT/paper, respectively. In addition,
the nitrogen doped-carbon nanotube / iron oxide magnetic nanoparticle composites (Fe,O,/
N-MWCNT) is used an adsorbent for E-coli in the treatment of water using the various E.coli
initial concentrations of 3.02 = 0.07, 4.02 £ 0.07 and 5.02 = 0.07 log CFU / mL. The reducing of
survival of number of E. coli depends on the contact time with Fe,O, / N-MWCNT. The
percentage reduction rate of survival of E. coli increases when the contact time with Fe,O, / N-

MWCNT increases and the initial number of E.coil is less.
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' o o oA o ) o
iy ileiTanan 15a (FeCl) uazilosinnanlsd (FeCl) nuaisidelianaznou

.. . ' A 9 A a = 4

(Precipitation agent) (U NH,OH%3® NaOHﬂ”IEﬂG]ﬁﬂTJ%THJi”Iﬁiﬂﬂ@E)ﬂ“lﬂi]u tazin1su
1 :) ) < 4 ?x’;
nueguaiuane 12 ldaznouddweseymaur Tumanoen lod(Fe,0,) 1MMiuLENAZNOY

] <
aaﬂmﬂﬁmiaxawiﬂmﬂmwﬂﬁ"mtmmaﬂ (Akbarzadeh et al, 2012)

solution of Fe*
and Fe**

2 FeCl, + FeCl, + 8 NH, + 4 H,0— Fe,0, + 8 NH,Cl

3 o 7 g '
mwﬁ 2.4ﬂ']‘§ﬁ\ilﬂﬁWgﬂﬂHﬂWﬂuWIHLLNLﬂaﬂiﬂﬂ%@lﬂﬁgﬂf)ui']ll(Akbarzadeh etal, 2012)
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3.1 m'%mﬁmmzqﬂnm‘i

3.1.1 %]'Nl?!:MQUQNQﬂm‘{]ﬁLLUULGUEh(Thermostatic water bath oscillator, Memmert,
Germany)

3.1.2 Lﬂ%ﬂ\i Transmission electron microscopy (TEM) § U TECNAL 20

3.1.3 Lﬂdﬁ"ENFourier transform infrared (FT-IR) spectroscopy 158% PERKINEIMER
U System 2000

3.14 LﬂL%fNUltrasonic cleaner §' U VGT-1730QT

3.1.5 A3 0IFAMATION 4 FKU9) USEN Mettler Toledo, Switzerland

3.1.6 40U UTHN Memmertj1 UN 30

3.1.7 m%mwuum%mmmﬁaqq USHN Heal force ;'u Neofuge 15

3.1.8 Ipseamumsazatonaz1ifanudeuIKA ju C-MAG HS 7

3.1.9 ¥ANTONTUYINIA (vacuum filter set)

3110 MU0 130 Plate 1R (Petri dish)

3.1.11 mmzﬁaﬁmﬁ"uuﬁi}mmiggﬂu%@ UYUIA 200 mL

3.1.12 viaoAnAaed (Test tube) YUIA 15 mL

3.1.13 UnaUAIAY (stirring rod)

3.1.14 Pipette

3.2 Msai

3.2.1 e Tumiveuuvumivate¥ude luTasau (Multiple-walled nitrogen
Y a A ara d v a ara 4
doped carbon nanotube, N-MWCNT) (#oaiiamiswanaiag, madmuland,
UMINGIALYTNI)
3.2.2 13 ﬂlluﬁ%ﬂ(65% Nitric acid, HNO,) UTHN QReC New Zealand
3.2.3 Taidenlansen ledSodium hydroxide(NaOH,MW. 40.00 g/mol, Laboratory

Reagent Grade, LobaChemie)



3.2.4 Wesinaae lsdianae lainsalron(IChloride hexahydrate (FeCl,-6H,O,MW.
270.30 g/mol,AR Grade,LobaChemie)

3.2.5 lefYanae lsdianse lainsalron(INChloride tetrahydrate (FeCL-4H,0,MW.
198.81 g/mol, AR Grade,PANREAC QUIMICA S.A)

3.2.6 Llﬁvﬁhlujﬂiﬁ]uNitrogen(g) (N, , 99.99% , Bangkok Industrial Gas CO,LTD)

3.2.7 Foeae3Fulnla (Escherichia coli) v3o® Ta'la (. coli) (Roslfiidnisqa

2387, NAIVIFAFIING], WHIINGIALYTN)

[y j a v d A Vv
33 ﬂ"li‘lJi‘]Ji;Tﬂ”I‘W‘W‘MN'JT]@H'IIHFITi‘]J@‘Ir!!‘ﬁﬂuhﬂﬂimu (N-MWCNT) 2@nia

(Pre-treatment)
] v
3.3.1 ¥IN-MWCNT #%4UN 0.1000 g ﬁﬂu“ll’)ﬂﬁ'mﬂ@ NNUUANHNO, 65% ”IE'MWI'D'
a I =
70 mL Tmummﬂunm 10 U
° A (o da A = . < &
33.2 1!1?(15@3?]183‘1/1?1?1%1/]@@1!14{]% 140 DIFLK LS GLL! oil bath L']J“L!L’Ja"l 9 ‘HTJTIN
1 3 o A Ay 9 A o Y 3 9y
333 ‘]Ja’f)ﬂﬁﬁaza”IEJLEJ‘L!GYJENVIQQ!W{]‘JJW@\‘I Eﬂ\‘l@]%ﬂ’ﬂuﬁﬂﬂﬂtﬂuﬂaNﬂ’JfJﬂ”li
ﬂi@ﬂgiyiy”lﬂ1ﬁ
° A o Y 9 A ~ < <
334 LlWI%ﬂi’)‘Llﬁﬂﬂ‘]Jﬂﬂjﬁllﬁﬂﬂqmﬁ{]h 85 DALy IJJ‘L!L’JEH 12 “If’JTlN L
Y 4 A ~ 1 Y a
"l,mnauﬂums‘uauma"luimmumwyﬁaﬂwmmaaﬂcmu (N-MWCNT-

COOH)

3.4 stfuaammindiuenTumiveuse lulnsoudea(Pre-treatment)

3.4.1 FIN-MWCNT-COOH 171 0.1000 g aal1uIaa1LAB MNLLANAI5ZA10
ladinsanesini lud (DMP)IS11a3 30mL Whasazaenay Tyimaduna
10 U7

3.4.2 FaTanRonTu lnsd(NaNO,) 0.29 ¢ aumsazaroeFaan lawiiu 0.57 mL
aziay conc.H,S0, 0.36 mL

3.4.3 Tanudeuiigamai 60 °c Hunan 1 91T

3.4.4 dunzneudsansazae ladinsaesing lud (DMF) uazeuliuae 14

N-MWCNT-NH,
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3.5 mﬁmmﬂzmgmamimmmﬁnaan‘lma (Fe304) ‘]JMWHN’JT’i?JHﬂHﬂﬁUEﬁ!

A d' U a vy
wolulasnunlSuamwiigaue
3.5.1 MIeTonaITazaleman looou
] oA 4 Y]
simsvloiinnan lsaanas lamsa (FeCl,-6H,0) ¥1in 1.3515 g azas
o s o o 3
woisananlsamase laasa (FeCl4H,0) niin 0.9940 g Tusinau
51910 looon 25 mL
3.5.2 %3 N-MWCNT-NH, %10 0.1000 g aalumsazareman leseu 1 mL e
A8 1:10
353 ianasazatelyaen laasenlaa (NaOH) 0.9 M awilumal 1 52 1ue meld
ysseme luTasmu
o Yy v PR Pl A A
3.5.4 MIaNAaeaTazalgenIuoaz laneu Tuasuowde TuTaswuni

< J J ] { a
aymAu Tuveunaneon lsansz1ea19gUUNUAT (Fe,0,/N-MWCNT)

d
3.6 MIAIINIZAMHNIVID NN T HAIS VDD 1A (N-MWCNT-
] d A d'd
COOH/paper) #azn3zm¥nssnInfiolumivewas lulasiuiideoymna

4
S \i A
MUV UHANNIZDIUA DYV UNUAI(Fe,0,/N-MWCNT/paper)
v 3 & Y] a I =
3.6.1 WINTEANH 0.5 ¢g azmﬂﬁlumﬂau 20 ml mamﬂmummﬂunm 15 4N
4 s A N v
3.6.2 m‘n@uﬂumi‘uauma”luimmu 0.01¢g azmaiuumau 10 ml 9NT
Aa & I
Tilmyuidlumal 10 uIn
[ 4
3.6.3 Wﬁumiazmwmﬂizmmmzmiazawmmw@uﬂumimuﬁa"lﬂmmu

< <
ﬁﬁﬂﬂﬁﬂ’)utﬂul’JaW 1.30 ¥9 T34

v Y ]
3.6.4 MnuuthasazaenanIuglaleninies TaslHasoansosgaains

U
=1

Y o A2 v A a 0 . & ~
3.6.5 fjﬂﬂ”lflu”lﬂizﬂ”ﬁelﬂi@ﬂﬂﬂluiﬂlmjllﬂ@ﬂﬂ@mﬁ{]u 100 ‘clluan 30 un

U q

1 4 {
3.6.6 MagisouNIzAENTEI NN TumSueuve luTasnuniioymau Tuveq

< @ 1 A a o ¥ { o
maﬂﬂizmﬂmﬂguuwummmmmmmumu%}a%.6.1—3.6.51@181/1”|m§

=

nlasumasdnls luden 3.6.2 e Tumsuewie lulasnudlunou
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y 2 2
3.7 ﬂ1iﬁ§1ﬁﬂi17‘lﬂ1ﬂiﬁ]umﬂﬁfﬂiﬁ%ﬁ‘lﬂ(:u "way Cr ’
=~ 2+ 2+d' Y 9 v v
3.7.1 138U aS18UINTIIUVYDICU Lhay Cr ﬂﬂa1ugmumuag1u%aﬂ
0.1-1.6 mg/L
o A A ?,‘, ~ [ A 9 A [
3.7.2 mmmzmammaﬂumumuw 3.6.1 ﬂﬂ?ﬂﬂ1ﬂ1iﬂﬂﬂaul!ﬁﬂﬂ’)ﬂlﬂi@ﬁﬁﬂﬂ’li
@ﬂﬂamlﬁ UDIDTMNBU (Atomic Absorption Spectrophotometer)
3.7.3 adnianlinasgiu Taounux A Anududuvesa1saza1onInTgIuYes Cu’

2+ A ! A
Hag Cr HNU y A9 AINITAANAULLEN

3.8 MsANIMIgAFUITazae Cu’ taz Cr’
3.8.1 W ouansaza1s Cu> AN ey 1.5 mg/L 1311a5 25 mi
3.8.2 1INILAHNITBDIN-MWCNT-COOH/paper LA Fe,0,/N-MWCNT/paper Hyad
lussazats cuvhmsweriigagil 25 °C funan 1 $97us Tavlderah

a 1

AMUAUYUUHUIUVVLVY (Thermostatic water bath oscillator)
a J s I J o w Y 1

3.8.3 Iz ilesidudmsmiva Tanswiin (Removal %) YINTZAWNTOWADS
Uszian Tagldiasoaianmsganauuasueiezaon (Atomic Absorption

Spectrophotometer) a1 af I ldadaumsh (1)
Co—Ct
Removal % = o x 100 (1)
0

& A Yy 9 A 9 2+ A Y 9
119 C,AD ANUINTUITNAUYBIATAZAY Cu” 1A8 C, A ANUTNTUVD
24
a15aza1e Cu Nanla 9
9 v
3.8.4 MTUMIANEINMIRAFUCE BunsninuTuaoudodn 3.8.1-3.8.3 Tagih

$ o { I
malasunlasdalsluden 3.8.1 mnesazate cu” Wuasazate Cr

=X [ a A :’
3.9 miﬂnmmimc‘nﬂ!mﬂmiﬂﬁlum

9 Y
Anyimamsaemyesiyelala (Escherichia coli) W399 1a'la (£ coli) Tinirlag
9 P A A 3 o ' A a
Témou Tumivewie luTasnundoyniau Tuveurnannsz1ea1ogUUNUAI (Fe,0,/N-

