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Abstract

Two t®s of cabon nanotbes € Il (NTs and Sl ( NTs) flins were used ©
febreak hyirogen ges sensors. ( NTs filins were deposied on porus slikon
s bsttak by e drop casting metod - The o sensors showed hioh sensitv ity ©
hyl rogen ges atd Flerentconcentratbns - Exermentl esi I8 nd £akd tat te
SW ¢ NTshave abeterperformance tenM | ¢ N Ts_The SW N Ts ges sensorshows
hiph ssnsitiy ity at150% wih 29sec response time ,whereas M Il ( N Ts ggs sensor
shows bestsensiti iy 282000 w i 24sec response time -
Keywords: H yd roggnsensor,Si CNT M W C N T ,Sensiti/ iy ,lesponse time -
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INTRODUCTION
virogen B legaded a6 ore of e bestckan erergy cankis,whih B te
H U Mimak fossllfie Icand 1 ak& ,w #h ahiph reatof combu stibn (42 kX)), bw
mnimum Dhonerergy € 017 mJ3an wile fEmmebk range @+ 5%),e6
we Bas hthhimihgve be ity [1] -H ydrogen @ ;) B becoming te fie Ifor te rext
ceneratibn of a omobiks. H , g B hihly expbsie and flEnmabk ;terefor ,te
detctibn of ke ex BENce of asmallanal ntin hou ses,vehi ks ,or niu semlpkces B

poentally imporeny?] -
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Sensors findl gopkEations in variol s fe Bs of sc Nt ad engineeringd k¢ plines
rangng from conttoling and monsbring clem cal,machning rocess © bbmed cal
devEes. [3 Gas sensors used N many facores and hospiak ae mporent ©
envronmenalmonibring. h order© preventte ges from kakingan angering te
hmanbaly, itk rnecessay bdetctclem calmokeu ks and exam e d ife entgeses
[4] -Ih gsB sensors, ke actwe e Bmenttat b ssnstie © te &xptgess mokeu s B
te ley patad tus eceves NeEnsive atentibn.Forexanpk , afer ralking te
resktnce of some semionducor maerek can be (ramatcally chenged by te
presence of ges mokcu Bs,many works have beend rectd © nvestipae tem N gs
sensors [§ -S nce te reporton te 1 se of cabon nanottbes ¢ N Ts) as ages sensor ,
tey have been vestiogped as makriak of clem talsensorbeca se tey candetct
smalll concentratibns of mokcu ks wh ahich sensity iy U nder anb&ntcond #bns
@ BT siface aeaof ( N T provies avery g ges ebsorplive cgoet y) ad e
( NT sensorhes afastresponse .[6] -0 abon nenotbes are ORI + pgadene steet
occuming as sngk-wall Gl CNTY)ormu liwall @ |l CNT) cyinders_-They have
d Eme€rsfrom 0 4upafew nm,axd te r bngts rang from afew nenome€rsu p
Dseveralm llme€rs_[1] -

The presentwonrk focy ses on te sensing e fomance of C N TsH yi rogen ges sensors
by 1sing Wwo txs of e cabon nenottbes @ I CNT a S C(NT) and maes
compersons betveen tem b e tke bestt N Ts §® and besge rformance -

Experimental Work
Preparation of the samples

h bt work, €x2 cm®)d imensibns prinary Nty siliton wafer si bstaks were
toro ghiy c kaed ©de-contam hak te rsi face from any availkEbk stains and d it
P orau ssilizon Berd S)wsas prepared viephotckem calwete thing-This process B
cared o tbyusingon nay Ightsa ice - s main gooarat s conskt of aQuark
Tungsen H abgn Enp ¢ ) negakd wih d thok ¢ losollal minor, a
focusing Bns,ad te ddll€d ethingH F i poured n a Tefbn conrerIo
prepere C NT sampk ,0 01 gofC N T wasd Bersed nD metyFormanse QM F)A
maget stier was nconorakd for ©E p pose for 15 miu &s,folbwed by 1
hoir sonkatibn.The obtaed soll tibn was U sed for filins depostibn on poral s
siizon by te dropcastingmetod -

