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ABSTRACT

This paper presents the development of a sensing module for analyzing the
concentration of disinfectant alcohol commercially available in Thailand during the
Covid-19 epidemic situation to ensure the ingredients and percentage concentration
by focusing on simplicity, low cost with reliable performance. Inside the sensing
structure, there were 2 modules of metal conductors. Each conductor was 3 mm. thick,
placed in parallel with a fixed distance between the module of 1 mm. The cross-
sectional areas of the plates of those two modules were different in order to compare
the efficiency of the detector developed. The cross-sectional areas of the plates of
Module A and Bwere 4 em2and 1 cm?, respectively. Experiments were performed with
3 concentrations of alcohol, 65%, 70% and 75%, to enhance the concentration
detecting performance of the sensing. module developed. The signal conditioning was
generated from a small capacitance to DC converter for capacitive detection with a
frequency of 100 kHz, which was the most suitable frequency for exciting the
capacitance change which was the capacitive reactance of the alcohol used in this
study. From experiments, it was found that the sensing module with a small cross-
sectional conductive material would provide more accurate results in terms of linearity
and repeatability. The errors were less than 2.72% compared to the module with a

large cross-sectional conductor material which would have an error up to 4.73%.
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M13199 2.1 LLﬁﬂﬂﬂ’mﬂ‘Vﬂ,ﬂ’e}LaﬂVISﬂle’ENGUENL‘Viﬂ’WI 25 DIFNLYALTE S

Matter Dielectric constant
Water 78.5
Sorbitol solution (70%w/w) 62.0
Syrup USP 56.0
Glycerol a42.5
Methanol 32.6
Propylene glycol 32.1
Ethanol 24.3
Acetone 20.7
Isopropyl alcohol 18.3
Benzyl alcohol 13.1
Polyethylene glycol 400 12.4

fian : https://www.foodnetworksolution.com/wiki/word/0645/dielectric-constant


https://www.foodnetworksolution.com/wiki/word/1212/sorbitol-%E0%B8%8B%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%B4%E0%B8%97%E0%B8%AD%E0%B8%A5
https://www.foodnetworksolution.com/wiki/word/1926/glycerol-%E0%B8%81%E0%B8%A5%E0%B8%B5%E0%B9%80%E0%B8%8B%E0%B8%AD%E0%B8%A3%E0%B8%AD%E0%B8%A5

2.5 NugIwuAdIAT129 [6]

N153ATIERasadunlafIddunaIuIngUIsaRazaInsauUala 2 Ussan
LeuA n33es1zsiiBenann (Qualitative Analysis) LJun1siesziiialisiuriinvesans
wiinla \Wudiulsenauwarn1siaTeiiBeusuna (Quantitively Analysis) lunsiasies
WYUITIUNATARUUDUTIUDNIINNNTIATIENLAETILUNAINTR U aALaIg a1 5D
AATIZALAZTIMUNAUNANNIINS DA NWzBLAT Ol BlART n153as 1zt ugiudunis
aszinfinsldiunndunavuiagldgunsalitey TuiesufuRnisnaluled Tnegaunse
FunaUAMANTANIINEANIUIRABLANTINBYEIN1TATIVINAIDE 1LY NMTIATIENLAY
% ) a Iz a a & = = & a & %
I NKaZNISILATISA LA US UIATLAEN15IATIER LAELAS 95 arTun15 A 1ev a1

a A Aa & a a ¢ v o = '

A3 oallon dAianign et ug e inadanisitasizvnibiirldnisianssuaiiandn
Conductivity

Tnegadiadluihlunisiasieiidudiudsynouveinsvinnisiasigilagldndnnig
A IWANYierUe 349U Av d1uvsdalsazaluaraningtagd druvastaliiazrdiures
gunsalnsyaindannliil Inggdiun 1 uag 2 ‘ﬂﬂﬂ%gﬂL%Sﬂi?MdﬁLﬂuL%aéLﬂﬁIWﬁﬂ Tudu
waabaillnin 1 wad desseneusetalniiey ey 2 1aguedluasazangdianinslas
Feo1aduansdianinsladimeitunsounndraiunld lnedalnd 1 Mluansazatedidning
lasifuiinans sgaa (Half-Cell) soswadiadlnil lnourassaddoaiauiisensunsoln
ad (oY S s a & L Li?” o ol e =
diannsou (URseInand) luarsazareddninslasdurlniadusaialunissudediannsou
& = ¥ vee v a | & = faAAN aaa a ) va o a
W Welvifanihnveainasdaliihleg a3 uwaaniiujisersendndu (visianaseu) Sun
Jutuelunuazdaliihvesdnedwaaniugiserssndu (Sudianasew) Wintududiualne
Tnetad e danusanudls 2 98n Mund11v99ad AoLadial1unus owaalin1an
waslwaddlaninslad laewadnaininusewaslianidn Wuwaagavianunalingsau i
duilunavesnsiinufaseidalniimisaeweswadogewioliie sauaus lnatinnisiva
Y998LannTauainduelualudetinalnaleeriusunlniin1susn Wy wadsdninslad
Juwadisesldndanulihainasuenlunisinliinuf Aseedvesaisidninslad
nsltUsElesdanadotaning ladlun1an1santu [WunIshenNwsoduAITIzilansnednis
i sdaaszilavgogity nsinizvedanzdiunievesuudi i dudu Tuduvesnis
"3Lﬂsﬁzﬁwaﬁ&é”ﬂiwﬂaﬁgﬂi‘é’ﬂ,umﬁLmsﬁmﬂ%mmmiﬁéfaqms TAgnALANITILATIZY
wuuane9 i launuuasuardianinsunsiwesiiudu nsimsigilidanasiduead

a fa & 6 a aaa o 1 a o aaa = L4

wnadinuaziwaasidninslas nisiaufiseinissudedianaseu UHAse13nend) lu

A158a18 FIVIMAANTS IMaTRINTELalUI9ashe ARanintunnivestluilwingu Tngloaay
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a & sy A o = o v a 1 I i a
NaTara1edianivsiaddedinsndeudensogninnandilinveatliin deuilag
WinUszuiunsdamiulszguiedidnaseudusesrossninasazaneiuiantinvesda i
pi

nstmlessuluansavarelaglossuvesarsdidninsladluaisazaregnniluds
Rvtivesdaliiindae 3 nalndeduldun lunstwdunisindeuniveslessunieslsdnsnag
vosawliiintuluarsazraretdulaglossuuinadeunidmilauias losauau nfeui
% o < = A v - = = a o &
Whgauan Tneanusivesnisillessuniounidmveindiounaanainiantinveadd i