MWCNT) auauaouaaane 1l



' < 2~ Yy 9 X a 1 v A
3.9.1 MynaasaUIoeni)u3 Elg GlNiJﬂﬂiJLﬂliJ“Uu‘ll@ﬁWfJ’ﬂIﬂlla UANANNUAD

3.02+0.07,4.02 £ 0.07 iag 5.02 £ 0.07 log CFU/mL

3.9.2 TunaazyansnAaeelszNoUAIBUDINANTLNINEITAZA 180N DU 11U
J A Aa <3 @ ] X a 4
msvoude lulasnunlioymau TuveunannszaiedioguuiurINn
Y 9 =2t % =
19 4 mg/mL U311a3 500 uL ersazareved ImAsunas 158 0.85 % 0
& a = Yy vy 4 g "o
Y31185 490 pL azensazae®od Ia lalanududusudunanannu
g Yy . [
51103 10 pL wervansazarenanua luadaun1an (vial) ¥u1a 10 mL uaziil
] Y A . A o <
Mstuasazarenan laglunTeanauaIsazaly (Vortex mixer) 19031137
I o = A v
900 rpm (Hunan 1 92 Tus Feawnsoaglifoulvvesasazarenauluuaay

FANITNAADIAINIITIGN 3.1

M99 3.1 Joulvyosmsazmenaulunaazganisnaass

ANUTUTUVOE. SIESRPETRN 1505909 nasves  5uassw
coli Fe,0,/N-MWCNT  0.85% NaCl E. coli qane
(log CFU/mL) (uL) (uL) (nL) (nL)
3.02 £0.07 500 490 10 1000
4.02+0.07 500 490 10 1000
5.02+0.07 500 490 10 1000

A 1 o 1 4 A Aa
3.8.2 mamuna1mimm1ﬂ1'5uﬂmnﬂuﬂumsmuma"luimmumaummﬂu
<] @ ] L a 9y < =i o
ellﬂﬁmﬂﬂﬂigfl]”l‘c’m’J’EJQJTJ‘H‘W‘L!N’J’f)@ﬂi]”lﬂﬁ”liﬂ%ﬂ18Nﬁﬂ1ﬂﬂiﬂ5l!3~ll1’iﬂﬂlﬁu8’3u1 IﬂEJ

° g ~ o Yy 9 Yy & g A o ~
umumaﬂmumunnmumwmummmﬂunm SUIN ANNINHT 3.1



A a ¢ & o = vy g
MNN 3.1 ﬁﬁﬁ%ﬁ']EJNﬁlI‘llf)\‘]FCSO4/N-MWCNTIGBLﬂﬂﬂﬂaﬂ"liﬂllagWf]@jﬂulﬁﬂﬂ’nmmiﬂlu

5.02 = 0.07 log CFU/ml (a) oY 1182 (b) Had M3uen Fe,0,/N-MWCNT0n91Na 15022 10K

o o ' s A A I
3.8.3 nasnnyhimateniow Tumivewde luTasnunloyniau Tuveuran

s o & oA y 1 A o &
pon ladnsznealeguuuivenaInasazatenay Inslsumimanmileninase

< o A A Y g
awysaiimsgaasazatenaylaimae Tuviaunuanisues 100 uL venaduy

H 9 9 1 2 o Y
VIUBITNTDMITIROUTDHITIAGD (Solidified agar medium) 1500 1a laszgn
' 4 A a 9 X A 9 ' Y A v X
HRNTZIBMINUHINIB1TDBUFA 0N WAINHIUNITHUFD (Spreader)
¥ o oA A 0. & o A A o A

nniuhmsUuigangil 37 °C Wlunan 24 91 Tue ieasedeumnziFod In lan

AaAa 1
Wy Iney

d‘ o o Y o =
3.8.4 119A5124 ¥ 119 msvuuIuIalail
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= X Y d' (] [V d 3 d
4.1 Wﬁﬂ1‘§ﬂﬂ‘l§l]!ﬂ@ﬂﬂﬂ!ﬂﬂ?ﬂﬂﬂ]iﬁfl!ﬂ513ﬁ@‘irgﬂ]ﬂu]ium@ﬂ!ﬁﬁﬂ@ﬂﬂllmﬂﬂu

X v d
‘wuﬁ’mm‘n@uﬂuminau(Fe3O4/MWCNT)
Y [
NNUITEADUNINHUD Suwattanamala,Bandis , Tedsree,and Issro (2017) 1
o = A o o P o Ao s I
MMsanyIngINUMIdUATIzHNo M Tumsuounlenlsenovyotoymau Tuuuman
A o a [ S 9 = A @ v A9y ag
(Fe,0,@CNTs)luanngnsa iorhmaasuain ldindnyunernumsgaduadouunauug
1 1 <3 % ,i’ a 1 I'4 a = o Y
wunSnaeymau Tumimannsznediuuiuivemew Tumsueuunnu lu el
S o 3 Y o o 1 2 A 1 Li’ a ]
sumamansuilunounues wagdiwueymau Tuimani ldimziuAivesnow Tu
4 o ] 1 o L [ a
asveulSuannn il lummnzaunezih 1 1d)segnd ldlumsaaduddoumnauy
A ] 3 A [~ a o Y X [ Y
iesnneymau Tuwimaniedgdudaszez ldsuniunszuaumsmsgadula e lda
o A wm v 1 7 A - g
m3gasud 14 i ldunnneun Tuamsveundoynau TuwimaniluesdlsznouTasas
a o dyd o = A [ [ g 4 A Ao
luauAdeil JehimsAnyunenumMsdansizinew Tumivewde lulasnunloyniaun
< 4 o ] ,i} a A o a o A =
Tuveunanesn l¥Anszn1ea10gUUNLRAD (Fe,0,/N-MWCNT)io1hwaanmsin 14 lldnn
o @ g o [ 4 4
m3gasuloosuues Tanznminluii Taevhnmsdunsizd Fe,0/N-MWCNTIuanziua e
1 o 3 4 j‘ a 1 4 A
Ysuilgamanszanedrvesoymau lumanesn laduunuAivesou Tumiuowde
ya X A A Y A X VA '
Tulasuldauu wemuanuawnsalumsgas looou Tanzimuduuaiiosnnnou Tu
4 = =) a a Y] /A 9
amsvoude uTasnu(N-MWCNT) daunulumskaagaazilfnunaaduain ldvinns
[ d 1 9 Y Inow XK o = o 4 I 4
duaszinoutaios anzditsruinmsanyimsdunzioymau Tuveunaneon lua
&’ a 1 4 A A ~ o [ 4
yuiuAveew Tumsiveu meneemmitou lviimunz au Tagiimsdunsizioyniaun
< s A a ' ¢
Tuveamaneon leauuiuivenow Tumiveulugnziud 3 gansnaaos Tagns
~ S 3 o %‘ o [ dyd o w
nasun)aulesidua Tagtiminues Fe,0, aalifo 10%, 25% 1ag 50% MUa1al Han1s
Y v ~ 1 d‘ A S < 4 %‘ @
naaesa s od;llaaeniwia a-omun dWomunleidud Instiminues Fe,0,1u
o ¢ < ¢ o A a ! ¢
nIzUIUMIdUATIZH oyumau lumanesn ladnizatearuunurIvesow Tuaiueu
A dg! IS o g Y dzj o < s 1 g a ]
minvueyMamantuiludounInIuLaz GInuayMAUIRANoDN leai lumz NUAIYDIND
4 3 1 4 { %’ o
wTumiveulSuamniudndie TaenuiSoulunld 10% Iastimiinues Fe,0,1u

@ Jd v A = <} I A a
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1/1’0uﬂumiuau“lmmﬂuammsﬂszmﬂmﬂaumm wﬂumaumwmmumqﬂmzuﬂﬂ

o J < @ o A = v 1
mmiwmﬂumf}ﬂmmwaﬁﬂy1ﬂizuauﬂﬁ@ﬂ%®ﬂummTa‘wz‘wuﬂmvlﬂ

H 1 o d <] J y a 1
MNA 4.1 MND19910 SEM Y0amsdunsizioyniau Tuveurnanoon lsauunuaIv09ne
¢ < 3 3 o
wlumsveunlesidua laerimiinued Fe,0,(a) 10%, (b) 25% 1ag (c) 50%

= (Y] v d A =Wl U
4.2 HamsAn¥anyazv e MU Iulasnuirmumsdsuamn
v A r.' v
WuRAIANIANN-MWCNT-COOH) Hazviomlumiveude lulasuiiiioyma

< Jd Y] | tg a
1!ﬂusllf’)\‘l!‘i’iﬁﬂﬂﬂﬂ"l“lfﬂﬂ5$ﬂ1ﬂﬂ'Ji’)g‘]JN‘W‘MW'J(F%O“/N-MWCNT)
1AMsIATzHanBuzazvaduuguinaveIou Tumiuowde
H 1 [ c&‘ a 1 %
TuTasnunrumamslSuanniuiIa18nIAN-MWCNT-COOH)@18MNA18INTEM a4
H 1 1 J [ [
uaaalunini 4.2 (a) wurmew Tuamsvoudanyus Iaseadumelunuuidsa 16 (Bamboo-
. d' % a J o Y a
like structure) @urgtilosninezasuved lulasnu liunsadineluninamerldinanim
] o o @ [ [ J ] 4
unusoworians lasinumnuazdamuinew Tumsveulivinaduriugudnai
INABVDIND39.88 + 4.17nm NINN 4.2 (b) 1AL (c) LAAININDIPIN TEM NMavenessay
1 4 A A <3 4 @ 1 Lil a
gavowe Tumsveude lulasnuilioymau Tuveunaneen luansznieareguuiui,
[ < 4 Y g a 1
(Fe,0,/N-MWCNT) 9100wy eyn1au luvearaneon la@nsz a1oauuiuAIuesiow
4 1 I 1 9 { %
Tumsveude lulasnuneudrameilunguiou tag1nnImi 3(d) HaAINIINIZIBA MDY
s ' s 3 A ' ) ' o
imdvesvinaduiuguinanveteynau Tuveuraninizeauunou TuaiUo e
1 1 ] 1 4 @ ] 1 < 1
Tulasou nunTasarulvguunaduriugudnalsusioynAniz11ea10g 1uBALA

] 4 :
15nm D4 30nm VYA URTUFUINA 1V YNMAMALYTZUID 20.4 + 2.1 nm



Mean: 20.4 4 2.1 nim

o ?

distribution

10 15 20 25 30 35 40 45
diameter of Fe nanoparticles (nm)

MWH4.2 2IND18910 TEM 404 (a) N-MWCNT-COOH (b) 11ag (c) Fe,0,/N-MWCNT #
Maweed g genuaIay (d) M3nszaeduuumduevadurmuguenaue
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a 4 ] d o 1 4 A A [ cﬁl a 9
MRy lsnsuiow Tumsvowde luTasnunmumsdsoanmnuiiaig
1 4 A A <3
n38 (N-MWCNT-COOH) tagnou Tuasvouie lulasnunloynmau Tuveunannszae
U 1 &’ a U % $ 1
AI0GUUNUAT (Fe,0,/N-MWCNT) @10 FTIR anlnasuaanaaslunini 4.3 wonlu
a ] d v 1 9 1 d' o ] tﬂ'
N-MWCNT-COOHmanganduas q 1dun c-H Adwmiaavaduilszunm 2917 uay
- e [ a ] d v y
2859 cm” HONNINUTINUM IINANYHINTUVDI C=O (carbonyl group), C-C, C-OHIAZ C-N7
furuaunaulszum 1740, 1458, 1374 1ag 1219cm A a1y luvaei Fe,0,/N-
@ a L] o 1 3 ] [ a ] d v
MWCNTWUdyanamsnanyleduag o yusuaenumsmnavygiendgulu
1 [ a ] &Y A 3 a [
N-MWCNT-COOH tanudyanamsmnanylensumudunnauiaininiioyniau Tuves
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{ o ' . - o 1 J o { o '
group) Mdmrtavaaulszina 1570 em” tazdanumylansuves Fe-0-Fe idumiiaay
A -1 = A Y1 a 4
ﬂauﬂizmm 567 cm G]N?HlﬂiﬂEJ‘LlEJ‘L!]lﬂ'ﬂll@Qﬂﬂigﬂﬁlumﬂﬂ’ﬂuﬂWﬂHTIu"Uﬂﬂ Fe304ﬂ§$flnfl

o 1 :&‘ a J 4 A
maguuwummemauﬂummauma"luimmu

Fe,0 /N-MWCNT

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 500

Wave Number (cm")

