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ABSTRACT

This thesis presents the creation of electronic nose which is the measurement
system of sensor array by 7 types of metal oxide sensor and processes data by
principal component analysis (PCA) technique. Three types of draft beer formula are
investigated ‘and the results make the matrix data for signature processing. The
loading values relation between original data and factor scores are 81.79 percent of
PCAl and 17.06 percent of PCA2. When combined PCA1l and PCA2 together, the
loading value-is 98.85 percent which greater than 80 percent and sufficiency for data
explanation. The results can separate the 3 types of draft beer very clearly. The
application is used for monitoring the quality of draft beer process. The data are
gathered every hour for 10 days process which is 240 process step and bring it to
make data matrix. The signature processing shows the loading value between the
original and factor score are 96.55 percent of PCAl and 2.3 percent of PCA2. The
combined of PCA1 and PCA2 of loading value is 98.78 percent which is greater than
80 percent which is sufficiency for data explanation. The results of monitoring
measurement for quality controlling of draft beer process can observe the changing
in the process clearly. It would benefit for production process to ensure a consistent

quality standard production.

Keywords: Electronic nose, Sensor array, Draft beer, Principle component analysis,

PCA
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O, 20.94 Kr 0.0001 NH; 0.000002
Ar 0.93 H, 0.00005 NO, 0.00001
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2.2.1 Tuianauazlosau (Molecules and ions)
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wazvauwdy awddu  winiiddedu ag (aqueous) ﬁ]wmaﬁaaﬁﬁazmaa@uﬁﬁ
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2. Tuiana (Molecules)
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2.2.2 lua (Mole)
aunAdfinasiuiifuassiimaunsonmimiinesneuvesdiulsznaunasiudauenls
§uil Ca wirfu 40.08 amu , ClL Wiy 35.453 amu wifgsiidamasefiislitminesney
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1. Ms$28u (Effusion)
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2. Msuninszae (Diffusion)
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2.3.2 fingmsznan1suau (Carbon species)
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200 #ifdn Wuduwin fmussdugandiifosdmennisviay wasdleseduiiu 500 #fl
B Wiuewewauganananuiithlaeviud

2. msuaulneanlad (Carbon dioxide)

mfuoulneenlunBufnedtliid LiteliRsln CO, Wuimilogumgiigaini -78° C
finwdiu 1 atm €O, axifuvemdannnitnadureavar CO; iunamanasiniiauysal
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ddnnselindideunuuaynuyed nansipsesiainayndidnvsetindaduiusiuaynaus 3
WwaANNIOIEYALVBI AR IYa s AL
wanSusiataainiy iy thifuils dululefise faunseld syndianmseiindusziliu
arun AUty Womnndnsusiussiaviivslasousaeludnduiinoudnags
uaﬂmﬂﬁmﬂ‘[u‘[aﬁﬂawgnﬁLé‘ﬂmaﬁﬂﬁawﬁﬂlﬂwmammuﬁ’umﬂiuiaﬁﬁus] lAdn LUy
ihluAnfuviugudvhhiusudiioTrvdudadmuniu medieugesundulusutumaluladd
wada03e (Smart Dust) Vildamnsansaadeuidslsn Auvanuasy Turhsuladnivielsswnu
gravnssy Wusy senailstlevifusnvesayndidnvselindtios Ussmainag sisluglsy
avigauinm fuu wiwivssimamdsinunaiunia uaversauiiu Salanumainuanenis
Fanngs Sruudusvsialeduriddevsdud Tnewanizglsuldnonaadedioayn
Siinnselindduanie 2 1nFetne Usswelnedstiaaumainuanevnaduninennsianm Wu
gilunssdnensvedanisdnfurzsesiamuuazimunayndidamseindliiianuviadien
wazmMavisialu[19](20]
nsvheussaynuyediiidedrinegnseimnuaiisavesudazaulsivmiloutuviela
whiuFeiliAeaalidudusulumsasivaey sufsmnumiesdnvesanssinliAnnnm
Anwanaldie wazansiaiifdnduimarsduanssemeidsunmoreuysd fududeldiing
W sruvayndidnnsednduiunuiinisinauresuyudludui Snwmzessayn
Biinmseilindevillassairaniloufiunsyensesaynaned Tneilassadrafaguil 2.2 [1] dw
Chemical sensor array vihwihiisunaulevesansiafl uavdaunes Pattern  recoenition
system yiwthiluenuezinvesansiadl
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Output
(Odour ID)

Methanol

Pattern Recongnition

Odour molecules

Sample

JUW 2.2 wanmsvhauvesayndidnnseiing (1)

Y

wndidAvseindasne1eiasuluUsTIITIALUWIUYING L BAFI9E13 aTilsnunEy
orlsuiug aziinamasTuazanslusinfunduduqlusresnamils iwu Susidudiluly
Wesritindududaisagdnin iiasBulilindud wifusnAuesningroinadnauendninud,
Wundudnllmisnfiesldndudsn ayndidnusetindfagiiomasuisaiu dusiendiues
nawyFouudaeluaunauliui sufisseressliannseiudndulinlléd Wewnanluana
nauyiFeulddnlusuidusesinlidueesliannsaduiuluananaudug i laild 39
seulismslanauiusenlufenishenmmdnliddures uenantduayndidnnsetndd
wileuaynuywifidetnisnisFeu noufsnfnuiusunuliidosavesniuegiagiuaues
Y851 51desFudhuudifing i deulinduatnls ansewesiindusgnsls ayndidnnseiin
Auuidienfuiidesnismsindy Walvianinsnandwonuegnauld

wndidnnseiindfeslidnymsiidsunvussuusuinaulusssunaneiu drusunduey

= = [3

Usznauludhedihnaudundsenaiiueimasgreinia dviesausiundu (Concentrator) (el
naudlaududugitunasiiddyiianine WuweiTundusiuuinn dus 4 flvaudsiuiy
i FamnazFeuiisuiussauenaftointdesinn Wy gliversfiwadiunautiuduead ua
druniusndyyial Jeginmaulsdygiuanduses (Transduding)  wagyinisdanis
deysyned (Signal conditioning) LU andygIaIUNIU mmfuﬁ%LLanﬁw_,mummﬂamé‘aﬂlﬁ
Jupdmea (WD converter)  gavineidudiutszinanadasidyganlaunsiingg
Wisuiteudeaiafugiuteyadifiogiau F9e199z14i5neadAnientsszuuyszamiiion
(Artificial Neural Networks) iievinisuenuegnay Jamaiiasieg dmsunisiinsevideya
[2] Alganayndidnmsetindiifegui 2.3
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Quantitative Supervised  —— MLR

o - Lociprs
Statistical
3 CA
Pl Unsupervised
analysis PCA
Multivariate Supervised DFEA
analysis Template
—_—
Quantitative Supervised
= BP
Neural
network Unsupervised
N SOM

Pattern
analysis

Lv
Supervised BPQ

ry
L
Lol

Self-supervised

JUT 2.3 walialunislwsevideyadmivayndidnvseiing (2]

TBnslumsiesizidegadmiuagndidnnseiindd 2 3lng q Aonsdimszvdeyase
aal aa ol i ) o £ aal < = &1 =
omeaifuagitlaseiedszamasgun 2.48 Taesaedisnisasnenilunisiinsevidesdn 2
anwuzAaN s IAUTNM (Quantitative) waznsdinTgsialialagnisiesieigluuuvestoya
(Pattern analysis)

2.5 \Gulessunau

fr3undunieiduirasfunaufugunsaifugiuiianvenisayniidnnsoinduazayn
SITUYR ﬁw%’wgﬂﬁﬁmflaﬁuLs’ﬁuLsuai‘%"uﬂé"urﬁu‘luLaqa‘lmﬁua‘f’iﬂaﬁqag’luLmlL.Uiu Faugoy
gnsmaaiiinaiu @dunsnesilululaseaisuvsdulusneg i) wifideiazilasaiai
Ao iu nanAedulusiuifanslgwudulumm (Tran membrane) sewinsfindlulagdinu
uenvaudeviwadiuiulsenn 7 seu faulifuwe SifigUsafuirnisuusiudiunsnesd
Tluanglgwaniuannsaiimdusesivaduiaammainmanelunsdusuluananauld
Srunusnnduviuguistuly aruvainvandlumsiuiiuluananduiusznousunisiidan
Ussnanaiintu (auesdiuuiuarandina) edwlsfinlnanaiunduvesdndidsegnineusd
Faildadrfavatedsznis wu fuliausansianuinsivluanadnagienisueunauvenied

=

Felldunsretaele

uenantusfudsliausaduiiulmananduiitvwaluaiiu 300 a1afu (1 Dalton
wiriuiminesseslelasian) shlidynddnnsedndfiadsiuiitelfiuioumionyndnifos
gnmeundmiunsidaunane i

=
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Chemical Vapour

Sensors
I
I I I 1
Optical Thermal Electrochemical Gravimetric
il] | [ { 1 |
" Bulk
H Fluoreseence Pellistor Chemiresistive Patentiometric Amperometric H  acoustic
wave
I
Surface
Thermal
— Heflective o Conductin M ida % — acoustic
g ] etal oxide tield
Sonduntiaty Polymers effect lransistor wave
5 . He[xural
L | sorption Metal oxide - plate
semiconduciors wave

JUN 2.4 vilaveaduwesifoulddmiuayndidnnsaiing (3]

L’?djuL‘ﬁE]%%)Uﬂ§u1!aﬁﬁ]Qﬂﬂaﬁﬂ%‘ﬁaﬁﬂﬁﬁﬂﬁﬂﬂﬁdw‘]ﬁaLﬁﬂﬂ?ELU?{HULLUadﬁuﬁE‘T}QEﬂ%L"fJ‘Ll
audivuas andinidlwib dlefllmanandunninig Jagduiinsduainidoduwesiunau
Usgtnnsnaqiusnmngldugesiilinistaunssuuagnadnvseiindildlutiaguuianiy
nauldideguil 2.4 [3) ssansainvesiduwe suuuingildlunsiaussuuaynddnnsednd
nMsvihauvssiuesTunauingieg fivdnnnsesil

2.5.1 IuwasuuuLEs (Optical sensor)

Wuwessunaunltivatenuas Aelfusaifiondunmuautinuaieaaaiiifeanis
n519¥n BuweSulnilideriiamulawun alussiuse WWuafieutsenlunseenuuy
asiiethnsidsuwadyanalildnu fatlogene 3 nainfe

1. M9t5eeas (Fluorescence)

afennandinisiSewuaeaniiluusanugnaduamosnet mdinsnsain
UsunaumasiitinannnisiEouds

U MIEnLES (Reflective)

afennaniRninmvsIamewetaudvin s Takas i mannsHY
PRLAN

A. MIGANFUKEY (Absorption)

afuRuanTAnsgandunduladluuvmNgTesIsg iR audinig
m?mﬂﬂimmmamnﬂmﬂauwmmanﬂaumaq mu’m&mmmnuLsauaeuamuml,aqmaqaa"l,u
#ATe fusuluguil 25 Fadudueeiieguuiiugruresduweiuuuuas ilafegieriuyn
Buwed  orflsdanantiivesnedisginnsganduadluunsdismnuivilidveaduies
funtannereadureionsistiimmiuaiavdsunladlunndurimsese fauasiiuasy
wlasihendas CCD Fazlddeyafudfivdouly Wevhmsnmatamsiaifdsiatufioz s
sUnuuresETiAntuu e suAndsiuly
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JUR 2.5 ssuuiduesneinaseiinldndos CCD yhmsnsaainnasdliAntuuuduses
915158uuU Different substituted metalloporphyrins [2]

2.5.2 \§uwasiuunl1u3au (Thermal Sensor)

Thermal Sensor dmsusunduiindnnisrinaiusaguy 2.6 Wulwesuuu Thermal sensor
fieanldaudwarannsainlalusyiui wirasdnismuaunissuniwinnuaIndauwinasy
59U9 IWuesuuuilll 2 vlla Ao

1. Pellistor
= < 2 o a w0 v o Qs v o e ] A
Wuwasuuy Pellistor vhanannaisissialy Tidmsunmadufitendalnde  vsendl
AuaunsaluntsdwInINiou (Thermal conductivity) LaRA19IINNAA ANAIINATUNI
- 3 o A o i - Yo o
Yevniduweiasisuilatiuidionsianuiaimilnluaneimedilasainaiagun 2.6

L ALUMINA BEAD

FLATINLU
WIRE

rexttl®
dic f;ﬁfs"

SiRADY
W26 Ex

e L
_vasss?’

caraver <
JUT 2.6 lassasadugasiuuu Pellistor [4]

2. Thermal Conductivity

\Wuwosuuy Thermal conductivity dlassainsuasndnmsvirnumiioudues
wuu Pellistor wavihunamiduaiadiiifidaruiuniu Wasuwaduislogumgiiuasude
fusgifunsasuind lasardondnninimianudouIeuiisufuinevinlaudanieisgui
2.7 Fadlefifnaedradunfesinlissuiedhiauafazannsonaduinesiogsld
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Filament
Current
Mater

Balance o
Control § Sample Gas

g\

‘et
Recorder

e

Filament
Current
Cantrol

Reference Gas R

H
Ll
]

Power Suppiy

JUN 2.7 Tassainaduwasuuu Thermal conductivity [5]

2.5.3 Wuwasuuulwiluedl (Electrochemical Sensor)
Wuwassunauiildmaia Electrochemical e lwiniasl Sdemin1sesnuuuisasite

Ul auihlaane denadu 3 welia A

= o

1. Chemical resistive
ﬂ""lﬂ'l']ﬂJé]"]Uﬂ’]U‘tJ’eNﬁ’l L%UL‘UB%QSLU%BHLLUﬁQIUL aﬁmﬂnﬁmﬂwmmwﬁﬁa

Guwed uduimessunduildfuanuiongefian Wuwesarsisiatnlanzoanled (Metal
Oxide Semiconductor) 38 MOS Hlaswadnedesuii 28 duinisinunldidandledudy Sadl
Wuweddnusuavvilifimnalgesnagn wittegluiunsureimainun feigugesvieuly
AsuBY [17][18]

Metal Oxide Semiconductors (MOS)

Cdorant

Active Metal
malenaiq ; electrodes

Resistive
heating

gi.l"?'i 2.8 Wuwasuuu Metal Oxide Semiconductor [11[6]

2. Amperometric

o1fumpuATRlATsa19TBs Amperometric wanfaguil 2.9 28iEnTnInazgny
ogludianinslavi (Electrolyte) fwangau $2318nTnsavharn (Working electrode) ¥s191n
wwanfita (Platinum) vievias fegrefeazansaRuuLiusy (Membrane) 1l ey
fudasutasdninsauazdidnlnslailunaniendu Seildianissendladtiud syl
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dildnmseumdeuiiantadidninsaviliiAnanuuand1suivalwil Counter Electrode (CE)
waz Reference Electrode (RE) @3pnuunnsinevalszylwihszvinstavisassinbiindy
nazualnihdudyaronevinnveudueesiuies

Porous Woerking decyods
support , Qlysmatgil
. WE

Hy i3 ! a_ CE
ample i E: Elire Counles and
— ] b E— refsancs
- = FE
Seled containeg
Conmentional symbol: RE
¥ CE

WE

JUN 2.9 WuwesuUY Amperometric [7]

3. Potentiometric
Fugesuuy potentiometric Whudumasmanilvdanils [dmsuiausunm
AL TNTUTOIBIAUSENOUAIY inannisvinaulaanisia Eelectrical  potential  v89
electrode 3¢1374 working electrode iU reference electrode B potential Y89 working
electrode %%uaEuiﬁ’uﬂ'%mmmmL%’m%’waaﬁwﬁﬁﬂmimaﬁ@ fuduwesilaswainanig
ﬁwmuﬁagﬁﬁ?‘i 2.10

DAY

(") )

E‘Uﬁ 2.10 (n) Potentiometric wuv Vibrating capacitor (Kelvin probe)
(V) Potentiometric wWuU Insulated gate field-effect transistor [8]
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2.5.4 Fuwasuuutatviin (Gravimetric)

Wugoifunduiildinaila Gravimetric Aoiduwaiisnieglagldmaintmiinyes
fregravhliamaliihssaduredivasunlacly Wuwesviniidenfaunsonsiasaldly
sEiUsn WiNMseIwUUINRsIS Aot etudeu Aldnuiuiisweluid

1. Bulk Acoustic Wave

\ulmasuuu Bulk Acoustic Wave (BAW) Hlassadneiuu Piezoelectric crystals
inyinanaend (Quart) %ﬂﬁﬂaﬂuwuwwuﬁiaLﬁmﬁ'awaaﬂﬁ‘u%wH“Lﬁl,ﬂua&mﬁimaLawwvudfamu
ffnsifiussiuresedudoiniglusa Crystal auunfuilaves Crystal ﬁiﬂﬁumiawmvmuau
fumnuivdenaniildd1eds Piezoelectric crystals uaummaaumammaaumaﬂmﬂﬂau
anuvuUszangs 2-3 lulaswes Feieadouiildazdosfianunusoansiniivazainudou Uni
Wi Piezoelectric crystals asilwdnmsiing fe tedady saq wWu guvnliviemaves
asUszneunauiivedey Annsasuudassdmalinuivesnduidsiinevausainnis
Wasuwlasmnuludae ﬁ'@iﬁaqmmﬁamiﬂixﬂauﬂf?iugn@m%’uﬁﬁnmﬁwﬁwmﬁaLﬂﬁau
neliAnnsaziouvosndudedinonuianeg  saisszsvresnudasioufivdeuld nns
Wasuulashipuiuagsydureinnuias feuduiduiusfuthminesansusenounau
Anee usdeeglsAmuiimnandidiugs 4 msideuuvassarumisiuszivuasnnuiagiioy
Fafiarusududeddisauluniamegouuny mwdedligasiaduire sudadsutusiu
nszuIun1sWinITuE neviluaglimnuilugae 10 §e 30 winedsed dovuneldlunisin
AU INITTIR LA s d o T T uas T uAUS I v R UsEnauTe sansUsTnaunauns e
Wuiwes vinTeenlunsmugulinasndugemaiiviom e siimiosfing lnssaiiauas
anwzvanduwaswuy Bulk acoustic wave LLﬁmﬁagﬂﬁ 2.1(

*4-—— Quartz
4‘---— Gold electrode |

-\w

Attachment wires —

Connecting pins ——-—»

g‘dﬁ 2.11 Wuwaduuu Bulk Acoustic Wave [1] [9]