A & o eaa & A~ o § v
919U VS PanaIUANgNE et Fellnavilvinisivavesnseualuieasves
wadtunvsoanlufmenalaseunfie n1suns awuanslugui 2.4 WJunsindeudiveslessy
vsoluanaluaisazanenusandanudugadudusnanianuduaiauniiagliie
AULANAITEIRITRdY TapensImusavesnsunsidudadiulnanseiuaududun
Aefulasnalngavinefe rsuwnndurisnismaansilessuluaisazasggnnidim vise

sanIndvinvestalnidwanduzun 2.5

i lnivin d1sazany
@e e
-0 P D
(<3
D g D
D o' D P
D (<3 D

® D

Funrsuns P =

5U# 2.4 nswnsleesuluansazaty

0 (AN ABNITUN WATAY, 2560) [8]
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Wl asavany i asavany

Q) ()
JU# 2.5 daedumsdanszudlunszuiumsuaunisndn (Faradaic process)

737 : (AINT ABNAZUN waLANL, 2560) [8]

(n) anmunfuesansazane Wodngualwindiauinduaie wils

€ 1 1

(v) @anrwnrevasnisudng il Wedalwihdirdndiiaduae wilsi

xRy Uszglesuasiadmdalninunndu

ludruvesnssuiunsndmtiivesta it dleesursedssynngaiantin gl
aun3nt1uTegA9IEI NaTazaten Ul lA s ufnse1vesnssunasln
a & a & aaa = 6y = [ 4 = =i
ddnasowintu (UAsen3aend) Feasiduluniunguesiasing leaisunnnssuiunisi
AT U3 “nszuiun1snasedn” (Faradaic Process) NadWsuaIN13bANNTZUIUNIT

N15108 AN b AH 1V IR A NI straveansekalulsasveagaa vad W 1w 158077

'
=

nszkannsLAdn (Faradaic Current) alesaunseuszananmluitandnvesd il e aws

9 Y

o a '

gnandulinuiinsesiovetmsayatuiutalilinliiuiiseseendiintu lneUseangnen

Y U U
FUlA fn51589i7nsIUSIMS1EFNY TusEnINewaInNIsAnNsLS8afin1siUasuLUadvaq
= [ dg" 12 & = q'/ dl =l £ ] a Q.Il d' a dy al 1
nsgwavsadng i duuaiduiesstivaennisssudilie Anssuadivaeniindu Sundn
nszuauauN1IILAdn (Nonfaradaic Current) dwmsuiradlniadinies nszurunsinatu
Az duns e dnusousunisuadn ldlsauiunisinwadvseviaveswadiadllni
WA UAUAN1IEV0INTITIATIEN TN G UNNATANT BNF 1 UIAUT MU gaui U137 9

WnuizesnenTuassianthdalwinulavseliiieds

1219 (Electrodes) Ldudrulsenauvaaniazas aadwad iiviudn g usui

[

Ilihdedenduansazanedianinsladuazgunsalindyaadnin lunisdiesziiielinsy
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U

1995 A ST udpaidnieg19des 2 97 As Tuelun wardwalne n1sviATAASIZI

v
a ada = v

Falnieewmaiaisiaszinieg lnedalwihazgnldduiiesiafidemalinsuisasiui

o
v v

Wiy lagsinazgnaalinsinuuelun uaziFendalniin il 9191989(Reference Electrode)
Snwauzanzrasiiingn9de A Ardngvastrliinaziiaanieliwlsaunisluaves

aaa Y

nszualuieas lnensidsunladagluasaranedudunanmaifauiisenainansiene ag
finasoAdnduosialililn Foimindiiudualneeawad uaziFondodn Salnileeu
(Working Electrode) ni3etalwiinduen (ndicating Electrode) luuranafin3snisinsiz
sndudosidalniidediuasesiaii 3 42 wulumanedansinsizflaaunuusd Sen
Sl TR un A lwiheae (Auxiliary Electrode) sisatalutiingn (Counter Electrode)
Tngnihiilameaesdaliifinag fo Wufsnelumsdeiiudidnaseu vienszualugstaluih
191y Tnglddetriudalning 11eweeeas msidalniinisans Taud dalniinansde dalui
T wazdalningne vudiluaseswaslnilésstu iesandrudszneuildluns
Sl Ll ouiy dlasand i dusah Wi g euseseuinsansazatedidninslad
wargunanlindngnilaii druesalwihiidesugunsaifadagyinsniduaaiaiuieds
deodidnavoulivelufigunsalin lnednsud Julumsazaredidninsladiidauusznoud

wansingnulumuingusasanistldau

2.6 N1530AUU AN [7]
2.6.1 @rsdianinslas

arsdianinslad (Electrolyte) \uarsusyneudianunsad vl Wevasuwman
waawandndulessunseavarseyluarsasarenunndalulesuasagareninluilitu
38030 “@nsazareBianinslan “aanlusuil 2.6 ansazaredidninsladuusoanldidu

2 w0alewn

1. @rsazaredianinsladun (Strong Electrolyte)

