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; ABSTRACT

Tﬁwis thesis presents the synthesis of carbon nanotubes using chemical vapor
depositiojn, thermal CVD and Hot filament. The synthesis conditions of temperature,
time and{ inert gas flow rate which take vapor of carbon source to the reaction
chamberf’for process are studied. The results are analyzed in diameter, density and
growth off carbon nanotubes with a scanning electron microscope. Then it is applied
as aLcohc}L sensor to study the electrochemical properties changing with the alcohol
vapor. Tlhe results showed that sensor synthesis by hot filament at temperature
700°C for 5 minutes in the flow of the inert gas carring sources 10 cc/min has percent
of re5|st|ve changing 6.11%. The experiments show that it can also detect vapors of
methanql, bethanol, tert-batanal, Sec-batanal, 2-propanal, Amyl alcohol and
Cyclohe;f(anat. In addition, the experimental results of the ambient temperature
affect tc§) the response of the sensor are studied. The condition at ambient
tempera!ture -5°C and heating temperature after alcohol detecting at 85°C increase
the perc%ent of resistive change from 6.16% up to 76.22%. It can detect ethanol
vapor ati concentrations as low as 50 ppm.
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2.2.1 arsuauunluiinuntafien (Single-walled Carbon Nanotubes: SWNTS)

v
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¢ a v & a1y = i v 1Y
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s | e d
M lugunseeneg uanwialuguin 2.6
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a € W a
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caa v o

Y 1% ¢ a . -
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wuusiasaAnanmstuldmums (0, 0) lunufusunus (n, n) Svueyn B whiu 30

@ a
931 fanandluguin 2.8

v 3 - Ad £ . A
8 m = 0 9ld arsvenuilumuninisdadssesnouiuy. Zig-zag (n, 0) &9
wuushasuAnannsthuldiumia 0, 0) Tuwuiusunts (n, 0) fvuweyu © wirdu o

@ o
23 fauanslugui 2.8

v P da ) . -
81 m £ n 3eld asvsuunluiiininisIaiseseymeuwUy Chiral (n, m) @9
wuusraasfinannisdaulisiaumia (0, 0) lunuiusumda (n, m) dvwnss 0 wiriu 0-30

@ <
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n ook
O
ﬂ

% ¢ a ¢ | [12]
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(n) Armchair structure (n, n), (W) Zig-zag structure (n, 0) waz (A) Chiral structure (n, m)
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MWNTSs)

é’ﬂwmmaqm%uauuﬂuﬁaﬁmﬁwma%’u%ﬁé’ﬂwmsﬂﬁﬂaﬁ’mwwﬁ’a‘?j’mﬁmLwi%ﬁ

o 51 a d' 1 LY L 5
Suutulunsiianuinnidewiuiuane du Un

o 4

o 't o d 1Y) P ]
U']IHV\'JUNLNL@EJ'JﬂUﬂ']%U@uu'ﬂuanNquaqEJ?]‘U

2.9 HunsiSeuiisusenineansveu



12

SWNT MWNT
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Tassawdnvasiaqualutiug - Jufnainnszuaumsdindtedu (nucleation) uazns
WigAulnvesasananiusiia (Vapor) veuval (Liquid) w5 yaauds (Solid) toaw
Wuduvesezaon leseu wiellnndudvesaIsiuInwe sshansinalusaufuiitangle
(Nuclei) waziinnszuaumsinadetuniyduiaduiaguilulasass 1 SfTutiues lny
suunnalnnisiiulniin naln VLS (Vapor-Liquid-Solid mechanism: VLS Mechanism)
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nanowire
metal alloy
catalysts — Jiquid
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2.4.2 F35umenenaaLwas (Laser Ablation)
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1200 °C
pulse laser
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s
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graphite + catalyst

a [ a aa [ [24]
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o L3 (3 a (83 ada 19 1 9 =
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€
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f o o ' Iy o YR a a
UTIemAvesuiadon L Flasunazensnou Wudu ArnusuUssuin 500 daaluns

‘ o Q.l 1 d! ]
Usew Tutnisngamgll 1200 ssnwaided le3eussvensiuazifuatedesini Junaila

v !