2. Surface Acoustic Wave

Wulwesuuu Surface Acoustic Wave (SAW) nszurunisvinuazadieq fiu
Guwes BAW  uudidueeiuuu SAW  agfinsiAsuadumnuiingaziiatuainnis
Waruuasnaualii adedalwihiiviuaintheesduees wavaglidiludnly nsld
Audlutisiaud 100-1000 wnedsnd Hethwsseduasinisudeuntadaedninlumsgs
Fuluanavessnegauuiidumeide maudsuulainufasduiusiudniureinsgadu
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veshetafivuiuiamivesduwesludiuvesiniduwesduineganmend (Quar) wied
Bou (Lithium) dhazindeulaedaindou 2 vin Juinegvihenegiidey lnefanaudiluns
unduaznisagioundu  lnovdausnldlumsdumidugesuardnalavisnsldluignda
Tngluszuuvesindndmesiidusesvintazaietunauisuslvesansdames arlves
Sensor iintituagiunszurumsvesmsifaduad fe muivesniudesiliedamui
guuasimuduiusvasdnygalnih dvsunisudnduweseinivuagldansdanou (Silicon)
A5 IATAN mesdﬂﬁ‘hﬁ‘;}uéfm’lﬁﬂuniamumiﬁﬁmmﬁqamr} wmselunsranusazasafosd
mseupuitelilunszuiunsiianufionaiavesmandntosiigainfiasyils Tassaiiouae
dnwazdurediuy SAW faguii 2.12

sUTl 2.12 uiwasuuu Surface Acoustic Wave [1] [10]

3. Flexural plate wave

WulwesLUU Flexural plate wave Hlpssafeedrefiudmeasiiuu Surface
Acoustic Wave uagindnnisvihauiindis iy %qﬁiﬂiaagwqﬁagﬂﬁ 2.13 Fapfsrudsleny
wivosduires Judedeamuilitudugefisiilidueesiianisnevavedudnumusnis
Annduiafianuiniedu eifegraduaginldaduinwasuamaluyiily Redu
Fyanasnmuitunidetuseinimeeenluduresisesnduiinaauiafinuiiy

Meander-Line
Transdi

Si
Subsirate

gﬂﬁ 2.13 uleasuuU Flexural plate wave [11]
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2.6 \Wuwafuuuansneiilanzeanlad
Wuwaudadléinsiauntulud 1971 Tagwengd lumsgnanunssutiuagihann
windlauariinsindeudeilduieini Sdddyneenlamifuiuaiey filduiasfudiss
upiselilavewaniluiduaneiu (Spectrum) Wielihesenisuenuilnvesansusznauindl
usiay ansilunaunaasy {]aauulmwwmiwauwjawuﬂummiamm5qaaaU1¢’f{uwaamﬂn
Faust 50-400 seiwaidea Sufulavesiiduimeiusnsiaililuniasestenmililum
Ufiseweansiafiusiaziiiliviniuiiiieofias frseunquansiadivilaniieg Aiduesdiuszney
yasnduiinaaey warluilanannsofiazduunsiinvenau Tnevdnnsudmanouausmaadl
voanduiidisefuisesrgniudsulufudygnsidnnsednd
esnniduwesfundunuuansisiailanvesnlaivieSonduinduweiuuulans
sonlasidnuauandsguil 2.14 Wumesuuuilifudueesildtunnuiougeiian sz
Tassaduiidesenisidny duifdnsimuidusesaiatmmans quuunuudaugeanis
Yan MOS eglusundnidingSuunniitfiadudadoty Taglumsilwiindy Siinnseufiaedes
?iﬁmlﬁmssm'f]aﬁaﬁuﬁamﬁﬁgﬁqﬁﬂ%gﬂmé’aumaqﬁaa%umaaﬁﬂ%aaﬂ%muﬁﬁqﬁ%ﬁﬂﬁlﬁﬂ
usasunlihiivilisdnaseudhalvinligivindetu uddhifedaflaudiviugisesu
aendlaufigumpiigeiaus 200-500 asm FashlFdursseeniiauiideveiuanadly vl
fan MOS Al @AYy FeasRuilie i lilunsnsaewinduiitaudiviugisendu

'
=

29NTLIUNgUNAIE

gﬂ‘ﬁ 2.14 \iuesuuu Metal Oxide Serniconductor Jusine) [6]

e sviniduaddnduudunilaflowliianianmafivnzay viavesansheinhildd
8¢ 2 vlla A9 n-type semiconductors (Zin, iron oxide)l4luufA3e1 Reducing compound
dnvllafa p-type semiconductors (Nickel, Cobaltoxide) TdAUU{ATe1  Oxidizing
compound uidsuariauduweilssaniadmssniuselulasameluaminede lu
Useinlneieafiinisiduduwes MOS  fguélansuazTanusiand (MTEC) wazgudunly
wiAlulagumanf
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2.6.1 lassadvsaduwasuuulavzaanlaa

Tassadsveaduioiimuuulanzeanled [6] uansiaguil 2.15 I Active material By
awsﬁqﬁaﬁﬂﬁLﬁuiawzaanlﬂémqagjuu Substrate iFi?JE)?qJ:fTU‘?J’:’J Electrode fhoanlenlanyiaigu
Ayneaenles (SnO,) danzdeanlen (ZnO) Thaswmussnles (WO,) wansenles (Fe,0,) udu
Feazgnliimnuiousie Heater Lilomunugamgiinazifusagislumsih Deoxidizing

Stainless steel gauze

Sensor element

— Sensing mil,
- Substrate

/il - Heater
¥ S

Matal cap \ {roversy sioe)

UM 2.15 Tasvadamgluvesduwesuuulangeanlan (6]

2.6.2 nMsinnuvesduwesuuulanyeanlun

Wuweifie Mdluimnsaiafenaiansenledueslansidu sanlasveddansiiyn
(SnO,) Lﬂj'e]NﬁﬂBE]ﬂl‘dﬁgﬂlﬁﬂ’]’lﬂ%@ﬂﬁgﬂiﬁ%ﬁ@ﬂ Tmaqamaaaan%muaﬂﬂLmzﬁ’;ﬁﬁwawﬁﬂ
onluslavedsyszgiiluay (Negative change) Wiliiindnaluiinduiiinazyszquaned
mﬂuaﬂé"fﬂLLamLLUU'{]’ﬂamuasammﬁmammugﬂﬁ 2.16 (n) I;JLaQamaeaaﬂ?ﬁmua%ﬁqﬁﬂﬁwqﬁw
Fuszminsdneonledlandsinuinenisivaseddnasou Suihldrudumussaduires
Wndu eflfeg1efidesnisiadiuidruvinldusuiaeondinuanas wievialiiAnnis
Deoxidizing 1 yhlfiinn siseandiausanainfinvessdnesnladlangyinlianumuiny
Uszpauiiiwdneenladlanzanas uasvlidnaliindssnnsnsinavedidnasauanawineg
unalsienusiumnureaduesanasiuanddusuil 2.16 (@)

%0, + e > O
10, + 26 > OF

(M)
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¥ o,
0,+CO > CO,+e co
O +CO>CO,+e

RSO RSARAR T,

()

[
=

JUN 2.16 (n) wuudaeseduedndinihilifiaduniaveeenleflansungyinaulni

o
=

° a o S o a Aa v e
(@) wuUIapsesUIEAnAlWThILAnTuRIveesn lenlavsumuyinfing (1]

aunisi (2.2) uaunisededuienisinurendumesunsidue iU jiseniu
sondiavluanneunfsendiaunieznenszduaidnasou (nsxualuihiieliruduees) e
du 0" Frezrnsmafumsveanszualiin umelvinszualiinlwaduldfosamiednly
wilsfie mnufuUIB N Ee UL

e+ % 0, = O(s) (2.2)

'
| A e s 1 o/ =

wisledifneiedlag R(g) drudrunagduivosndiauiliunaliiinisfioandiauaanainma

5 as P

Wuresfeaunsd 23)  Faduwmald 0 fivamisivavesnszualiiranaaulumgli
nszualihlvaldgsuuvi odnlbwidevinldeniuiunuveaduiresanasiiies

R(g)+0(s)” - RO(g)+e (2.3)

ANUFURUSTEMI9ANNAUNIUTRUTULYDST waLANLTLTUDDY Deoxidizing gas  WARIAY
P}
aunsn (2.4)

R, = AICT* (2.4)

Tagf R, Aemanusmumugsaduwes 4 AeAiasd [C] Aemanuiduduresine was o
ApAUTUYBINT AU Ry

anulder ULt uresigasnssUNEmeRTIEI  T9ImINiuIUYe LT uIYes
vurfiiinativaneg Ry semwdunueadumesiedluennia R, fuanslugui 2.17
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Sensitivity Characteristics:

100

FziBo

1000

10 100
(Gas soncentyation {(ppm)

JUN 2.17 psaanuduiusssminaudunuTaadugesnoUSinaueaing [6]

U w ' a « & da i
ﬂiWWﬂ’JqﬂﬂﬂWﬂéiﬁW?ﬁﬂquQumaﬂL%UL“UaﬁLLﬁSﬂ?quﬂuwuNamﬂ'ﬂfJ']ﬂJ‘L’J‘U'B]\‘]Lgﬁ‘uﬂﬁa{

meﬁagvﬁ 2.18

wniidity endency:

RsiRo

EN

o=
o
<

a1
-20 -10 4] 10 20 30
Ambient temperature (C)

= o W & i a < & 4 A |
sUN 2.18 ﬂi']ﬂﬂj"!ﬂ-]ﬁllﬂﬂﬁ'ﬁﬁﬁ?'N@qm‘lﬂﬂ“ll"uﬁ]QL"UUL%'FJ?LL@%?W']M‘UUWQJNamaﬂﬁnlﬁﬂ

YouFuLos
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2.6.3 135veaduwasuuulavzoanled

2v9svnduweifaanduguil 2.19 :1mas 7, duussiulwihiiselsdituiahamg
fou (Heater) titemunugamgiilituduweslinsiifiomuaumnalhwesdugeslinaiiani
vils iesangamgiiiuAsuuasiinaronnylveaduies

sUN 2.19 1asiugwdwmsuiaduseslavzeanlen (6]

ANANUATUNILY B SR sAN e ldaNnaNn 7 (2.5)

Ry =[;—C—1J><RL (2.5)

RL

o

masulvihiduresigluaunsamlaainannisn (2.5)

AN ResaB (2.6)
(RS +RL )2
2.7 N5ATIziesAUTznauan (Principal Component Analysis)
2.7.1 AMURUIBVBINITIATIZHRIAUSENOUNEAN
Tun99inideladinasluidenisiuimnssueans Inemans inswgetans Wudu
inagildayauaziulsduauuin w%'aLfiaﬂ'lmuam‘lugﬂmam‘mﬂﬁwﬁﬁ'sLuJimm"l 4 AUy

&
=

o o o ) =2 o va ' a ¢ 1 e
Fulufagdanfiarsanlden Jeililiaiugienlunisinsziuazagunalasianizeg9gs
eauUsiimnuduiusiu SedlvunAnnagandurusulsiaglrsulsiadrtulniininuiu

o @ = v o i a ¢ & v & &
wlsnsennuulsuniwesiuusinlinnfiaauazimaianmsinsegiesdusenaunan Ay
WwAAvnldand uIuduUs e

a '3 & & o - -3 1 W -:vll 1
NsTUIUNMTIATIENBIAYTENaUDon AT UL ULI9AUAAISTEN 20 1ng Spearman Wi

£=Y & & 7 l;’:' at =Y-| A i L% =
ﬂ'mLfﬂﬁwadﬂ‘di:ﬁﬂaﬂuauauuwﬂmﬁmwqﬂmﬂ%%’auuumﬁEJL'Jmmﬂluﬂ’mLﬂi'}sﬁ
A9 mﬁLm']sﬁaaﬁﬂizﬂavﬁﬁﬁﬂmﬂuﬁLtwiwawsluw;gﬁﬂﬁaaﬁaﬁu UNTETIPBURADS
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I =

TatofudaTumuazmuinmelusunsunauiiamasnaztismasiun1siasigviosdusenay

o s

ﬁdﬁumﬁlﬂiwﬁaqﬁﬂisﬂau3@1&'LLW‘3’1ﬁmaean1"Lﬂuw§uﬂ'maﬁ’uasj’mﬂi’wmw
aslanelumsinseiasddsznoudl 2 Usenishe
1. Lﬁae‘i’ﬁfgﬁ]ﬁaﬁumﬁ’;LLﬂSLLsJaﬁ?j'auagjma’lﬁﬁ'gwiﬁé’qLﬂmﬁa*‘a’mlﬁ 138A11 A1SILASIEY
93AUI¥NOUT9E152 (Exploratory factor analysis)
2. \efgad asreaouvdedufiunguigauduny Bunin meieseiesdusenouifefudu
(Confirmatory factor analysis)

m7rgiesAuszneudsdsgldlunisdinadeya Snnussddsznevsiuvieniny
wlsusausansyninsiulndlefidulinindnsudadafisamodmiudunsevresauufigiu
L?’{a’;ﬁ’mﬁﬁmumaaaqﬁﬂisﬂaunwaiéx’%’ayaﬁaaui’mlﬁ

MslngsiesAUsznauvan [13) Whiwalamsassnuiulsmaidanis Tnenisadns
waasiulslmilidudsidudaduvesinuusify wasiwavasiulsivdaziisvaziduanse
Toyavewiiuysidy Fruauudstwiesadhifuiisuausaudsidu dude nsdfififudsiu
p 1 dudslmivindu m ezl m<p

2.7.2 MANNIIYBINITAATIZNDIAU TN UNAN

faldnannudinniinssiesdvszneundndumaiamsansiunuiwUsiiisuy
10 Wy p i Teensadenudsiidaduilsituresiulsiy p @ wazasdesaiavions
s1waziduanieAuusususnmuusiuu ilududslmlinadan Witdesld PC,unu
99U ZNOUNE T i§ R 275 PN LE: seiitunpus
i 1 msad1e PC, visosszaoundni 1 dudusudslvaddusn lagld PC, Wy
fleftudaduresiudsiing p i uavesdosanaviamiinuLUsUsauaniaLUsis p o
iy PG, Wundige Seagvinld PC fidrea1unUsusiunindiga (leifisuiu
PC;i=1,2,.., p lagil

PC = w X+ wp X, +. 4w X, (2.7)

kD PC,=w' x- W Var(w' x) fignanniige wag w', w, =1

il 2 nsatesAvszneuvan? 2 wie 2C;

PC, wduilsidudaduresiulniy  p i uaratnreandenvdennuwlsunud
wiesn PC, Tnsasfesatmmuiiuisindesin PC, inlii PC, Wnnflgawiniiagyils
uay PC, axdeslifinnuduiusiu PC, wieasdasienin (orthogonal) fu PC,

PC, =w, X, +wp, X, +..c+ W, X, (2.8)
W30 PC,=w'yx W% Var(w,'x) fienunniige

lefiRauly w',w, =1, w', w, =0uaz Cov(w' x,w', x)=0

Uil k N1sasesRUsenauvdnd k wie PC,
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PC, anfuilsiduBudurasinuuafiy  pi wazafinsazBuavidormnuulsusiud
W@ean PC,, PC,,..,PC,, wlilu PC, Whnniiga uaz PC, vzdadiflanuduiusiu
PC,, PC,,...PC,_

Tneii
PC, =w, X, +w,X, +..+w, X (2.9)

kp*™ p

]
=

VE PC,=w',x TV Var(w,'x) fifnunniign
lngfitouly w',w, =1, w',w, =0 ; j=k

wag Cov(w' x,w' x)=0 d@W3U j<k

o o o s o =
YUY p MIATNBIAUTENBUVEANY p e PC,

PC, asifuilvidudaduresiulsfn  pi lag PC, sxilnnudunusvasiuusiiy
fiwdean PC,, PCy ., PC, -uatlillnanuduwus PC,,PC,,..;:PC,

Tnedl
PC,=w, Xi+w, X, +..+w, X, (2.10)

N30 PC, =w',x WA Var(w, 'x) fAunaign
lneditouly w'ow, =1, uag Cov(w'p x,w' x)=0 dmiu j<p

AAULUTTIUVRIILUSIAN p f = AURULUSTEMIUSENDUNEN p AT 5D

Var(X,)+Var(X,) .+ Var(X,) = Var(PC)) + Var(PC,) +...+Var(PC,) (2.11)

MIEMstagiili Asusmres PC, ssnniigauagaususiuves PC
wanaudouauvldALUTUIYYes PC, sdave
Var(PC,) 2 Var(PCy) >...2 Var(PC,) . fanmosfuvsgu  x'= (X, X,,... X,) @il
wesndeulsusiusin Tuasfianloinu. 4 2 4, 2.4, 20 Insillsuiiuszneuvianlieyly
sUlidudaduresiuls X, X,,.., X, fie

— ! —
PC =w x=wX +w.X, +.w X

lp™"p

PC, =whx=wy X +wp X, +.w, X, (2.12)

PC,=w' x=w X +w, X, +.w X
Var(PC))=w", 2w, v B=120 0 p (2.13)

dmiuAanuwUsusuuues PC, way PC, Ao
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Cop( PO PG =w'\ Xwsie & ihi=12.p (2.14)

Tns? PC,, PG, ,..., PC, Wusulslwiviedalsznouvdn p i uas W, \uduyseans
vt winusssud iy X, filefuszneundn PC, Toedt PC,, Py P, 1
muduiusiu PC, Wusuyslmidai 1 videsdseneundnii 1 Feiteifuidaduvessauys
s Fohlirudsusig Var(PC) =w', Tw, fiiunniign v3e
PC, = Weridudadu w'x ild Var(w', x) Siwnniige deil w)w, =1 vde
ww =+ nh +tnl =1 (2.15)
PC, flaitudaduil 2 vas X X,y X, = w'y x 0l Var(w', x) Senanniige
Tnefitoulodn whws =1 uaz  Cov(w' x,w', x)= CoW(PC.PC)=0 via PC, il
ARSI PC
PC, flsftudadui k wes L P AR S O '@ vl Var(PCk)ﬁmwmﬁejm
TnefiFeulvin wi,w, =1 uay Cov(w',x,w' x)=0 o i<k wis PC, liflamuduius
fu PC, Toedl i<k
asuiimeed x'=(X, X5, X)) Fafllumsnoaiudsusausan Y adeloinuuas
nawaslalnu(d, w), (4, wy),.. (4, w,) lasfiailawnuy 4 >4, 24,20 LazInees
oy w' = (W, Wy, ..., W, ) 01 PC =W x, " PC, =W, x,0, PC = w' & 1Tuduseney
nan p A udeelain

P i
ZVar(X,.) =O) #0p Tt 0, SAF L ¥ 4 A= ZVar(PC,.) (2.16)
i=1

i=1

ar

. PC, Hdndiuvaiawsusm =

. k=1,2,..p (2.17)

Wu 61 PC, ddnaiuvasdnlsusou = 0.7 vunefis PC, @sn3nesuiunuiuwls
va9fuUs  X's wanue 70% dwiudnloinu 4, 4,,..4, 183s1Usgnaunan
PC,, PC,,...,PC, muaiu Tedt anlainud (1) ssdusulsunusinvesiiuszneundn
i i(PC) dunnmaslonud k(w,) suduhwinvesiuusidlushusenoundnd k(PC,)