%) [~ 24 S = g =) o
anunsawnndndulessulavuansansunualuuiunssluaisazaneraearevinlviu
$ ° ~ o v A A & Y
ansarareuuiiloaaud uiuunIN WA R Woeuduaun1sLanInISLANAIUD9aNS

ddninsladunazluaunisnujisenludrmiviniuniednuiisenandreluaiintu

n
>

favane looauuIn + lovouau
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2. @rsoraninsladsau (Weak Electrolyte)

unndalilessulatesnisunndalalivunlunisazareidonnsuansindidninslas
gounuiluanavesansararsunsdiuiiuwandilulessuldddiulngudinzdinegly

susuulianadaliihlates dewansdugun 2.7 Weolguaunisnsuaniivesasazangd

£
v A

@ & 1 [ 1 [y 1%
wnlnslanseu aviluaunisdeunaulandl

v

favaty losauun + levauau

SNN\XWTTIT77 77 & ="

SUN 2.6 ansBiannslad

730 < (AINS ABNAZUN wagAMY, 2560) [8]

wasunlUdataay wanudludagauan
% A

(uAlnA(cathode)) BDUATD (upulun(anode)) TBAATDA
asvinmnilldh asvinmiuhlih

JUN 2.7 ansazanefuandululossuasavaudiiliih

731 : (NS ABNAZUN kazAMY, 2560) [8]
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o

2.6.2 NM3nsdndyamliiidaenannisanwauiIunIulnin

o

nsnsindygramsiniinrendnnisnisaninaugun iy (Electrical

2

Resistivity) LIun15Tan1sd1untunsivaveslaiadairlnf i danudiuniusidy avil
nszualiilvaruldunndtdaiidenuduniuaaasdliednisivaiiuvesiiifienis

W1uvesAngluil Wiegumgiasilvaiudnihazudstunssiuaiusedndluinvaens

1%
] o a

doatnevesilagnuideiiazinnismivauauval vaiEneaedn 25 serLaided

v
[

ANAMUANUNIUYDIRIUTUBE NUU LA NAIN

Y

1. siavesiannuulglunisvinfaunu

q

2. 9N YD INg

R; = Ry(I + adt) (2.7)
o R, 1 usnusunutesiiih a suvgliesaivalfed
Ry Uuanusnumuee i o goumall 0 ssrnivades
At Lﬁuqmmﬁﬁw?{aﬂﬂ (BeFLBaLTR)

a IS

< 1Y a £ = v
o WUdANUIZanENSLUR I UIUAIUBIAMNATUNIUATLDUNN (B9ALYALTYE)

Y

v '
a b4 0 02 o

. NUNKUNFALAZAINNE1ITDIFIUNIATAIUATUNIUIE LU THUR TINUAIINENIVIA LIV

SN

(%
Y @ v o [

NunvsavesltnleslaauduRus a9l

!
R = b (2.8)

dlo L Wuanugnvesdii (cm)
A Wuiunntndauesiui (cm2)

p ANNAMNAIUNIU (Q- cm)
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Tngn1sTaaudrliiddunisinanuaiuisalunisinlndvesasavarelangvs oufa
T luwdlansidudnilndihia Wesedidnaseululansaunsandoudiliogedass
lovouuinuaglessuavluasararsandudnilwiudegudaluin (Electrode or Probe)
2 dhadlumsaranefuansdazud 2.8 nifuinuarusnsdndlihamistudaluih 2 4
W sanseualniih diAntu nsyuaumsiisduasnuinlessuuinavindeuiiludslessuau
wazdulonsuauaiAdoulusitauin ansavanedsimduddiliih arsazaneiuseneuly
frelespus et lniiasfiviy Tnedransslnihasdunsinaninnisi

I aunvetlessuluaisarany luldnisinanlesaulnlessunilwesaisazats Ineay

¥ 1
=< [ | )

TuegiuAnTivedias (Cell Constant) iuAAsivasiyia (Probe Constant) #3aA1A4

Yaauas (Sensor Constant) [8]

Y

Sensor module

~
T 4

~l ¢ & 4

Stainless steel

5U# 2.8 A lninluvesivan

731 : (AnT AoNIzUA LazAy, 2560) 8]
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AAANBNEUD92995InAIA U IANsTns1ee wisdldidu 7 dedsil [10]

1. nlihflvaen1sinau (Function)
2avsiuiadyiu AC asiauiiedwaiudadiuiy 1/8C Tumise @iy
fo3unil Inearunavesdyniaazduiu RC 1995AUBALANLUUTULATHAADILUUAD
Fulastanuuaiaeus (Single End) wazdulasifauuuuins (Bridge) Inesisaeauuuiinns
ﬁwmuﬁmﬂ@mﬁuﬁuagUJ'ﬁ’umﬂ%ammﬁuamwwmaé’zyfymé‘uwm AULIIRULDIFNATDY
rasuuvdaiaeusnduildurasmanugliiiids 1 uazaarugliihiiamedu c2
dwsuifuequanuuugulastasinuied ussiuednnaviludadiuiuen C1-C2 vise
(C1-C2)/(C1+C2) lunsaldue leiduronsasazidenlivnsaniuanimuglifiiviinigde
selunuuiifnisAsunuassgsiessringusiinaniasiuuiinsUdsuuUasiuiive sy

bWNAN

2. anulidar1n2ugln el (Sensitive to stray capacity)
uLre sk UULH A Nazilaua iniheglusedv pF Fslunisveuselwuiweiuuy
wwamdiuanelaken 60 pF/m tualsiinisieriuusnaniinisweynenny yavieidu

nsdesiumssdutnunvasaualniunidug anateuen lngn1stesiumenisvieny

£
U/ S

apdyaauuutdnagldnuiasuegansuuddasia widvsuisussianiiendenis

o a o

Alladayaa n1stesiuarugliihurersilaaiuin

3. auldadayyaisuniu (Sensitivity to noise)
Jymed1milavenasinnaugliiiiondenisiiledygia Aeaudiinnis
d' A A 1% =< a z:{'
WasuuUasllefidyaasuniuainaiguendiniluaeas fainainuszgliitveiasduly
Ushautafes Ineundudadamlusesdygrasunuiliaunsauiluldlaenisveiugaidon

souarlfanedyqanivszdnsnangslunistestuauuuiwdnlii

4. arudesnislunisiasdyaaneutaenduiinea (Needs ADC)