Gas sensor testing system

Tre detadb of e gss sensor €sting u nkwheh was used N te cunentest B
described e bewlere [§] -ItE aste Icylnd rcalestchemberof 163 mm d Eme €rand
200 mm Fe ghtwilh te botbom base male emovebk ad seakd by en 0 —ring
seakd _The effectaize vol me of te chamber B417 349 cc ; ithes an nktforalbw ing
te €stgs © fbw n ad an ar ammence vale © albw amosgdert ax aer
evary atibn A notertimd porte proviled forvatuum ga g connectibn A mu N
feed twou gh atte base of te chamber allbws for te e Bctrial connectibns © be
esteblBled © te sensoran te heakrassembly_The reakrassembly conses of a
hotpkt and ak—te temoco pk nsie te chamber noder contolan st
te desied opratng Emperatr of te sensor. The temocoi pk senses e
tEmerat ke atte s rface of te filln exposed © te anal/e ges-The P( —nErfaced
mu MIme€r,of e UN H UT8 18 ,wasused © rgstrte varatbn of e snsor
conductence @ec pxocalof resktrce) exposed © prede€m ined ar—hyl rOgen ges
miKk ng ratb _The chembercan be evatu akd Usihgarmwtay pmp© arm ghvauum
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of 2x102 bar.A ges mk ihgmanifoll was inconorakd © controlte m k ng ratibs
of te tstand carergeses proro beng npced NO te €stchamber.The mk ng
o manfoll B fed by zero arand €stges twol gh afbw me€rand reed B valre
aranggment. This avangementof mk ng sckeme B done © ensi e et te g5
mEKtre entrngte €stthember s pem ked tereby gvingte ralsensitiv iy -

Result and discussion

H wil rogen ebsorptibn b carbon nenot bes sampks atroom Emerat e ha no
sonfcantchenge N te rsstce of cabon nenotbes- The 8 n a mutal
ageementw i resi b6 rpored by oter eseacters [9,10] -The cabon nanotbes
reed © be do@d wilhoterabms ororakd athigeremerat e fortem bhe a
opal ges sensor for hyl rogen-Senstv iy §) gpked © soll sk clem Hesstie
oes sensors B achenge n te e kctrxzal resetrce ©r conductrce) e Hie © te
nit|l sk | ponexposl ik b ardichgorox i Eingges comporent. itk caku Bkl
usihgte equ atibn -

R..—-R.

s = AR 009 = Do~ Rar 0004 —O
Ro Rair

Or

G -G.
S=AGG X100 % = |— % 72" 1¥100 % . -Q)
I rere
R B te ckctrzal resstbxe and G B te ebctxal conductrce and e
sibscript “a’®” nd taks tat bakgoind B te nitAl dry arsee ad te
subscrpt “ges”” nd k£aks te anal/eé ges hes been ntrodu ced -

FDl shows te rpesentatie ral—tme e bctzalresponse of atin fin CN'T
sensing e Bment© H 2 ges concentratibn of 3% N aw.The tstwas erfomed at
vaissensngemeratreswih? 5vad 5v bies volere -

The senstw iy S% mceased wih nceasngopraing eEmerat e T ,wher te
ma imum sensitviy of M Il CNT B11 93% a 20 50 % were obtared a2 5and 5
vokk espectively at200C €sting empErat e afer whih thegen © drop wih
nceasng T axd te €stwas Eminakd -te sensktw iy of S CNT B2184 % axd
5253 % wer obtared a2 5 and 5 vokespctiel a1l €stng Emerat e
aerwhih tbegan b dopwih nceasng T and te €stwas €m inakd -
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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 sensitw iy of te ges sensorats voltbes vollee was faind e e b hger
ten tatof 25 vol The deendence of snsing rksponse on e oErating
tmeratre of te MY CNT filn B exhbed N FD2. It B seen tat te filn
ma mum resktnce goes twor ghama mum onchenging T ,w i te bestoge rating
EmEerat e ataoind 200 Y .Ral ghiy spepeking, te