M 4.3 anlnasy FTIR 409 N-MWCNT-COOH!a Fe,0,/N-MWCNT

=< 2 2
4.3 FAaMIANEIMIPAF UM TazAIY Cu’ Hag Cr
9 2+ 2+ o o a L4
Msad s mnasgINYesasaza1e Cu” ag Cr dmSums iz HmaY
WuduNasveIETazaly Cu' ez Cr lageunianudunusssniemanu

9
611'e)qmsazmfmqaﬂwuﬂiumqmmﬁu%’u 0.1-1.6 mg/L ﬂ']Jﬂ"Iﬂﬁf]ﬂﬂﬁuuﬁﬂﬂﬂuﬁﬂﬂlu

NN 4.4

20



21

E cu”* solution
0.3 ] —— cr** solution
© 0.2 _ y= 0.21 7875x + 0.00277
= ] R" =0.99959
© i
Q -
Q ]
o ]
I ]
2 0.1
<t ] y = 0.02776x + 0.00043
] R” = 0.99894
1 T T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Concentration (mg/L)

MU 4.4 n5NATFINVEIAITaZaIY Cu’ 1Ay Cr

MINMIANBINIPAFUAITAZA18 Cu’ 1Ay Cr NANUATNTU 1.5 mg/L ¥0n5zay

1 4 1
AseanIANeU1 Tumiveude lulasinu (N-MWCNT-COOH/paper) LaZNTLATHATBIINND

J A A < (Y 1 g a
wnTumivewde TuTasnuiloymau Tuveunannsz A guUN A (Fe,0,/N-
Y
MWCNT/paper) lagn131iinseaisnsesnsdosyiausasluaisazats Cu’uag Cr' ¥in3
1 { a o I < 1 %’ A ] .
wegugil 25 ‘Cilunal 1 921ue Taelderainiuguguuglinuuwe) (Thermostatic
. 9 q o ° sl 2 o o
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60 -" .Fo,O‘r‘N-WCNTIpap«
: 53.4

48.9

Removal (%)
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N

1.5 mg/L of Cr'"solution

1.5 mg/L of Cu*"solution
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Fe,0,/N-MWCNT/paper



23

=\ a A o 2+d‘ Y 9
namafFeumeuilssaninmwmsgasuaisazals Cu” NANVTLTY 1.5 mg/L
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[ 4 y <3 1] 1
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MWCNT/paper>Fe,0,/MWCNT/paper> N-MWCNT-COOH/paper > MWCNT-COOH/paper >

MWCNT/paper

1.5 mg/L of Cuz‘ solution 53.4
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Yt A Y v 2+ o =R o ~
ulﬂ’E'J@uGUfNIﬁnglﬂﬂﬂﬂ31wlﬂlﬂﬂluﬂlﬂﬂﬁ1§a$ﬁWEI“UfN Cu 9193 1.5 mg/L ﬂ\‘lllﬁﬂ\ﬂu@nﬂ\iﬂ
4.1

a = a A o 2+ o o Aa
319N 4.1 LlﬁEJ']JWIEJ‘]J']JS%ET‘V]TJﬂ"IWﬂ"liﬂﬂ"]i'ﬂﬁ"liagﬁ"lﬂ Cu QJ@Q@'JE]WB']JTINTI@H1IH
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JRIE Y Tooou | Howluves | aanndudi % eNa3
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mMIazay
SWCNTs-COOH Cu”’ pH=7, 60 min 20 mg/L ~24 (Moradi,
Zare,&Yari,
2011)
Alginate/CNT/maghem cu”’ 60 min 5 mg/L ~44 (Jeon, Yun,
ite composite (ACF) Lee, & Kim,
2010)
Oxidized MWCNTs cu”’ 4, pH=1.8-6 30 mg/L 100 (Lietal,
2003)
Fe,0,-MWNTs Cu”’ 24h 40 mg/L ~63 (Cun-ku, Xin,
Yan, Jing-yao,
& Yun-fang,
2009)
Fe,0,/N-MWNT/paper | Cu” 60 min 1.5 mg/L s34 | andvel]

=X oY N A Z
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= Y Li’ a A A A
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TuthTagldeun Tuasueude luTasnuitioynnunTuveanansen ladnszaeieguu
WA (Fe,0,/N-MWCNT) iHudgadu Tasmstiiyed In lafinudiuEudu 3.02 £ 0.07,
4.02 £0.07 18 5.02 +0.07 log CFU/mL 1311015 10 pL HerunUa130a18 Fe,0,/N-MWCNT
AANUTUTY 4 mg/mL 131185 500 pL ymsuuasazarenay InsldiaTesnanaisazate
(Vortex mixer) 19a3132 900 rpm 1lunan2 wil uazeo Wil Mntiuhmsgaasazatona

v Y Y ] 9 v
Tveaasuuaiuemsniiens@eusre meriusiuiulalativeured In'lanionsia ade
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d' ' &' Y a o Y Lg =) g‘/ 1 d' Y a 49!’
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a
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y % £ o A Ao a < Y
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s 7 o q YA 9 7 ' o Y Any A a =
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' d” < A o Yo = @ Lg = v v W
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(Sharma, McDonald, Kim, &. Garg, 2015 ;Gollavelli, Chang, & Ling, 2013)

_ N -N
Reduction rate % = —=ontrol “sample » 1 3)

Ncontrol

A o = X 2 g Aa v v o W
aeE N o ﬂ1u3u1ﬂ1ﬂu°ﬂﬂﬂl%ﬂﬁﬂﬁulmgiﬂﬂ%ﬁﬁﬁﬁﬂﬁﬂﬂﬁﬂ'ﬂ Fe304/N-

Control Sample

A
o N,

MWCNT 71121814 9



a = X o A g A Y Y ° X A aa o
Ml 4.7 TaTativoudod IalaGudunanududua q nagsureNseasInan
dudafuFe,0,/N-MWCNT iifunat 2 uag 60 u1it 1ae (a-c) 3.02 = 0.07 log CFU/mL, (d-f)

4.02 +0.07 log CFU/mL 1a2 (g-i) 5.02 +0.07 log CFU/mL
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A X a A 9y A Y Y ° X 4 A o v o
A1919N 4.2 l!ﬁﬂ\‘]lﬂfﬂ@Iﬂhlaﬁilﬁuﬂﬂf]”lll!eﬂuslluﬁﬁlq ) HAZATUIULFDNTDATIAN AN TUNT

UFe,0,/N-MWCNT tilunan 2 uag 60 ui

Sues snnuiesialanisentin efiFunsnmsanasves
Tala (log CFU/mL) woslnla(%)
G'mgiu szaznNTUN szaZNAUNT szaznAdNAT | szaznaduia
(log CFU/mL) 2 W1 60 W1 2 W1 60 ¥1h
3.02+0.07 1.53+0.27 "laiﬁu,%mﬁmu 49.33 100
4.02 £0.07 2.39+0.09 1.48 £0.19 40.54 63.18
5.02 +0.07 3.12+0.04 2.13+0.26 37.84 57.56
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Adsorbent Metal Initial conc. of The conc. at

ions metal solution time t

(mg/L) (mg/L)
MWNT/paper cu”’ 1.5 0.950
MWNT-COOH/paper cu”’ 1.5 0.885
Fe,0,/MWNT/paper cu”’ 1.5 0.792
N-MWNT-COOH/paper cu”’ 1.5 0.876
Fe,0,/N-MWNT/paper cu”’ 1.5 0.699
N-MWNT-COOH/paper cr’ 1.5 0.904
Fe,0,/N-MWNT/paper cr 1.5 0.766

4 . Y 4 aa Y
M350 02 S lalativeurod Ia laseatinluemsfoulsenasdudany Fe,0,/N-

g o ¥ [
MWCNT Huna1 2 uag 60 U1 1agriin1snaasss 3 A5

SnueizudY STEATNNT 2 1N STEznAFTUAE 60 W)
log CFUML) | 41 | iz | #W3 | 41 | sz | a3
3.02 £ 0.07 7 2 3 0 0 0
4.02+0.07 21 32 23 3 2 5
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ANSELASITALATANWAILYRIVIaUNIUATSUBY YiaulluasuauLdstulnsiau
wazvisuluA1sUsUInlusouar lulASRUIINEITAIAUTTAVD LT
Synthesis and Characterization of CNTs, CN-NTs and BCN-NTs from Solid

Precursor

o

(3 IS 1, o/ £ a 1 L4 o/ 2
BNAGANT bUBULLEN ™, YYANG dals waz NNy GERNANGEE

1 a aa ¢ a s a o = a
ANV AEANE AULINYIANENT ll‘VnTV]EnaEJHﬁWW W.LLaqu‘U RR RN ‘Ua‘Uﬁ 20131
2 a a a s a o = a

ANAIVILAU AUSINYIAFRNT ll‘VnTV]EnaEJHﬁWW W.LLaqu‘U RN ‘Ua‘Uﬁ 20131
*Q’@mﬁa: aomaumla@gmail.com, 0845633584

unAnega

eulua1suau (CNTs) vieunluasusudslulnsiau (CN-NTs) hazviauilua1suau
oTuseunazlulnsiau (BON-NTs) Fuasizhlnenisnanansasduiiuseneudie siianTwa
wlaslsTu uaznsnuein feTBmsaniadeumelessmemani meldnsdanszsiigamnd 900
pIFTALTEE NABIYANTIAUBIANATOULUUADINTIA (SEM) kazndesqanssAibiannsouluudes
i1y (TEM) grldlunisiinsegsiitodnuilasiaiisduguinenazanuunnieswasio 910
AMaNe TEM ﬁqawamaﬂmauuaﬂﬂmmuﬁ'gﬂL%aaﬂ,uviauﬂum%Uauuammmunwiaqﬁ
gavadlaseaing waznisieezmenlulasiauluviaunluasveunandlassaiadeudedli Inewduy
mu@uéﬂama?{maqviat,l,w CNTs, CN-NTs uaz BCN-NTs agluyae 47.8+8.7, 145.9+11.5 uaz
67.9+7.5 U LULLAT ANEIAU IINNITATIVFOUANNUNNTBILUTUIIUAITUBUINNTINY
anasulngleonsdin I/l Fenanansliiuinensdin I/l Sawviadu 1.03, 1.10 wag 1.57
duuSAU CNTs, CN-NTs wag BCN-NTs aud1iu nan1sinsieisinaigluvieuiluaisueuain
wndLsdlnlndiannsouaiuninsalnl (XPS) aunsaduduladn CN-NTs uag BCN-NTs dazmnol
lulnsiauiag/vIeesneulusousy 1nHa XPS ¥89 CN-NTs kand 2 ¥UAANLLANAINYDY
lulasiauiswegnelulassasisvesio Ao Quaternary nitrogen Wag Graphitic-N-O vnuz i
BCN-NTs flusinamasluseuluuSuaiian wazdlsyuuunisriumveslulasinuneluvelavany
¥iin

Aman: vieuluasuay, luseumsuaululese, lulnsuderiauluasusy, LASIas19Rane
Uaadle

Abstract

Carbon nanotubes (CNTs), nitrogen doped carbon nanotubes (CN-NTs) and boron
and nitrogen doped carbon nanotubes (BCN-NTs) using a mixture of
imidazole/ferrocene/boric acid as a precursor were synthesized by the chemical vapor
deposition (CVD) at growth temperature of 900 °C. Scanning electron microscopy (SEM)
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and transmission electron microscopy (TEM) were used to investigate the morphologies
and defects of nanotubes. From TEM images, both of boron and nitrogen atoms doped
into carbon nanotubes show high defects of structure and doped nitrogen atoms showed
a bamboo-like structure. The average diameter of CNTs, CN-NTs and BCN-NTs is in the
range of 47.8+8.7, 145.9+11.5 nm and 67.9+7.5 nm respectively. Investigation of the
defect in carbon nanotubes was determined from Raman spectrum by using the Ip/lg
ratio. It presented that the Ip/lg ratio at 1.03, 1.10 and 1.57 are related to CNTs, CN-NTs
and BCN-NTs 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 show two
different types of nitrogen incorporation in the nanotubes structure as Quaternary
nitrogen and Graphitic-N-O, while the BCN-NTs give the low boron content and having the
many types of nitrogen incorporation in nanotubes.