[

(%

Tunsiasnudvesdgyaraluiludyg undneawuuegisinedu vlalaens

e

' 1%
v s a =

AmuAAIULIaIawINsHuRad Aiedulugainmue fAulunisussynaldauiu

lulasaaufiamasn1skuasduanuwaurdanidufdneasialuianuswdu wsizarunsald

A

@ v

WgasAdadyyia RC Aeanandtualudiuvesisasauegianuuudalasia

D

o [ ) aa v A [ £ = [y 13
ﬂ’]'iLLUaQ?{QJ,QJJ']ﬂJLLBUU’]ﬁE]ﬂLUu@ﬁ]C‘]aaENﬂJﬂ'J'mﬁ]']LﬂULW'ﬁW%C‘]ENlIﬂ?ﬁLLUﬁﬂLLﬁQWULE]']C‘W\!C‘]VLU

Judyaunineast
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5. 2493N399URAUAINAD (Bandpass filter available)
luasAneguaniuudalasia nsandyausuniyluiasaunsariilalagiianas
nIodrIuLaUANNDNaITgUld InswauaudNlduIzeyluyi9ueInIui 81989 us

Wnstllianunsalalanuiasiidedyae RC

6. YUNVD92935 (Circuit size)
Heswnaulsznevlusasiuledyaaaudivwind nninesiveganiuy
Falasauin Fsazainlunisasradursasiuweiy PCB U weluniseanwuutduleassiy

Tnshveganiuuddlastiasrauisaaseladendtluiuiissana 1-2 msediadiuns

7. aalaRaAMUALNIULUUYRIY (Sensitive to shunt resistor)
lunsyszendlgnuniasinsduiaiudiuilaunion)nuauanny lHuae19asuY
LHUMATNUNELN S0 AINANTENUADN IS INNUYBINRT AuanURNdAyantun1seanwuy

1995 AamulasearudumuluuLINnTed i uuIIR n1stesduiigndesaunse

danasfudammantile laganiensinansiuvesaianugluiwe udistasldlailadu

1995 InAIPNLY YUY

2.7 m3daraualuinfedgasasnuiadyain (Oscillator,0SC)

'
aa v

= aa v o 1 v v <3 4:4' 1
L‘L!’eNT{I"Iﬂ’Jﬁﬂ’]i’JﬂﬁﬁJZU'IMVLWG]NVL&J?ﬁlITﬁﬂ’JﬂWJLﬂU‘Ui%ﬁ]‘V}M@Wﬁﬂ’]SLUﬁEJ‘LlLL‘Uaﬂﬂ’W

e q

ra o ¥

Auglniiaanng laaalildnsiagieanudiumusunags Jansineivesiaiiuyseg

[y o

U 10 AINWASH NszRuvRIduan 1 1859 AodlinIsyaednsIve18nTeLaluse 0.01

T

(%
Naa [

Alnwenduls uenaaniisnsiaduaalinssavlinunedyanssuniunieg Wudyaiu
sunuluaneiaida (Cable Noise) wsanumnasiufuila (Thermocouple) Wumu Feaziiiuin

299s7lgrNudgedya s unIuIzniaulauInn Il dreginduiaiuls gaiilinsiuaiues

a a s

Sueannduiuaudansainsindlalagnisyuaunsallulsasindadyayio 1ewind

'
a v aa YV

asnlledyaamaneyianideateidounnaeny wiluniel JUalunsesniuuieas

A7}

Ailadeyaos LC Sanudiludadiuiu 1/.C mstaranuginilegldisasindadyayin

T o

RC \JunsTariauglnitlieylusuvesainud (Frequency) n3aainuninevesiad

(Pulse Width) auanafaguil 2.9 uandlasasisegrsdievesleddnsaguives 555 M

v
I a A

asradursasiudindyau RC [11] AflAdAadlei@Aa (Duty Cycle) asivindu 50 wWesidua

FallAUDD M NARTEUNT
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1

f=— (2.9)

"~ 1.38RRC,

9112995l uLansR U 2.9 aziuldinlufinavesrianuglniiuls Tneunfdeyayiuunseiu
1Rnavedlediues 555 azunislifiaseaunsiiuvesunaingliveisas (Power Supply)
= = = a A

wavazgadeiaiosninlosamaiivuisunlas

N13702995IUd Nz liasinsiaunilouduasasuiinvinines (Schmitt

. a a I [ = = LY a =~ o o LY

Trigger) lngaasviiny3nnosuuduisasiuisuiisuussiusiianianondunisdoundunuy
UINAINTUIT YR ILRIANAVETIIRTNLTY T bilAna 199 NUwANAIUANTUTENIN
FUYIUNIWIAN AT IA8IaN138 1eRsA N adyaalulansdagun 2.9 Wu 9l
wa 9918 a5 19T IR Ue198UIn 1/3 uag 2/3 vpsusinulnasatelwliduilisuiisy
wssruiednnelaled arvungansnliiuled damaiusiuniu R dvwinlugneednaila
< A o 3 o v ) a0 ~ a ¢ o v Yo
Ao nsaluguIndy wazkiunasgiolidanddsuwdasaudemwinaiazlilasu
nanIEnuanNIsasuslatiuvesuraseln TnaordnnazgnuUasdundnaalagldnisiu
ANLAvIENSHUY AT FuinagldeSadaniuauiaiiugiuitonusiuglagA1ALN g

v fa 1 & a v oo Ay o
vouiadiinn Judnduiumaugliihfidednisin

IC 555

thresh

Frequency
Counter

Out + Or
Time

interval

{i AN
T

JUN 2.9 nsnsaduAnnugiiihsieasiudndyyio

wananagun 2.9 Wuiaasiudadygivanledadisdyyimniiuiives 555 911

AmRleAa 50 % wazasesdganuaaidadulauieniuledives 7555 dululodieas

UL BuealneUnddyanaednnvedlediues 555 avaialalufisrnasgaveawnasangl
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Tunsesuaravgadeiatesnmdosamgifeunlas msinurensesduwuuidende
msteunduiuuauved R wae C 3lianinines Tavsedavsninesiluisesifianuuwiugias