dy v acd -3 4:‘ P9 1 )

fasadngfuitensanaunfonsafivsnanlaveurawiia Wy win Gifa waglavoad Wulany
[ o s

pzzdadifiadisliinnmsadafveuuluindelaniiatuiien Fssevefouaalros

|
uanslddazuil 2.13

Y

%.4.3 38n1smnazaylawail (Chemical Vapor Deposition: CVD)
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(}1) nszurunsanazaulawmiinuuminudau  (Thermal Chemical Vapor
Deposit"on: Thermal CVD)
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600-1|200 °C
I
hydrocarbon l \_
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|

catalyst
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Biledld wén iiia Taveas vislavenauvenhauyiail (Hufasnsdadindou
vuuiuguses lnsiinsinseulavsaznzdadliivundnasihenisihlinmensalelasmg
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(2) AnsiAulanuunUsinE (Vapor Phase Growth)

- [ (4 a ad a 1
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YLULUAS
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Mass flow

controller Fersuseue Quartz tube

Cold Trap Paraffin Bubbier

d L4 U L4 a aa ] [ 23 ]
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(3) wWuUVAaINAMN5BU (Chemical Vapor Deposition: HF-CVD)
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- ' v I v v o a @ & acdadaa
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[ @ o v oA ] v 1% o v a
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=2

fAAuEaneu (Young’s modulus of elasticity) v@an1susuuiuiag Sengsda 1

v

¢ & _a

wshania (TPa) w3e 1000 Anzunaana (GPa) Anduilasdein msusuunluiiidnda
vnatuarialdetails Bmsusuliudanubanguiivinldnarsisigu Tasende Thermal
vibration v38l¥ scanning force microscopy TasBauaneniisliudrinmsduaziiielu
auulniiuagiinisld atomic force microscopy (AFM) Jumsusuwnlufiav Teaeat1audn
AUV AEMIAIHF NI UL TR ﬁmam’lugﬂﬁ 217 (n) Anuudaussvesmsuauuily
U HAnegsening 11-63 Gpa yausiimuudusesninndrdaaseilifivs 2Gpa uenIINil
SWCNTs aunsodadldds 10 fa 13 Weffudreufieranoenainifu SWCNTs Siufifnlé
§9 1500 m’/g Tneflanumunuiiu 1.33 fs 1.40 g/cm’ gﬂﬁ' 217 (¥) A MuARIN1IEANGUT

(%

fvesmsuouunlufing veienitnaunrusIenSIAIUL

9

(n) ()
sU 217 mnedsuamantInnaveIniuauuluiing
(n) ey SEM ¥8e CNT flagsewinaanudasduuss AFM Lite Tararnaiiumuussdis
(4) AMUARINTBAVEUNAvRY CNT vz ingusussaaEIine

2.5.2 AauanUAnIglni

prsusuluiUfimnuannsodunsihlilfinimosuns fanidavesmiveun
Tufinvannsatilwiléds 10° Aem’ vauziinesuadldgegaiiios 10° A/cm’ uenaniuda
anasivdlnindnegmisimiaulavesnnsueuunluiiog fe annsavandasdidnnseu
nuateresAsuauuluiny Tuannzgyayniald Lﬁmwaq‘luamulﬂﬁw‘ﬂ%’mﬁ’nsﬁw%
fnd7 1uaznszdu Phosphors fnelive 1 mm aglddndlnitufies 1-3 v yrugiisedld

Andlnvhgsdis 50-100 V dmsuaneiduta molybdenum fuandlugud 2.18
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Problem:
Inductance of
connecting wie

P 2 Ground
Flip-chip High Power Amplifier
Utilizing CNT Bumps
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Possible applications of CNTs

3dwiring

%
B\
P o

g & } nanocontaner
PR e

biomolecular application

hydrogen storage

battenes
gas Sensors

= ° ¢ a v [32]
3Un 2.20 wansnmsaunsthasusuuluitluussgndldan

o o [33]
2.6.1 AUNA9Y (energy storage)