2.7.3 §7uussAUsZNBUNAN

faldnanudrimaiansinszsiesiusznaundndunisansiviuiuls p filaed
m < plagsudstwiniefusenaundniiadeiu fie PC,,PC,,...,PC, 3ziinauiususiu

vesiuysiAuliuniian wu dddauusiiu 20§17 (p<20) uazA1udIUTIUINUA
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20
= Var(X)) azanunsaadrefuvslmiviaduszneundnld 20 i udfimuindusznou 3
i=1

AILINEIUNTNANAANULUSHUIR I USIRULA 80%

Var(PC))+Var(PC,)+Var(PC;)
20
> Var(X,)
i=l

(2.18)

Tunsallaastyi m=3 iesandusivaiies 3 67 danuduwls vseaiusaasung
ANuRuwUsveLUsANlsunfsfasay 80 aatlu Feaunsalddindsludvsasiusenaundn
3 67 WNUAILUTLAL 20 67

A15RNTANT UMWY IINT aMIUTE N UV NI ZaNUTaRITUIAT m RS
Winle 9zfans19nsaragAIuduwlsRaIunsnasurefLUs ANl FuAUANALALSYDS
FanUsiAn O1AuUsAN paa dauduiusiuann swvilulasmudsiudngalolnunioan
wusUsuanneslifen Wy Jifige 1 wie 2 Adllanletnunin Wude A waz A, iAunn @
= o v = v 1w - = s L% & o L o ot g
fwavinlid 4, ..., 24, Hevdeessin withduusiduilanuduiusiuies Suiudiusenaundnay
WA UMD INALRLINUITLAUFILUTLAL

2.7.4 AMNEUNUS TEnI19R LS R uiunq9AUs SN unan

fannaniualinmnusiminsedusenaunanazldfinnuduiusfuessaiuaduUsyans
avduiussening PC, waz PC,(i#,) wdugud wifiuszneuvaniuiuusineeil

¥ o & @ Qs s < 1 s £ 73 1 s = -5': s s [ al 1
ANduTUS Tnednauduiussevdng PC, U X S grdissdntavduiug waviSenan
Qs a £ v W ¢ L Qs ot s = ' ~ (Y] n‘j ' . =€
duUszansandunusssnneiusEnounanuaziulsAuIn loading fedu A1 loading Julu
ATnanfisdydnavesiuUsiAufitidonsadienussnaunan a1en loading weedaudsiAuladl
awn (nd +1 w0 -1) wanshdmudsnutudanudagyioldiusulumsaiediusenay
VANHUIN FUNITHARNIANUEFNRUSTEMINAILUSHUAUFUSENBUNENG 9l

Z, =1, PCIgPC, £. 4L PC
Z, =1, PC, +1, PC, ¥l G- 19

7 =L PG + 1P, +:t L PC,

Ad' s a‘ s v .
Toen Z, \Wwiuds X, ivsulieghuguinmsg; j=12,..,p
ABEWYU FUIUMIANLAS NTALUS AT anduius sznIneiwUsiudusiUsenaunanta
il
PC, PC,

X, 1094126 -0.33768
X,10.92684 0.37545
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s
=) s o g

JenuIAduUssavdanduiussenin PC, fu X, uay X, 10u 0.94126 uag 0.92684
muadu Fadlenunn dadu Jasuledn X wae X, dwansevuvseddviwasgraunnlums
a¥1s PC,uazen loading HasifuillfluniseSuranumnevesiiseneundn  dmiue

loading  usnvNAgAURMlAAAEIUSE NS avdNTLSIAY Sanunsaduinlaanaunisi
(2.11)

W,
L =S—’ﬁ (2.20)
j
Tned L 1y loading vesfuUsiAud J(X;) iy Fusenaundnd i(PC,)

w, Wuloading vewhudsiiad j fu fuseneundndl i(PC,)
A Hualewnuvesiuszneuvdnit i (@usuriuvesialsenaundndi i(PC,))
S, L‘fluﬁhLﬁmLuummsgwummﬁmﬂﬂﬁuﬁ J(X)
2.7.5 yilavasdeyalunisadrediiasdausznaunen
Tumsadiafausznevluaumsi (27) Wunmsmendulseansvietmin (w;) Vo9
wUsidy Tagardwmanuninsmudsusiuin (Xvde §)  Tslunsddnariaenuindi
wsiusladwidlediiulsusanannndnfudsduy win viensdiiduUsifuimizefiunnsng
fu azvhldfulsiidandsusunnildnlunisadrsshlsenoundnann luvesdiduwUsius
AulsUTum g wivarldiinesemsasesavssnouvdniay wienanidiidusenaundnild
AstuRUFULUsTEALUsUsunnwindy - ns@fienususiuesiaudsiiuseiuinng  ald
wmsngauUsusiusinlunisadienysenaunan asvinlv
1. dhuszneuvandausng deulsusiuenn wy PC, faudsusiugs lwmsdl PC 8uq
fisuususausngnn
2. fusznoundnasduiiunutesiulsmuiiiiususiunn  viensaswlsiiuiiving
fneffunnn Mstinresnaduasyilra iy sUT IR
srjuitetestuldldmudsitiaudsusnunndusudsidy  Tumsadiefuseney
nan Famsuiuteyalviedluguinnsgiu (standardized) neu visaunuiogldiunInden
wUsUsunderudsusaus  Iildduussdviavdaius ( pwde R)  manld
SuUssavisanduius fedgie R asvhliamleinuuususiu) wasnmesmlamny (w;)

wWasullanduiildiussng S

2.7.6 NMIAIITUNIUILGIBIAUsTNOUNENTIMIN A

fadldnanuudrdn Suaumussneundnssihfusnuiiulsiiy A p fa ued
Usznauvdniiney  eslidndiuenuulsuniudt  TnsamnzegeBansdifisulsusuid
AMUALTUS UL %v‘fﬂﬁﬁﬁ’;ﬂisnawé’ﬂLﬁ&N‘L:Lif"’iﬁfaﬁﬁé{’mmuﬂﬁmlﬂiﬂsauqa Jadind
o uilsenoundnmsiiimiavinean uenaniuinguszasdndnueansiinsey
Fusznoundn Ao msansuauiuls fetu SunushUstneundnamsadastieanitsuauy
sy wuamalumsfnsansnausdsenaunaniise
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1. fsunndegazanuLUsUuasay  infesazmnuUsusiudzauuainilsenau
vidn m fusn Wuetesindesay 80 Anslisausauszneudnuiniu m aefl m<p wu
i p =10 wasilhusenoundniiios 3 fusn fimazauvessesazyasiosazunsaunlsusiu
Ju 82 smeiidalszneundndai 4 fisevazvosrnuudsuniuiies 7.5 asaiieiuius
Usgneundniivangay fie 3 (PC,, PC,, PC,)

2. M Scree Tumsfiansandruiudiussnaundniivaneay Taensndenelainu
A15R1SANINS TN scree T EfaUsEnoundnsad m+1,..., p W3eMSURIUIENDUNEN m A7
it

3. Tiansanatleinuvsemulsusiuvesiiuseneuvidnurazdy  SAuUsuTIvYes

P
> A ’

s

Usgnauunanallatesninawlsusiueiy | =Z— | 9=aniia
r

nsldanlenuierulstruvesussnauvdndmivoyaniogluguuinsgiuuad s
AsananigiIlsnaunaniidaleinusnaninuituarayinlddiuaumusenaunanilauin
< a v O [ sl ' =
aotosauiulufsiumsldvannusiaugn IRt

2.7.7 AANUNUNBVDIA289AUSENaUNAN
ATUNHEV DI IUTENDUMENAISILATUNEDIAIUNLNEAILUS LAY LTUB9RINA2UTENBY
& £ a (% ) a v ey ¥ 1 . o | e v oa

NANUUAINTULT AU IAILUSLAY FalAnNaTIuaI91A1 Loading  agtluannladasune
ANVINEYBIRIUTENBURANURAYAT LHiBeRInAT Loading (7)) \DuriduuseAnsanduius
sneiudaiind (X)) Auduseneundni i(PC,) M3AinwidnmumngvessiUsznay
wanmsiluanumnevesfulsituilatieiu Witasmiainan loading vafauusidudila
HAnunnauviieguessiUseneuvdnalstiuanuruiavasswlsuu Inedaluivuain a0

Loading snAIvsewintiu 0.5 IsRatsananunietassnulsinuduliiduainumingves
fiausznaunan

2.8 Anlawnuuazlainuiniaes (Eigen value and Eigen vector)

Tunsndinmanslanunnesvasnisuandaduiufesdummindililfunndguda
S lidlumsutasiuanydsussazudlivdsuiian dnfunnlanunnnesvesnisuag
Fadu ssdidananifiFends Alenu dmdueindiu dstmusanasalanunnme iy
wesdunelanmsuvaatadu fegratu Arlenuy Wiy +2 neauiilenuianiaesd
Augmuargaduindrlufiamady, Arlewnumiiiu +1 nuneanuiilainuanmesliinng
Wasuwasm ke, luumgiinleinuiiy -1 mnemiuileinunnnesasiifiems
fundu Usgiidnunzians (Bigen space) vaensuasiiliin dwsudnlatnuamzdinniy
wavienanswiidudureslonunneeiimuduiusivarlainui wieustanimesdud
visoliiiiiemg
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Tunsdimawlasdadu 7.7 > 7 1 4 Juweindmsudases T iy T() = Av
dwsunn veV filanans 2 ihlsiinnees v Alifunnnedaudiiili 4v = ivué
wildmsiunndhetu fdinmsuszgndldlunaisann

Avuali 4 Juwedndoun mxn

Gy Gp o e 4,
(121 a22 a2n
A=|ay ay, .. a,, (2.21)
_aml amZ anm _

Y
v 13 (2.22)
V3
Tnefivinled Ay = Ay (2.23)
dle A WY AN

2w Jumesitlag Wuanans
v Arleinunnees

Senanats 4 Wihlvaunasdameuiiliiilugud (Nontrivial solution) 71 Alainu

(Eigen value) a1 4 wasiSenanmes v Judureeuiikilinnweiaudiu 11 lanunnmes
(Eigen vector) &wiu A

a 1 1 ]- ] 7 U = [ 4 3 O
F288198U v :{2} Wulatnuneas dmsuelanu A =3 vaqussng A= {8

-1
< 1 3 O 1 3
LLWAUN Av = =
8 1|2 6
1 3
1GH] Av=3 =

LARIIN Av= v

yokl

u ﬁ’j 1 3 o s 1
AINUU V= [2} Wulatnunnmes dwmsuelanuy =3



dgrumsmanlalnusuunsng 4 awnsaesuislnasiagiewalul

Al o o a & 3 0 ' 2o o
o uua LIRS NG A= 5 annsovnantainulasisd
19 Av=Av

nawaglidumud o
A TN @
AT A1
(A=3)(A+1)=(~8)0=0
(A=3)(A41)=0
A=3117
Fetfu Alownuueauning 4 12 arfe A =3 uaz 4 =-1lngvhluainaunis

=0

Av=Av i v=0 fvilvauns  uaimng Ames 4 aunsadeaunisiviedlugy
FTUVANNISLONIUS (Homogeneous system) Ag

(A= A)v=0 (2.24)

e A Uy ANURSNY

| w9 wmsnglendnwel
4wy Wuasilaq Wuainans
v unu arlainunnmes

Fasguvaunsiananvsiinawasiliiduaudidliofime siiuuudvesuning
det(A] — 4) = 0 fiduuseanslaidu 0 Tufe

|AI—4]=0 (2.25)

31
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Faauni1sy (2.41) T¥lun1sureletny 158031 dUNISHLALSALABSSARN
(Characteristic Equation) 9834 lagnisunaunisivesiailenuy A auaeanis arogragy

th
3 2
A=

AUNSUALINLADSTARN A };LI_A[ =0

A-3 0-2|
0-(-1) A-0|
A=3 =2

=0
e
(A-3)A-1(-2)=0
A=32+2=0
A=1,2

fatiu edlewnuresusng A4 §26 fe A =1 uag 4, =2
asU 1 4 Juwsdnduum mxn wag A Juswausdwudasle
1. A Wulonuvesuming 4
2. syuvauns (AL — Ay =0 ﬁﬁﬁmauﬁlmﬂunﬂma'ﬁgué
3.(|AI=A4l=0

4. finnwas v=0 1u R Avinld Av=Av

aw o ad o
2.9 91UIWNNYIVDY
Jagduagndidnnsedindinisdmiauthluldeuae varnvats sedulvgjasiionld

Wugasuinlangeonlemiudumessundu esindlauiadnasannaztnduwasvaisi
1 @ o o | = o “as ¢ I & o [ P
Aoy vunu et lilaznisaonasetdyamemyalilssinanaseivinlaig ¥

9
=i

fregnsnAdeiihduseivinlavgoonledluldasl

2.9.1 nsilszimanenisennid

NUITLYe Iman Morsi [14] Tadfeidumesuuulangeanleninuiu 5 @7 As TGS
822, TGS 2442, TGS 813, TGS 4160 wuaz TGS 2600 uwesuiu uasdulinsnmiaingamyll
Aty wazaaiiay Wuweiouamuaumahaulagldlulaseeulnsaaed nehayn
ddnnseiindasivinfmeansueuldeenlen (CO,) waziemsusuLauanlen (CO) MuviadnuY
e Tudlonvdeuifisuiu Tneldweiansanossduduldaiemanuduiusiunmduld
Talunsideussauuafiwlagldlusunsy MATLAB ’Luﬂﬁﬂssmawa%’agawam‘mﬂamé’aguﬁ
2.20



33

Tt i

Vi pned (il

o o e ¢ fad v = o < 3 o
2.20 voae 'Uﬂ'WJﬂ’]iﬂﬂuuau@ﬂl‘ﬁﬂWUuwﬂlﬂ?\]']ﬂlﬁjumﬂﬁﬂa'lﬂ‘] 1

=D

U

2.9.2 M3suundaagnanduiive
NATevesgelsad wnauud [12] leldfhedugesuuulangaonloniiuiu 5 i
fio TGS2620 TGS2610 TG5822 TGS825 uavAr63 asvianauiventuleanaseddldnig
LﬂﬁauLLﬂaaﬁmﬁgmwmﬁwﬁuuﬁa%ﬁagﬂﬁ 2.21

45 T T T T ¥ T ¥ T

4.0 L ]
ol I
930t '
|
S 25} i
=
ol i 7 (> N7
2 i L TGS 2602,
8 & ! = TGS 2601 | 1
<7 o TGS 822 |
N 2o - AF63 |
S\ s |
0.5 F |
] \ I L 1 L 1 g -
50 100 150 200 250

Number Points
JUT 2.21 dyananswisuwlanesiuduweinsainuive [12]

dwiunisinseideyaarldinaiaPcA lunsduunndummeaesladadendiodi
dwmeuvivan 2 nau aslnsniusauasieniuea duenueailudiuszneunileinlu
dmenuazlnswiuealiiduasSeuiisudmiunamsvmaaes

2.9.3 mMsduunaunmiiledad
NUITeU99 Chen Cunshec warane [15] lAuduwasiiuiu 6 62 s MQ136, MQ
137, MQ 138, MQ 139, MQ 140uaz MQ 141 asraianduiledniiiteanmnin iesainnsld
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wadamadauszamdidansisaeuilioginteiananliie Jsazliayndifnnseiinday

a ¥ & = a & o i v a v a
naulleiinulingamaiisineg nntuhdeyadldanmnsnisiinnzinalagliineianis
InsegvilaniUafarsiivuud dwandugun 2.22

Sensory Grade
o A(1-4)
o B(5-8)
o C(9-12)

Function 2

Function 1

5UT 2.22 namsdiunidedadnussaugunniisingg deweaila MDA [16]

2.9.4 Msswuningarfuaulneenlediuinegdue
U4 Frederic Sarry Wag Martine Lumbreras [16] lirfedugasdau 3
1 fip TGSB00, TGS813 Waw TGS832 wsenulueiiisd inldniainimeaiivaulaeanlys
wazansvhAnEl R134a uasanstauesiaians SaduasteliandsingnisaiiFeu
nszanduamnueddagualandauwasmidinnesiteavainsnsninaliinaianisin e

aafUsEnaUNANLaY TS e AR DaRarsiLuLs F90n15YeUsEUULAEKANTATIATATILS
Aa3UN 2.23 uag 2.24 audfu

Mass Flow Mixing
Controllers Chamber
=
Sensor _r— Exhaust
Enclosure
Sensor
Control Unit Control Unit
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1. gAY
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NEITeAY
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2. Danau v3e ueavisuBan(bottom yest)

ArunaudaABInIaLandIv (Adjunct)
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anduailasenled CO, AaziAnunauluie Faasinadeneazarudvondes Tnevly
Larger uaz Brisner ie$asmunuussiuliaguszana 0.8 bar uaz Ale iusaauusafuliiin
A1 0.6 bar mﬂﬁﬂmimuquLmﬁu‘tﬁqqma’luf‘faﬂummsnﬁﬂﬁlﬂaﬂa%ulﬁ wasilsavn
naundey vdwniuhlunses Wsusniemenouurauase wazdasiandeeen Jsagldidedi
Ta woudu wdsndufiludhdaivfeluvssgiedndmiesely Wesiinseamieudia
wéil Beniuin aswivides Oraft beer) vivaidudan
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Wesam vve as1vildes (Draft beer)