LaEQNMYUAAITEINITNINEIN 1/3 Uag 2/3 vesunasdnelnvesiens

2.8 29937323 3UAIA NN

TuAng1finusiauiszuuaglaauiaasnsaennudaniy UsenaunleasUaud A,
FAUNIU R wazAiulsey G lnedunudsey G, duderanugliinlduianniuga
s v < v ) o = ¢ ' ° PNy
wulges 7 a3 197 ulnglduseduidudyyrmed usdlodiduunasnndad yayiu

Fauansluguil 2.10

| @
e Ry

Charge detector

5UT 2.10 2935015299UARI A bivh

da Cypq uaw Cyy 86710 lulasviada ()
Cr A1 10 AWlnvi¥a (pF)
R¢ #iAin 500 Alaleviu (kQ)

A, feoaudeud LF351
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[

N993TUUN 2.10 asnsamanuduiusvessaiu Vi, du IV, ladsil

=0 (2.10)

9INEAUNITN (2.10) t51ausamanssiu 1V, lassaunissaluil

Cf f
R +XC

Vm

R\ ey ) (2.11)

e X¢ = s Xc, = (%9 @ PEPINARINVRLTITU Vi Wiaunuen

Jwcy jocy

Xc, waz X, adluaunisi (2.11) ald

jwcyR
AP i A AT (2.12)
]wchf+1

AAUA A wceRe > 1 Tuaunisi (2.12) aglamat

V. -- (E—’;)Vm (2.13)

v O =4 V1 1 [y v [y 1 = I (% 1 [y 1
muu%muim'lml,ﬁmu VC 1(51?]ﬂ’]ﬁ]ﬂ'ﬂ]i@‘ﬁ’)ﬁ]ﬁ]Uﬂ?F]T]EHILW‘W'DJW']LUuaﬂﬁUUﬂUﬂ’WﬂTm?ﬂq

T €, Msn9zvinnisin
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2.9 1995VYIYLSIAY

WeInusIduYIesn V. MlA31n199509333uaA1dAIAugnIea1uefnnt ey
Auld Felafiinnsunludesiuiuisasvensussiuiielidaivangan lnaldiasesnsesiu

Fananslusud 2.11

\Voltage amplifier

JUN 2.11 25V8I8UTIAY

INFUN 2.11 ussduodine 1, vo0asvengussnuilamisaunisissialudl

RoRy

V, = (Rle)VC (2.14)

wazillawnue) V. 91naun1si (2:13) asluaunisi (2.14) azla

RyRy
RyR3

7
Ve=-( )(C_f)Vin (2.15)

NaunIsn (2.15) aziiulaiussiu v, fandudadiuiuarnugliihves G, iy

o
Y

1 I LY a a e @ o a
At uTEuU9RTHUatA1AN R dulsnuliiinssuanssluinednusiidunisunnade

'
=

19snsesudaEugladyaaldacin fslavinisvenedyaunieiasveisielila

dryeyadaanzay
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2.10 M3n3zAuY (Excitation)
2.10.1 msnszfuiedyaialyy (Sine Wave)
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2.11 msUszgnatdaunanuuszgiunistdaulunsiananudueiniea [12]

n1silddnuuszadaaininud uduivnsluainie (%RH) TuanenszuIunIsng
JUN 2.12

Metal Air I Coonse air €,=1 0% RH

v € . =80(20°C) 100%RH

water

Moist air ® ® %) 0

\ o Coense n"st air 1<€, . =80 (20°C) 1-99%RH

H,0 (Gas)

o

5UN 2.12 nanmslisaiiuusgginaianudulueinie

AsfuNNIsIUS U ouAn relative permittivity T8son1ALTasdn Feanunse
WeulRaslAAUAY 0 9%RH WazA | 100 %RH ANEIAY (ANN9 gamgAdian relative
permittivity Sty 100 %RH lothlusrmaszgnavuiulieyludatusduveana)
Fefuprnefidaaudusyning 0 %RH 54100 %RH SafinavinliAveadaifivlszad e
wanseiiludnuasBaduld Suaninswasuwasinurudiiusluenalddudima
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uni 3
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'/ // 1cm. // lcm.
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wsanulaily Fyaraunmsliihnlaasgnuenglviianumunzauiunisvininuvesssuy a1y
AnuduusvesLUsluaun1sy (2.15) Tneansaundnaiuseninaussaulnin v, duAiaiiu

gl ¢, 1 Dumén

o V, o ussiumssnutending (v)
R, R,, R3 uaz R, Aadduniuiian 100 Alalesiu (kQ)
C, #o aruglwihveasuweslugafiadsty
Cr fn auqlylihien 10 Wlnwia (oF)
Vin o owimaiioonannizesiiidadaaandugdledfinnug 100 Alads

LATLSIIL 2.5 Tam

U9l 3.4 uazguil 3.5 nansszuuanainuasiinszinnududuveslolelnafiadily
ﬁamﬁu%wﬁwiugaL%uL%aﬂ%ﬂﬁU’Nﬁﬁ Small capacitance to DC converter for capacitive
Sensor deysyraumsinstuuuissalndainguiees ndszgaudadlvoylusuvesdayain
fdnea (Digital signal) Aendnn1sves ADC converter noufiasidlulpspaulnsaias

(Microcontroller) uazdsludamliusziiananignonitatnaiiieIas1giAInud Lty

voslelglnanadely
- R/
Signal generator
100 kHz
it
Signal conditioning l v, ﬁ ol
ARy § 7B & f‘> ’
”I IZX =
& 3 = Charge detector
Dielectric
G