Falwin  (electrode) Aivannailwitagifiasueuduesduszneu  wazidule
enfuau Teaniunldlusumned wadidewaa (fuel cells) wagnsussgnaniadaliiued 3
Uis'ﬁw%mw"uaqLszsaa‘L%aLwﬁaﬁv’u%uasvjﬁ’ué'mwrmdwmﬁLéﬂmsauﬁ%’ﬂWﬁw lngan ideal
Nernstian behavior nuiansusuunluintiisasmsdremdidnnseusnniian fafuainng

o a L3 172 Y (Y] 1 Y [
wasvenunlifiadun i usuiundsnswu Wusnnulslasiay (Hydrogen storage) 1y
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U n‘ a a ¥ - . . U A'
Maeaunsnuosuunmnesiinlszqdiiey (Lithium intercalation) uwaziludufiuuseqden

wiiav2 WAl (Electrochemical super capacitors) LLamG'f\‘ig‘UVi 2.21

semiconducting

Mixed Bundle

sUR 2.21 uamsnmnasthensusuunluinvuradradudaiundsanu

Y

saa

2.6.2 gunsnivanudpediannsounuuiandiiadu (field emission devices)

[ @ a1y [ d‘ [3 va & ] '
ondendnnisiintivesudgnaeliluaunilwihiigannwe agvilidiannseudey

Y 6a 8 ] . J [ a
In&seuiesil (Fermi level) ngnainvasuds Tnsasngantu (tunneling) Auwadnglnvini

fArvewds (surface potential barrier) lasnszualniiiinkesnin (emission current) wu

e

Juogiuamnuswosau i ivsainvewesidaasAran e (work function) 1ag

v
a

U o n‘: v I v Aa =2 ¥
Avasilaiduautiiasveniamdsnuildfedifnnseuninaniuzgegaiidiannsougniall

(highest bounded “state) i lUluseuaayanIa (vacuum level) - lagAI1ausI8s

3 v @

i vy a4 = a
auqulquqmﬂm@Qq@u'\ﬂwaﬂﬁlgﬂ\‘iaLéﬂﬂiau@aﬂiﬁ

phosphor-coated
ITO stripes

nanotube-epoxy

glass substrate . :
composite stripes

{ v = va a_ faa o d0v a
U 2.22 uanssuuuuiasediBidnaseunuuiladdiiatuilimiveuunluingluseudns
L . 20 341
AW UULUUYDY Northwestern University
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a a ° 1% % =1 P a ' a Y]
AsuauuluiUngniun g uluniui LuawmugmwmmmEnaaanlﬂ
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(Elongated shape) SavhlraualnihitlétidnannTulufe (large field amplification) 8nvis
v o a [y a < a1 v o ° aaa % v '
Fa Wi léR vunadn wdsnuiudesnindsiiddos uazansduq iufisedaeldenn us

Jaymvesnsldaiveuunluiiidugunsaluanddesdidnnseunuuiiandiatundnsiiog

v

Tngazdusgiuatiosnmuessmsilyihuaznisuanudosdidnnseu  (conductivity and

emission stability) LLamﬁagU'ﬁ 2.22

'
faa 7 1

Y] ] i3 1 a € '3 1 a o a
mamams’l%mwauuﬂumuL‘Uuqﬂnimﬂamﬂaaaamnmauuwﬂamauaww

[

JeuanINaLUULUY (flat panel displays) #agufi 2.23 iedmdunishavsauia (gas-

Y
3

discharge tubes) luipsotreInsauunay Jubedidnasou (electron guns) lundesganssel
Sidnaseu Wairlundesganssmiussaaen (Atomic Force Microscope, AFM) WagiA3es

veelalasian (microwave amplifiers) Wusiu

> ¥ o Va a faa U i v a L3 a o
3UN 2.23 wanadunuuadadlvisidnnseutuuilasofiaduildmiveuunluinivesusvm

& [35] & [36]
Samsung (N) ¥ua 4.5 U2 wag (1) 5 W3

2.6.3 N5Uams (transistors)

ysuaanesinnavesaunliih (field-effect transistor: FET) Aagqunsaliiviniiil
Juaingawen ansoatetunasueu e s fifauiRiduansisin
Wismdadunauudalnih 2 47 Tneidlsldausnadnglwidnlugedalniiivhmimdu
N (Gate electrode) f\]sﬁﬂﬁm%nauuﬂuﬁaﬁqnaﬁwﬁmnamusﬁﬁﬂwﬁﬁ(Conducting
state) Wgaanuglithlnii (nsulating state) 1 Tasanunsnthnsu@aimesanaunly
undonq Mild Tnwagvhuiiadefuaindasin (logical switch) TuneufamesiuLes