Jesanfisimietuiluduszmneds Wdesfiunsadinmmaauuuiortuiudes
avsealdeinisdetasl¥iifnanundreiy uidesanazuandrsanidessssunasd e
wiinldudrvzihundwnieiuit Tngliiunssuisnsmaneslsd (Pasteurization) viesiide
ylwdedfidsuanmindeieenndu fdeffesanfazanivinir widesnselomdonia ag
vmsmsmaeslsd dlidemeannsadiuliidunliudeuanim
TuasfeAeuaziinsussqasdslsd Barrel) desniimsthdsiiiuiagergiideusnunudld
ilesannldifithinun sndenisguainuldliinsnnnszunn uasydogluauiaan ud
WU frwesezgiiilen Wedulatuiles ulanmidunsauszoznaui aghldiinnsie
nsowuswiu Tadinshnduerfanaumuanninduds dwmivlddesasun Tnedondwiad
11 180 (Keg) Faazansionisvuds indeudie Laztngedng naenIun1IaNeiANEEIA 09
fuvasauasadng ddunasaiiasindudiudansihilen (UY)  ssnavinlrdveadss
Wasuulasly fsfunisussadedastumougiiduen Sedexldaiad Wy Fuea vied
Fen Feazdhelesiukasdansiblewsldlhudnluld wandesiiloandiau (Oxyeen) Yuas
TUazannsafaURseneandiadutuidests (UinSeeanted (oxidation) vanufisUfAzend
Tuanavieezneuiinsgapdedidnnseuainislaasiifulanaiiviniihidudfudidnaseu)
ffesiutgmillalaeld mivelseantas (CO,) Wuaslluvaiedosiu sendiau (Oxygen)
Ll v gnsen Wesuswislaifiounsedila Cooer ale unvzfioudiu npdadifaduuog
s U ImdeiWheat Beer) fenaniumnluiguinniSe deegniwenlfvessemegosuil
2.10.4 Ussinnvodles
naunazsadesinanasnsan (Hop) saduliifeswiianis dlldnonsen (Hop) g
Lildsawuedsou q veadesazldhiumuies sen (Hopugndrwiesimulisaudsnafiu
\Enties fidedmamuIanaTssUsTEN JranLrasauiignsHaunonaan (Hop) aneiu du
Shvasanzreniossareinnmatssuamveadedduanulsldvans s
Jedulsmuefinvesdanfilduazisnnsming 2 Yssianlngq fe
1LiflesBadtoany (Top-fermenting yeast Beer)
ﬁmﬁaiﬁmmﬂL%aﬁaﬁﬁazaaaﬁaagd'ﬁﬁ'mﬁwauﬂaﬂﬁma%gumwﬁﬂ
2.1 {u$8adidaan (Bottom-fermenting yeast Beer)
ﬁmﬁaﬂﬁﬂmm%aiaﬁﬁ%ﬁma;Jiﬁﬁuﬂwumﬁam%?:ummﬁﬂ
wenINHNIWUIUsELAMd U nunisventes 1wy a, i’mqﬁuﬁ%’, ASTUIUNITHER,
USIeuuoanased uwas Bue
uUsudnwzvaadad
1. waided (Ale beer) e fiddsousareutneivuusnn ms1eldBaditenns Tu
naviin finduveswead mindegamglinigunnweaunss fusanssedUszana
4.8 % fruiauagieuii Dusseldorf
2. nainwmeiiied (Porter beer) Waaddeasy lumswiin Salueaidefusenvmils
uinduvasnangen (Hop)teenin samdedieammidusudilsamuuasives
1NN
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11.
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\esun welaviled (White beer) w3a Weizenbier wia Weipbier [48adidoane
Tunswindiszauueanegea 5 - 5.6 % dneArsusulaeenlanuinnii Ale 1%
sagRndedesan uwildeseewindesan dnduen Wuiideslumemeuld wavun
D5 uazmeuwilerensasuuneiiud

\Aad (Koelsch) w3a (Kolsch) Eadidenns Tuniswiin deilldandedies
Cologne 58 Koln fsaungaus uoanased 4.8 %

amdided (Stout beer) 1¥Tadidoans Tunswin Wudesfidaddududaduea
Jefusaanuils wiawmddofilsamfnunininduguuesnengew (Hop)uay
weaddaay [Wuidomnnlumivndngy anen o3y Tullasmesmesudhauns
winaiJeiilengazray wnedeianddeithyquamnnindefssamau q
annesifes (Lager beer) nananueas Wiamdoalunswin dvoadeseslidy
weanosedreutttge Wedneiifesussanimnfigailesansarfignasaulng
wannluanssensm fedrlosuiinin Wy [Dosaok paeawned lenunu 41
Unliges msadivesn mnandnsueansgasasarnanaduladidss wu dwilad
Unlan “a

Aaulles (Pilsen beer) 30 Pilsner wss Pils Lﬂﬂ%ﬂjﬁmﬁ’gﬂﬁanmﬁmﬁm
Pilsen Trisanusauunnssiulumunisnan fweanased 4 - 4.9 % Juifeuiy
AulnnluyszmAlsa s

vanife (Bock beer) Hiadeasluniswiin Ssamddutu Sioanogodas Tu
wosuilazkdndemniiunn

fufaveniles (Double bock been WasiToaulunsudin fvawfidudy wu
Uil 9 Adsvendes udesdutuniuendes Jusanssedgenituenides
deden minided (dark beer) vise Schwarzbier Weasidoaulunmswin 1esvia
flasdide %amulmj%mﬁmﬁ’uagmamauﬂmwawi:ﬂmmaasﬂu PUMIGTEIRVRY
woanesed 4.8 -5 %

loawdniTes (Diet beer) ﬁa;ﬁa%ﬁﬁﬂm'imuﬂmﬁ%mmﬁ‘;'lmaiﬁﬁﬂ'%mmﬁ'}mmsﬁ’u
AUTIFBIN1TaALIMIN

Wesl5ueanesed (Alcohol free beer or Non-Alcoholic Beer) Aaifesfindsann
nsviinUaudiazvimanduieueanssedeeniniiusslonilunsinzesanie

yananidaiiidasveeasiunidtoondnualnuan unuaniyy
& & = = d' -] YV = L] é’ = 1y & =
Berliner Weife finsuanawizivintmlesisaouyseallag witlhoanogaaines 2.8
= v o v oo ™ & e £

% Fetesunamsuilesineml Wunteuluuesau

Z, a ol vl oA a ae¢ o1 a & @ ¢ Vel
Helles Wuidesnlvdmiomas aaaluugsu Tdunauiduenanwaliioayladl
ueanagedTiginiund wiviunaueansgedenvliuiueu 1ulesnteunalunuibes

1.,

Taganizanu Oktoberest Tu Wisedalla WIeMSanAWI1 Wiesnbier

. 2 a sd W ow v a v P o
ZOIgL Beer LUULUITNUUNNLRNIENDINU WUI@WWQ@@UL‘WH@%@QLE]B?NU
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2.10.5 asAusznaumaaiivaades

Tudeiuddsznoundnendu wazasilansussnavaiingu 9 Snuszuia 800 i
iln wiansvdn q Anvludesaeusznaudie

A13lulewnsm (Carbohydrates) Useanas 3-4% finulusssunnfinoanssmanitiasng o

Toalnudnanlsd (oligosaccharides) Todlnudnanlsd fia mrslulawmsaiiusznaudeoe
Tuugnenlss daust 2 4 10 Tuana udourefuseiusglnaladan (glycosidic bond) M3
\Weuseruusazaisazgaudoth 1 luana Meds asluleawnsanguiide 9lasa wealma uan
Tna nwanlalulea w@alulea swlua wazamiAloa

WNATU (dextrin) Aenguluianadminiuivesalulawmse

ualuudnanlss (monosaccharide) Aathmaluanaiey Wuguuuy aslulawnsn fide
flan Usenaushe wililuanaues dina Svegluguves win vehifid avanoth 167 wely
winelsn vl sa v fednveweluwinadlsniu ngled (glucose v3a dextrose)
Winlna (fructose) Mudnina (galactose)

weanasea (Alcohols) 0.05-12.5% - L@n1usa (ethanolw3a Lefiausanagea (ethyl
alcoholfuneanasodaiavisdsAnnnmsineimminieasuutiadudhena a1nfuds
Wasunnmhmaiuieanssed Ingldieulvdionsauisiiadistos dulngmdnanivass
Ussunnie fiwuszuaminig Wudes Ingn wasiwdmanudagy dudznds 41 dnlne

nalwasea (Glycerol) m1a138n31 ndlweIu (Glycerine 138 Glycerin ) Hlastainaluiana
Julwdeea (polyol) iJuarsiiduvasivan Ta laifd Lifindu Ssavnudndes luluanadl
viflansenda (-OH) 3wy Foiliavaneinldn faudilunisduiudlé (hydroscopic) ndl
aseaidudruusznauvdniuluanavaslnsndiwaslsn (Triglyceride) Feldannnisyindveni
waseartunsalusiu (fatty acid).3 Tuiana

3-Methyl butanol {uweanesduianil dladuveanailaly
a15UsEnaveiiuy3s (Inorganic compounds) 0.5-2¢/L @sUsynausduv3dunluiinuse
WausgyiaznauraInTuauLazlalasau wu Arsuauuauanlas (carbon monoxide)

asuaulenanles (carbon dioxide) A1§uaium (carbonate)

Tusiu (Protein) Wuansdunse fudulndiuesuss argeniveensnazdly (@mino acid)
Tusfudududszneuiiugursseadaiidin

axilutulng (Aminoacids peptide) Ao Tuianaveslusfiuesiily uedn vateq luiana
wimeiuluanglgdug  0.2-0.6 /100 ml
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= =

wiiu(Amine) Wusyiudvewenluflenivysarauuunlalanaueuenludy

ansayiusnInfiipddn (Nucleic  acid derivative)  ansialiniilasasemaieiunin
Taaddn Wulndwesvesiandlolnd (nucleotide) Usenausieiliadleled (nucleoside) @
JuluanavesvaBanizduiing Suiumgreandndents dulululuanavesnsaiinisn
Jeuszneusigvyiua ena uazveans

iy (vitamin) ludesiinnfiugs 1wy Pantothenic Acid 3nniiud 3 wayluen@iu

n3aWuaan (Phenolic acid) ¥3onsaNuea [WUa1TINUAILSTTUIR LURTRa18tn WU

]
< =

an waldl iwseuna ayulwsimdaui whssyivdgnasaduieusslevilunisnigauls

a

nsauedn dasswaniAnegua i awnsaiueyydase (antioxidant) aunsaazaeinle
a1susgnaumugau (Sulphur compound)
pangaw uay nsANlAIuYY (Hop and bitter acid) 10-100 me/\

asusgnaveylsaniin (Aromatic Compounds) Wulslasasusuniilassadrauua wu
WuBu(CeH6) azlasn@inuensilidum uafinaauades asnquiiadlinausenin

ansildnauvenludes  diulvgfesiluasysenounsyvednenegludes wiu
weanaged a1susenauiuedu uaznduasussnevozlsnin

2.10.6 NARYRINITANLES
.7} @ .;i =l LY v oA w A:-i (%) = '3 d‘ = & =
Fudunanidesdulunyiniduinerdvisessslovduazinwuesnishudes Tned
a o A=|I o o i = o dll rd' = @
Nidvesnunning uasiiddgwuinineveadesifadowminueanssedieyludes Uy
finsdndy FaluwAnlumsnamdesiSueanesed viousansgedaiannu) Weldanaidely
Asaudes smuindes Susslewidesienie wadsagslsnsaunaysesunu winuindesd
#71391199 WA 1,000 wila saviviandlusasindens Wy dined wunilleu widn uazussini
FTu Farelrdulszamuaznduiils udause deiluselaviagnedudn Wwu
wadsieszuuden Josiulsamlanuin dnudesfianaundsssielsailatosningilale
a4 o ' -:I | a = a o = o @ ' = Y]
Autes 40 - 60% unadsanliifurSdnseeiu Wesliasuntlesnla drvanaudsdlsady
£ o aial = 3 1 as i7 = @ =F 1 s s (3
wonw suwe ansiiivsyleviludesannsatietesiuduiongaauihedesiulsndungne
Suneld Bsannusulain WMt 1goalauaLazaNUYINEISEsNsINTAAUNUTY NS
Jedteanmudulalingsla
s } 2 'é! « o i 7 n:i 1 = & o v
Yoafuumu grnudesiisaudesivhedulsaumu mepaife 1Wesvinli

suMmeanusauiveesluudued Waunala
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Frelvinszanudauss Weslvinafsansegn awnsatiedesiulsanszgnnguls udlang
LQW’]:,‘ﬁUW;;EJa"{JWiW‘ifu
Hosiutiossas Tuanaluideifidulszneumileutufunsnusnasihduaey ansiind
Fnumnadelsaludldiiummnuesiosiailliung Weauioads
Frumnanasen Tnimnsannavtine1ds Montreal Aunudn auhauildRude i
L‘TJuﬂ%{ﬂﬂS’l?ﬁﬂ’nmﬂ%wﬂﬁaaﬂ’héﬁiﬁﬁﬂLﬁEJ%
Jastuirluguifuaslule dninmsnnidensadsd Ussmaiiuwauddunuin msiy
e iuasnianaiagldsuuuniiden fnsteanamuidsdsainlulaléifs 40%
PJosiulsauouliunau arsainmen Hop 1w 1QesiUTpuiaiious1uoUnaUINNTITUYIA
faeliuszamounas fufu nsiudesniufluneuduianiieutunishiveueuvay
Freiuusie Weslaslndfiusssnasaetesiuuzis Tnsmsindueyyadassiiie
sanansemy ansindilueaananiio Xanthohumol Ssiitei fle Predudiusiufidaelunis
Waunsueauzise
Preliiaane Tulesinfiugs wu Pantothenic Acid 3mdiud 3 uagluondu Faazang
nssRunSHARaaRa s Dsadansaeaaaulasding Aaduseuiduularsou
2.10.7 waldsvain1shuadesitueanaged
woanesed Asarsmsinulily aswiewdn e Wuassssumaildunain
nszurumMIniatiang (Wu 9and1n equ 4nlne) fudad aduansiGondn evuea
(ethanol) BufuesAvsznoundnluieioafiuUseinngsn udnisnozis lynueaiiuIanifies
athadieu lu' awsanuld IwsesanRus e 3 Aeslldrunauiilelisaunaty 1
Bun dunantuin aeulwes (congener) ﬂamiﬂimmlmmmmhﬂumuaqmmnu
aundnannaaly §131 1 ader (drink) 1 mnede wiesduiifiuoanesednaey 12
n¥u Fufeuwidoides (3.6% ten1uea) vuin 12 saud (1 oeud wiadu 30 faddns) 1
nsviles wSedan 80 g (40% wnuaa) 1 eaud (30 fiadans)
f11 73 snefie panueud WU wd 100 And vineds widiidueanssed 100
dau mauth 100 @ dn 80 At winedt wAnTitioanesed 80 dau nai1 100 du
Tnevhe ludldfinsdvunegnspsnigdmurmedeh fueiidamé fe i 4
sariredu wazdnduguds finawmdde Q’ﬁﬁ'u 3 A39NHDIY

=2

woanesediauuilnadilutu Ussanafesas 90 szgnandusgeia lnedldidn
drudu uaznglune 30 - 90 wiil sefuneanssedludenss Jugign Leanagedaynszany
Tusne IHegasns wafiviuldesnsdnmudiduusnie qrsdeanss luszuzusn aevilon
fufnruddnnssuinssuh Anasuss wiluvziAedrfufiGuiing senisdadula maye
audestily mavhenwessruulsramuasndaiile asdnas inlddnasansiutemumvue
uazidlosziuvesusanesedifugaiudn ssvhligaudesunimsei nisueaiiu dundarud
LLﬁ%?J’]ﬁJ?ULLNﬁQ%UMNﬂﬁﬁIﬁ wen9nd nsgeduaausanased MusnadldEnfylvnns
aeduvafisndudvilndiejanaseng Tneannzagneds Innfind 1 lnenensesinndud 1 v
ylsiAnlsrauoadertuld warandustaamsiuslaliviu uasuuey fign weanesedasly

= o Y a [ [ 1 = %] [ L9 Y] ot [
fuavliifanissniavreswaasyu AalviAndudnay luduazanludv uwazsauudela
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woanogoadiinasavasnifeauazialald lneviliiinaisainuduladings szev
AOLAELADT0A LLaﬂmné‘malﬁﬁLﬁugﬁu wlrilomadsssensidulsaiilavia Beailasan
Amgvaeadantilaiu uenanii weansseddulufivinunswionduiiawladne Susiuld
1 woanesedtuiinaraszuuneluTsevatessuy Beslapluvinaiiinnuazdeiiendu
srpzauy Abudusiodunsiesigg wenifuniu
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A15ALHUIUIY

3.1 A1

wndidnnseiindfensidsunuumsiudnauvesdsitin aynveddidinlusssuu
suinauldlaeidiefioynavesnauifslulueinia Welunssnuiu deususuindululnssayn
ﬁiau%’ufﬂ?{uwﬁagﬁ'}mumn%aLwias“ﬁﬁﬂ%ﬁmimauauawiaﬂé"mwiammuﬁwnsmﬁ'ulmﬁa
siau%’uﬁﬂ?iumauauaa@iaﬂ?iwmﬂu,é"aﬁ%d&ﬁmm}wmlvﬂﬁﬂmﬁlﬂé’qamaqauaw:ﬁwmi
Usznanalaenisweuiiivufivnduiineandalaluofin 99nAnumsesidiandsyaiana
dieuidss Fewsnuozuagdliiniunduesls Srusuvesionfundululnssayniuiidnnu
wea SifleufuseesiuywdusRugiuldlutagiu msfiezdeunuunisihauesayn
9349 %'w'flumimn‘ﬁ%ﬁﬂﬁamﬁaméaumﬁﬁmgﬂuasauawmﬁqﬁ%ﬁmﬁﬂﬁ%Lﬁtjaéauawm
AiTAniTuunermeaiesldiUssnanalunskenLegnAuRfge ayndidnvsaiindis
Haegluduisufuiivgiestauntusely lasuselovivasayndidnnsedadiiunldtufaziing
PIRABUANNINE T MasunkansasiTes nissuunnduimeniwivielindnunain
wiaslansiuunluudeiiodn iifogdnninuvasmisananiile Tsuunduaslsausds
Yannaumele uagldnmavnningsuidaluaunsy Wusu Tunsduaiideasldvuwesing
yilnansiiafnilaveeanlen wanesutesuiuduisundunasitundnyugyesnause
nslaiianisiinsevesddsznaundn  tunaunisdiusnideluSeannsimmayn
sdnnsedndladinedamsiansilimashdunisded

YURNDUNTANLUIIUITY

a o

1. Anwenideaynd@anseinduuusig 4 wazdsmsuiluldenu

U
a a a

Anwanidoaynddnvsednddliiwumesuia asfsilanzeenlys
ﬁﬂmmuf’a%’ﬂﬁlﬁﬁﬁ@ﬂﬁtﬁﬂmaﬁﬂﬂumﬁmLﬂ'%"aqﬁuﬂ'izmwﬁﬁuaaﬂaaaéﬂudmmau
AnwnasdUseneutasasing 4 Meglusesiisanased
Anuislinseriteyauuusing 4 ldrulusuynddnnseling
oonuuusEuUIyndnnednduuulfisuwesansisinilavseenlefundesuiy
(Array sensor)

o koW o

=

mmaaa‘l%’auuﬂﬁl,ﬁﬂwiaﬁﬂﬁaaﬁﬂLﬂ?aaﬁml,aaﬂaaaﬁ

‘mﬂ"]m'ﬁL‘UﬁlUuuﬁaa‘uaaﬁ’mmmﬁmauauaqqqqm‘uaqLm‘axwuwa%

thayaaildinegluguveauning

10. thweSndmsnevauamesugesiniinTwimeIsMsilasziesUsznaunan
(Principal Component Analysis :PCA)

11. @gunamInnasy
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3.2 n1seanLUUINNBLENTISaling

