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Abstract
Two types of carbon nanotu bes (M W C N Ts and SW C N Ts) films were u sed to

fabricate hyd rogen gas sensors.C N Ts films were d eposited on porou s silicon
su bstrate by the d rop casting method .The two sensors showed high sensitivity to
hyd rogen gas at d ifferent concentrations.Experimentalresu lts ind icated that the
SW C N Ts have abetterperformance than M W C N Ts.The SW C N Ts gas sensorshows
high sensitivity at150 oC with 29sec response time,whereas M W C N Ts gas sensor
shows bestsensitivity at200 oC with24sec response time.
Keywords: H yd rogen sensor,SW C N T,M W C N T,Sensitivity,response time.

الكاربون النانومتري كمتحسس لغاز الھیدروجینانابیبتصنیع وخصائص

الخلاصھ
تم استخدام نوعین من انابیب الكاربون النانومتري ( كاربون النانومتري ذو الجدار الواحد وانابیب 

لتصنیع متحسس لغاز الھیدروجین. تم ترسیب انابیب الكاربون النانومتري المتعدد الجدران) كافلام 
الكاربون على السیلكون المنمش بطریقة التقطیر . أظھر كلا المتحسیسن تحسیسة جیدة لغاز 
الھیدروجین  عند تراكیز مختلفة. بینت النتائج العملیة ان لأنابیب الكاربون ذو الجدار الوحد اداء افضل 

جدارن. أظھرت انابیب الكاربون  النانومتري ذو الجدار الوحد تحسیسھ من انابیبب الكاربون المتعدد ال
ثانیة  بینما اكانت افضل  نتائج 29درجة مئویة مع زمن استجابھ 150عالیھ عند درجھ حراره 

ثانیة.24درجة مئویة وبزمن استجابھ 200التحسیسھ لانابیب الكاربون المتعدد الجدارن  عند 
ون تحسس غاز الھیدروجین، كاربون النانومتري ذو الجدار الواحد ،انابیب الكارب: محیھاالكلمات المفت

النانومتري المتعدد الجدران،التحسیسة ، زمن الاستجابة

INTRODUCTION
yd rogen is regard ed as one of the bestclean energy carriers,which is the
u ltimate fossilfu elcand id ate,withahighheatof combu stion (142 kJ/g),low
minimu m ignition energy (0.017 mJ)and wid e flammable range (4–7 5%),as

wellas high bu rning velocity [1] .H yd rogen (H 2)is becoming the fu elforthe next
generation of au tomobiles.H 2 gas is highly explosive and flammable;therefore,the
d etection of the existence of asmallamou ntin hou ses,vehicles,orind u strialplaces is
potentially important[2] .

H
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Sensors find applications in variou s field s of scientific and engineeringd isciplines
rangingfrom controllingand monitoringchemical,machiningprocess to biomed ical
d evices.[3] .Gas sensors u sed in many factories and hospitals are important to
environmentalmonitoring.In ord erto preventthe gas from leakingand angeringthe
hu man bod y,itis necessary to d etectchemicalmolecu les and examine d ifferentgases
[4] .In gas sensors,the active elementthatis sensitive to the targetgas molecu les is
the key partand thu s receives intensive attention.For example,after realizing the
resistance of some semicond u ctor materials can be d ramatically changed by the
presence of gas molecu les,many works have been d irected to investigate them in gas
sensors [5] .Since the reporton the u se of carbon nanotu bes (C N Ts)as agas sensor,
they have been investigated as materials of chemicalsensorbecau se they can d etect
smallconcentrations of molecu les with ahigh sensitivity u nd erambientcond itions
(the large su rface areaof C N T provid es avery large gas absorptive capacity)and the
C N T sensorhas afastresponse.[6] .C arbon nanotu bes are rolled -u pgraphene sheets
occu rring as single-wall(SW C N T) or mu lti-wall(M W C N T) cylind ers.They have
d iameters from 0.4 u pto afew nm,and theirlengths range from afew nanometers u p
to severalmillimeters.[7 ] .
The presentworkfocu ses on the sensingperformance of C N Ts H yd rogen gas sensors
by u sing two types of the carbon nanotu bes (M W C N T and SW C N T) and makes
comparisons between them to getthe bestC N Ts type and bestperformance.