LLam‘lugﬂﬁ 2.24
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JUT 2.24 uansununwegReveIn1IUseynaldasueuuluUriandaduiionlu
nuTamesviinravesaulnih

3.6.4 Insudaunluuazunlui@uiwed (Nanoprobes and Nanosensors)

stuﬁ’maanﬁ”awamsﬂﬁmuL%umm (Scanning Probe Microscopes: SPMs) 14U
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a 4
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4 a h Yo % ¢ & ) o
WWBLANLANENNSOLENLEY (resolution) 1WﬂUﬂaaﬂﬁ}aW53ﬂUU§gLﬂwu LLE‘INNEUV] 2.25

~ 10 nm multiwall
nanotube probe

SR
200 nm

Uil 2.25 uandwsuinmivsuuiluiiuuunlmanedureindeagansseiusiozneuves
[38]
NASA.Ames Research Center
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2.6.5 wWhewrauily (Nano templates)
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2.6.6 TaqWaN (composite materials)
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finsiiuauatnrsalunisinlniiegraunn wiillggidenaveinisnevausssionas
(photoluminescence) WagnaweINITRBUAUDINIINHY  (electro-luminescence) L84
& v ) a ¥ o M yve o a X a v 0 v @ '
dndeswiniy nviadasmauiladaimnuudusaiinanniudniie  dmiuiaguansening
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2.6.7 MUNAIUTULLaT (Sensors)
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CNT + Gas - CNT®¢Gas®t or CNTS*Gasde (2.1)
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& a | val v o d a ¢ sal
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Abstract

This research studied the environment temperature affect to
alcohol detecting and heated carbon nanotube film after alcohol
detecting for good chemical sensor application. The results showed that
at the environment temperature below the room temperature (in this
work -5°C), the percent of resistance change is 15.70 % while at the
85°C is 3.35 %. The heating CNT film after alcohol absorption during
detecting time reduces the recovery time of the measurement cycle and
reduces the minimum resistance as base line resistance cause the
increasing sensitivity of AR of CNT sensor. The results showed that
AR reaches to 76.22% at environment temperature -5°C, heating
temperature 85°C, and total response time is faster than in the case of

room temperature.

Keywords: Alcohol Sensor, Carbon Nanotubes (CNTs) Films.
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Abstract :

This article c:lescribes the thermal chemical vapor deposition
(CVD) for carbon nqnotube (CNT) synthesis. This method can
synthesis large area of C;INT thin film and produce many samples in one
operation. It is good %for microelectronic devices application. The
sources use alcohol and: nitrogen gas that do not release any pollution
from the system. The Ci\IT films have good quality by SEM inspection.
It confirms that these C%NT from this thermal CVD can be applied for

electronic devices material.

Keywords: Thermal CVb, CNT.
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Investigation on Temperature Effect on Alcohol
Sensing of Multi-Walled Carbon Nanotube

Toempong Phetchakul
Department of Electronics, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand 10520
E-mail : kptoempo@kmitl.ac.th

Abstract— This research studied the environment
temperature affect to alcohol detecting and heated carbon
nanotube film after alcohol detecting for a good chemical
sensor application. The results showed that at the
environment temperature below the room temperature (in
this work -5 'C), the percentage of resistance changing is
15.70 % while at the 85 C is 3.35 %. The heated CNT film

after alcohol absorption during detecting time reduces the
recovery time of the measurement cycle and reduces the
minimum base resistance so increasing sensitivity of AR of
CNT sensor. The results show that AR reaches to 76.22 %
at environment temperature -5 'C, heating temperature 85
'C, and recovery time is faster than in the case of room
temperature and no heating the film.

Keywords-component; carbon nanotube; alcohol sensor

L. INTRODUCTION

Carbon nanotubes (CNTs) have interesting electrical,
mechanical and electromechanical properties for many
applications. Especially, many kinds of sensor devices, for
example, chemical sensor are expected to use the unique
properties of CNTs. The tabular molecules structure consist of
one (single-walled) or multi (multi-walled) rolled up
grapheme layers which is controlled by size of catalyst
increase the surface per area ratio of thin film for adsorption
and absorption gas or vapor in chemical sensor.