INATANIAITHIDE19NeIN1TTanUI Wesanidiulsenaunaniduliuasil

asUsENBUs 9 tnuneyssinm 800 1ln wasiiddynauveudefanriomsrzveiioiog
Tudeiidumsfiagynisimiufiansmdn 4 Ussnoudeansnguueanased asdsenaurusdy
fransuaulaeenleduasminaiselsindin vieansiilvindusing 4 wu sew Husu Taenisideon
wuwef 1iesdenwuieiineuauasseansinandeiuiundn Tnglannzusanased ax
fasanannsvnisaevausUBITUIRTURINAR WU YUIgesTIlABnINIzRRUANBIU
woanasadynin wazidenunldfnseil 3.1 wirgnevaussunniesunnsirsiuldluusasiues
wuwaslavgoanladuiiag q Afsmirgluriewanimuanuiiadediiuildluayn
Siinnsedndiifsaeueeiineuaussdefiglddldifiesunengumiitiy
a9l 3.1 e iineiminrlduarsiavesine

i U Filafmiins29du

1 MQ 2 General Combustible
2 MQ 3 Alcohol

: MQ 4 Natural, Methane

a4 MQ 6 LPG, Propane

5 MQ 7 Carbon Monoxide

6 TGS52600 Air Contaminants

7 TG52602 Air Contaminants

JUT 3.1 wuwedayndidnnsedndildlunsnsinineTessuneanssed

mﬂﬁguﬂ'magﬂatéﬂwiaﬁﬂﬂﬂwmaaﬁmﬂ?aqﬁnLLaaﬂaaaé ntusesinsAILILA
nsdsundasgeaaiilandnavasnieuesuazihiilddaoduuiuming lewinta
iosinueanasedilodan 3 via vhnsind 5 afwasametalngliiouwes 7 f vinlils
wrdnddoyauun 15x7 wdmniuhltiieneidomaianinssiosdussnaundn iite
gransLun Ssagnanluumsiely
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3.2.1 N1999NWUUAYIBULYDID515E
Tnenlufeeueiuuvasiswnilanzesnlesaeiinsnoresidnuniidnvuey
Ageiy Ao tussulndnelifuases Ve Wuussiulnihnssuanseeldiv 5V way usedui
ey Heater (VH) Wunsssulnfinssuanss (OC) vislwinszuaadu (AC) vunaLsesu 5.0
vV

{gl
. | 3 '%-&)

Ve

t
Ry
i

o o -
Uf 3.2 2995vasineaugesnnsauldau

Sall

5URl 3.3 Megrfwmuweiuuulaveaonlad Ju TGS 2600
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10
1 L
. T |
i?;j oxide
E{‘! ot --“-.-‘-";‘-""‘E .......
= : r
i - Iso-butane
Ethanol
01 i
ddy Dinisi IO W o AL A=rBanzcl 1%

1 10 100

Gas Concentration {(ppm)

UM 3.4 rrwdumussuauesseledisiadnedeadiuiunnilieine Rs/Ro
YRUWUDS TGS 2600
ANAUAUNILIB LIRS ANNsavlPenaN NS (3.1)

Ry :(;—C—leRL (3.1)

RL

=

naunsi (3.1) inazilUldduamaimuduniulvan (RL) ezihluldrelu

o w

1995uaz g A uwesidluaiunsanlaannaunisy (3.2)

72
P, =LRSQ (3.2)
(RS +RL)
= o & & v v < a & P [ a
Fasmgldquuasiuwugesingddasaduayndidnnseindineldnsioin
a15UsEnauduridszmene TngAmnsiiwmednngg wu wseduiianglimeas (VO), uswiuiidne
iU Heater (VH), A udnumunasguss (RS), A1annuduyutes Heater (RS), f&af
T9va9 Heater (PH) vodlwulgasng 7 ¢ Aans1en 3.3
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A15197 3.2 Aussruliiuazanudun st sAne Aldau

U W3 VC (V) | useiu VH (V) | RS (KQ) RH (Q)
TGS 2602 Sil £ 0.2 5.0 £/0.2 10-100 57.0

TGS 2600 5002 50 £02 10-90 78.0

MQ 2 50201 BA &L 3-30 33.0+ 3.0
MQ 3 54 £01 50 £ Q.1 18 330 £3.0
MQ 4 5001 50 £0.1 10-60 350 £ 5.0
MQ 6 5.0 =0:1 Dullaibinllel, 2-20 53.0 & 3.0
MQ 7 5.0 1,071 2.4 0.1 2-20 330+30

ﬁﬂmwﬂaaumiﬁwmmamqmLLavs{aa'asJé’I’mm'v;uLa'lﬁwmmLfduuzsa‘%vmﬁ’mﬁaﬁw
deygyrautuinyanisia amammma'ﬁmai«uaﬂﬂsmuﬂaﬁammmamaemﬂummaa fle
qﬂﬂﬁmuumammm USB Multifunction u NI USB-6211 ua3u3®m National Instrument

-

3.2.2 NI9NRUUITEUUAITNINTY
sruuMInIvinvesayndidnnseiind indnnisviuaseq Aunsvhauaswes
aynuywd Ae sxdeslimsuinduvdelesumeinansuianieg mauwammvwinaﬂwum
z’hjm'iwmwwa»ﬂmsciluimLﬁ]uLUum‘wmﬂaumamiﬂsyﬂauaumaa meamﬂumamu
LLaaﬂaaaéL%giwuLsda‘i%’Uﬂ?iuﬁu’d 797 %ﬂlﬂasLmiuﬂﬁﬁwmmmizwm’m’mmumg‘d‘w 3.5
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w38 Sampling frequency ) FaaglAdtanes x(n) Wy

x(n) = x(nT) (3.4)

Wie 7 AoAUTBINTENIENs
iHlafinnsanseAuYeIns Quantization (Q) Teyasxld

x(n) = Q(x(nT)) (3.5)
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X (max) -_-MLDC(X(H)) (3.6)
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Xapy = Max (x (n))= Min(x(n)) (3.8)
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Funeunsinszsighemaila PCA Ln@LiwlmaiﬁaLumiﬂ%wauaLLm N
wssngAwUsUSIUTI (Covariance matrix) feaunsi (3.9),(3.10), (3.11), (3.12) wag (3.13)
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x® k=12,.,n. and x\? k=12,..,n (3.11)
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lned % unu Aedevesdeyawnindg X Tuwsagndn
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RSNGREaNN1Sh (3.14)

SX) =%xxT (3.13)
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xx% ! (3.14)
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Anuesngnaeslanuilaaviildatesaudsly dadunis (3.15)
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Heater uay duveuruwosnvzldliulssiuosntaseuweslngsiua s siunnAsoy
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Wnusnaeuee s ssiliiiaeuAsundaduasasiusisailngin (Voltage Dividers)
mmfumaéfulwﬁwzgﬂaiqm"mmiLLané’i’rgfgmamaaﬂlﬂtﬂuﬁ%maaLLé"mmemﬂumﬁm‘u
Faaunnsdi (4.1) Gaagagluguilaiduvesiouisdy n Fudludrasnsvoussiusswinegen
fushaatiuies

Xt :Max(x(n))gMin(x(n)) (4.1)

4.2 nan1sveassaundiannselindJauenuezuilavadeddn

Tunnsvnassdiuil szdumadnenayndidnnseiinduinnisiadeian lagviinisia
Wesfegne 3 qmﬁﬁﬂfamummfmﬁ’uﬁﬂmﬁm 5 ﬂ%gﬂuwiasqm 157198 ARSI UABUAUDY
vealdulreinofotiunlesnuLoancsedidesanudaryiin FaNE9IIINAIUINAIATS
WasuuwUasgegnagldrfananad 4.1 ddeyaiildindeuluguaeinduunn 15x7 wioily
ATIERLENLELEBmATANTIAT T iosAUsenaundn Tneldlusunsy MATLAB  iiilefs
s dumedin 7 f undusuusin fe fuls PCAL- PCAT Fausagiafiasil
AuEsaRsePINLduRusF a1 luansaiu fe fauls  PCAL aglviaUasidusinisia
anuduiusuiniigauazazanasios ausuus PCAT Aesidudnisieanuduiusiion
figasannsnail 4.2 wazguil 4.1051 Scree Plot uamansisAudiusTeyavesiuusli
3T 4.1 ussiunsuaussedueisazilunsadeanii 3 gns
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P MQ 2 MQ 3 MQ 4 MQ 6 MQ 7 TGS2600 | TGS2602
S (olt) | (Volt) | (Volt) | (vol) (Volt) | (Volty | (Volt)
ansil 1 -
1 0.469 0.221 0.112 0.174 0.061 1.039 0.276
2 0.428 0.205 0.092 0.202 0.061 1.121 0.264
3 0.478 0.230 0.073 0.242 0.065 1.234 0.255
q 0.469 0.250 0.098 0.224 0.071 1.472 0.282
5 0.454 0.235 0.096 0.306 0.072 1.395 0.295
drsiie.

1 0.125 0.103 0.061 0.042 0.071 0.466 0.162
2 0.176 0.123 0.064 0.031 0.061 0.551 0.153
3 0.166 0.143 0.072 0.072 0.052 0.469 0.132
4 0.162 0.163 0.075 0.051 0.041 0.459 0.102
5 0.195 0 1= 0.062 0.021 0.041 0.449 0.163

. "B P Y V) .
1 0.023 0.072 0.041 0.031 0.021 0.937 0.397
2 0.013 0.052 0.051 0.011 0.021 0.816 0.397
3 0.054 0.087 0.046 0.021 0.036 0.872 0.358
qa 0.063 0.104 0.071 0.031 0.041 0.959 0.392
5 0.050 0.121 0.061 0.035 0.048 0.984 0.342

a15797l 4.2 WoslGusesiudslmiftadnfauduius
suuslnl ~wasigudinmAe g Wasigunagey

PCA1 81.79 81.79

PCAZ 17.06 98.85

PCA3 0.68 99.53

PCA4 0.30 99.83

PCA5 0.11 99.94

PCAb 0.05 99.99

PCAT 0.01 100
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3991915797 4.2 [ziudn dawls PCAl fresidudnisfaninuduiudvaunind
FoyauirAu 8179 drwduls PCA2fidwinfu 1706 Sevsassauuslinasiunisis
mdITLSIYIAU 98.85 Wasidus Swnnnindesar 80 fuduisianunsaiieindauls PCAL
ey PCA2 Hufunuwasia 7 faudsly sumdnnisiansaniussneundniiuengasn 151
mm‘m@mmﬁuﬁ’uésﬂmﬁgﬂamﬁ?LL‘Uﬂm&;miﬁﬂﬂa%"mniww (Scree  Plot) wieldraranis
N8N ﬁqgﬂﬁl 4.1

Pnnsneassihiadugeivialaveeanleniiuiu 7 #1 weetiuiu wazilunsiain
asmethadesan lnethdegradesaniiinuuansieiu 3 g3 Aaidusan Ale Beer, Larger
Beer Waw Dark Beer ¥n1s¥ndn 5 Ay udsntuthwailfinahaduuninddoyauasly
wmadlanTinsiesdussnaundniievniendnuaivasdoyanuin gnsit 1 Fydnwalifugy
2anau gast 2 Aydnvalifuguaunaes gasit 3 dydaveldusudmasuannsauiingu
oyailu 3 nauldodstarusigui 4.2 nsmiildiFanin Scores Plot avdunmlddnluuuauny
yeuiidurwes PCALvSansAusznaundndl 1 AassUsnsyIEmegUTTI -0.4 g
Useanal 0.7 @eagdiinedindrendt Sesuzduiudiuandesifudnsfsnnuduiusdeyava
wdslyaifidien 81.79 wWefiius PCA2 wiepshusznaundnil 2 Avwasiauusnszansegussanm
0.3 feuszann 0.15 Faiduraefiuaundt Feasduiusiuaeiifudnisisanuduiusdeya
vowhuvslndiifen 17.06 wWoiduduandidiuin ssrussneundnd 1 derdeddygendn
2IAUSENOUNENT 2 d1asReT5NAT8Y N1FIATILNOAUTZNBUNANATANSIAEFUNTA 9
Huddny
4.3 wan1snaaasayndianusadndillAnaainasesiuueanazesidesdn

nsveasslduyndidnnsadndufsmuvuaunndatusan IEvhnnsTadausTuusnd
Suvhnainuseudsuiivhnisiuiomsdadust inisifudeya nn 9 92lus nase 24
#lus Winameassidulszana 10 Ju Tdranisnaassndmised 4.3 Ingludiuives
A3 199zIans uil (Day). $3lus (Houn) AusasugIniguwes MQ2 MQ3 MQ4 MQ6 MQ7
TGS2600 uaz TGS2602 MLEIRU HamMInaata 81w 10 Tuq ay 24 Falu foziinanay
240 wa FafiAesuauasslunISe

A19197 4.3 ussnuRavaustvaldumesirazdlunisihieauindesanluauiunisun

Day | Hour | MQ2 | MQ3 | MQ4 | MQ6 | MQ7 | TGS2600 | TGS2602

(Volt) | (Volt) | (Volt) | (Volt) | (Vol)) | (Volt) | (Volt)
1 1 0.041 | 0216 | 0522 | 0.412 | 0.324 | 0.508 0.202
1 2 | 0.047 | 0.196 | 0.512 | 0401 | 0319 | 0.501 0.223
1 3 0.059 | 0225 | 0.523 | 0.433 | 0301 | 0.508 0.189
1 4 0.048 | 0.194 | 0.541 | 0422 | 0.326 | 0.504 0.203
1 5 0.028 | 0.184 | 0.531 | 0.394 | 0.314 | 0.508 0.223
1 6 | 0.048 | 0214 | 0.511 | 0412 | 0295 | 0.501 0.211
1 7 | 0.069 | 0241 | 0522 | 0.405 | 0323 | 0.519 0.206
1 8 0.058 | 0.215 | 0532 | 0414 | 0342 | 0.505 0.213
1 O | 0.048 | 0241 | 0.545 | 0.435 | 0325 | 0.521 0.208
1 10 | 0.023 | 0231 | 0512 | 0424 | 0311 | 0513 0.204
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A1519% 4.3 ussunavausandurauiazdlunishiamuinidesanluauiunsudni@e)

Day | Hour | MQ2 | MQ3 | MQ4 | MQ6 | MQ7 |TGS2600 | TGS2602

(Volt) | (Volt) | (Volt) | (Volt) | (Volt) | (Volb) (Vol)
1 11 | 0.045 | 0226 | 0.542 | 0.411 | 0321 | 0.538 0.201
1 12 | 0.066 | 0216 | 0.522 | 0.421 | 0341 | 0.511 0.219
1 13 | 0.029 | 0225 | 0.513 | 0.413 | 0321 | 0.508 0.201
1 14 | 0.078 | 0.204 | 0.541 | 0422 | 0341 | 0.512 0.193
1 15 | 0.048 | 0214 | 0.521 | 0.442 | 0361 | 0.509 0.223
1 16 | 0.058 | 0214 | 0511 | 0412 | 0321 | 0.504 0.183
1 17 | 0.042 | 0241 | 0502 | 0.424 | 0354 | 0.519 0.216
1 18 | 0.058 | 0225 | 0.532 | 0.404 | 0311 | 0.501 0.204
1 19 | 0.038 | 0.241 | 0.525 | 0.435 | 0325 | 0.532 0.235
1 20 | 0.042 | 0.262 | 0.512 | 0414 | 0341 | 0.504 0.211
1 21 | 0.053 | 0.246 | 0.522 | 0441 | 0321 | 0.518 0.226
1 22 | 0.041 | 0.256 | 0.532 | 0431 | 0341 | 0.531 0.221
1 23 | 0.067 | 0.225 | 0.523 | 0443 | 0361 | 0.528 0.201
1 24 | 0.049 | 0264 | 0521 | 0422 | 0349 | 0.502 0.213
2 1 0.072 | 0246 | 0512 | 0412 | 0351 | 0.528 0.236
2 2 0.043 | 0256 | 0.532 | 0431 | 0.371 | 0.541 0.246
2 3 0.064 | 0.225 | 0513 | 0.443 | 0.365 | 0.538 0.198
2 4| 0.027 | 0214 | 0541 | 0.446 | 0341 | 0.532 0.213
2 5 0.046 | 0.224 | 0501 | 0452 | 0372 | 0.523 0.208
2 6 0.038 | 0214 | 0531 | 0442 | 0335 | 0.507 0.221
2 7 0.027 | 0241 | 0512 | 0454 | 0354 | 0.529 0.246
) 8 0.038 | 0.225 | 0.532 | 0.401 | 0.341 | 0.501 0.224
2 9 0.046 | 0242 | 0.505 | 0.435 | 0.375 | 0.531 0.235
2 10. | 0.079°] 0213 | 0.512 | 0414 | 0349 | 0.553 0.261
2 11| 0.034 | 0245 | 0.502 | 0406 | 0352 | 0.532 0.215
2 12 | 0.065 | 0.213 | 0.521 | 0452 | 0361 | 0.559 0.242
2 13 | 0.056 | 0223 | 0.511 | 0441 | 0373 | 0.523 0.223
2 14 | 0.046 | 0213 | 0.531 | 0.422 | 0362 | 0.569 0.232
) 15 | 0.053 | 0233 | 0,511 | 0441 | 0381 | 0.549 0.272
2 16 | 0.085 | 0.223 | 0.551 | 0431 | 0371 | 0.539 0.253
2 17 | 0.063 | 0212 | 0531 | 0411 | 0362 | 0.541 0.257
2 18 | 0.058 | 0222 | 0.511 | 0.405 | 0.383 | 0.534 0.277
2 19 | 0.094 | 0207 | 0.536 | 0421 | 0.346 | 0.563 0.298
2 20 | 0.072 | 0213 | 0.541 | 0.441 | 0351 | 0.549 0.282
2 21 | 0.122 | 0263 | 0531 | 0.435 | 0387 | 0.574 0.242
2 22 | 0.104 | 0.257 | 0.556 | 0.421 | 0376 | 0.582 0318
2 23 | 0.123 | 0213 | 0.541 | 0441 | 0341 | 0.549 0.282
2 24 | 0.141 | 0233 | 0.551 | 0435 | 0357 | 0.574 0.302
3 1 0.113 | 0246 | 0.522 | 0441 | 0351 | 0.578 0.246
3 2 0.143 | 0256 | 0.542 | 0431 | 0358 | 0.571 0.271
3 3 0.158 | 0225 | 0.563 | 0.443 | 0.368 | 0.558 0.268
3 4 0.172 | 0.284 | 0.541 | 0.422 | 0382 | 0.542 0.298
3 5 0.168 | 0314 | 0.531 | 0442 | 0378 | 0.562 0.288
3 6 0.138 | 0.294 | 0.551 | 0422 | 0348 | 0.582 0.309
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AN5197 4.3 UssiusavausIvauduesusazilunishfamusndesanluvuiunismin@a)