Keywords: Carbon nanotubes, Boron carbon nitride, Nitrogen doped carbon nanotubes,

Bamboo-like structure

1. unu

viouluAnsuau (Carbon nanotubes) gnAunulul 1991 Inggiiler 8311 (Sumio Ujima) [1]
wagsioulagnitwunaviinanldusylovdlumusng 1 wn iesndautRhlniia Snuias
a9 uazfinnuudeusedangugs samadautilunisUanudosdidnasouldd (2 Sagniian
Usvndlidugunsnimeinudidnnseindvansvia 1y lwadiloinds (fuel cell), wumnas, i
Wulszquaziduresnsataufaivydanis 4 Wusu (3] seunladnisimuiaudfvesviouly
asvouliiusyansamunniulaenisidoesnesvesluseunielulasaudnlyluviounTuasueu
gNAIDENNTY VIOUNUASUBULTDLUIASIAU (CN-NTs) wagviaulumsusuisluseulaylulasiau
(BCN-NTs) tJufu Lﬁaqmﬂmﬂ%aawaaﬂmauu,aziuimmuﬁmaﬁﬂﬁﬁauﬂuﬂﬁuaugﬂ
ﬂ%’uLU?%auamﬁ’aﬁmqmamwLLawmﬂﬁaénﬁﬁaﬁﬂﬁiQ Tngianzn1sidsuulasaninnng
avanelfuanfuUifsefiui mafessnonvessilusounarulasauililinnumuiuiures
auunnsesnielulaseadravieriuty uazneluviedinansdnuazlassadiendnoudodld
(Bamboo-like structure) [4]

frirusniinangisgnihuldlunsdaaszivieulunsveuriasiie q 19y Beiafavisa
(Arc Discharge), 38n135zinemeLalyes (Laser Vaporization), 3oa15lumesuea (Carbothermal
Synthesis Approach) wazisnisnnipdsusigleszieniaall (Chemical vapor deposition
method) [5] Tunsi3eormeulusounarlulpsiauanansodunsizilneldasaaduldnaresin
wu Bfalea [6] wudaaniiu [4] wefaulaedu [7] wazwanilu [8] iWuunasiiialulnsiay wag
1¥nsavesn [9] lewrsululslalasa (7] Tuseulnsaaslss [10] wasluseusanlen [11] 1Tu
wiasiudaluseu Tusewinesnsdaunsieildnanoslsdu [4,6,7] vimihiduisnsnyaaduas
Wuunaariiaasuau
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uATeiTauauladnwLRafunSELATIER CNTs, CN-NTs uag BCN-NTs fre3anisnniadeu
Fvleszmeniuadl (VD) Tngldansdeduitusenaudae sianlaa wodlsdu wasnsauein 7
ammu 900 aeALTALT A Lwaﬁﬂmaﬂwmku%mmﬂmqai'mnLmﬂmqnmawauﬂumiuau
W 3 oile u,avﬁjumwuﬁvmamﬂﬂivﬂaummwmmuma‘luwauﬂumiuau Wiethluuszendlda
AU ¢ okl

2. /M IANTUNI5IY

AsaaAsIzIviaunluAsSUaULasviauluAmsUaNTRadalusauLaz lulasiau

NouluAsuaudalulngiau (CN-NTs) uagviouluasuoudolusounas lulnsiay (BCN-NTs)
Qﬂé’qmiwﬁtﬁaLU%&ULﬁaUﬁuﬁauﬂumi‘uau (CNTs) sgdsnisanipdauniulaseineniamd
(CVD method) M%umauuiﬂﬁﬂLwiu%fa@im%’uﬁﬂizﬂauG’ha%’ﬁLﬁﬂimwaqﬁmu SiOy/Si 1l
NUInaRInaweiemendveulraudou Tnedanssduildlunisdansiziusenousie
3iinnloa weslsTu waznsauedn duidnvasdunmends lunsdunsizd (1) vieurTumsueu
Fupsrelagltnanaslsdu 1.0 nsu (2) viewnluasusuidslulastauduasizilagldnisuauans
Fadusening dalea 2.0 ndu wazweslsdu 1.0 ndu (3) vieuluasuoudeluseunaslulngiou
Fupszilagldnisuanansmaduszning siialea 2.0 n3u wlodlsdu 1.0 n¥y uaznsavesn 1.0
% lunauzaond meldnssuiumsdansiyin 3 LLﬁam%ﬂauQﬂUa'aEJLGé’hgjiwuﬁé’mwmi
1@ 500 sccm wazanadnde 300 scem Waziilogumgiifis 900 sarwalTya t@eulanTingy
vinniinetansestumdsuinaiininisuzaendfivssgansdeiu Tnalunsdunsed 30
it endungaliarudousasddoslisruuiuasdonmoivesmeliussenimesufaerinou
luseAUs¥NBUYRITEUUNITFUATIEHYIB U UANSUBUAI8T3E CVD ﬂmiwié’mngﬂﬁ 1
Msfneanuarnelasiasnawes CNTs, CN-NTs waz BCN-NTs shendesganssaudiannsou
WUUABINTIN (SEM) Uaendesganssamididnaseuluudodiiu (TEM) Bnsizianuauysalay
ANUNNTDIVBILATIAS 1 U TuATSUBUAles IuIuaUnInsalny Anwivlanussuay
psAUsznousmmelendlsdinlndidnasouauninsalnd (xPs) melideulunisdunszives
foghana 3 odn

Flow meter
o Furnace

Quartz tube [}-{}
Outlet

15 em Substrate

Valve 7

" Valve

Quartz boat
(Source)

Temperature controller

SUN 1 ssuunisdaesigiivieunluasueu (CVD system)

54



= v s ¥ Y = o LS ’ .
N15U52uAYINTIAUTIR ATIN 2 winnssunrsAnwNen sAILRE9E 8 GECON
2016

The 2™ National Conference 2016 on Innovative Education for Sustainable Development
3. HaukazanUsng

3.1 nan1sanseilassadaisunluasuausiinnng o drendasganssAlBianasau

IINNANITIATIERMENADIaNIIAUBLANATOULUUABINTIA (SEM) uanidnuazasiounly
mfvounsdiiiinisiesrneuviindunazlsifinigie duandusuil 2 Uszneusie U (n) CNTs
(4) CN-NTs waw (A) BON-NTs ausdfy Tngluusazsuldunsnsuidimdseneiigdufionans
swasiBeneslassadefidautu Tusu 2(n) ONTs Sidnvuzidueriuiu fenusdeudng
TndiAssiunarsmfiuduiou Tugu 2(0) wans CN-NTs dnuagvefinnuenliaiaueuazyied
yuelg wazrgy 2() BON-NTs viedvuwalsiasiausuaziidnuaslfae sududunguiiauen
YBIoUANAIIIY

L3

SUT 2 A SEM 983 (n) CNTs () CN-NTs uae (@) BON-NTS

iHefiansannransilesgimendesqansmisidnnseunuudessin (TEM) uanslugud 3
(N) CNTs (¥) CN-NTs wa () BON-NTs asdsu wudilugd 3(n) CNTs Sdnvazvesviedifiuue
dnuazlasiadanieluriesansdnuazailviefinun dneauzveanilaianuliiBeu esainung
Uinadnduuesezuesilaniueuinizegiiiivesse dnvuzaigluvionads fuurmnaiaty
AU §U 3(¥) CN-NTs wanadnvazvesnnulurieiifivuislng adavouns wasiidnuas
Tassadramelundreudoshi Taedidununmsudsvesislununnadudnnunn aummidesan
msfifleznauvastiulasiauluumsndnieluuiname Mliinseuunnsewentan s lids o
110 uazgyU 3(A) BON-NTs viewlumiueuiignideseeznesveslusounarlulasiou vivlvivied
U1 7998911910 CN-NTs  anwauzvesniavisusuaziidnwurlaseasisnaisUdaosle
WuRetu walanudvesnisiinudedliiosas dnwarudedhireudnaig
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.

U 3 A TEM ¥4 (n) CNTs (7) CN-NTs Uag (A) BCN-NTS

2InAMEne TEM 483 CNTs, CN-NTs Wag BCN-NTs wuiwiefivuiafiumnsnsduagnadiuldde
Todvunadusinugudnatandsues CNTs, CN-NTs waz BON-NTSs Wiy 47.8+8.7, 145.9+11.5
uay 67.9+7.5 uluans MU Sawannnsrurunsiefeoznonvessipluseulayiulnsiau
TuvieunTumsueu shliediduriugudnansmualvyuwasniismeuisasogiauiulddn lue
CN-NTs waz BCN-NTs nudnlassadrsneluvieivasuludeddnvuslassairsndroudasl
(Bamboo-like structure) Bsosdvsznaumeluriefidnuazmilounsiedouriviu sudunanin
NslemeyaenaNvesInluseuLaziulasauy

3.2 HAN1TAATIRRANNANYTAILAZANUNNIBIVRBUN TuAT SUBUR e s UaUN N T T

HAINNTIATIBVIANLANYTivaiauluAsusumemalinsTuuaUningalny deandly
SUT 4 Fslu ONTs nudifndia G uuud Sauansdnvuzlassadiavesdunsiiu Ausnasiums
1578 cm - waziAndin D wuud Sauansdnvaranuldidussifeusazmuunnsosvedassadng
geatunsfuneluviouluaduey Ausnasumus 1346 cm " Wefiansanadnsidiuves Io/lc
o 1.03 Tuveusdl CN-NTs wudnAnfia G wuus fusiasiunis 1580 cm’ waziinfia D
WUUS IUSaWWL 1350 cm - Siasms1dau 1o/le v 1.10 wagludiuves BCN-NTs wuin
Anfia G LU TIUSasumys 1584 cm waziinfia D wuus Auasiumis 1347 cm” den
M58 I/l agjﬁ 1.57 NHANSIATIERFLNAAULATT BCN-NTs 3805183 1/l mnﬁqm R
wanINalasead19ves BON-NTs danuunnsasnigluviauinnia CN-NTs wag CNTs @annaosnu
UTinavesassaduifuiinunindovesesaey B uay N TuuTuiniigs viilvlu BON-NTs finng
wnsndusnaviewlumsueuldinnniviesindu Jeduiustunavesnisiassiesdusznay
vossmmeluriadaemaiin XS fannsewuldinviozmeuues C, B uag N iinognielusie finng
BALNIZAIENUSZUUUSN 9
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Intensity (a.u.)