Carbon nanotube based gas sensors have been
researched for several years because of some promising
properties such as response time, sensitivity, operating
temperature [1]-[5]. The conductivity changes when the gas or
vapor is exposed on the surface which leads to apply for
chemical sensor. However, the results show the potential in
the level of research that have to develop for receiving the
higher conductivity changing to gas or vapor and fast response
time.

In this research, the study of environment
temperature and heated CNT film after adsorption or
absorption of gas molecules affect to response of CNT as
alcohol sensor was investigated. The property that was

Assuchol Sangnual and Chalin Sutthinet
Department of Electronics, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand 10520

observed is sensitivity. The environment temperature can
improve the absorption or adsorption of alcohol on surface
that enhance the sensitivity better under the suitable condition
during alcohol detecting. Furthermore, the heating CNT for
recovery condition after detecting enhance the resistance
changing and increasing the sensitivity for a good chemical
sensor application.

II. FBRICATION

The sensor was fabricated by atmospheric pressure hot
filament chemical vapor deposition (HFCVD) [6] on insulator
substrate of n-type silicon which was covered with silicon
dioxide by thermal oxidation and then sputtered nickel cluster
as catalyst of CNTs growth and patterned copper as ohmic
contact terminals. The sources are ethanol and hydrogen gas
controlled the ratio of hydrogen pass through ethanol for vapor
bubbling per total hydrogen source about 8 vol.%. The
complete resistive CNT sensor with two copper contacts is
shown in Fig. 1(a) and CNT film micrograph by SEM is
shown in Fig. 1(b), respectively. From this method, the CNT
are mostly multi-wall CNT with the thickness 5 microns for
30 minutes.

Coppercontact

Carbonnanc-tube
(a) (b)

Figure 1(a) Image of CNT sensor and (b) SEM image of CNT surface.
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III.  ALCOHOL MEASUREMENT SYSTEM

The alcohol vapor measurement system is shown in Fig. 2.
The measurement is in the closed chamber which controlled
temperature within chamber by temperature controller. This
temperature is called as environment temperature of detecting.
The environment temperature is for enhancing of alcohol
absorption or adsorption on the sensor surface. In the chamber,
there is a heating filament supplied by outer electrical source
under the sensor holder for heating the CNT in the case that
we want to recover the CNT film after absorbed/adsorbed
alcohol vapor.

Aleohol

Water

Figure 2 Measurement System

The alcohol vapor is carried by inert nitrogen gas bubble
into chamber that is controlled by temperature control unit
which varied temperature between -5 C to 100°C. Nitrogen gas
is controlled the flow rate by valve I (V1) and flow meter (F1)
before flows into the chamber. The water at the end is used
for blocking the system and dilutes the waste of the gas before
release in air. When the alcohol vapor is to be measured, V1 is
closed and V2 is opened and controlled flow rate by F2. After
resistance increase nearly reaches to the saturated value, it is
switched to nitrogen gas V1 again and waiting for recovering
the surface resistance reach to the minimum value that is one
cycle of measurement. The responses are monitored real time
on display and record continuously.

IV. EXPERIMENT AND RESULTS

All of the experiments, the CNT sensors have to bake for
removing the moisture adsorbed on the surface before bring it
into the chamber. This procedure takes 20 minutes long at 70c.
The air in the chamber is replaced by nitrogen gas via valve
V1 and flow meter F1 for 20 minutes. The chamber is now all
filled with nitrogen and the environment temperature is settled
constantly. The cycle of measurement started when valve V1
is closed and valve V2 is opened and control the flow rate via
flow meter F2, 200 cc/ min, and then nitrogen gas will carry
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vapor of alcohol into the chamber. The measurement will
measure as cycle of measurement continuously at least 2
cycles. The alcohol vapor adsorb on the surface increase the
film resistance and reach to the saturation value or maximum
value Ryax then stop alcohol vapor by closing valve V2 and
open valve V1 for pure nitrogen gas flow in the chamber. The
nitrogen replace and drive out the alcohol vapor, the resistance
decreases to the minimum resistance Ry that is one cycle of
measurement. The next cycle will repeat in the same
procedure. The resistance changing will show in the form of
changing percentage AR%. The percentage of changing is
defined as

Ropar — Ronw

AR% = 22X T % 100 M
Ruan

where Ry and Ry are the maximum and minimum value

respectively.