Day | Hour | MQ2 | MQ3 | MQ4 | MQ6 | MQ7 | TGS2600 | TGS2602

(Volt) | (Volt) | (Volt) | (Volt) | (Volt) | (Volt) | (Volt)
3 7 | 0.178 | 0341 | 0.542 | 0.454 | 0368 | 0.579 0.348
3 8 | 0.198 | 0.325 | 0.572 | 0.404 | 0.398 | 0.541 0.338
3 9 | 0.158 | 0.341 | 0.555 | 0.425 | 0.378 | 0.552 0.329
3 10 | 0.149 | 0367 | 0.572 | 0.434 | 0399 | 0.563 0.341
3 11 | 0.174 | 0345 | 0.562 | 0.406 | 0.384 | 0.591 0.355
3 12 | 0205 | 0363 | 0.551 | 0.452 | 0.405 | 0.559 0.346
3 13 | 0.186 | 0.332 | 0.581 | 0.441 | 0366 | 0.582 0.356
3 14 | 0206 | 0.383 | 0.561 | 0422 | 0356 | 0.569 0.363
3 15 | 0.183 | 0.413 | 0571 | 0461 | 0373 | 0579 0.355
3 16 | 0215 | 0423 | 0.551 | 0.431 | 0415 | 0.589 0.343
3 17 | 0.183 | 0382 | 0.561 | 0451 | 0383 | 0.552 0.363
3 18 | 0201 | 0452 | 0.571 | 0481 | 0.393 | 0.613 0.384
3 19 | 0.194 | 0397 | 0.564 | 0.461 | 0.394 | 0.592 0.357
3 20 | 0.213 | 0413 | 0593 | 0481 | 0373 | 0.559 0.381
3 21| 0.195 | 0453 | 0.581 | 0.492 | 0.395 | 0.574 0.404
3 227 | 0204 | 0397 | 0.596 | 0.481 | 0.424 | 0.621 0.393
3 23 | 0189 | 0413 | 0571 | 0491 | 0.389 | 0.579 0.452
3 24 | 0231 | 0.423-| 0591 | 0.495 | 0421 | 0574 0.403
4 1 0213 | 0.466 | 0.602 | 0471 | 0.443 |  0.618 0.413
4 2 | 0253 | 0476 | 0.622 | 0.491 | 0.408 | 0.621 0.439
4 3 | 0259 | 0.485 | 0.583 | 0.463 | 0.438 | 0.658 0.408
4 4 | 0.248 | 0.489 | 0.621 | 0.442 | 0478 |  0.632 0.468
4 5 | 0278 | 0424 | 0641 | 0452 | 0459 | 0.612 0.478
4 6 | 0.238 | 0.484 | 0.601 | 0.462 | 0.488 | 0.669 0.469
4 7 | 0309 | 0.421 | 0.612 | 0.444 | 0.458 | 0.687 0.448
4 8 | 0288 | 0.525 | 0.652 | 0479 | 0.489 | 0.641 0.458
4 9 | 0338 | 0.442 | 0.659 | 0.465 | 0.474 | 0.702 0.519
4 10 | 0309 | 0,463 | 0.632 | 0.474 ] 0.531 | 0.653 0.474
4 11 | 0329 | 0.545 | 0.612 | 0456 | 0.516 | 0.691 0.551
4 12 | 0325 | 0.513 | 0.641 | 0462 | 0.506 | 0.659 0.516
4 13 | 0316 | 0.453 | 0.631 | 0481 | 0.543 | 0.701 0.506
4 14 | 0366 | 0.503 | 0.661 | 0.502 | 0.515 | 0.676 0.543
4 15 | 0353 | 0463 | 0671 | 0.521 | 0.563 | 0.659 0.515
4 16 | 0335 | 0.543 | 0681 | 0531 | 0.533 | 0.719 0.543
4 17 | 0313 | 0562 | 0.661 | 0.541 | 0.574 | 0.692 0.533
4 18 | 0353 | 0462 | 0671 | 0511 | 0.583 | 0.723 0.574
4 19 | 0334 | 0.567 | 0.686 | 0.521 | 0.552 | 0.684 0.583
4 20 | 0.367 | 0483 | 0.681 | 0.541 | 0.574 | 0.729 0.532
4 21 | 0371 | 0513 | 0.689 | 0.535 | 0.603 | 0.704 0.574
4 22 | 0394 | 0497 | 0.716 | 0521 | 0.613 | 0.722 0.583
4 23 | 0383 | 0523 | 0.689 | 0.541 | 0.653 | 0.709 0.613
4 24 | 0.412 | 0.541 | 0.751 | 0.535 | 0.633 | 0.724 0.583
5 1 0.453 | 0.526 | 0.722 | 0.541 | 0.669 | 0.748 0.613
5 2 | 0413 | 0514 | 0.792 | 0531 | 0.658 | 0.721 0.629
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A15199 4.3 k5P URavUaANDIRITuasusazilunisEhRnaaadesanluruIunsVIN(se)

Day | Hour | MQ2 | MQ3 | MQ4 | MQ6 | MQ7 | TGS2600 | TGS2602

(Volt) | (Volt) | (Volt) | (Volt) | (Volt) | (Volt) (Volt)
5 3 0439 | 0.553 | 0.773 | 0.543 | 0.678 | 0.708 0.608
5 4 0.408 | 0.594 | 0.801 | 0.522 | 0.698 | 0.732 0.618
5 5 0.448 | 0.534 | 0.831 | 0.535 | 0.689 | 0.702 0.638
5 6 0478 | 0.624 | 0.841 | 0.574 | 0.672 | 0.723 0.659
5 7 0.419 | 0.584 | 0.802 | 0.584 | 0.708 | 0.753 0.648
5 8 0.468 | 0.565 | 0.852 | 0.554 | 0.729 | 0.751 0.618
5 9 0.458 | 0.594 | 0.845 | 0.535 | 0.714 | 0.731 0.659
5 10 | 0479 | 0.546 | 0.832 | 0.584 | 0.694 | 0.783 0.674
5 11 | 0474 | 0.645 | 0.853 | 0546 | 0.726 | 0.752 0.645
5 12 | 0531 | 0.563 | 0.861 | 0.555 | 0.746 | 0.759 0.696
5 13 | 0.496 | 0583 | 0.845 | 0.571 | 0.753 | 0.731 0.686
5 14 | 0506 | 0.623 | 0.869 | 0592 | 0.735 | 0.769 0.683
5 15 | 0.503 | 0.613 | 0.871 | 0.621 | 0.723 | 0.779 0.645
5 16 | 0515 | 0.623 | 0.881 | 0.631 | 0.763 | 0.739 0.673
5 17 | 0543 | 0682 | 0.861 | 0.611 | 0.734 | 0.774 0.693
5 18 | 0533.| 0.662 | 0.871 | 0.611 | 0.709" | 0.803 0.674
5 19 | 0574 | 0.697 | 0856 | 0.621 | 0.732 | 0.761 0.683
5 20 | 0.583 | 0.613. | 0.871 | 0.641 | 0.754 | 0.779 0.652
5 21 | 0532 | 0653 | 0.891 | 0.635 | 0.763 | 0.794 0.674
5 22| 0.574 | 0697 | 0.856 | 0621 | 0.742 | 0.765 0.703
5 23 | 0.583 | 0.673 | 0881 | 0641 | 0.718 | 0.769 0.652
5 24 | 0.623 | 0.623 | 0.891 | 0.635 | 0.724 |  0.784 0.683
6 1 0.613 | 0.646 | 0.902 | 0.641 | 0.739 | 0.818 0.733
6 2 0.633 | 0.656 | 0.872 | 0.631 | 0.768 | 0.821 0.719
6 3 0.629 | 0.735 | 0.883 | 0.653 | 0.728 | 0.808 0.678
6 4 0.608 | 0.684 | 0.911 | 0.642 | 0.778 | 0.792 0.728
6 5 0.658 | 0.694 | 0.901 | 0.692 | 0.741 | 0.814 0.688
6 6 0.648 | 0,724 | 0.931 | 0.672 | 0.756 | 0.852 0.748
6 7 0.649 | 0.651 | 0912 | 0.704 | 0.746 | 0.829 0.708
6 8 0.618 | 0.665 | 0.942 | 0.684 | 0.771 | 0.861 0.681
6 9 0.608 | 0.673 | 0915 | 0.715 | 0.765 | 0.842 0.689
6 10 | 0.669 | 0.764 | 0.912 | 0.694 | 0.781 | 0.863 0.728
6 11 | 0.674 | 0.745 | 0.932 | 0.706 | 0.765 | 0.824 0.738
6 12 | 0.645 | 0763 | 0921 | 0.722 | 0.741 | 0.849 0.759
6 13 | 0.626 | 0.733 | 0931 | 0.741 | 0.721 | 0.821 0.694
6 14 | 0.666 | 0.753 | 0.941 | 0.732 | 0.762 | 0.869 0.725
6 15 | 0.673 | 0.773 | 0951 | 0.721 | 0.776 | 0.849 0.696
6 16 | 0.615 | 0.723 | 0.961 | 0.741 | 0.767 | 0.839 0.756
6 17 | 0.643 | 0.782 | 0941 | 0.751 | 0.732 | 0.843 0.713
6 18 | 0.633 | 0.762 | 0.951 | 0.741 | 0.735 | 0.874 0.725
6 19 | 0.674 | 0.797 | 0.936 | 0.721 | 0.776 | 0.844 0.753
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A15199 4.3 LSstuRavauasasduesurasilunsihdasuindesanluaviunisuin(@e)

Day | Hour | MQ2 | MQ3 | MQ4 | MQ6 | MQ7 | TGS2600 | TGS2602

(Volt) | (Volt) | (Volt) | (Volt) | (Volt) (Volt) (Volt)
6 20 0.683 | 0.737 | 0.951 | 0.741 | 0.751 0.829 (713
6 21 0.632 | 0.723 | 0.961 | 0.765 | 0.787 0.874 0.754
6 22 0.674 | 0.797 | 0936 | 0.731 | 0.746 0.883 0.783
6 23 0.683 | 0.713 | 0.951 | 0.741 | 0.772 0.849 0.752
6 24 0632 | 0773 | D96l | 0736 | D757 0.874 0.724
7 1 0.613 | 0.746 | 0.972 | 0.751 | 0.731 0.878 0.793
7 2 0.643 | 0.786 | 0.942 | 0.731 | 0.781 0.871 0.772
7 3 0.639 | 0.755 | 0.963 | 0.743 | 0.755 0.858 0.733
7 < 0.608 0.804 | 0.971 0.752 0.741 0.882 0.756
7 S 0.648 | 0.841 | 0.961 | 0.736 | 0.761 0.902 0.809
7 6 0.628 | 0.754 | 0971 | 0.772 | 0.741 0.872 0.778
7 7 0.679 | 0.771 | 0942 | 0.752 | 0.731 0.919 0.738
7 8 0.648 | 0.832 | 0.982 | 0.784 | 0.769 0.901 0.768
7 9 0.618_ 1} -0-808 9275 SOV 036 0.881 0.752
7 10 0.689 | 0.825 | 0.962 | 0.784 | 0.781 0.915 0.819
7 11 0.674 | 0.834 | 0.972 | 0.806 | 0.722 0.892 0.771
7 12 0.645 | 0.852 | 0961 | 0.812 | 0.741 0.929 0.814
7 13 0.696 | 0.811 | 0.983 | 0.821 | 0.771 0.953 0.833
7 14 0.686 | 0.864 | 0951 | 0812 | 0.762 0.898 0.803
7 15 O\ O0&SHic§-932 )Y BRdadi 0\8()] E=cti3H 0.949 0.769
7 16 0.615 | 0.861 | 0981 | 0.831 | 0.751 0.939 0.773
s 17 0.643 | 0.832 | 0.961 | 0.811 | 0.743 0.912 0.829
7 18 0.63r0.795:10.98 |1D:851 | rO738 0.954 0.809
i 19 0.674 1 0.782 | 0.956 | 0.821 | 0.716 0.943 0.839
7 20 0.683 | 0.834 | 0.971 | 0.841 | 0.751 0.949 0.806
) 21 0.632 | 0.781 | 0.981 | 0.835 | 0.767 0.974 0.814
7 22 0.674 | 0.822 | 0956 | 0.821 | 0.746 0.981 0.833
7 23 0.683 | 0.853 | 0.941 | 0.841 | 0.731 0.949 (0.849
7 24 0.632.1.0.785 | 0981 { 0.835 | 0.757 0.974 0.814
8 1 0.613 | 0.822 | 0.952 | 0.841 | 0.761 0.978 0.828
8 2 0.653 | 0.823 | 0962 | 0.831 | 0.721 0.971 0.832
8 3 0.639 | 0.843 | 0973 | 0.843 | 0.751 0.988 0.854
8 4 0.608 | 0.841 | 0.961 | 0.852 | 0.745 0.942 0.868
8 5 0.688 | 0.804 | 0.971 | 0.842 | 0.731 0.938 0.801
8 6 0.628 | 0.782 | 0.961 | 0.872 | 0.761 0.952 0.858
8 7 0.669 | 0.793 | 0.942 | 0.884 | 0.782 0.997 0.802
8 8 0.648 | 0.811 | 0972 | 0.874 | 0.771 0.961 0.832
8 9 0.618 | 0.776 | 0.985 | 0.855 | 0.765 0.941 0.872
8 10 0.689 | 0.824 | 0952 | 0.884 | 0.781 0.973 0.819
8 11 0.674 | 0.794 | 0962 | 0.886 | 0.732 0.991 0.801
8 12 0.645 | 0.843 | 0.973 | 0.852 | 0.74] 0.997 0.833
8 13 0.696 | 0.832 | 0981 | 0.841 | 0.771 0.972 0.873
8 14 0.686 | 0.864 | 0.961 | 0.892 | 0.762 0.948 0.804
8 15 0.683 | 0.782 | 0.971 | 0.846 | 0.751 0.989 0.859
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A15197 4.3 usesunavaussduesuraziilunsthRauiadedantuaulrunsuin(@e)

Day Hour | MQ2 | MQ3 | MQ4 | MQ6 | MQ7 | TGS2600 | TGS2602

(Volt) | (Volt) | (Volt) | (Volt) | (Volt) (Volt) (Volt)
8 16 0.615 | 0.794 | 0.981 | 0.851 | 0.751 1.009 0.822
8 17 0.643 | 0.784 | 0.961 | 0.874 | 0.724 0.973 0.869
8 18 0.633 | 0.832 | 0.971 | 0.861 | 0.761 1.003 0.849
8 19 0.674 | 0.793 | 0.976 | 0.883 | 0.726 0.991 0.839
8 20 0.683 | 0.783 | 0.991 | 0.894 | 0.751 1.026 0.814
8 21 0.624 | 0.834 | 0.981 | 0.875 | 0.737 1.034 0.872
8 22 0.674 | 0.814 | 0956 | 0.892 | 0.746 1.018 0.812
8 23 0.683 | 0.783 | 0.971 | 0.891 | 0.751 1.049 0.849
8 24 0.631 | 0.823 | 0.981 | 0.935 | 0.767 1.024 0.874
9 1 0.673 | 0.819 | 0.952 | 0.903 | 0.743 1.008 0.885
9 2 0.633 | 0.874 | 0.982 | 0941 | 0.751 1.021 0.849
9 3 0.629 | 0.788 | 0973 | 0.933 | 0.736 1.058 0.874
9 4 0.608 | 0.872 | 0.961 | 0.952 | 0.741 1.022 0.818
9 5 0.688 | 0.843 | 0.991 | 0.942 | 0.721 1.062 0.871
9 6 0.648 | 0.852 | 0.971 | 0922 | 0.761 1.042 0.828
9 7 0.679 | 0.814 | 0.962 | 0944 | 0.731 1.019 0.822
9 8 0.648 | 0.878 | 0.942 | 0.964 | 0.741 1.061 0.872
9 9 0.618 | 0.841 | 0.985 | 0.945 | 0.765 1.034 0.822
9 10 0.639 | 0.833 | 0.972 | 0934 | 0.781 1.053 0.861
9 11 0.674 | 0.825 | 0942 | 0.906 | 0.722 1.055 0.875
9 12 0.645 | 0.853 | 0.961 | 0.952 | 0.741 1.059 0.872
9 18 0.616 | 0.873 | 0981 | 0.921 | 0.771 1.026 0.813
9 14 0.686 | 0.843 | 0963 | 0912 | 0.762 1.039 0.822
9 15 $.683 4 0,827 SA(0.9Z1P | V3 177 ShiS1 1.049 0.882
9 16 0.615 | 0.863 | 0981 | 0961 | 0.781 1.039 0.843
9 17 0.643 | 0.842 | 0.961 | 0.932 | 0.733 132 0.877
9 18 0.633 | 0.862 | 0971 | 0925 | 0.787 1.023 0.847
9 19 0.674 | 0.897 | 0.956 | 0.921 | 0.776 1.065 0.878
9 20 0.683 | 0.823 | 0.971 | 0.956 | 0.746 1.049 0.882
9 21 0.634 | 08730981 | 0.935 »0.737 1.024 0.822
9 22 0.674 | 0.897 | 0956 | 0921 | 0.759 1.043 0.858
9 23 0.683 | 0.843 | 0.971 | 0.941 | 0.751 1.059 0.882
9 24 0.632 | 0.833 | 0.981 | 0.935 | 0.727 1.014 0.842
10 1 0.613 | 0.846 | 0962 | 0.921 | 0.787 1.028 0.846
10 2 0.633 | 0.856 | 0.972 | 0.931 | 0.751 1.051 0.866
10 3 0.619 | 0.825 | 0.983 | 0.903 | 0.723 1.018 0.874
10 4 0.608 | 0.874 | 0991 | 0.942 | 0.741 1.052 0.863
10 5 0.688 | 0.884 | 0.951 | 0.922 | 0.771 1.022 0.813
10 6 0.628 | 0.894 | 0.971 | 0932 | 0.781 1.042 0.853
10 7 0.68 0.841 | 0.962 | 0.924 | 0.731 1.019 0.846
10 8 0.648 | 0.825 | 0.982 | 0.904 | 0.751 1.021 0.824
10 9 0.618 | 0.842 | 0.975 | 0.915 | 0.745 1.031 0.835
10 10 0.689 | 0.861 | 0.972 | 0.924 | 0.781 1.053 0.861
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A151991 4.3 Lseiumnavauswalduasusazdrlunsihinsaiadefaslusuiunisvin(e)

Day | Hour | MQ2 | MQ3 | MQ4 | MQ6 | MQ7 | TGS2600 | TGS2602

(Volt) | (Volt) | (Volt) | (Volt) | (Volt) | (Volt) | (Volt)
10 11 | 0.674 | 0.845 [ 0.962 | 0.906 | 0.772 | 1.042 0.875
10 12 | 0.645 | 0.823 | 0.961 | 0.932 | 0.741 | 1.039 0.872
10 13 ] 069 | 0.873 | 0981 | 0.941 | 0.731 | 1.022 0.813
10 14 | 0.646 | 0.893 | 0.951 | 0.922 | 0.762 | 1.059 0.822
10 15 | 0.683 | 0.823 [ 0.974 | 0911 | 0.741 | 1.049 0.882
10 16 | 0.675 | 0.873 | 0.981 | 0.931 | 0.759 | 1.039 0.843
10 17 | 0.653 | 0.882 | 0.966 | 0.911 | 0.732 | 1.044 0.877
10 18 | 0.643 | 0.852 | 0.971 | 0.931 | 0.743 | 1.033 0.857
10 19 | 0674 | 0.857 | 0.956 | 0.941 | 0.756 | 1.052 0.868
10 20 | 0.683 | 0.813 | 0.971 | 0921 | 0.734 | 1.049 0.882
10 21 | 0.622 | 0.803 | 0.981 | 0.935 | 0.754 | 1.054 0.812
10 22 | 0674 | 0.867 | 0.956 | 0.921 | 0.756 | 1.063 0.858
10 23 | 0683 | 0.853 | 0.971 | 0919 | 0772 | 1.039 0.832
10 24 170.632 | 0.813 | 0.981 | 0935 | 0.757 | 1.054 0.857
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Comparison of Sensor
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Sensor Response
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Sensor Response
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Sensor Response
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Sensor Response
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w:- MQ series Semiconductor Gas Sensor Data sheet

MQ series Semiconductor Gas Sensor

Application:
Gas leak detection for houses, workshops, commercial building, Fire, Safety detection system.
Coal gas, CO efc gas detection for houses/workshopsicommercial building

Gas leak alarm, Gas detector.