Experimental Work
Preparation of the samples

In this work,(2x2 cm2)d imensions primary n-type silicon wafersu bstrates were
thorou ghly cleaned to d e-contaminate theirsu rface from any available stains and d irt.
P orou s silicon layer(P S)was prepared viaphotochemicalwetetching.This process is
carried ou tby u sing ord inary lightsou rce. Its main apparatu s consists of aQ u artz
Tu ngsten H alogen lamp (250W ) integrated with d ichroic ellipsoid al mirror, a
focu sing lens,and the d ilu ted etching H F acid pou red in a Teflon container.To
prepare C N T sample,0.01 gof C N T was d ispersed in D imethylformamid e (D M F).A
magnetic stirrer was incorporated for this pu rpose for 15 minu tes,followed by 1
hou r sonication.The obtained solu tion was u sed for films d eposition on porou s
silicon by the d ropcastingmethod .

Gas sensor testing system
The d etails of the gas sensor testing u nitwhich was u sed in the cu rrenttests is

d escribed elsewhere [8 ] .Itis asteelcylind ricaltestchamberof 163mm d iameterand
200 mm heightwith the bottom base mad e removable and sealed by an O – ring
sealed .The effective volu me of the chamberis 417 3.49 cc;ithas an inletforallowing
the testgas to flow in and an air ad mittance valve to allow atmospheric air after
evacu ation.A notherthird portis provid ed forvacu u m gau ge connection.A mu lti-pin
feed throu gh atthe base of the chamberallows forthe electricalconnections to be
established to the sensorand the heaterassembly.The heaterassembly consists of a
hotplate and ak–type thermocou ple insid e the chamberin ord erto controland set
the d esired operating temperatu re of the sensor.The thermocou ple senses the
temperatu re atthe su rface of the film exposed to the analyte gas.The P C –interfaced
mu ltimeter,of type UN I-T UT8 1B ,was u sed to registerthe variation of the sensor
cond u ctance (reciprocalof resistance)exposed to pred etermined air–hyd rogen gas
mixingratio.The chambercan be evacu ated u singarotary pu mpto arou ghvacu u m
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of 2×10-2 bar.A gas mixingmanifold was incorporated to controlthe mixingratios
of the testand carriergases priorto beinginjected into the testchamber.The mixing
gas manifold is fed by zero airand testgas throu gh aflow meterand need le valve
arrangement.This arrangementof mixing scheme is d one to ensu re thatthe gas
mixtu re enteringthe testchamberis premixed thereby givingthe realsensitivity.

Result and discussion
H yd rogen absorption into carbon nanotu bes samples atroom temperatu re had no

significant change in the resistance of carbon nanotu bes.This is in a mu tu al
agreementwith resu lts reported by otherresearchers [9,10] .The carbon nanotu bes
need to be d oped withotheratoms oroperated athighertemperatu re forthem to be a
good gas sensorforhyd rogen.Sensitivity (S)applied to solid state chemi-resistive
gas sensors is achange in the electricalresistance (or cond u ctance) relative to the
initialstate u pon exposu re to ared u cingoroxid izinggas component.Itis calcu lated
u singthe equ ation:
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W here
R is the electrical resistance and G is the electrical cond u ctance and the
su bscript “air” ind icates that backgrou nd is the initial d ry airstate and the
su bscript“gas”ind icates the analyte gas has been introd u ced .

Fig.1 shows the representative real–time electricalresponse of athin film C N T
sensing elementto H 2 gas concentration of 3% in air.The testwas performed at
variou s sensingtemperatu res with2.5v and 5v bias voltage.

The sensitivity S% increased withincreasingoperatingtemperatu re T,where the
maximu m sensitivity of M W C N T is11.93% and 20.50 % were obtained at2.5 and 5
voltrespectively at200°C testing temperatu re after which itbegan to d rop with
increasingT and the testwas terminated .the sensitivity of SW C N T is 21.8 4 % and
52.53 % were obtained at2.5 and 5 voltrespectively at150°C testing temperatu re
afterwhichitbegan to d ropwithincreasingT and the testwas terminated .
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Figure (1) Transient response of CNT thin film at various testing temperatures
upon exposure to 3 % H2: air gas mixing ratio and 2.5 and 5 bias voltages a) for

MWCNT and b) for SWCNT.