Environment temperature 85 °C and no recovery heating

Fig.3 shows the case that the chamber temperature is 85 C
and no heating filament under the holder for recovery the base
condition. The nitrogen gas flows into the chamber for
replacing the air in the chamber for 10 minutes. It is noticed
that the resistance increase and reach to saturation value. Then
the chamber temperature, the environment temperature, is set
up for 85C. The CNT film resistance start to decrease that
confirms it shows semiconductor property which conduct
current better at high temperature rather than metal. The
resistor decrease and reach to minimum saturation value Ry.
The cycle of measurement start at this point by flowing
alcohol vapor into the chamber. It is noticed that resistance
increase and reach to maximum value Ryax and then stop to
supply alcohol and purge vapor in the chamber by nitrogen.
The resistance decrease to minimum value Ryyy again that a
cycle of measurement is completed and then start a new cycle.
The results show that resistance can recover to the same base

Resistance (ohm)

=] 20 0 &0 80 1 00|
Time (min)

Figure 3 Response of CNT Resistance at Chamber Temperature 85C
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resistance value. The percentages of resistance changing
AR% are 3.35 % and 3.04 % for the first and second cycle
respectively.

11500 o
11000
10500

10000 1

Resistance (ohm)

9000 T

8500 P
0 10 20 30 40 50

Time (min)

Figure 4 Response of CNT resistances at chamber temperature -5°C

Resistance (ohm)

50 100 150 200

Time (min)

Figure 5 Response of CNT resistances at chamber temperature 25°C
and heated CNT at 85°C

e AR=68383% T74.62% 73.51% 76.32%

Resistance (ohm)

o 0 @0 @ 0 @ 1z 190 L]

Time (min)

Figure 6 Response of CNT resistances at chamber temperature -5°C
and heated CNT at 85°C
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Environment temperature -5 "C and no recovery heating

The same procedure in last section is used in this
experiment by setting up chamber temperature -5C. Fig. 4
shows the case of chamber temperature is -5 C and no heating
the filament under the sensor holder. After flowing nitrogen in
10 minutes, the resistance reaches to saturated value called
base resistance at -5C. The starting point of cycle begin when
vaporized alcohol flow into the chamber, this time the
resistance increase to a maximum Ryax. Then stop to supply
vaporized alcohol, the resistance decrease to a new minimum
value but can not recover to the same base resistance at 5C. It
should be some vapor is left over on the surface. The results
show that in the first and second cycle, the resistance can
recover to the same new base resistance value. The
percentages of resistance changing AR% are 15.70 % and
15.02 % for the first and the second measurement cycle
respectively. It found that low environment temperature, CNT
tends to absorb alcohol vapor better than high temperature.

Environment temperature 25 C and heating for recovery film.

Fig. S shows the case of chamber temperature is at room
temperature 25 'C and heating CNT at 85 C by filament. The
same procedure as before with the room temperature
environment 25C and heating only the period for recover film
after detecting alcohol at 85C. In this case, base resistance is
heated below initial base line at room temperature because
heating temperature is at 85C. The percentages of resistance
changing are better than the two prior conditions because of
the base resistance shift down. The AR% values are 32.22%,
33.40%, 32.91 % and 33.54 % for the first to forth cycle
respectively.

Environment temperature -5 'C and heating for recovery film

Fig. 6 shows the case that chamber temperature is -5'C and
heating CNT at 85 C. It is mixed condition of low
environment temperature for better adsorption and heated
sensor for low base resistance. The maximum resistance Ryax
is higher than the room temperature before. From the
experiment, the sensitivity of sensor at low temperature is
better than high temperature because CNT can adsorb alcohol
at low temperature better than high temperature. The
percentages of resistance changing AR% are 68.83%, 74.62%,
73.51% and 76.22% for the first to forth cycle respectively.
Heating CNT reduces the base resistance and enhances the
resistance difference for high sensitivity.