G band
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=
=
5 | oNNTs I/l =1.10

BCN-NTs e r Aca A I/ =1.57

LI T T LI T LI T LI
1000 1200 1400 1600 1800 2000

Raman shift (cm™)

U 4 51uaUnp$uves CNTs, CN-NTs uag BON-NTS

3.3 NANTTIATILVRIAUTENBUSINYDY CN-NTs uag BCN-NTs
HANTIATIER CN-NTs mewmaiia XPS lienesfusenauvetasnaunisluvie awanslugui

531nKa XPS anasulugy 5(n) wuivleiinoznenvesansuen Tulpsiau uazeendiau i
doygasaunasuveseglulasiauuingdalulaseasneues CN-NTs wuawnasuves C 1s, O 1s
uay N 1s \AnfiandniiuTiinsiums 284.4 eV, 532.4 eV uay 401.4 eV muddu dmiuguil 5
%) Land XPS alunmy vesiuszozneuvadlulasiaulsnglasusenavulufie 2 Wusewdn 9
FLAUNGIU 401.4 eV (Quaternary nitrogen) [12] Wag 402.4 eV (Graphitic-N-O) [13]

C1s

(n) CN-NTs * () CN-NTs N 1s

C1s=96.93 at.% I Quaternary nitrogen

N 1s = 2.07 at.% I Graphitic-N-O

O 1s =1.00 at.% =
=
\«;
2
g
g

O1ls Nls
amaan oo SN 1 ‘AJJV[
T T T T T T T
0 406 404 402 400 398

T T E T E T L T
1200 1000 800 600 400 200
Binding energy (eV) Binding energy (eV)

giﬁfi 5 XPS awnnsuvas CN-NTs (n) aunasuaes CN-NTs 71 binding energy Tug33 0-1200 eV
uay () anasuves N 1s ¥89 CN-NTSs

U 6 (n-A) WaRINANITIATIZI BON-NTs fnemadia XPS Tugufl 6(n) wansnavesaiunmiu

0zRoNYRIINAN o Aeluvie Tanuindeaduszneuveseymon B, C, N uay O agneluvie

Usngaiunafuwes B 1s, C 1s, N 1s uag O 1s IAnfiandndiuTiansiumiis 191.0 eV, 284.8 eV,
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398.8 eV wag 531.8 eV muddiu uiludiuvesiia B 1s Usingliifiuanuduiion efiansan
n1siinfiuszveserneuwiazyinnigly BON-NTs Tugy 6(1) wanin1suanwaiussvatarnoy
lulpsiaunusngluguvesiuszeing o ansnsaduunld 5 wuu muszdundanuiusy Taenuin
n1siinfiusgluguves Pyridinic nitrogen, Amine Wag Quaternary nitrogen Aadulalud3unn
Adidiganiniusydu o nsdiuszuesermenlusoudunalsananniulugui 6(a) wansns
\Aarusysening B Au N uslinuiusgszning C fu B iilesanniivfunuesneuveslusouldols
Usinaitfeslulassaisvesieunluafueu Jeamnsoaguesdusznauuazfuseaiining 1
el CN-NTs wag BON-NTs leimumnsnsdi 1

(R) BCN-NTs Cls
C1s=92.46 at.%
N 1s = 3.05 at.%
~ O 1s=2.92 at.%
=
&
2
&
123
|
O 1s N 1s
B 1s
T T T T T T T T T T T
1200 1000 800 600 400 200 0
Binding energy (eV)
(9) BCN-NTs N 1s (m) BCN-NTs B-N B 1s
I Pyridinic nitrogen
I Amine
o III Pyrrole nitrogen .
= s
& IV Quaternary nitrogen S
2 2
Z V' Graphitic-N-O ‘Z
8 8
s =
T f T T T T T T T T T T T T T
404 402 400 398 396 394 205 200 195 190 185 180
Binding energy (eV) Binding energy (eV)

gﬂﬁ 6 XPS annsuves BCN-NTs (n) awnmsuves BON-NTs #i binding enerey Tutiig 0-1200
eV

() awnesuwed N 1s waz (A) aUnmsuwed B 1s 993 BCN-NTs
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MITNT 1 LanesAUTENaULA WY ITAAY 9 U89 CN-NTs wag BCN-NTs

99AUSENOU | Atomic concentration Binding energy Wusevlneg 9
579 (%) (eV) [12-19]
CN-NTs BCN-NTs CN-NTs BCN-NTs
B - - - 191.0 B-N
C 96.93 92.46 - 284.0 CC
284.3 . C-C (sp)
285.1 285.0 C-C (sp)
285.8 285.8 C-OH
286.5 286.6 -C-O
287.2 287.4 -C=0
288.0 288.4 O=C-OH
N 2.07 3.05 - 398.5 Pyridinic nitrogen
- 399.4 Amine
- 400.5 Pyrrole nitrogen
401.4 401.4 Quaternary nitrogen
402.4 402.4 Graphitic-N-O
@) 1.00 2.92 - 530.4 Cc=0
531.4 531.9 C-OH
532.6 - C-0-C
- 533.2 -C-O-
534.2 534.0 COOH
536.2 535.5 Chemisorbed oxygen
4. unasy

ATeivansAneniafunisdaasizsivieuTuadvowdeluseunarlulasiauiie
Wisuifsuiuvieunlumiusuiolulnsiauazieulundveu Tnsvieulluasususia 3 vdn gn
Jupsediinegds CVD levhm T neilassaiunazesduszneuvessinneluvieurluafueu
Tnanuianuyaen NdugIVING 1D INNITIATISRAIENABIRaNTIAIBIANATOULUUEINT I
(SEM) tfu viounTupnsuauiis 3 viln fidnvadurefisuiulufounszansuuwsusesdu na
iesanlangazazdadanuaeslsduinisnszaesudungy 4 ilinszuunmsifaviedaiale
lamzUsasingn waziiiethvens 3 slaudnseddnvariassadiensluriediendes
9an35AUBLANATOURUUERINIU (TEM) WUd1 CNTs, CN-NTs  uag BCN-NTs fuumduniu
@uénamaﬁmmﬁat&dﬁu 47.8+8.7, 185.9+11.5 Uaz 67.9+7.5 UWUAT AIUATU Fauansls
’jwiamiumi‘uauﬁgﬂL%aé”saawamaﬂmauuaﬂﬂmmuﬁmaﬁﬂﬁviaﬁmmmiw@%uuazmlfwia
vsaadlofieuiiu CNTs 91na wens TEM ve9 CN-NTs was BCN-NTs wansliifiulassadneniely
vieMasuluieillassasendneudadli (Bamboo-like structure) fidnwaziniiounsiedouriuiu
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WazINNTIATIEYimemaAtiaT AN nsalnd @1unsailAsIEiANNaNYSallarANUNNTeY
Y090lANAITNIIEIY I/l V89 CNTs, CN-NTs uaz BCN-NTs Fafldnviafu 1.03, 1.10 uas
1.57 @Ua1aUu NNKARINANILERIIINTSIIRasAaNvadlusautayiulasiauluriewlua1susy
dwmaviliviouansaruunndosiigeludodioudu CNTs uazBudunisioguestsuusnluseu
wazlulasiaulu CN-NTs wag BCN-NTs metandisdlnlndiannsauanlnsalal (XPS) anKanis
A1 CN-NTs dn1sunsndrvesesneululnsiauniglulassassveaeunluaisuaulasngd
BCN-NTs osanluanadulvgfiiearBanziiuinaivese lianunsaunsndegnield
1A59a51998pUIlUASUBDU

5. inAngsuUsene

qﬂuiﬁaﬁiﬁ%’wuaﬁuaﬁéummwizmmﬁuﬁ816’1’ ANEINGIANANT UNINITEYTN Uazan
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Abstract

In this work, a simple and efficient chemical method to prepare Fe;0, magnetic nanoparticles decorated on multi-walled carbon
nanotube (Fe;04/MWCNT nanocomposites) was presented. Fe;O4 nanoparticles were prepared by chemical co-precipitation of
Fe?" and Fe*" in alkaline solution. The average particle size diameter of the particles was approximately 12 nm. A mixture
between the obtained colloidal solution of Fe;0, nanoparticles and the colloidal dispersion of acid functionalized MWCNT in
water resulted in uniformly Fe;O, nanoparticles deposited on carbon nanotube. In basic solution, Fe;0, nanoparticles were stably
attracted to carboxylate groups (MWCNT-COO-) on the surface. The presence of Fe;O4 nanoparticles and their surface
conjugation to MWCNT have been confirmed by XRD, TEM and FT-IR techniques. The effect of Fe;O, loading on the X-ray
diffraction patterns were determined to investigate their chemical and phase composition. Magnetic evaluation of the synthesized
magnet revealed a strong magnetic separation property. The sorption properties of Fe;0,/MWCNT composites for the removal of
methylene blue from aqueous solution were investigated. The effect of contact time and initial concentration of MB on the
adsorption were fully studied. The result kinetic data were well followed by the pseudo-second-order model.

© 2017 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of International Conference on Science and Technology of the Emerging

Materials.

Keywords: Magnetic carbon nanotube; Adsorption of methylene blue

* Corresponding author: Tel : +6638 103053
E-mail address: akapong@buu.ac.th

2214-7853© 2017 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of International Conference on Science and Technology of the Emerging Materials.



6568 A. Suwattanamala / Materials Today: Proceedings 4 (2017) 6567-6575
1. Introduction

Carbon nanotubes (CNTs) have attracted significant research interest owing to their exceptional mechanical,
thermal, and electrical properties [1]. It is well known that surface modification of CNTs can significant improve
their surface functionality and tenability of their properties, such as electrical and magnetic characteristics [2].
In recent years, magnetic CNT has received considerable attention in solving environmental problems especially
removal organic and inorganic pollutants from large volumes of aqueous solutions within a short time [3, 4].
Researchers have been developed magnetic CNT by several techniques such as encapsulation of magnetic molecules
inside the carbon nanotubes or grafting/decorating on the surface of CNTs [5].

Several methods have been explored to attach magnetic nanoparticles onto external surface of CNTs [6, 7]. In
general, decoration of CNTs with superparamagnetic iron oxide nanoparticles such as magnetite (Fe;04) and
maghemite (y-Fe,O;) has been performed through electrostatic interaction and wet chemistry. Pistone and co-
workers [8] present a simple, efficient and reproducible route prepared magnetite supported on multi-walled carbon
nanotube (MWCNT) by deposition—precipitation and wet-impregnation method by mechanical and ultrasonic
stirring. Deposition—precipitation samples were prepared at 60°C by adding iron (III) and iron (II) precursor to in an
aqueous dispersion of MWCNT following by adding ammonium solution. In the impregnation method, an aqueous
solution containing a proper amount of iron (III) and iron (II) was first dispersed onto the MWCNT, then an aqueous
solution of NaOH was added and the samples were dried at 323 K overnight. The surface of nanotubes was
confirmed loading with iron oxides nanoclusters with a mean diameter of 10 nm. Sadegh and co-workers [9] also
reported on synthesis and characterization of CNTs decorated by magnetic iron oxide nanoparticles by chemical co-
precipitation, but the reaction was carried out in mix deionized water/ethanol media at room temperature for 96 h.
The interaction between Fe;04 and COO- group sticked on CNT surface of functionalized MWCNT was proposed.
Xiu-juan and co-workers reported on the synthesis of magnetic CNT by two-pot, two-step method, which the
particle size of Fe;O, nanoparticles were firstly controlled synthesis by chemical co-precipitation method.
Secondary, the solid powder of Fe;04 was redispersed and mixed with HNOs-oxidized MWCNTSs in a solution
(water/ethanol=1:1v/v) to carry out the decoration by electrostatic interaction [10].

Herein, we report the synthesis of magnetic MWCNT nanocomposites through the electrostatic attraction of
Fe;04nanoparticles in one-pot, two-step method in basic solution. Fe;04 / MWCNT nanocomposites were prepared
through co-precipitation and electrostatic interaction with acid functionalized MWCNT and fully characterized by
scanning electron microscope (SEM), transmission electron microscope (TEM), energy dispersive X-ray (EDX),
X-ray powder diffraction (XRD) and vibrating sample magnetometer (VSM). In addition, the adsorption efficiency
of the prepared Fe;0,/MWCNT inorganic material using methylene blue for modelling adsorption was studied.