Voltage amplifier

et

Microcontroller
ADC 10 bit

I mm. ‘

Computer for Analysis

UM 3.4 szuunsiianaginneianudutuvedlelelnaiasiuiu

Small capacitance to DC converter for capacitive Sensor
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Signal generator

100 kHz ,2.5 Vp-p New Sensor module (Module A)
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100 Alatdsn nuiadanulinaskanisauosesgunsalfi A sludiudirug i uae
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M19NN 4.1 Aadevesnnugliiiannmmesaeulelalnsiianauduiunsds 75 %

Average of Test Concentration 75%
Module A Module B
Capacitive 35.8 uF 15.75 uF
Voltage 0.602 VDC 1.254 VDC

WARIRIgUN 4.1 waggun 4.2 Juanadevemansnageudilaninauaiansalunis
FrAnauInIn 5 a5t wudtluga A ianueaiamdeulunisindianuglin 4.73% dqu
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4.2 MagauANMtuduYaNguAIaEns
AsnaaaulalglnsNanINUANULTUTULANANAUUTENBUNIE 65%, 70% way 75%
INNFUMIBE uIuaunguitegelagly Tuga B Fallauududwazinefioninnii
1 dugunsaldnsds nuitmadldannismageuiianuaenadadiuszninem ussiudmeiu
ANUNTUlalalnsRa 5IUDNANNANNTOLENTATENINaUS LR ILUSTUR s U UaskU
2819TALAU YN FELSaeNLEzANUNTUlUsEAUNWANaaRUle D NN e aTiausawiaglu
(v dl [ a % [ -q" -dl' I v
anvaedugadulasuanidsgun 4.3 wansnisvaasadlonaaouiguieasindluga A ae

AU 65%, 70% uay 75%

s l,/— Beaker 50 ml.

Sensing Module '3

Isopropy! Alcohol

5U# 4.3 nsnaaeuiguies (luga A)

M13199 4.2 wansnedeulelelnsfianaududuiansaiuainaunguiiesng

Concentration Solution 1 Solution 2 Solution 3

Capacitive Voltage Capacitive Voltage Capacitive  Voltage

(uF) V) (uF) (V) (LF) V)
65% 18.12 0.84 18.10 0.85 18.13 0.86
70% 16.55 1.02 16.54 1.01 16.56 1.03

5% 15.75 1.25 15.74 1.26 15.77 1.26
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Concentration Brand 1 Brand 2 Brand 3

Capacitive . Voltage Capacitiver Voltage  Capacitive  Voltage

(WF) (V) (KF) (V) (LF) (V)
65% 18.12 0.85 18.24 0.86 18.37 0.85
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1. Wsunsuinldlunisgrudinauglnia

const int OUT_PIN = A2;
const int IN_PIN = A0;
const float IN_STRAY_CAP_TO_GND = 24.48;
const float IN.CAP_TO GND = IN_STRAY CAP_TO_GND;
const float R_PULLUP = 34.8;
const int MAX_ADC_VALUE = 1023;
void setup(){
pinMode(OUT_PIN, OUTPUT);
pinMode(IN_PIN, OUTPUT);

Serial.begin(9600);

void loop(){
pinMode(IN_PIN, INPUT);
digitalWrite(OQUT_PIN, HIGH);
int val = analogRead(IN_PIN);
digitalWrite(OUT_PIN, LOW);
if (val < 1000){
pinMode(IN_PIN, OUTPUT);

float capacitance = (float)val * IN_CAP_TO_GND / (float)(MAX_ADC_VALUE -

val);
Serial.print(F("Capacitance Value = "));

Serial.print(capacitance, 3);



Serial.print(F(" pF ("));
Serial.print(val);

Serial.printin(F(") "));

else{

pinMode(IN_PIN, OUTPUT);

delay(1);

pinMode(QUT _PIN, INPUT_PULLUP);

unsigned long ul = micros();

unsigned long t;

int digVal;

dof
digVal = digitalRead(OUT PIN);
unsigned long u2 = micros();
t=u2>ul ?u2-ul:ul-uz

} while ((digVal < 1) && (t < 400000L));

pinMode(OUT _PIN, INPUT);
val = analogRead(OUT _PIN);

digitalWrite(IN_PIN, HIGH);

int dischargeTime = (int)(t / 1000L) * 5;

delay(dischargeTime);
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pinMode(OUT _PIN, OUTPUT);
digitalWrite(OUT_PIN, LOW);
digitalWrite(IN_PIN, LOW);

float capacitance = -(float)t / R _PULLUP / log(1.0 - (float)val /
(float)MAX_ADC_VALUE);

Serial.print(F(" = "));
if (capacitance > 1000.0){
Serial.print(capacitance / 1000.0, 2);

Serial.print(F(" uF"));

elsef
Serial.print(capacitance, 2);

Serial.print(F(" nF"));

Serial.print(F(" (");

Serial.print(digVal == 1 ? F("Normal") : F("HighVval"));
Serial.print(F(", t= "));

Serial.print(t);

Serial.print(F(" us, ADC="));

Serial.print(val);

Serial.printin(F(")"));

while (millis() % 1000 != 0);
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Abstract—This paper presents the development of a sensing
module for analyzing the concentration of dismfectant
alcohol commercially available in Thailand during the Covid-
19 epidemic sitwation to ensure the ingredients and
percentage concentration by focusing on simplicity, low cost
with reliable performance. Under the basic physical structure
of the capacitance change [1]-[5]. it consists of a New Sensor
Module developed to fully mterface with the small
capacitance to DC converter for capacitive sensor [2] model.
Inside the sepsing structure, there were 2 modules of metal
conductors. Each condoetor was 3 mm. thick, placed m
parallel with a fixed distance between the module of 1 mm.
The cross-sectional areas of the plates of those two modules
were different in order to compare the efficiency of the
detector developed. The cross-sectional areas of the plates of
Module A and B were 1 cm2 and 4 em?, respectively.
Experiments were performed with 3 concentrations of
alcohol, 65%. 70% and 75%, to enhance the concenfration
detecting performance of the sensing module developed. A
signal conditioning was generated from a small capacitance
to DC converter for capacitive detection with a frequency of
100 kHz, which was the most suitable frequency for exciting
the capacitance change which was the capacitive reactance of
the alcohol used mn this study. From experiments, it was found
that the sensing module with a small cross-sectional
conductive material would provide more accurate results in
terms of linearity and repeatability. The errors were less than
2.72% compared to the module with a large cross-sectional
conductor material which would have an error up to 4.73%.