Feature:

- High sensitivity

- Fast response

- Wide detection range

- Stable performance and long life

- Simple drive circuit
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Specification:
Semiconductor sensor for Flammable gas, Plastic or Metal cover

Model Target Gas

MQ-2 General combustible gas

MQ-3 Alcohol

MQ-4 Natural gas, Methane

MQ-5 LPG, Natural gas, Coal gas
MO-6 LPG, Propane

MQ-7 Carbon Monoxide

MQ-8 Hydrogen

MQ-9 CO and Combustible gas
MQ306 LPG, Propane
MQ3o7 Carbon Monoxide
MQ303 Alcohol
MQ131 Qzone
MQ135 Air Quality Control

Semiconductor sensor for Toxic gas

MQ136 Sulfureted Hydrogen (H23)
MQ137 Ammonia (NH3)

MQ138 VOC {Mellow, Benzene, Aldehyde, Ketone, Ester )
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TECHNICAL DATA MQ-2 GAS SENSOR

FEATURES
Wide detecting scope Fast response and High sensitivity
Stable and long life Simple drive circuit
APPLICATION

They are used in gas leakage detecting equipments in family and industry, are suitable for detecting
of LPG, i-butane, propane, methane ,alcohol, Hydrogen, smoke.

SPECIFICATIONS
A. Standard work condition
Symbol Parameter name Technical condition Remarks
Ve Circuit voltage V0.1 AC OR DC
Vi Heating voltage A3V0.1 ACOR DC
Ry, Load resistance can adjust
Ry Heater resistance 330 +5% Room Tem
Py Heating consumption less than 800mw
B. Environment condition
Symbol Parameter name Techmical condition Remarks
Tao Using Tem =20°C-50°C
Tas Storage Tem 2000-70C
Ry Related humidity less than 95%Rh
0, Oxygen concentration 21%(standard condition)Oxygen minimum  value is
concentration can affect sensitivity over 2%
C. Sensitivity characteristic
Symbol Parameter name Technical parameter Remarks
Rs Sensing 3KQ-30KQ Detecting concengration
Resistance {1000ppm iso-butane ) scopes:
200ppm-5000ppm
a Concentration LPG and propane
(3000/1000) Slope  rate =0.6 300ppm-5000ppm
isobutane butane
Standard Temp: 20°C +27C Ve 5VE0.1 S5000ppm-20000ppm
Detecting Humidity: 65%£5%  Vh: 5V=0.1 methane
Condition 300ppm-5000ppm H,
Preheat time Over 24 hour 100ppm-2000ppm
Alcohol

D. Structure and configuration, basic measuring circuit

Parts Materials
I | Gas sensing $n0;
layver

2 | Electrode Au
3 Electrode ling Pt G ‘w:}; N
4 | Healer coil Ni-Cr alloy A
5 Tubular ceramic Ab(- H
6 | Anti-explosion Swinless steel gauze i

network {SUS3 16 100-mesh) é
7 | Clamp ring Copper _plating Ni A —QED B
8 | Resin_base Bakelite ey
9 Tube Pin Copper plating Ni H

Configuration A Configuration B

: )
)

+1

I

BV

ta ta

Structure and configuration of MQ-2 gas sensor is shown as Fig. | (Configuration A or B), sensor composed by
micro AL20s3 ceramic tube, Tin Dioxide (Sn(O2) sensitive layer, measuring electrode and heater are fixed into a
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crust  made by plastic and stainless steel net. The heater provides necessary work conditions for work of
sensitive components. The enveloped MQ-2 have 6 pin ,4 of them are used to fetch signals, and other 2 are used
for providing heating current.

Electric parameter measurement circuit is shownas  Fig.2

E. Sensitivity characteristic curve

H0-2
10 S e 4 Fig.3 is shows the typical
sensitivity characteristics of
= the MQ-2 for several gases.
in their: Temp: 20°C
*~__ Tl Humidity: 65%-
\x\) O concentration 21%
P o R‘\)&.\ RL=5kQ
iﬂ‘\#\\& | Ro: sensor resistance at 1000ppm of
e = H,in the clean air.
é \\Q’ ™ Rs:sensor resistance at various
gl = =SS concentrations of gases.
—a—CH4 N
—¢— (0 [ \\::'\.\‘
—  —%—alcohol L"“\:ﬁ'
—e— smoke i
- propane E
et 15 !
i
0.1
100 1000 10000
Fig.2 sensitivity characteristics of the MQ-2
A%
[ 4
l\‘l}x ::ﬁ Fig.4 is shows the typical dependence of
[~) s the MQ-2 on temperature and humidity,
N P ¥
s 1 T B m—— Ro: sensor resi_stancr: at 1000ppm of H, in air
& 68 at 33%RH and 20 degree.
o6 Rs: sensor resistance at 1000ppm of H,
64 Fig.4 at different temperatures and humiditics.
- -
2 | degree
-20  -10 0 10 20 30 0 50 60
SENSITVITY ADJUSTMENT

Resistance value of MQ-2 is difference to various kinds and various concentration gases. So,When using
this components, sensitivity adjustment is very necessary. we recommend that you calibrate the detector for
1000ppm liquified petroleum gas<LPG>,or 1000ppm iso-butane<i-C4Hio>concentration in air and use value of
Load resistance that( Ry) about 20 K Q (5K Q t047KQ),

When accurately measuring, the proper alarm point for the gas detector should be determined after
considering the temperature and humidity influence.



TECHNICAL DATA

FEATURES

MQ-3 GAS SENSOR

* High sensitivity to alcohol and small sensitivity to Benzine .
* Fast response and High sensitivity

* Stable and long life
* Simple drive circuit
APPLICATION
They are suitable for alcohol checker, Breathalyser.
SPECIFICATIONS

A. Standard work condition

concentration can affect sensitivity

Symbol Parameter name Technical condition Remarks
Ve Cireuit voltage 5V0.1 AC OR DC
Vi Heating voltage SV0.1 ACOR DC
Ry Load resistance 200K Q
Ry Heater resistance 330 45% Room Tem
Py Heating consumption less than 750mw

B. Environment condition

Syimbol Parameter name Technical condition Remarks
Tao Using Tem -1°C-50°C
Tas Storage Tem 20°C-70C
Rit Related humidity less than 95%Rh
O, Oxygen concentration 21%(standard condition)Oxygen minimum  value is

over 2%

C. Sensitivity characteristic

Symbol Parameter name Technical parameter Remarks
Rs Sensing Resistance IMQ-8MQ Detecting concentration
{0.4mg/L.  alcohol ) scope:
0.05mg/L—10mg/L
u Aleohol
(0.4/1 mg/L) Concentration slope  rate =0.6
Standard Temp: 20C 42T VeVl
detecting Humidity: 65%=5%  Vh: 5V=0.1
condition
Preheat time Over 24 hour

D. Structure and configuration, basic measuring circuit

Parts Materials
1| Gas sensing Sn0:
layer
2 | Electrode Au
3 | Electrode line Pt
4 | Heater coil Ni-Cr alloy
5| Tubular ceramic AL,

6 | Anti-explosion
network

Stainless steel gauze
(SUS316 100-mesh)

7 | Clamp ring
8 | Resin  base
9 | Tube Pin

Copper _ plating Ni
Bakelite
Copper plating Ni

Configuration A

Configuration B

Y T
taes
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Structure and configuration of MQ-3 gas sensor is shown as Fig. | (Configuration A or B), sensor composed by
micro AL203 ceramic tube, Tin Dioxide (SnO2) sensitive layer, measuring electrode and heater are fixed into a

crust

made by plastic and stainless steel net. The heater provides necessary work conditions for work of

sensitive components. The enveloped MQ-3 have 6 pin ,4 of them are used to fetch signals, and other 2 are used
for providing heating current.

Electric parameter measurement circuit is shownas  Fig.2
E. Sensitivity characteristic curve
Mo-3
100
| L : ! : : - ; Fig.3 is shows the typical
__:E—-“——A—q- A sensitivity characteristics of
R —e— jicohal the MQ-3 for several gases,
Fe— —m—Benzine = in their: Temp: 20°C.
—A—CHA ___t“'-)s_:' Humidity: 65%-
10 | . sk O concentration 21%
KKK RL=200k Q
LPG Ro: sensor resistance at 0.4mg/L of
) .\k ——C0 Alcohol in the clean air. \
L | —t— i Rs:sensor resistance at various
&£ = = concentrations of gases.
"\ ‘.\'\i\-ﬂ
1 Bl
\
\\
el
B
Rar
6.1
0.1 1 my/L 10
Fig.2 sensitivity characteristics of the MQ-3
- Fig.4 is shows the typical
1.60 Rs lRo—-Tean | | dependence of the MQ-3 on
150 F~Ng | 77 | e s 23%RH temperature and humidity.
1.40 ¢ Ro: sensor resistance at 0.4mg/L of
-~ £
° 1.30 e “h *— 85%RH Alcohol in air at 33%RH and 20 C
& : :g ~k e Rs: sensor resistance at 0.4mg/L of
£ 100 i S~ Aleohol at different temperatures
0.90 : wim and humiditics.
0.80 .
0.70 Fig.4 | =
0.60 —
0.50 [ 1 .| Yemp
-10 0 10 20 30 40 50 60

SENSITVITY ADJUSTMENT
Resistance value of MQ-3 is difference to various kinds and various concentration gases. So,When using

this components, sensitivity adjustment is very necessary. we recommend that you calibrate the detector for
0.4mg/L  ( approximately 200ppm ) of Alcchol concentration in air and use value of Load resistancethat{ Ry) about
200 KQ(100KQ to 470 KQ).
When accurately measuring, the proper alarm point for the gas detector should be determined after
considering the temperature and humidity influence.
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TECHNICAL DATA MQ-4 GAS SENSOR

FEATURES
* High sensitivity to CH4, Natural gas.
* Small sensitivity to alcohol, smoke.
* Fast response . * Stable and long life * Simple drive circuit
APPLICATION
They arc used in gas leakage detecting  equipments in family and industry, are suitable for detecting of
CH,,Natural gas.ING, avoid the noise of alcohol and cooking fumes and cigarette smoke.

SPECIFICATIONS
A. Standard work condition

Symbol Parameter name Technical condition Remarks
Ve Circuit voltage SV=0.1 AC OR DC
Vu Heating voltage V0.1 ACORDC
Py Load resistance 20K Q
Ry Heater resistance 33Q 4 5% Room Tem
Py Heating consumption less than 750mw

B. Environment condition

Symbol Parameter name Technical condition Remarks
Tao Using Tem -107C-50°C
Tas Storage Tem -20°C70°C
Ry Related humidity less than 95%Rh
(07} | Oxygen concentration 21%(standard condition)Oxygen | minimum  value is

concentration ¢an affect sensitivity | over 2%

C. Sensitivity characteristic

Symbol Parameter name Technical parameter Ramark 2
Rs Sensing  Resistance 10K Q- 60K Q Detecting concentration
(1000ppm CH, ) scope:
200-10000ppm
a CH, , natural gas
{1000ppmy/ Concentration slope  rate =0.6

5000ppm CH,)

Standard Temp: 20C£27C VeisV+0,1

detecting Humidity: 65%£3%  Vh: 5V=0.1

condition

Preheat time Over 24 hour

D. Strucyure and configuration, basic measuring circuit

Parts Materials
| Gas sensing Sn(x
laver 3

2 | Electrode Au ;’r(:‘ ;
3 | Electrode line Pt DE
4 | Heater coil Ni-Cr alloy 20,
5 | Tubular ceramic | ALO,
6 | Anti-explosion Stainless steel gauze

network (SUS316 100-mesh)
7 | Clamp ring Copper  plating Ni
8 | Resin  base Bakelite

- e
9 | Tube Pin Copper plating Ni ; i S8 Y F1g2
Fig. 1

Configuration A Configuration B
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Structure and configuration of MQ-4 gas sensor is shown as Fig. | (Configuration A or B), sensor composed
micro AL203 ceramic tube, Tin Dioxide (Sn0O2) sensitive layer, measuring electrode and heater are fixed intc
crust  made by plastic and stainless steel net. The heater provides necessary work conditions for work
sensitive components. The enveloped MQ-4 have 6 pin ,4 of them are used to fetch signals, and other 2 are us

for providing heating current.

Electric parameter measurement circuit is shown as  Fig.2
E. Sensitivity characteristic curve

-4
10
Fig.3 is shows the typical
sensitivity characteristics of
& > the MQ-4 for several gases.
e e e ) I in their: Temp: 20°C.
F~—~{ Humidity: 65%.
)
T —T\M—”“‘* | O, concentration 21%
s T ki RL=20k ©
- 'y Ror: sensor resistance at 1000ppm o
& \""\-___ T CHj in the ciean air,
B 1 ]| Rs:sensor resistance at various
[ ¥ ~ concentrations of gases.
— —=—CH4 -
| | -2 By
| | —e—co
—#*—alcohol
—&— smoke
e flir
m
I I ?P
0.1
100 1000 10000
Fig.2 sensitivity characteristics of the MQ-4
v M-4
o —e— 33%RH Fig.4 is shows the typical dependence ¢
:: —u— 85%RH the MQ-4 on temperature and humidity
P N Ro: sensor resistance at 1000ppm of CHy in ai
g | e | NN at 33%RH and 20 degree.
s S Tee " Rs: sensor resistance at 1000ppm of CHyin ai
o i . . at different temperatures and humidities
— 08 —
—0:7 —
-6
iy '
-10 0 10 20 30 40 50
Tenmp
SENSITVITY ADJUSTMENT

Resistance value of MQ-4 is difference to various kinds and various concentration gases. So,When using
this components, sensitivity adjustment is very necessary. we recommend that you calibrate the detector for
5000ppm of CH, concentration in air and use value of Load resistance { Ry) about 20K Q (10K Q to 47K Q).

When accurately measuring, the proper alarm point for the gas detector should be determined after
considering the temperature and humidity influence.
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TECHNICAL DATA MQ-6 GAS SENSOR

FEATURES

* High sensitivity to LPG, iso-butane, propane

* Small sensitivity to alcohol, smoke.

* Fast response . * Stable and long life
APPLICATION

They are used in gas leakage detecting  equipments in family and industry, are suitable for detecting of
LPG, iso-butane, propane, LNG, avoid the noise of alcohol and cooking fumes and cigarette smoke,

SPECIFICATIONS

A. Standard work condition

* Simple drive circuit

Symbol Parameter name Technical condition Remarks
Ve Circuit voltage 5V0.1 AC OR DC
Vy Heating voltage 3V0.1 ACOR DC
PL Load resistance 20K 0
Ry Heater resistance 330 +5% Room Tem
Py Heating consumption less than 750mw
B. Environment condition
Symbol Parameter name Technical condition Remarks
Tao Using Tem -10C-50TC
Tas Storage Tem -20°C-70°C
Ry Related humidity less than 95%Rh
O, Oxygen concentration 21%(standard condition)Oxygen minimum  value is
concentration can affect sensitivity over 2%
C. Sensitivity characteristic
Svinbol Parameter name Technical parameter Remarks
Rs Sensing  Resistance 10K 0 - 60K Q@ Detecting concentration
(1000ppm LPG ) scope:
200-10000ppm
« LPG , iso-butane,
(1000ppm/ Concentration slope  rate <0.6 propane,
4000ppm LPG) LNG
Standard Temp: 20°C2°C Ve:sV0,1
detecting Humidity: 65%+5%  Vh: 5V=0.1
condition
Preheat time Over 24 hour

D. Strucyure and configuration, basic measuring circuit

Parts Materials
i | Gassensing S$n0;
layer

2 | Electrode Au :é_
3 | Electrode line Pt be "
4 | Heater coil Ni-Cr alloy +01 %
5 | Tubular ceramic Al
6 | Anti-explosion Stainless steel gauze

network (SUS316 10-meshy
7 | Clamp ring Copper _plating Ni_| |
8 | Resin  base Bakelite
9 | Tube Pin Copper plating Ni

Configuration A

23203

2
f_
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Structure and configuration of MQ-6 gas sensor is shown as Fig. 1 (Configuration A or B), sensor composed b
micro AL203 ceramic tube, Tin Dioxide (SnOz) sensitive layer, measuring electrode and heater are fixed into
crust  made by plastic and stainless steel net. The heater provides necessary work conditions for work ¢
sensitive components. The enveloped MQ-6 have 6 pin ,4 of them are used to fetch signals, and other 2 are use
for providing heating current,

Electric parameter measurement circuit is shownas  Fig.2
E. Sensitivity characteristic curve

Fig.2 sensitivity characteristics of the MQ-6

10 X -6 )
% e + T Fig.3 is shows the typical
TS : = sensitivity characteristics of
o - the MQ-6 for several gases.
o 8 R —— in their: Temp: 20C,
e > Humidity: 65%.
e N Q, concentration 21%
:\ RN o, o RL=20k ©
\ | Ro: sensor resistance at 1000ppm of
el [T LPG in the clean air.
é ’ S~ A Rs:sensor resistance at various
2 i f concentrations of gases.
—\!\\‘NL\ S
—_—— s
LPG ~
| —#—HZ T
—A— CH4
——C0
~@— Alcohel
—o—ARir
ppm
0.1 |
100 1000 10000
m-é Fig4 is shows the typical dependence of
A% the MQ-6 on temperature and humidity.
Aa : Ro: sensor resistance at [000ppm of LPGin air
5] ——33%RH at 33%RH and 20 degree.

B4 % * —m— 85%RH Rs: sensor resistance at 1000ppm of LPG in air
gfﬁ \Lk‘r‘ V\\‘“—M at ditferent temperatures and humidities.
& 0-9 s, e,

—0-8
—0-7
—06
_ﬁ - 5 1 1 1
=10 0 10 20 30 40 50
Temp

SENSITVITY ADJUSTMENT
Resistance value of MQ-6 is difference to various kinds and various concentration gases. So, When using
this components, sensitivity adjustment is very necessary. we recommend that you calibrate the detector for
1000ppm of LPG concentration in air and use value of Load resistance { RL) about 20K 2 (10K 2 to 47K Q).
When accurately measuring, the proper alarm point for the gas detector should be determined after
considering the temperature and humidity influence.



TECHNICAL DATA MQ-7 GAS SENSOR

FEATURES
* High sensitivity to carbon monoxide
* Stable and long life
APPLICATION
They are used in gas detecting equipment for carbon monoxide(CO) in family and
industry or car.