The sensitivity of the gas sensorat5 voltbias voltage was fou nd relatively higher
than that of 2.5 volt.This d epend ence of sensing response on the operating
temperatu re of the M W C N T film is exhibited in Fig.2.It is seen that the film
maximu m resistance goes throu ghamaximu m on changingT,withthe bestoperating
temperatu re atarou nd 200 ºC .Rou ghly speaking,the

increase of Rmax (the leftsid e of the maximu m)resu lts from an increase in the rate
of su rface reaction of the targetgas,while the d ecrease of Rmax (the rightsid e)resu lts
from a d ecrease in the u tility of the gas sensing layer.A tthe temperatu re of the
maximu m cond u ctance (response), the target gas molecu les have optimu m
penetration d epthinto the gas sensinggrains (large u tility)i.e.,optimu m reactivity for
the d iffu sion in the whole sensing layer,as wellas for exerting su fficiently large
interaction withthe su rface (large gas response coefficient).
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Figure (2) Sensitivity variation with the operating temperature of the MWCNT
and SWCNT gas sensor at 5 bias voltage and 3 % H2: air gas mixing ratio

Fig.3 shows the sensitivity S variation with hyd rogen gas concentration.Figu re
(1.a)shows the sensitivity S% increased withincreasinghyd rogen gas concentration
forM W C N T,where the sensitivity of 14.27 %,17 .28 % and 20.50% was obtained in
1%,2 % and 3% hyd rogen:airgas mixingratio respectively afterwhichthe cu rrent
tend s to satu rate withincreasingthe analyte gas.A relatively shortresponse time of
abou t24ses and recovery time of abou t7 9ses was noticed at3% hyd rogen gas
concentration.

Figure (3-a) Transient response of MWCNTs gas sensor to different H2: air
mixing ratios. The test performed at 200 degrees temperature and 5 v bias

voltage

Fig.3-b shows the sensitivity S% increased with increasing hyd rogen gas
concentration forSW C N T,where the sensitivity of 31.07 %,43.27 % and 52.53%
was obtained in 1%,2 % and 3% hyd rogen:airgas mixing ratio respectively after
whichthe cu rrenttend s to satu rate withincreasingthe analyte gas.A relatively short
response time of abou t29 sec and arecovery time of abou t8 9 sec were noticed at3%
hyd rogen gas concentration.
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Figure (3-b ) Transient response of SWCNTs gas sensor to different H2: air
mixing ratios. The test performed at 150 degrees temperature and 5 v bias

voltage

The resu ltof gas sensing d ata shows thatH 2 molecu le is a red u ced agentthat
d onates an electron to anotherspecies.Therefore,H 2can play arole as an electron-
d onorand /orhole-acceptor.W hen the C N T gas sensorwas exposed to H 2,electrons
were transferred from H 2 molecu les to the C N Ts.H 2 then d onated its electrons to the
valence band of the C N Ts,thereby d ecreasingthe nu mberof holes by recombination,
red u cingthe cond u ctivity of C N Ts,and increasingelectricalresistance.Therefore,it
is reasonable to assu me thatC N Ts are ap-type semicond u ctor.

The sensitivity of the sensorincreased as the concentration of H 2 increased .C N Ts
have fou r possible sites to which gas molecu les can be ad sorbed :internally,in
interstitial channels, in external grooves, and on external su rfaces. A t a low
concentration,the ad sorption sites were notentirely filled by H 2 molecu les.H owever,
once the concentration of H 2 reached a criticallevelof 30%,the ad sorption sites
became completely filled ,lead ing to satu ration.W hen the concentration exceed ed
30%,the ad sorbed H 2 molecu les became tightly packed on the C N T su rfaces,the
resu ltingis no more interactions between H 2 and C N Ts.

Conclusions
The best performance of C N Ts (M W C N Ts and SW C N Ts) sensors u sed as

hyd rogen sensingwere realized in the stu d y.SW C N Ts film provid es good sensitivity
to hyd rogen gases more than M W C N Ts (52.53% and 20.5%)respectively.The sensor
temperatu re (150C o for SW C N T and 200 C o forM W C N T)red u ces the response to
hyd rogen gases from (29-24 Sec).
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