2. Experimental Procedure
2.1. Acid-functionalization of MWCNTs

Multi-walled carbon nanotubes (MWCNTSs) were purchased from NanoLab, Inc, USA (Purity 95 %, outer 50 nm,
length 1-5 microns, surface area 200-400 m*/g, produced by chemical vapor deposition (CVD). Acid functionalized
MWCNT was prepared by HNOjs-oxidization. First, 0.5 g of MWCNTSs was dispersed into 75 mL of concentrated
HNOsfor 8 h at 110°C. Then suspension was separated by filtering, washed repeatedly with distilled water until the
solution was neutral. Finally, the functionalized-MWCNT was dried in the oven at 100°C for 24 h.

2.2. Preparation of Fe;0,/ MWCNT nanocomposites

Firstly, nanoscale Fe;0,4 nanoparticles were synthesized at room temperature by chemical co-precipitation. The
reactions were carried out under nitrogen atmosphere. Typically, 0.01 g of FeCl,.4H,0 and 0.03 g of FeCl;.6H,O
were dissolved in 100 mL N,-purged distilled water. Then 50 mL of an aqueous solution of 1 M NaOH was slowly
dropped into the mix solution under vigorous stirring. The mixture was continuously stirred for 1 h. The black
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colloidal suspension of Fe;O4 nanoparticles was obtained. Fe;O,/MWCNT composites were prepared from, 22.0 mL
of the black colloidal of Fe;04 was slowly dropped in 0.0125 g of MWCNT dispersed in 50 mL of with N, purged
distilled water under ultrasonication. The mixture was stirred for 2 day at room temperature. The particles were
separated by a permanent magnet, allowing the particles to be washed with N,-purged distilled water. The washing
procedure was repeated for 3 times and dried under N, atmosphere.

2.3. Characterization

The synthesized Fe;O, and Fe;04/MWCNT nanocomposites were characterized by transmission electron
microscope (TEM, PhilipsTECNAI 20). A LEO 1450 VP scanning electron microscope operating equipped with an
Oxford Instrument was used for SEM/EDX investigations. X-ray powder diffraction (XRD) analysis was conducted
on a Bruker D8 advance powder diffractometer. FT-IR spectra were recorded on a Nicolet Dx-10 Fourier transform
infrared spectroscopy (FT-IR) spectrophotometer. Magnetic property was analyzed using a vibrating sample
magnetometer (VSM, VersaLab).

2.4.Methylene blue adsorption

Adsorption experiments were conducted using 250-mL Erlenmeyer flask containing 0.075 g Fe;O4/MWCNT
composites and 150 mL samples of methylene blue (MB) dye solution with known concentration . The dye solutions
were prepared by dissolving the powders in distilled water. The MB concentration was measured at Ay, = 665 nm
using a Spekol 1500 model UV-Vis spectrophotometer (Analytik Jena, Germany). The flask was shaken in a
thermostatic water bath oscillator at temperature of 30 °C and aliquots of approximately 10 mL were withdrawn
using pipets from the flask into vial at different time intervals during the reaction. The Fe;0,/MWCNT composites
as adsorbent were separated immediately under strong external magnetic field from treated solutions. The residual
MB dye concentration in the solution was analyzed by UV-Vis spectrometry technique and the relative dye
adsorption versus reaction time was determined. The amount of MB adsorbate per unit mass of adsorbent (g, :
mg g") and the removal efficiency of MB on Fe;O,/MWCNT composites (7) at time ¢ were calculated by the
following Egs. (1) and (2), respectively.

(Co=C)
Qe =—— (1)
(%) = % x100 ©)

where Cy and €, (mg L) are the initial MB concentration and the residual MB concentrations at any time ¢ (min),
respectively and m (g) is the mass of adsorbent used in one liter sample of MB solution.

3. Results and Discussion
3.1. Structure, morphology and compositions

The particle size and the morphologies of the synthesized Fe;O4 and its composite with MWCNTS were
observed by TEM. TEM image in Fig. 1a showed pseudo-cube like morphology with an average diameter of 12 + 3
nm which iron oxide nanoparticles were uniformly dispersed without obvious aggregation. The image in Fig. 1lb
depicts an entangled network of acidified MWCNTSs, which are attached to Fe;O4 nanoparticles. It can be noticed
that there are some distribution of Fe;O, particles along the MWCNT surface while some are still in small cluster of
particles coated with small cluster of Fe;O4 nanoparticles. The percentage of Fe;O4 composition was determined by
SEM-EDX analysis. The amount of Fe;0, loading from experimental analysis was found lower than thetheoretical
calculation .This may the results from inhomogeneous dispersion.
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Fig. 2. (a) SEM images; (b) EDX spectrum of Fe;O4/MWCNT nanocomposites.

The results from electron microscopy clearly demonstrated that Fe;O4 nanoparticles decorated on MWCNT were
successfully prepared. A simple preparation method in one pot reactor with two-step process; co-precipitation and
electrostatic interaction method was applied. Colloidal suspension of Fe;0, nanoparticles were firstly synthesized by
co-precipitation in very dilute concentration of Fe*'and Fe*'precursor (Fe*" = 0.001 M, Fe* = 0.002 M) to avoid
aggregation. The particle size of Fe;0, can be controlled before the decoration process and the suspension of Fe;O4
was used in colloidal form without further separation out. By controlling pH of the colloidal mixture between Fe;O4
and MWCNT at pH 8, well dispersion of Fe;O,4 particles on MWCNT was obtained under mechanically stirring.
These results revealed that the magnetic MWCNTSs decorated with Fe;Ognanoparticles have been successfully
obtained during the preparation process.
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3.2. X-Ray Diffraction

X-Ray diffraction pattern of Fe;0,/MWCNT nanocomposite compared with pristine Fe;04, and MWCNT are
shown in Fig. 3. The hybrid composed of 2 phases of cubic Fe;04 and MWCNTs. The peaks at 2 theta of 24.72 and
42.54 are attributed to the graphite structure (002) and (100) planes of the MWCNTs. Diffraction peaks of 30.17°,
35.28°, 43.22°, 53.54° and 63.06° are attributed to (220), (311), (400), (422) and (511) planes, respectively,
correspond to the magnetite (Fe;O4) phase. No significantchange in peak position due to change in the crystal
structure in decoration process.

Fe304 /MWCNT

intensity (a.u.)

10 20 30 40 50 60 70 80
2 theta (degree)

Fig. 3. XRD pattern of Fe;O4nanoparticle, MWCNT, Fe;0,/MWCNT nanocomposite.

3.3. FT-IR Analysis

The FT-IR spectra of Fe;0,/MWCNT composites compared with pristine Fe;O4 and acid functionalized
MWCNT (MWCNT-COOH) are shown in Fig. 4. In the spectrum of MWCNT-COOH, the strong absorption band
at 1584 cm ' is graphite mode originating from the sp>-hybridized carbon which is a characteristic peak of carbon
nanotube [11]. A broad absorption peak of OH stretching at 3423 cm™, a shoulder peak of C=0 stretching at 1625
cm’ and broad peak of C-O bond at 1018-1200 cm™are indicated the presence of carboxylic and hydroxyl groups,
which evidence successfully attachment of carboxyl group onto the surface of MWCNTSs. Hydroxyl and carboxylic
functional groups on the MWCNT surface are expected to provide active sites for further immobilization. For the
vibrational spectrum of Fe;0,/MWCNT—COOH, a broadband in range 560-650 cm™ which showed the presence of
Fe-O group can be observed. In addition, it can be noticed that the broad band at in range 1018-1200 cm™ and a peak
at 1625 cm™ become weak. These indicate the interaction between Fe;04 and MWCNT-O", MWCNT-COO" groups
on the surface of carbon nanotubes.
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Fig. 4. FT-IR spectra of MWCNT-COOH and Fe;04/MWCNT nanocomposites.
3.4. Magnetic separation and properties

The magnetic behaviour of pristine Fe;04 and Fe;0,/MWCNT composites were investigated using M-H curves
from VSM analysis at room temperature. Magnetization curve are shown in Fig. 5a. The image of colloidal
suspension of Fe;0,/MWCNT nanocomposite in the absence and presence of an external magnetic field is shown in
Fig. 5b.

yatal
o

a) Fe;0,
40

20 Fe,0,/ MWCNT

[

-15p00 -10000 -5000
-20

5000 10000 1500

Magnetization (emu/g)

Magnetic field (o,)

Fig. 5. (a) Relation between the applied magnetic field and the magnetization of Fe;O, nanoparticles compared with Fe;O4/MWCNT; (b) colloidal
suspension of Fe;04/MWCNTin the absence and in the presence of external magnet.

The saturation magnetization (M), remanent magnetization (M;,) and corecivity (H.) of the synthesized Fe;O4
nanopartcles are Mg = 46.5 emu/g, M, = 0 emu/g and H, = 0 Oe, respectively. The saturation magnetization of
Fe;04/MWCNT (40.1emu/g) was slightly lower than the pristine Fe;O,4. Both nanomaterials exhibited no hysteresis
loop as typically characteristic of superparamagnetic particles. Although addition of the nonmagnetic carbon
nanotube leads to decrease of saturation magnetization of Fe;O,, the synthesized nanocomposites are still have high
saturation magnetization enough for efficient separation process [12]. Base on the performed XRD, FT-IR and TEM
analysis, it is demonstrated that we successfully prepared magnetic carbon nanotube by decoration of carbon
nanotubes with Fe;O, nanoparticles. High magnetization and high dispersion of the synthesized Fe;0,/MWCNT
imply the high adsorption capacity and removable ability of the synthesized magnet nanocomposites.
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3.5. Effect of contact time and initial MB concentration on adsorption efficiency

The initial adsorbate concentration plays an important role in the adsorption capacity of dye on adsorbent. The
effect of contact time on the adsorption capacity (g, and the color removal efficiency (7)) of MB onto
Fe;04/MWCNT composites at different initial MB concentration were presented in Fig. 6. The adsorption process
and the removal of dye at different initial concentrations were rapid at the initial stage and then gradually decreased
with the progress of adsorption until the equilibrium was reached. This can be ascribed to the fact that a large
number of vacant surface sites are available for the adsorption at the initial stage, and after a lapse of time, the
remaining vacant surface sites are difficult to be occupied due to repulsive forces between MB adsorbed on the solid
surface and the bulk phases [13]. The percentage removal of MB decreases but the adsorption capacity of MB
increases with the increasing in initial MB concentration as shown in Fig. 6a and Fig. 6b, respectively, suggesting
that the adsorption capacity of MB onto Fe;O,/MWCNT composites highly depends on initial concentration. The
initial dye concentrations attribute an important driving force of concentration gradient to overcome the mass
transfer resistance of the dye between the aqueous phases and the solid phases, so increasing of initial concentration
ought to enhance the adsorption capacity [14]. In general, the total number of available adsorption sites is fixed for
a given adsorbent dose. It is reasonable to emphasize that the larger ratio of active adsorption sites of the adsorbent
is available at lower initial concentration. Therefore, the removal efficiency of dye is greater at lower initial
concentration but smaller at higher initial concentration [14].

100

a) -/—-"——”‘___*

80 -
g 60 -
©
3 —o—50 mg/L
5§ 40 -
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Fig. 6. Effect of contact time on a) the percent removal b) the adsorption capacity of MB onto Fe;04/MWCNT composites at different initial
concentrations.

3.6. Adsorption kinetic
In order to understand the characteristics of the adsorption process, the pseudo-first-order and pseudo-second-

order kinetic models were applied to fit experimental data obtained from experiments. The pseudo-first-order (Eq.
(3)) and pseudo-second-order (Eq. (4)) kinetic models are expressed below in linear form:

k
log(qe — q¢) =logqe — 5=t 3)

t 1 t

ac  k2q% e

4)
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where ¢, and q, (mg g"') represent the amounts of MB adsorbed at any time 7 (min) and at equilibrium, respectively.
k, (min")andk, (gmg' min™) are the pseudo-first-order rate constant and pseudo-second-order rate constant,
respectively. The kinetic parameters and the correlation coefficients (R?) determined from the slopes and intercepts
of linear regression are summarized in Table 1.