nciease of Rya (e Bftsie of te ma mum) res b flom an ncrease N e &k
of si rface raton of te agptgss ,whik te decrease of R,y (e rOTtsie) ks 6
fron adecrease n te | tllly of € g sensing Ber A the EmeEratre of te
ma imim conductance @esponse), te tagpt g mokcl Bs have optimum
[ ne tration d e pih N te ges sensnggrans (e | tlly) 12 optinu m et iy for
te ( Fisbn n te wihok sensing Ber, as we Bl as forexerting st ffr ently b,
ntrxtnwiihte s fae @G g response coeffi Bnd).
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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 % H,: air gas mixing ratio

FO3 shows te sensitvily S varatbn w ih hyl rogen ges concentratbn - FIg 1e
( D shows te sensitv iy S% ncreased w il ncreasing hyl rogen ges conce niration
forM I CNT,where te sensitvily of 1427 % ,17 28 % ax 20 50% was ob&aied n
1% ,2 % axd 3% hyi rogen-alrges mk ing ratb respectie by aerwhih te cu nent
tnis bsatrak wih nceasing te anale ges-A ke He by shortresponse time of
ebo t24ses and rcovery tine of ebo t79ses was notked at3% hyl rogen ges

concentratbn .

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

FO3b shows te snsitivily S% Icreaed wih iceasng hylrogn ges
concentration forSi C NT,where te sensitivily of 3L 07 % ,4327 % ad 32 53%
wes obtared N 1% ,2 % ax 3% hyl rogen:akr ges mk ng raib resgectve by afer
whihte cu nenténis O sat rak with inceasing te analye ges-A 1| e by short
response tine of ebau 29 sec and arecovery time of ebau B8 9 sec were notced at3%

hyd rogen ges conce ntratibn -
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Figure (3-b) Transient response of SWCNTSs gas sensor to different H,: air
mixing ratios. The test performed at 150 degrees temperature and 5 v bias
voltage

Tre ks kof ges sensing daka shows tetl , mokcu B B arduced agpnttet
donaks an e kctron © anoterspeces-Therefor H ,can ply arok & an e kcton-
d onor axd Hrhok-accepor.l Fen e N T ges sensorwes exjosed ©H , e Bcons
wer tansfened from H , mokclt BsO e ( NTs.H, fendonakd s e Bctrons D e
vaknce band of e ( N Ts,terbydecreasing te nimberof hoks by recombinaton,
reducing e conjuctiviy of ( N Ts,and increasinge kcrkalesktace -Therefor , ik
B reasonebk © assime ekl N Ts ar ap¥ye semEondu cor-

The sensitiv iy of te sensor icreased e te concentratibn of H , increased .C N Ts
have four possibk siEs © whih g mokcu s can be aisorbed - nemally, n
ntrsttEl chenne b, N extmal gooves, and on extmal sifaces_ A ta bw
concentration , te al sorption skEs were notentae I fillkd by H , mokcu Bs_H owever,
once te concentratbn of H, racted acritkal Bve lof 3% , te a sorpotibn skks
became compkely filkd , kal ihg © satratbn.ll Fen te concentratibdn exceeded
0% ,te alsorbed H, mokcu ks became thtly pecked on e (N T s rfaces, te
res) Mihg Enomor hEratons betveent , ad ( N Ts.

Conclusions

The best eromance of CNTs @l CNTs ad SW CNTs) sensors used &
hyd rogen sensingwere iealized nte stdy S ¢ N Ts filn proviles gool sensitiv ity
b hyirogengesesmor tenM |f (N Ts & 53% and 20 5% ) respectave by _The sensor
tmeeratre (50 ° forSi CNT and 200C ° forM i CNT) reduces te rsponse ©
hyt rogen geses from €9-24 Sec).
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