Keywords— Sensing module, Isopropanel, Covid-19,
Capacitance Introduction (Heading 1)

INTRODUCTION

From the current situation of the Covid-12 epidemuic,
washing hands frequently with clean water and soap alone
may not be enough in daily lives. It1s necessary to use alcohol
spray to clean the hands and exposure risk areas. Normally,
the concentration of alcohol that is effective in killing viruses
1s between 60-90 % V/V. However, if the concentration is
lower than 60% VIV, it could be less effective. On the other
hand, if the alcohol concentration is greater than 90% V/V [3],

G79-8-3503-1824-1/24/831.00 ©2024 IEEE
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it could cause the alcohol to evaporate rapidly and reduce the
ability to kill the virus. In general, either Ethyl alcohol or
Isopropanol can separately used or mixed. However, alcohol-
based cleaning products must be reliable to ensure its
effectiveness and safety.

At present, testing the alcohol concentration can
apply many different principles. One of them 15 the use of
Fourier transform infrared (FTIR), a techmique used to analyze
functional groups of substances by relying on the absorption
of infrared waves, causing molecular vibrations from the
refraction of infrared rays through dense crystals and a higher
tefractive index to the sample solution Preliminary
determination of alcohol concentration in hand sanitizer using
the FTIR-ATR technique i1s a comvenient, fast, and easy
method with quite accurate test results. It can also reduce the
rate of evaporation of the alcohol during the preparation of the
sample testing sohition [4]. However, the disadvantage of this
techmique 15 that it would has a high cost In this study, a
sensing module for analyzing the concentration of disinfectant
alcohol was developed by using Covid-19 alcohol disinfection
as a case study. The capacitive sensor principle was applied
with consideration of low cost, ease of use, and high
reliability.

Research Principles

Aleohol concentration 15 a type of dielectric that affects
the capacitance variation as given i Eq. (1). This research
developed an ideal sensing module with the capacitance
variation influenced by the structure of parallel placement of
conductive material plates [5].

KAgy

=
x P

()]
where

C; 1s the capacitance of the conductor (F).

&y 1s the permittivity of free space = 8.854x10-12 (F/m)
A is the cross-sectional area of the conduction plate (m2).
d 1s the distance between the conduction plates (m).

K 15 the dielectric constant that varies for each type of
dielectric.
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In this study, the sensor efficiency improvement
focusing on measunng and analyzing the concentration of
1sopropyl alcohol specifically for disinfecting Covid-19 was
further developed from the research on Design of Capacitive
Sensor for Concentration Measurement [1] to suite the
selected vanables. Fig. 1 (a) presents the design and cross-
sectional area of the conductor plate developed. It was divided
into Module A with a cross-sectional area of 4 cm? and
Module B with a cross-sectional area of 1. cm? according to
Figures 1(b) and 1(c), respectively. using the material of the
plate 1s 304 stainless steel, 3 mm thick, which has a better
response than copper that reduces resistance when the
temperature rises [6].

1 cm. lom
E .
@ "
i Nyloms
Stainless \ ]
= - 4 stael 304 i _ Stainless
g & g steel 304
il rd ™~
Ahmninum
plaras
T -
27cm . y
1 L T lem
|
2Bom Yam. 1 e
() (1) <)
Fig. 1 The mternal structure of the Sensing module.

(a) Origmal design of Sensing module
(b) New Sensing module (Module A)
(c) New Sensing module (Module B)

Measurement of System

The measurement system consisted of the New Sensing
Module and signal conditioner developed fromi a small
capacitance to DC converter for capacitive sensor. The tests
were performed by excitation voltage of 2.5V, 100 kHz sine
wave format under an ambient temperature (25 °C). Output
signal of the system was passed to the capacitance detection
circuit and converted mto electrical voltage signal This output
signal was then amplified to suit the operation of the system
according to the relationship of the variables shown in Eq. (2)
which was mainly considered the ratio between voltage (Va)
and capacitance (Cx).

— _ BBy, Gy

Vo = _(ﬁ](c_f) Vin 2)
where
WVa is the output voltage (V).

R1, R2, R3, and R4 are 100k,

Cx 15 the capacitance generated by the module (pF).

Cfis 10 (pF)

Vin is the output from the sinusoidal oscillator circuit at a
frequency of 100kHz and a voltage of 2.5 V.

Figure 2 shows the Isopropanel concentration measuring and
analyzing system used between the New Sensing module and
the small capacitance of DC converter for capacitive sensing
circuit. Real time electrical signals from the New Sensing
module were converted into digital form by ADC converter
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before entering Microcontroller and sent for signal processing
by computer to analyze the concentration of isopropanol.

Sigmal
generator
100 kHz

Veltage amplifier

E\-ﬁ.cm!unuoﬂer

ADC 10bit

B

Compater for Analysis

Fig 2. A set of an Isopropanol concentration measuring and
analyzing system connected with a small capacitance to DC
converter for capacitive sensor.

Experiment and Results

In this paper, the experiments were divided into 3 parts.
The first part was a test of efficiency, accuracy, and reliability.
The resunlts from two modules using 75% concentration of
isopropanel as a reference value were compared. The second
part wasa test of different 1sopropancl concentrations, namely
65%, 70% and 75%, respectively. The three samples were the
same brand of isopropanol but brought from different areas.
The last part was a concentration test under the same
conditions same as the second one but with different brands.