Table 1. Kinetic parameters for the adsorption of MB onto Fe;0,/MWCNT composites

C Gevexp Pseudo-first-order Pseudo-second-order
(mgLh) (mgg?)

kl ( min-l) qe cal (mg gl) R2 k2 (g mg_l min_l) Gescal (mg gl) R2
10 19 0.0082 12.5 0.9878 0.0017 19.76 0.9966
30 57 0.0107 48.0 0.9689 0.0003 62.11 0.9948
50 74 0.0082 58.5 0.9938 0.0002 80.64 0.9943

Obviously, the experimental g. values (g..x,) are not close to the theoretical calculated one (g, ) obtained from
the linear plots of the pseudo-first-order kinetic model. It indicates that the adsorption kinetics for MB did not
follow in a good corresponding to the pseudo-first-order kinetic model. On the other hand, the linear plot of the
pseudo-second-order kinetic model provides a good agreement between the experimental and the calculated g,
values. The corresponding correlation coefficient (R?) values for the pseudo-second-order kinetic model were
greater than 0.99 for all MB initial concentrations, which were higher than for the pseudo-first-order kinetic model.
It implies that the kinetic of MB adsorption fitted well with the pseudo-second-order kinetic model. Values of k;
decreased with the increasing of initial MB concentration. The result is proven that adsorption of MB onto
Fe;04/MWCNT composites increased with the increasing of initial MB concentration resulting from an increasing
the driving force of a concentration gradient. The results showed a good agreement with the previous study on
carciogenic dye adsorption onto chitosan-modified-magnetic graphitized MWCNT [15]. The electrostatic attraction
between positively cationic dye and negatively charged surface of MWCNT and n-r stacking interactions between
MWCNTs and MB might attribute for the MB adsorption ability of the Fe;0,/MWCNT composites.

4. Conclusions

A very simple and effective approach for the decoration of MWCNTs by iron oxide nanoparticles was presented.
The magnetic measurements of the obtained Fe;O,/MWCNT nanocomposites proved that had superparamagnetic
characteristics. The major advantage of magnetic nanocomposites as adsorbent is that easily separated magnetically
from the medium after adsorption in short time when compared with the MWCNTS. The electrostatic attraction
between negatively charged Fe;04/MWCNT adsorbent surface and the positively charged cationic dye plays an
important role in the adsorption capacity. The combination of the effective adsorption properties of MWCNT and
the magnetic properties of Fe;O4 nanoparticles provide a power tool to deal with the environmental pollution. We
believe that the simple synthetic route may pave a way for researching novel absorbents.
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dunivsznaudiy dfianlzs (waslsdu uasnsavasin Ngamgiilumsdaams 900 °C MNMIIATRIBNADIaNTTAY

3 u

BlanasauULUUdDINTIA (SEM) uasndaeganssaidianasaunuudassy (TEM) wuhiieanuunnsasduusnalasiade
vauazmeluriauaadlasiadendedaalil fmnaduruguanaindonns CN-NTs uaz BON-NTs agluzig 145.9411.5
wluas uaz 67.917.5 Wluuas MU MNnMIasIdauaNNuansaslunamnlumsuaudainuaunasulagld
Sanau 1 /1, Feuauaaslifiuinaasdin I /1, 289 CN-NTs uag BCN-NTs fé0niu 1.10 wos 1.57 auddu uanms
AwnzdmamealunanlumsvsunnendisdinladidnaseusUninsalnl (xPs) ansaduduldd’ CN-NTs uaz BCN-
NTs fiazaaululasiauuas/visazaanlusausg INHa XPS 289 CN-NTs WaoN 2 ﬁﬁmmmLmnvhwmluimmuﬁsmagi
melulaseadeweriafe Quaternary nitrogen ua Graphitic-N-O wme#i BCN-NTs fuSanawaslusauluuSinadisuasi
sUuuumsnuieslulasaumeluielduassiio wamsnnaiaudd NO, wuh CN-NTs fimsaausuasinaduasing

Auarfignysal Wulvlahanuunnsaslulasedsiannmsideszaaunlulosudiaindszdnimwlumsgaduuds
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imziudausenulaanazaudd NO, aauumsduamz’ BON-NTs deasiiiludasdnmiiiaiiinsnamsianisuatasaan

Tusauiidauasmuanesalsznaveaesng lilisanaunmanzanyasnidelusmnang
adan: vownlumsuaudalulasiou Tusaumsuaululasd lulasiulesanlad ufEdumas

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-NTSs 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,/I 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 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-NTs 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
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v luasuau (Carbon nanotubes) gnauwulull 1991 loayilas 833 (Sumio Lijima) (Lijima,

1991) wazdainlagnannuazihanlduszlemiluduan 9 iy WssnnfiandMhlWihng dnuinfiog
waziianuudusdongugs unidianialumslanlsssdidnaseulad (Kaushik and Majumder, 2015)
e o ¥ o ¢ vy adg a ¢ a v -1 a 4 o
FegmbhandssandlFilugunsaimemudiannssiindvarsyiia Wy wad@ainwds (fuel cell), WUALAD3, 672
Wulszauaziduasanaiaudaivsiacs 9 Wudu (Elrouby, 2013) dawnldimswannanifivasiam
Tuesuaulifivszdnsnmwnindulasnisiisazaanvaslusaunialulosauinlluvauluasuau
fagu e luansuauidalulasiau (CN-NTs) wazviawnluansuauidalusauuazlulasiau (BCN-

& v & - o o ¥ 1 s @ a wa &

NTs) Wueu dasnnmsideszaanlusauuaslulasnuiinamldvamnlumsvaugnusuldsuandinime
mamuuazmuaiitieu leawmwizmsidsuwlasdgmumsazaalduaziinufiseniuiinsideazaan
s lusauuaslulasuhliianumnuivasenuunwsasmelulassanawsaraiiniy uazmealura
gauansansauslassadienrareudaale (Bamboo-like structure) (Adjizian et al., 2014) M5i3p0rAdN
lulaswhldneanuuanssaindululasiaiursuasiidaumglumstomenuluanaveaudalulasiay
lasanlad (NO,) 3aniimsgadumaail (Bai and Zhou, 2007) laaufsensswinuda NO, Auviaunly
e - o = a g ] ¢ P s v & av 1 v Av v
msvauidalulasuinmsdanmeiudassnvamnluansuauiaadntias Fenuanmsisanauninille
Henuihramnlumsvanidslulasuiisnddlumsenalauds NO, ldd nmsEnwmrisunlumsveauuuy
nilavanedy 2 #iie de o lumsusuidalusauuazvawluasvauidalulasiau wsthinesaioudd
NO, ienudindy 50, 100, 200, 500 ppb waz 1 ppm wuhrawlumsusuimsnausuassiniaadauds
NO, uglunmsassnuinumrismnlumsvauidalusounasvianlumivauids lulasuudasmsnauauaias
ufig NO, lage Tasanudnduzasuds NO, idninsansaialddansus 50 ppb Juld wuihmsaauaues
2IIATIVIOHANNNIUAUM SINANNENT DY NO, uasi3ndumNaNdndugs uananiigawuily

riamnlumsuauidalulasuiinsfudldaganysaluaiimsduaiilianysalifazuluvanTumsuauie

]
=]

Tusau (Adjizian et al., 2014, p. 666) MAFFAaN laTMIFN eI WaridY B-, N- uaz O- fignids
luramnlumsveu lagramnlumsvauidalusauuazvismnlumsvauids lulasugnihinasiaiauds NO,
fianuduiu 100, 200, 500 waz 1000 ppb Meldammgiives uazwuinianTumsueuidalulasiaud
Uszansmuwlumsanalaufaiendusuanglaaifiomnunnganuunnsaamelulasade wu Insdu
Tulasiau (pyridine-type) agj‘u‘%nmv‘ﬁuﬁ';uazﬁmsﬁuﬁaﬁaugstﬁwé’qmsmaﬁﬂLLﬁ"a waluriawluasuau

@alusauiimsdudiiailasnnazaanlussuiimstaimziuluana NO, iudausand ildendamsiiae
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Tutana NO, anld (Leghrib et al., 2011) dwsulunsdimsdanazasnlusauuazlulasuniannuluve
nlumsuay (BCN-NTs) laiimsanmlagldnsdanszimamaiin CVD a8dnsdiues B, C uaz N

WAy 1:4:1 diehanydssgndldnsiaiauda NO, enudndy 0.97-97 ppm WU BCN-NTs  §m3

1%
= [

MaUFUBINALAzTIAE Naiennlasadeanlulansdnuaiuafianiamedidnnsafindfindunsdann
Badzezaay B uaz N lurawnlumiuay 3wezaaun B uas N fnavhlviielaaniedidnaseusuluriaunly
msusurlivieRaatifidumsiadani nnsluanauda No, fsaansadufuazaan N Tuwiia BON-NTs
16 dwiuludivuesmsda B vwhlvilanuaminsalumsiaimedaaiis NO, lﬁgﬁyju (Yanget al.,

2013)

'
r

mATEiTanwsulafiesdnmuazasmsdauassd CN-NTs wag BCN-NTs nasaaduiiiy
aosudsunumslimanaduluglresunmussuimiothinagauanaiauda NO, ienududude 1
meldgamaiives iafuwuimslunmswannyiul sdanataiiguaw TasmsAnmanuas
Tassiuazanuunwiassasianlumsusundsnnmsdeluseunarlulasiuilinademsasaiausana
uislulasaulesanlyd Ieseianumelasead19was CN-NTs waz BCN-NTs ¢2einaiia SEM, TEM uas
snuanTnsalnilaamsiiansiasdlssnaunquasyiionuszmelu CN-NTs waz BCN-NTs dsinaiia

xps e lAdudayauazanniaglumsiszandliidudumasanaioudadaly

ac = [ I'd
pmsanwuazIdnalnsal
LY Il Cd = -
1. Mmsdaenznamnlumsuvausia@alusauuaslulasau
TunszuiunsdaLasIey CN-NTs uaz BCN-NTs srgnaiansaniadauale lassinanianil
v & v a < v aa = a [ I’ ] S
(CVD) medsainuriinzasuinlsznauale anmlya Waslsdu waznsavasn lumsduaneiutseanduy
2 du Tagdud 1 1Wumsdaasedk CN-NTs (1) THukusassunlsznaumeidianlnsanasmiedauuy
wky Sio, /Si Tagldmenanansndusznin dielya 2.0 n3u waziWaslsdu 1.0 n3u §ui (2) BCN-NTs
Fuanzilagldmsuanasaeausenin dlmlza 2.0 N5y Wasls8u 1.0 ASH UALNTAUBIN 1.0 NN WEN
Tumauzaand maldnszuiumsdaansving 2 ufgasnaugniasaringszuuiansnslve 500 scem
WAANSUNED 300 scem LHBYUNATLBITEULHAT 900 °C LAFBUENNNUINUNINTFATBITUINTIUTIUN

TNAMPUzMBNgNUITIansatey Tnalumsdansed 3o i ntuvgalianuiaunazUasslvissuu

Wuasgaamnivasmeldussenmezaudaaninen asdUsznaveasszuumssuansivanlumivaudis
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waila CVD uamasluglii 1 thareianhmsitenzdansaznelasadediandasganssaidianaseu
wuudDINTIA (SEM) wazndasqanssaidianasauuuudasing (TEM) @nmanuanysaluasannunnsas

k4 ' 4 v o a g a N s v a 4
raalaseainriamnlumsvaumaninualnlnsalnd diensisiionuszuazasdusenausiameameailaend

wlnladdnasauadnlnsalnl (XPS) 2a9iaeene 2 #ile

Flow meter -
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Quartz tube [__———___—-}_ -i_]
x ; .{ 15 em  Substrate
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|| Outlet

N Valve

-

Quartz boat
(Source)

e
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Temperature controller

Ar

37U 1 szuumsdaensiriamnlumsuay (CVD system)

2. MmsanNaudalulasavlaaanlas

gragraulumsuautialulasiay (CN-NTs) wazviaunluasuauidalusauuaz lulasiay
(BCN-NTs) ﬁé‘fqLﬂsww"lﬁgﬂﬁwmmaﬁﬂLtﬁaluimsLauIﬂaanlwﬁ (NO,) Aenudindu 100, 200 uaz 300
ppm figamaiivias meldszuumanadeuudaudasdazuii 2 Taafiduasumemasoudsil Uuusseme
meluszuumsialeadsasudalulasiau (N,) wiansuiamanudumuluihisuduraidinsiaie s