V. CONCLUSION

The temperature effect on alcohol sensing of multi-wall
carbon nanotube has been investigated. Two types of
temperature, environment temperature and heated CNT film
temperature, affect to the sensitivity for good detecting. The
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low environment temperature helps the adsorption of alcohol
on CNT surface increasing the maximum resistance Ryax.
The heated sensor tem[perature reduces the minimum base
resistance. The perceq‘tage of resistance changing AR% in the
case of low environmeént temperature -5C and heated
temperature 85C is around 70%., It is so difference from the
case of high environmient temperature 85C and no heated CNT
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Alcohol Sensor Based on Multi-Wall Carbon
Nanotube

Chalin Sutthinet, Assuchol Sangnual, Toempong Phetchakul
Department of Electronics, Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand
chalin_sutthinet@yahoo.com

Abstract— We have demonstrated multi-walled carbon nanotube
(MWCNTSs) based sensors, which are capable of detecting alcohol
vapor. The properties of the sensor were as a function of baking
times at ethanol flow rate 200 cc/min and nitrogen gas flow rate
200 cc/min. Moreover, the various of baking times were observed
that the highest sensitivity was obtained at baking time of 25
minutes at 70 ° C can be explained for residual of ethanol on the
surface .It was found that the optimum operating at room
temperature (25 °C). It is expected that many applications of
CNTs-based sensors will be explored in future as the interest of
the nanotechnology research in this field increases.

keywords—alcoho sensor, chemical sensor, carbon nanotubes

I.  INTRODUCTION

Interest in nanomaterials has been growing rapidly for the
past several years. Especially, carbon nanotubes (CNTs) are
promising as new materials for a variety of potential
applications. Recently, CNTs-based gas sensors have received
considerable attention because of their outstanding properties,
such as faster response, higher sensitivity, lower operating
temperature and wider variety of gases that may be detected
compared with the other types of gas sensors. CNTs-based gas
sensing utilizes a change in an electrical property due to
adsorption of gas molecules as the output signal. The fabricated
sensor was applied to detection of alcohol vapor by resistance
spectroscopy.

II. EXPERIMENTAL

A. Sensor fabrication

The MW-CNT-based gas sensor was fabricated by
Chemical Vapor Deposition (CVD) method. Condition of
fabrication was showed in TABLE.I

TABLE L FABRICATION CONDITION
Condition
Substrate | Temp | Power Source | catalyst Time
O | w P (Min)
Copper 67(())%' 120 | Alcohol | Nickel 30

Figure 1 (a) obviously shows the pattern of nickel and
copper electrode, while Figure 1 (b) shows the result after the
CNTs film was grown.

Figure 1. (a)Pattern of nickel (b)CNTs grown on substrate

B. SEM scanning electron microscopy images of the carbon
nanostructures

In the pre-synthesis phase, scanning electron
microscope (SEM) imaged nickel  dispersing on silicon
substrate as Figure 2 (a). Figure 2 (b) shows the CNT film in
the post-synthesis phase.

Figure2. SEM image (a) Nickel (b) CNTs

C.  Energy Dispersive X-ray (EDX)

According to the examination by Energy Dispersive X-ray
Spectroscopy (EDS), Figure 3 (a) indicates that in the pre-
synthesis phase, there were 3-peak spectrum comprising
silicon (Si) from the substrate, oxide (O) from oxygen, and
nickel (Ni). The Ni peak is lower than Si’s, which means
nickel is less than silicon. In the post-synthesis phase, Figure 3
(b) shows that as a result of CNT spreading over the silicon
substrate, only 2-peak spectrum of nickel (Ni) and carbon ©),
the highest, were emerged.

ISIC 2009
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Figure 3. EDX image (a) Pattern of nickel (b) CNTs grown on
substrate

D.  Raman anlyses of CNTs

The Raman spectra of CNTs was plotted in Figure 4, which
shows D and G peaks at about 1350 em” and 1600 cm™
respectively. The G-Band, representing perfect carbon bond,
was higher than the D-Band, representing imperfect carbon
bond.