4.1 (Reliability Test)

Efficiency. accuracy, and reliability of the
developed sensing module were tested by using Isopropanel
concentration at 75% as a reference value and then stimulated
with a frequency of 100 kHz The results showed that the
sensitivity and the response of the device 1n terms of electrical
capacity. The voltage of Module B was very satisfactory as
the voltage levels were approximately twice that of Module
A as shown m Table 1.

Table 1. Mean value of capacitance from Isopropanel test at
15 % teference concentration.

Average of Test Concentration 75%

Model A Model B
Capacitive 358 uF 1575 uF
Voltage 0.602 VDC 1.254VDC

Figure 3 and Figure 4 illustrate the averages of the test
results obtained from the 5-time repeatability. It was found
that Module A gave a capacitance measurement error of
4.73%, while Module B gave an error of 2.72%. When
considening the error in measuring voltage, it was found that
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an error of Module A and Module B was 3.72% and 1.04%,
respectively.
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Fig 3. Capacitance between Module A and Module B.
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Fig. 4 Output voltage between Module A and Module B

4.2 A Test of Isopropanol Concentration under the Same
Brand Conditions

Isopropanol was tested at concentrations of 65%. 70%
and 75% on three samples using Module B jas a reference
device due to its more accuracy and reliability. It was found
that the results obtained from the test were consistent between
the output voltage and the concentration of isopropanol,
including the ability to clearly distinguish between varnable
quantities. This makes it possible to distinguish different
levels of concentration as well as provides a continuous
linearity.

Figure 5 and Figure 6 show the experiments when testing
the New Sensor module (Module A) with concentrations of
65%, 70% and 75% and connected to a capacitance-to-
voltage conversion system.

II ,7-7/— Beaker 50 ml.

Sensing Module 2= ,
i 3

1

lmm
Figure 5. New Sensing module test (Module A)

Isopropyl Alcohol

104~

Engmeermg (NCON)

Signal generator
100kHz 2.5Vpp New Sensor module

(Module A)

©

Figure 6. New Sensing module test (Module A) by
connected to a capacitance-to-voltage conversion system.

Table 2. Isopropanol test results at different concentrations
from three samples.
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Conc i Solution 1 Solution 2 Solution 3
Capacitive  Voltaze  Capacitive  Voltage Capacitive  Voltage
(B9 (4] (03] Y. (49]
65% 18.12 0.84 18,10 0.85 18.13 0.86
0% 16.55 1.02 16.54 1.01 16.56 1.03
75% 1575 125 15.74 1.26 15.77 1.26

Figure 7 and Figure 8 show the results of using the New
Sensing  module (Modnle B) to measure different
concentrations of isopropanol from three samples. From the
test results. 1t was found that the developed Sensing module
can be effectively used with small capacitance to DC
converter for' capacitive sensor by providing  stability,
accuracy, and repeatability:

19
185
1% X 2 —— —®
17.5
=
§zc X—eN Y — X
2— 16
1 155 & - A
15 + Concentration 65 %
145 3¢~ Concenmation 70 %

=~ Concenmation 75 %
14
1 2 3

Solutions

Fig 7. Comparison between electrical capacity and
concentrations at 60%, 70% and 75%.



The 9th International Conference on Digital Arts, Media and Technology (DAMT) and
Tth ECTI Northern Section Conference on Electrical, Electronies, Computer and Telecommumications Engmeering (NCON)

———h—
5 * + *
5-'15
o7 - Comminin

= Conorrirabon W
ol Cireminies T %

Fig 8. Comparison between voltages. and concentrations at
65%. 70% and 75%.

The concentration of 1sopropanol is inversely proportional
related to the dielectric change m the capacitance of the
sensing module. Figure 9 and Figure 10 show that the higher
concentrations of isopropanol cause the decrease of
capacitance. On the other hand, the voltage would increase
1in direct proportion to the concentration.

Capacitance (pF)

1 2
Concentration (%)

LA

Fig. 9. Relationship of capacitance changes and
concentrations

Output Voltage (V)
o
[<=]

. ] 2

Concentration (%)

Fig 10. Relationship of voltage changes and concentrations

4.3 A Test of Isopropanol Concentration under Different
Brand Conditions

Isopropanol  was  tested at  different
concentrations, namely 60%, 70% and 75%, of samples from
three different brands using Module B as a reference device
due to its more accuracy and reliability than Module A
Considering the results from previous sections, it was found
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that the results from the Isopropanol concentration test of all
three brands by considering the capacitance and voltage were
similar and consistent in the same direction as shown in
Figure 11 and Figure 12.

Table 3 The results of the 15opropanol concentration test
from three different brands.
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‘Concentration Brand 1 Brand 2 Brand 3
Capacitive  Voltage  Capacitve  Voltage  Capacitive  Volmge
(UF) 00 (uF) ] (F) A
3%a 18.12 084 1810 0.85 18.13 0.86
Tira 16.55 102 16.54 1.01 16.56 1.03
T5% 15.75 125 15.74 1.24 15.77 1.26
18
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18
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C amcentration (a)

Fig 11. Relationship of Capacitance changes and
concentrations of different brands.
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Fig 12, Relationship of voltage changes and concentrations
of different brands.
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Conclusion

This study presents the development of New Sensing
module based on capacitance change. The physical structure
of the module developed was a parallel conductive plate
with a signal conditional m the Small capacitance to DC
converter for capacitive sensor circuit. It is found that this
sensing module can be used to measure the concentration of
Ethyl alcohol or Isopropanel available in the Thai market
efficiently. Moreover, the use of a parallel plate structure
with a small cross-sectional area was observed higher
reliability compared to a sensing module that uses a large-
cross-sectional conductive material with an error less than
2.72%. It was also found that the measured voltage was
linear and directly proportional to the selected
concentrations of Ethyl alcohol.
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