NAFBUNMINDUAUDIWBIMATIVIAlagdassudd NO, Whgszuuiluna 30 il ienudndudn 9 duna

mswasuulaasanumumuliheesimanaianasnniungamsuassuia NO, uazUassuds N, 1

]
= a

TUluszuudnasadlaszuuldanadouunmenaiaoudangungil 100 °C wafmidaluanazasuds NO, Tag
MnsaiIanMmANNFNTUSEaUTANSNMNYaIMInTITauid NO, ldanamInauauss (Response)

MNENNIN 1 (Adjizian et al., 2014, p. 664)

|RN02 _RNzl
Response (%) = ——— Xx100 (1)
Ny

loai Ry, Aa eanuiumuliihuasiiesniovaslsasudalulasiaulosanlye

waz Ry fa senudumuliihGudurasinenaiameldussmensaudalulasiau
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Mass flow
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uansAnLazad U eMaN AN
1. uamsiaNzrlassasramn lumsvausinmg ﬁ”’mna”ma;amsmfﬁtﬁnmau
NnEaMIANdndas SEM Tuguil 3 uansdnvaizaasianlumiveuriiaideasaanTusou
wazlulasau ﬂisﬂauﬁmgﬂ (a) CN-NTs a2 (b) BCN-NTs Lﬁaﬁmsmﬁamngﬂﬁ 3(a) WU CN-NTs
fisnwaevaiienliashianauazeiivnelug uaz3U 3(b) uama BCN-NTs fifisnwasraldswe iy

naua LuRIWEASUBY YiBNANNENIULANAINAY

- Mag = 00K X wn 12mm ENT=1500kV  Signal A= SE1 Mg RSN WOs timm  ENTEMSEY  Bgnelds B8

;iﬂﬁ' 4 7/W TEM 284 (a) CN-NTs taz (b) BCN-NTs

WainsanMNMuaaIandas TEM 284 CN-NTs aauaaalugui 4 wudlusy (a) CN-NTs %9

'
=~

Wuvamnlumivauiignidadeazaanvaslulasuuaasaiizinalvg wiviaun waziidnwazlaseadg

meluasaUdaale (Bamboo-like structure) Favdlsznaumeluraiisnwazvilaunnedaunuiuwuime
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]
=

fuwnadurhudgudnarmisinu 145.9111.5 nluwes uas (b) BON-NTs ismnlumsusuiignidacis
araanuaalusauuazlulasiay Janvazyatniianaunuasiansauslaseasameldaaliguideny wai

anudzaamsiiaddaslitiosas danvuzddasbidsuinvnlosfizuaduiiugudnaluadamiiny

67.917.5 i luuns

G band

ID/I(,‘= 1.10

Intensity (a.u.)

I /1 =1.57
BCN-NTs D¢

T T T T T T T T T
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Raman shift (cm. 1)
31]‘7; 5 MUFUNASu2aY (a) CN-NTs waz (b) BCN-NTs

HANNTIATENANNTNYIAUITANNUNNTDIZEY CN-NTs waz BCN-NTs ganalinsanud

v
=~

Wnnsalnl WuIAANe G LUUe FUaaIan s lATIESNYITULNTAY NUSHUEILYUG 1580 cm ' way
WHaNe D wuue muamansazanylidussdsvtazanyunnsaszatlasegseasduwnsiumely CN-
NTs IUS0aeunie 1350 cm ™' wanaand I /1, lawhnu 1.10 uazludruaes BON-NTs wuhiiaiie

G wuud NUSNNEHILNUL 1584 cm ' wastioia D wund NUSHMEILANS 1347 cm ' AAda9au I /1,

] 1
= =2

agfl 1.57 NnuamAaNedanaiuldi’ BON-NTs fisasndiu 1,/1, anndige Feudainalaseades
BCN-NTs #anuunwiaameluniaannnil CN-NTs daaaassnudimnawasasaaduniusnumsioves
axnay B uaz N luuSanaiige vlvly BON-NTs lasea519msuninizadasaay B uas N U3

Tumsuauldvasgluuy Fduwusiurazasmsienzdasdlsznaveassameluriadigmaiia XpS i

aansanuldimissaanyes C, B uaz N iinagmeluvia Imstaimeaanussuuudn 1

C1s
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35U 6 XPS aLUn@3uwes CN-NTs (a) arlnasuyas CN-NTs iwasnudamiieinuszlugie 0-1200 ev

war (b) stUnasuzae N 1s 289 CN-NTs

wamﬁmswzﬁmﬁﬂsxﬂaumqmn XPS atﬂﬂm%ﬂugﬂ 6(a) 289 CN-NTs wudlnasuaas C 1s,
N 1s U8z O 1s LAAMANSNAUSMEUIUG 284.4 ¢V, 401.4 eV WAY 532.4 eV NG zﬁw%’ugﬂﬁ 6(b)
waan XPS alnainzasiuszazaanzatlulasuiivnnglasusenaulushe 2 Wusswdn fiszdundsnu
401.4 eV (Quaternary nitrogen) (Kelemen et al., 1995) Lo 402.4 eV (Graphitic-N-O) (Artyushkova et
al., 2013)

(a) BCN-NTs . | (b) BON-NTs N1s | (e} BON-NTs BN

1 Pyridinic nitrogen

C 15 = 92.46 u.%
N 1s = 3.05 at.% 11 Amine
015 = 2.92 ar% 111 Pyrole nitrogen
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3 7 XPS anasuwas BCN-NTs (a) siUnasnzas BON-NTs indsnudaumiisanusslugn o-1200 ev

(b) SUnasuLae N 1s uaz (c) dUnmSuzae B 1s 289 BCN-NTs

31]“?'; 7 (a-c) WEMIKANISTIATIZH BCN-NTs argwnaila XPS Iugﬂ’ﬁ 7(a) uaMHarIFUNATY
BzAaNYANINGN 7 maluvia Fawuhilesdszneuresazaan B, C, N uaz O agnmeluvia Using
MnaSuuas B 1s, C 1s, N 1s Uaz O 1s LAARANSNAUSMEUNUS 191.0 eV, 284.8 ¢V, 398.8 ¢V UaY
531.8 eV mMudau udlusuzesiia B 1s Unnglidiuamuduiion defnsanmsiionuszyasazaauud
asgiiamelu BON-NTs lugu 7(b) u,ammsmemﬁ’uﬁ:wmawaulu‘[mmuﬁﬂmngiugﬂwmﬁ'umahq 9
ansauunle 5 wuy mMuszAuNaINuREs: Taswumsiiawusyluguaas Pyridinic nitrogen, Amine
Waz Quaternary nitrogen Lﬁﬂ‘ﬁuléﬂuﬂ‘%mmmwmﬁuﬁgqﬂhﬁ'uﬁzﬁlu 9 nstinuszravazaanlusaudunale

nanasnlugui 7(c) uaaemaiawusrsznin B AU N udldinuiuszssnin C fu B iissnniivsaina

araaNzaslusauidalousinandaslulaseaiarasaunluamsuay

2. uamsnauduassauislulasaulesanlds (NO,)
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aandy mliluanaveauda No, Alemaduniisrialadaudnenn Ussnauduesaanweslusauiiiaduiu
ufd NO, azfinussiiudauseninsdidunvazaanvaslulasiay mldendanisdualzesis BCN-NTs
dnsunzaziearasmswdsuulamanuimumuliihussesidudmanauausawaaslua s 1 2aevia

lumsusuns 2 #iia Maldmsnadauzatuia NO, IeNNENEY 100, 200 WAz 300 ppm

M3 1 udasmanuimumulnihiiudeulluaswasidudmsaausuasdauda NO, fienuudindudig g 289 CN-NTs uaz

BCN-NTs
NO, (ppm) ABEN AR (R-R,) () (R-R,/R,)x100 (%) o lumseauduasnn)
CN-NTs -0.3 -0.56 18
100 BCN-NTs -0.12 -0.58 23
CN-NTs -0.35 -0.65 15
200 BCN-NTs -0.16 -0.76 18
CN-NTs -0.45 -0.84 12
300 BCN-NTs -0.22 -1.04 16

PNNINT 1 waasamInauausIdauty NO, zasviewnlumiuauns 2 #iia Wadinnsonms
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Unadiguiliezasululasuhielumsiamismduluensuswds No, lddnimesiingu dwmu BON-
NTs fimsildsuudassasamudhumuluiher amwmgenaiennlsnaezasusaslusounaslulasiaui
unsnélunafivsinadides dulunozaanlulasumzuSnanie duneannramsienzimamaiia
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Tuasuaulvdiusinaminny fenadwualumsdiaiiadszansmuwmsgagduuda NO, lalulsmnadigaay
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244

245

246

247

248

249

anduansAnwuastatauauus
NnMsAnMsFaaziawnlumsvauidalulasiar (CN-NTs) wazvawlumsuauidalusau
wazlulasiau (BCN-NTs) dretnaiia CVD tilahsnnagaulszansmwlumsasiasauds NO, e
dndudn 1 meldgamgiivies Nnmaienzddanvaclasainduguinenzasiamnlumsuaudmemnaiia
SEM wuilu BON-NTs  waaslaseaseanuunniasiigs danaldnnvsiisnsasldwauaziowala
aiawa wunguazuesiamsusululinaiinnni ON-NTs uaziilahmsdnndnsaslassaiamelu
Vioghemadia TEM Wuining CN-NTs waz BCN-NTs uandnuaelasiamasandrauaadls udly oN-

NTs Hanuduestiuldasluigeuasiizmnadushududnarelvainil BON-NTs dannawasuualnasy

U U

mmﬁﬁLﬂswzﬁmwuauu‘,itﬁuaxmwmJﬂwimﬁLﬁﬂﬁuiuviauﬂums’uaulé’mnmsmmé'mﬂdm I,/I, WU
i BCN-NTs udaaedanaiu 1 /1, igannni CN-NTs aaandastumsdossaanlusauuaslulasiauly
Uinaiigedenavhliviudasanuunwiasgesu wosmansafudumsiiaguasfmnamglulasiauuas via
Tusaulu CN-NTs uaz BCN-NTs lagmamaiia XPS wuhanuamsitasz CN-NTs Imsunsneiuad
azmaululasiaumelulassaamaaiaunTumsuaulddni1 BON-NTs tilasanly BON-NTs Tuanadau
TnajiidosBaimeiiuinatimae limmnsounsniagmaldlasahasomnlumiveu Snmdaia
TusauldludSmnadich wasnnmathviewlumsuaui 2 #ile smedaudssansmwlumsnnaiouds

NO, WU CN-NTs imsaauduasasuia NO, 16510153091 BCN-NTs danalaannvainszuiunmsnsiaia

wid CN-NTs #msiUdsuuniaszasanudmumuliiiannni’ BON-NTs wasinsilasuuladnpanny

] v
] =

aumulwvhiigeiudisiisenaduivaaids NO, wazimsAudifianysaluasnngnlienudauiamie

Taanauia NO, ueily BCN-NTs imsaauauasiitidauda NO, uastiamsdudd liasysal tiiaean
avmanyaslusauignidalu BON-NTs imstiameiiuausanuluana NO, Javhlvenndamsfudidauar
Wuszansmwlumsanadaudaluassdalyanas nnnansideiideaguldianuunwsasiioduly
Tassaheviannmsidacsazaaululasmuiidiuhaiinyszdnsmuwlunmsenalauds NO, a1ty CN-NTs
JudumadanniniuminsaniivzUszgndlfduigglumsanaiauds NO, wananil masansamuaw
¢ o ' ¢ Y oA &
avdlsznavzatazaanlusauuaslulasunidaluenlumsveuldludandiimanzay aaduuuims

=

Tumsawanniszandmuuss BCN-NTs aamsasiaiauid NO, laaseu
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