SPECIFICATIONS
A. Standard work condition

Symbol Parameter name Technical condition Remark
Ve circuit voltage 5V+0.1 Ac or D¢
Vu (H) Heating voltage (high) 5V40.1 Acor Dc
VH(L) Heating voltage (low) 1.4V+0.1 Acor Dc
RL Load resistance Can adjust
Ru Heating resistance 33Q +5% Room temperature
Tu (1) Heating time (high) 60X 1 seconds
Th L) Heating time (low) 901 seconds
PH Heating consumption About 350mW

b. Environment conditions

Symbol | Parameters Technical conditions Remark

Tao Using temperature -20°C-50°C

Tas Storage temperature _20°C-50°C Advice using scope

RH Relative humidity Less than 95%RH

02 Oxygen concentration | 21%(stand condition) Minimum value is over 2%
the oxygen concentration can
affect the sensitivity
characteristic

c. Sensitivity characteristic

symbol Parameters Technical parameters | Remark
Rs Surface resistance In 100ppm
Of sensitive body 2-20k Carbon Monoxide
a (300/100ppm) Concentration slope rate Less than 0.5 Rs (300ppm)/Rs(100ppm)
Standard working | Temperature -20°C £2°C relative humidity 65%£5% RL:10K Q £5%
condition Ve:SVE01V  VHSVE01V  VHLAVEO.IV
Preheat time No less than 48 hours Detecting range:

20ppm-2000ppm carbon monoxide

D. Structure and configuration, basic measuring circuit
Structure and configuration of MQ-7 gas sensor is shown as Fig, 1 (Configuration A or B),
sensor composed by micro AL203 ceramic tube, Tin Dioxide (SnOz) sensitive layer, measuring
electrode and heater are fixed into a crust made by plastic and stainless steel net. The heater
provides necessary work conditions for work of sensitive components. The enveloped MQ-7 have
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6 pin .4 of them are used to fetch signals, and other 2 are used for providing heating current.
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Parts Materials
1 | Gas sensing SnO:
laver
4 2 | Electrode Au
| 3 | Electrode line Pt
4 [ Heater coil Ni-Cr alloy
5 | Tubular ceramic | ALO;
6 | Anti-explosion Stainless steel gauze
£ network (SLiS316 100-mesh)
i 5 7 | Clamp ring Copper _ plating Ni
Sy 8§ | Resin  base Bakelite
9 | Tube Pin Copper plating Ni
e
D16
Lt 13
nJ
I 'UU‘ _‘_m o
) )

HA

Heating voltage 1.4v (Low) 90s

,—_ =, Vee
-
s IF RL
Ve
Fi;.z

Standard circuit:

As shown in Fig 2, standard measuring circuit ¢
MQ-7 sensitive components consists of 2 parts. or
is heating circuit having time control function (it
high voltage and the low voltage wor
circularly ). The second is the signal output circui
it can accurately respond changes of surfac

resistance of the sensor.

Electric parameter measurement circuit is shown as  Fig.2

E. Sensitivity characteristic curve

100

0.01

. M-7
Fig.3 is shows the typical
o sensitivity characteristics of
£ L the MQ-7 for several gases.
S in their: Temp: 20°C.
Humidity: 65%.
*.
[ Sy <
== O; concentration 21%
= RL=10k Q
—e—C0 t Wppay .
i W2 i Ro: sensor resistance at 100ppm
S
3 ARG Ty COin the clean air.
e CH
—4— Ricohol Rs: sensor resistance at various
—e—air .
concentrations of gases.
L[ ppm
10 100 1000 10000

Fig.3 sensitivity characteristics of the MQ-7
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TGS 2600 - for the detection of Air Contaminants

Features: Applications:
* Low power consumption * Air cleaners
* High sensitivity fo gaseous air * Ventilation control
contaminants * Air quality monitors

* Long life and low cost
* Uses simple electrical circuit
* Small size

The sensing element is comprised of a metal oxide semiconductor layer
formed on an alumina substrate of a sensing chip together with an integrated
heater. Inthe presence of a detectable gas, the sensor's conductivity increases
depending on the gas concentration in the air. A simple electrical circuit can
convert the change in conductivity to an output signal which corresponds to
the gas concentration.

The TGS 2600 has high sensitivity to low concentrations of gaseous air
contaminants such as hydrogen and carbon monoxide which exist in cigarette i
smoke. The sensor can detecl hydrogen at a level of several ppm. Figaro also B w4
offers amicroprocessor {FIC02667) which contains special software for handiing
the sensor's signal for appliance control applications.

Due to miniaturization of the sensing chip, TGS 2600 requires a heater current
of only 42mA and the device is housed in a standard TQ-5 package.

The figure below represents typical sensitivity characteristics, ~ The figure below represents typical temperature and humidity
ali data having been gathered at standard test conditions (see  dependency characteristics. Again, the Y-axis is indicated as
reverse side of this sheet). The Y-axis is indicated as sensor  sensor resistance ratio (Rs/Ro), defined as follows:

resistance ratio (Rs/Ro} which is defined as follows: Rs = Sensor resistance in fresh air
Rs = Sensor resistance in displayed gases at at various temperatures/humidities
various concentrations Ro = Sensor resistance in fresh air
Ro = Sensor resistance in fresh air at 20°C and 65% R.H.
Sensitivity Characteristics: Temperature/Humidity Dependency:
10 Y 10
1 = = p— Air
. > h Methane ;] R
ez i 2 gh SN
S - £ o
= ® . X L . R
Loy = Carbon monoxide € . s o g
e & & i 35% ]
TP so-butane > 85%
: Ethanol 95%
0.1 Hydrogen
0.01 0.1
1 10 100 -20 -10 0 10 20 30 40 50

Gas Concentration (ppm) Ambient Temperature {‘C}

= OPERATING CONDITIONS IN WHICH FIGARO SENSORS ARE USED WILL VARY WITH EACH CUSTOMER'S SPECIFIC APPLICATIONS. FIGARO STRONGLY
RECOMMENDS CONSULTING OUR TECHNICAL STAFF BEFORE DEPLOYING FIGARO SENSORS IN YOUR APPLICATION AND, IN PARTICULAR, WHEN CUSTOMER'S TARGET
GASES ARE NOT LISTED HEREIN. FIGARC CANNOT ASSUME ANY RESPONSIBILITY FOR ANY USE OF ITS SENSCRS IN APRODUCT OR APPLICATION FOR WHICH SENSOR HAS
NOT BEEN SPECIFICALLY TESTED BY FIGARO.
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(+)
Basic Measuring Circuif: i 3
The sensor requires two voltage inputs: voltage since the sensor has a polarity. 51 =
heater voltage (VH) and circuit voltage A common pawer supply circuit can be I : by w L
(Vc). The heater voltage (V) is applied used for both V¢ and VH to fulfill the Vi | = =k
to the integrated heater in order to main- sensor's eleclrical requirements. The l I—IF i
tain the sensing element at a specific value of the load resistor (RL) should be Ve e [NGAs
temperature whichis optimalforsensing. chosen to optimize the alarm threshold (=)
Circuit voltage (Vc) is applied to allow value, keeping power consumption (Ps) 2¢
measurement of voltage (Vout) across of the semiconductor below a limit of b 2
a load resistor (RL) which is connected 15mW. Power consumption (Ps) will be = T
in series with the sensor. highest when the value of Rs is equal Rigs Lh
DC voltage is required for the circuit to Ruon exposure o gas. Re I 13

Specifications:

Model number TGS 2600-B00
Sensing element type 7 D1
Standard package TO-5 metal can Y
Target gases Air contaminans B \:iy
; s b
Typical detection range 1 ~ 30 ppm of Hz i._.m__ 092502 m.\_,
L oo L fpese
Heater voltage : Vu 5.040.2V DC/AC i Sensing
1ol " element
Standard circuit | siecit voltage Ve | 5.080.2VDC | Ps<15mW 1
conditions ‘ ~
e
Load resistance R Variable 0.45k€ min. « 3 I
i 1Bi05
i
; approx. 831 at room temp. { ] Side view
Heater resistance | Ru (typical) | __;_.él
=
Heater current ] 42+4mA % [ aooeta
Electrical H
characteristics eater power Pu 210mW VH=5.0V DC i
under standard test | consumption | u
conditions 00.5540.05 —1 ]-—
Sensor resistance | Rs 10k~80k<2 in air
s 3.610.1
ensitivity Rs (10ppm of Hz)
< 0.3~0.6 "
(change ratio of Rs) Rs (air) £ "““:P\ Botiom view
/. - \
s normal air ) ™oy ]
Test gas conditions at 2042°C, 6545%RH C X 2i | 36803
WA B - 051
Standard test ae i Ve =5.0£0.01V DC Wy
conditions Glrrvlkcdnditions VH = 5.0£0.05¥ DC 7 . —
AR z Pin connection:
Conditioning period 7 diays 1: Heater
befare test 2: Sensor electrode (-)

3: Sensor electrode (+)

The value of power consumption (Ps) 4: Heater

can be calculated by utilizing the follow-

Sensor resistance (Rs) is calculated with
a measured value of Vout by using the

FIGARQ USA, INC.

ing fo la: following formula:
PR { 32 S 121 S, Wilke Rd. Suite 300
Ps = (Vo - Voul Re= —YCXAL o Arington Helghts, IL 66005
Rs Vout

Phone: (847)-832-1701
Fax: (847)-832-1705
e-mail figarcusa@figarcsensor.com

For information on warranty, please refer to Standard Terms and Conditions of Sale of
Figaro USA Inc. All sensor characteristics shown in this brochure represent typical
characteristics. Actual characteristics vary from sensor to sensor. The only characteristics
warranted are those in the Specification table above.
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TGS 2602 - for the detection of Air Contaminants

Features:

* High sensitivity to VOCs and odorous gases

* Low power consumption

* High sensitivity to gaseous air
contaminants

* Long life

* Uses simple electrical circuit

* Small size

Applications:

* Air cleaners

* Ventilation control

* Air quality monitors
*VOC monitors

* Qdor monitors

The sensing element is comprised of a metal oxide semiconductor layer formed
on the alumina substrate of a sensing chip together with an integrated heater.
Inthe presence of detectable gas, sensor conduclivity increases depending on

gas concentration in the air. Asimple electrical circuit can convert the changein
conductivity to an output signal which corresponds fo the gas concentration.

The TGS 2602 has high sensitivity to low concentrations of odorous gases
such as ammonia and H2S generated from waste materials in office and home
environments. The sensor alsc has high sensitivity to low concentrations of
VOCs such as toluene emitted from wood finishing and construction products.

Figaro also offers a microprocessor (FIC02667) which contains special software
for handling the sensor's signal for appliance control applications.

Due to miniaturization of the sensing chip, TGS 2602 requires a heater current
of only 42mA and the device is housed in a standard TO-5 package.

The tigure below represents typical sensitivity characteristics,
all data having been gathered at standard test conditions (see
reverse side of this sheet). The Y-axis is indicated as sensor
resistance ratio (Rs/Ro) which is defined as follows:
Rs = Sensor resistance in displayed gases at
various concentrations
Ro = Sensor resistance in fresh air

Sensitivity Cl stics:
10 ¢ L b ]
1 L.
=
o
[
o
0.1
S H
Toluene
0.01 :
0.1 1 10 100

Gas conrentration (nnm)

The figure below represents typical temperature and humidity
dependency characteristics. Again, the Y-axis is indicated as
sensor resistance ratio (Rs/Ro), defined as follows:
Rs = Sensor resistance in fresh air
at various temperatures/humidities
Ro = Sensar resistance in fresh air

at 20°C and 65% R.H.
Temperature/Humidity Dependency:
10

2 =
£ 1 ==
S s
iw i S

0.1

0 10 20 30 40 50 60
Ambient temperature ("C)

: OPERATING CONDITIONS IN WHICH FIGARO SENSORS ARE USED WiLL VARY WITH EACH CUSTOMER'S SPEGIFIC APPLICATIONS. FIGARO STRONGLY
RECOMMENDS CONSULTING OUR TECHNICAL STAFF BEFORE DEPLOYING FIGARO SENSORS IN YOUR APPLICATION AND, IN PARTICULAR, WHEN CUSTOMER'S TARGET
GASES ARE NOT LISTED HEREIN. FIGARO CANNOT ASSUME ANY RESPONSIBILITY FOR ANY USE OF ITS SENSORS IN A PRODUCT OR APPLICATION FOR WHICH SENSOR HAS

NOT BEEN SPECIFICALLY TESTED BY FIGARO.
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Measuri ircuit:

The sensor requires two voltage inputs: voltage since the sensor has a polarity.
heater voltage (Vn) and circuit voltage Acommon power supply circuit can be
(Vc). The heater voltage (V+) is applied used for both Ve and Vn to fulfill the
to the integrated heater in order to sensor's electrical requirements. The
maintain the sensing element at a value of the load resistor (Ru) should be
specific temperature whichis optimai for chosen to aptimize the alarm threshoid
sensing. Circuit voltage (Vc) is applied value, keeping power consumption (Ps)
to allow measurement of voltage {Vout) of the semiconductor below a limit of
across a load resistor {Ri) which is 15mW. Power consumption {Ps) will be
connected in series with the sensor. highest when the value of Rs is equal
DC voltage is required for the circuit to RLon exposure to gas.

{3
1 ()
Vi = e
l I—lo———-@
¢ \Gas
=)
24
[ S ¥ )
R=E Vr
! -

Model number TGS 2602-B00
Sensing element type D1
Standard package TO-5 metal can
Target gases Air contaminants
Typical detection range 1~ 30 ppm of E{OH
Heater voltage Vi 5.0:0.2V DC/AC
Standa:q e Circuit voltage Vc | 5.040.2V DC Ps<15mW
conditions ?
Load resistance Ru Variable 0.45k€) min.
Heater resistance | Ru approx. 5941 at room temp.
Heater current In 565mA
Electrical —
characteristics eater powsi = 280mW (typical
under standard test | consumption {ypical)
conditions
Sensor resistance | Rs 10k~100kL2 in air
Sensitivity Rs (10ppm of E1OH)
{change ratio of Rs) R Rs (alr)
i normal air
Test gas conditions a120:2°C, 65:5%RH
Siandard test L S o Ve = 5.0+0.01V DC
conditions Hrsitcord igos Vit = 5.0+0.06V DC
Canditioning period
before test Toays

The value of power consumption (Ps)can  Sensor resistance (Rs) is calculated with
be calculated by utilizing the following a measured value of Vout by using the

formula: following formula:
2
ps= (V- Vouti? Rs= _VeXAL g
Rs s Vout t

For information on warranty, please refer to Standard Terms and Conditions of Sale of
Figaro USA Inc. All sensor characteristics shown in this brochure represent typical
characieristics. Actual characteristics vary from sensorto sensor. The only characteristics
warranted are those In the Specification table above.

I

09202
081202 — 1"
| il _Sensing
il element

Al
e _]__

7.840.5

10.041.0

00.5540.05 —1 |~

Pin connection:

1: Heater
2: Sensor electrode (-}
3: Sensor electrode (+)
4: Heater

Side view

Bottom view

FIGARO USA, INC.

121 S. Wilke Rd. Suite 300
Arlington Heights, IL 60005
Phone: (847)-832-1701

Fax: {847)-832-1705

e-mail: figarousa@figarosensor.com
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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 Jt 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 aleohol 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 Time
. Source | catalyst :
O | ‘ | oin)
Copper 67%%- 120 | Alcohol | Nickel 30

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

Figare 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 mickel 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 (C),
the highest, were emerged.

ISIC 2009



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 c¢cm’ and 1600 cm’
respectively. The G-Band, representing perfect carbon bond,

was higher than the D-Band, representing imperfect carbon
bond.

gooo Intensity (Arb.Uni}
2000 G-Band _
3000
1000 hr-CN
” | N _
0 500 1000 1500 2000 2500
Wave number {1/cm}

Figure 4. Raman spectrum of MWCNTs 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.

o
o
3
T
Alcohol

‘W ater

Figure 5. Schematic diagram of measurement system

III. 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,

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.

Time (minuts)

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.

Resistance (K ohm)

40 60 &0 100
Time (minute)

Figure 7. Response of the MWCNTs-based gas sensor
resistance by heating



1V. CONCLUSION

The research aims to study how to fabricate alcohol
sensor based on multi-walled 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 increased 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 electrical conduction band was higher.
Consequently, the resistance 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 charge. It found that when detecting alcohol
vapor, its electric charge decreased or the resistance increased.
This process is a chemical reaction of electricity, which

323

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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Carbon Nanotubes Sensor for Draft Beer Electronic Nose Application
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ABSTRACT
This paper presents the synthesis of Carbon nanotubes (CNTs) sensor for alcohol detecting and electronic
nose (E-Nose) System for distinguishing difference kind of draft beer for CNTs E-nose application in the future. The
CNTs sensor were 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 (Principal Component Analysis) was used. Three kind of draft bear can be distinguished.
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Investigation on Temperature Effect on Alcohol
Sensing of Multi-Walled Carbon Nanotube
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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 nanctube; alcohol sensor

. 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

(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.

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 1 (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

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

Rugax — Rogene
ARGy = —2X__TMIN . 100 0

R
where Ry and Rygy are the maximum and minimum value
respectively.

Environment temperature 83 '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 Ryp.
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 Rysx and then stop to
supply alcohol and purge vapor in the chamber by nitrogen.
The resistance decrease to minimum value Ryqy 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 40 &0 B0 100
Time (uin)

Figure 3 Response of CNT Resistance at Chamber Temperature 85T
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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

11000

10500

10000

9500

Resistanee {olm}

9000

8500
0 10 20 30 40 &0

Time (min)

Figure 4 Response of CNT resistances at chamber temperature -5°C
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Figure 5 Response of CNT resistances at chamber temperature 25°C
and heated CNT at 85°C
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Figure 6 Response of CNT resistances at chamber temperature -5°C
and heated CNT at 85°C

Environment temperature -3 ‘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 aleohol 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. 5 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 arc 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 temperature reduces the minimum base
resistance. The percentage of resistance changing AR% in the
case of low environment temperature -5C and heated
temperature 85C is around 70%. It is so difference from the
case of high environment temperature 85C and no heated CNT
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Abstract

This article describes the thermal chemical vapor deposition
(CVD) for carbon nanotube (CNT) synthesis. This method can
synthesis large area of CNT thin film and produce many samples in ane
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 CNT films have good quality by SEM inspection.
It confirms that these CNT from this thermal CVD can be applied for

electronic devices material.

Keywords: Thermal CVD, CNT.
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mliauasUIunuueasnig g lumaeifidnd Wy UV-VIS Spectrophotometer (UV) , Atomic
Absorption Spectrophometer, Gas Chromatograph (GC), . FTIR Spectrophotometer (FTIR),
High Performance Liquid Chromatograph (HPLC), Gas Chromatograph Mass Spectrometer
(GCMS), Energy Dispersive X-Ray Fluorescence Spectrometer (EDX)
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