6000 Intensity (Arb.Uni)
so00 | o -Band L/ L _—x—3
2000 +——D-Band £ £ < =
1000 - ™
O s et OO i
0 500 1000 1500 2000 2500
Wave number (1/cm)

Figure 4. Raman spectrum of MWCNTSs sensor

E. Measurement System

The measurement was separated into 2 cases: 1) without
heating sensor and 2) heating sensor, and the gas used in this
research was alcohol vapor as Figure 5.

aT>

Alcohol sensor

o
o4

T
Alcohol

© oo

}Vater
Figure 5. Schematic diagram of measurement system

[1I. RESULTS AND DISCUSSION

A. Gas sensing characterisation without heating

According to Figure 5, it found that distributing nitrogen at
the beginning caused electrical resistance at the stable rate of
1.126 Kilo ohm as Figure 6 shows. When opening valve in
order that nitrogen conducted alcohol vapor into the system,

322
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the resistance had significantly increased until being saturated
at approximately 1.144 Kilo ohm. This reaction took about 17
minutes and the increasing rate was 1.598%. Thereafter,
closing the valve of alcohol vapor distribution, the resistance
had considerably decreased to approximately 1.132 Kilo ohm.
Even though re-implementing the experiment, the results were
similar.

1.146

1.144 x
1142 S o
B TR
X 1138 / A | X -
8 1.136 [ A ,1 A
§1v134 1 G I ol
Zian { i W bl
e 1.13 [

1128

1.126

1.124 v v r

0 20 40 60 80 100
Time (minute)

Figure 6. Response of the MWCNTs-based gas sensor
resistance without heating

B. Gas sensing characterisation by heating

Refer to Figure 5, it found that distributing nitrogen at the
beginning caused electrical resistance at the stable rate of 0.95
Kilo ohm as Figure 7 shows. When opening valve in order that
nitrogen conducted alcohol vapor into the system, the
resistance had significantly increased until being saturated at
approximately 0.986 Kilo ohm. This reaction took about 16
minutes and the increasing rate was 1.598%. Thereafter,
closing the valve of alcohol vapor distribution, the resistance
had considerably decreased to approximately 0.976 Kilo ohm.
Even though re-implementing the experiment, the results were
similar.

Generally, the resistance should lower to the same level as
at the beginning after completing the experimental process.
However, there would be some molecules of alcohol vapor
remaining on CNTs film. It took long time before the
resistance decreased to the same as the beginning.
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Figure 7. Response of the MWCNTs-based gas sensor
resistance by heating



i
I
f

IV.! CONCLUSION

t

The research aims to study how to fabricate alcohol
sensor based on multi-v{/alled carbon nanotubes (MWCNTSs).
Nickel, as a catalyst, was used to fabricate CNT film with
better quality to detect alcohol vapor.

Without heating the sensor, the resistance started at
1.126 Kilo ohm and incr:eased upto 1.144 Kilo ohm, which the
difference was only 18 ohm or 1.598%. For heating the sensor,
the resistance started at 0.95 Kilo ohm. Due to heating, the
quantity of electrons on Flectrical conduction band was higher.
Consequently, the resist‘ance increased upto 0.986 Kilo ohm,
which the difference was 36 Ohm or 3.789 %. It was proven
that heating to the measurement caused the lower resistance.
When implementing the detection, the resistivity rate
increased, and the sensitivity was higher. The operation of
cylinder-shaped CNT structure caused electrons irregularly
scattering around the inside and outside walls [3], effecting the
change of electric chargcfa. It found that when detecting alcohol
vapor, its electric charge decreased or the resistance increased.
This process is a chemical reaction of electricity, which

|

1
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depends on types of the different gases, temperature, and gas
sensing characterization. The results of the study will be useful
to develop the CNTs fabrication and other concerned
materials.
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i ABSTRACT
Thislg paper presents the synthesis of Carbon nanotubes (CNTs) sensor for alcohol detecting and electronic
nose (E-Nosej) System for distinguishing difference kind of draft beer for CNTs E-nose application in the future. The
CNTs sensorlwere synthesized by thermal CVD with nitrogen gas and hot-filament CVD with hydrogen gas. The
result show that by hot filament CVD with hydrogen gas received the respond better than by thermal CVD with
nitrogen gas. {In E-nose system many kind of commercial sensor were used as an array. The processing method by

PCA (Princip‘al Component Analysis) was used. Three kind of draft bear can be distinguished.
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