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ABSTRACT

The design and development of a screen printed carbon electrode (SPCE) on a polyvinyl
chloride substrate as a sensor is described. Four configurations were designed on silk screen frames.
The SPCEs were printed with four inks: silver ink as the conducting track, carbon ink as the working
and counter electrodes, silver/silver chloride ink as the reference electrode and insulating ink as the
insulator layer. Selection of the best configuration was done by comparing slopes from the calibration
plots generated by the cyclic voltammograms at 10, 20 and 30 mM K,Fe(CN), for each configuration.
The electrodes with similar configurations gave similar slopes. The first configuration was the best
electrode that gave the highest slope. Modifying the best SPCE configuration for use as a sensor,
multi-wall carbonnanotube (MWNTSs) was selected as a modified material in the matrix of N,N-
Dimethylformamide (DMF). Sensors of 1 mg/mL DMF modified SPCE electrode were used in the
voltammetric detection of paraoxon in a solution of 0.1 M borate buffer pH 12 show linear dynamic
range from 0 to 100 ppm (detection limits of 0.906 ppm ; R’ =0.993) The amperometric detection of
paraoxon in a solution of 0.1 M borate buffer, pH 12, by applying a potential of -0.875 V (Vs
Ag/AgCl) at the working electrode, flow rate 1.5 mL/min, sample volume 50 pL show linear dynamic
range from 0 to 50 ppm (detection limits of 1.106 ppm ; R’ = 0.999). The sensors showed an

immediate response to paraoxon.
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Carbon Nanotubes (SWCNTSs) (1a% multi-walled nanotubes (MWNT)
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Diamond ;
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Graphite ;

cach C is bonded tetrahedrally to four others
through sp"—spJ O - bonds

(1.52 A)

C atoms are linked (1.42 A) in plane by sp"-spz

O - bonds.

Electrons move freely through the
Jl-bonding network in this planes,

but they do not jump between planes




A1319N 2.1 (AD)

Tnsaasn AUANYUY

fullerene, is a closed-cage carbon molecule
with threecoordinate carbon atoms tiling the
spherical or nearly spherical surfaces, the best
known example being C,, with a truncated
icosahedral structure formed by twelve

pentagonal rings and twenty hexagonal rings.

single-walled nanotubes (SWNT) there is only

the tubule and no graphitic layers

a central tubule of nanometric diameter
surrounded by graphitic layers separated by

~34A.

multi-walled Carbon Nanotubes (MWCNTs),

Single Walled Carbon Nanotubes (SWCNTs)
SWCNTSs Hanyamilouiuue sy graphene 17110 HOATIAIUUDIANNEIADITY

Auguinatalizinm 1000 daiu Javsan i lnssaudlndTaseada 1 6a
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AUANITAYZIUDYNY chiral rector ¥941A530319989 CNTs 3 CNTs ATIAUHIL
o =3 = wa o &4 o o : A o § e
fUINaNaNg velavianluasnaaniy (semi—conductor) wiolulany (metallic) amﬁuum”lu

° ld‘. 1 o 9/ dld 1 s 1 9/
ﬂ']‘iU'lllﬂ'ﬁWIﬂ'lQﬂl!llﬁ“‘l’l@}ll'ﬁnﬂiﬂ‘idfT‘i'N“Hi’NIiJLﬁQﬁTHJ band gap UANANNULASAINITATU
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m31h Inl#hezn19n quantum mechanic t1az 1éNg1 Tag quantum mechanic HAINAINMTAIUMS
i I luvuseanuevod CNTs

2.2.3.3 AMANUAMANA (Optical activity)
MNMsANYININGBENUN e CNTs Huuralundiu Optacal — activity Y04
" u’: wa oy a s’di Yar a o o sfsu
chiral nanotube %ﬂ’lﬂhl‘ﬂmﬂzﬂzuuﬂmﬂ’JJ'lJ(v‘mNﬂﬂﬂﬁElw'] vz AT UanEnaInausiiaae
2.2.3.4 ANUNAIN5I (Mechanical strength)
11 young modulus ATUHWILAY (111I817) YDA CNTs AIGAUINIAY CNTs 71U
Tugilinnudangugaiiosnnanuenveuiuiwes msizaziu ONTs  Saduun Tiuivzgn
° Y, v wa v A ' =
i Tl luanundeanspumnianesduaugangundas

=

M50 2.2 uaaanamniania ldonnnsnaasumzanmMInuIuN1INgE Vo

o < o
MIVOUU TUNI]
W o a td o
qHUN AMTUDUU TUNI ﬂi']ulﬂﬂ
Lattice structure (Cylindical) hexagonal lattice helicity Planar hexagonal, plane — to-
Nanotubes: ropes, tubes arranged in plane distance

triangular lattice with lattice parameter of | ¢ =0.335

a= 1.7 nm, tube —tube distance =0.315

Specific gravity 0.8-1.8 gcc” (theoretical) 226 gcc’

Elastic modulas ~1 TPa for SWNT | TPa (in —plane)

~0.3 -1 TPa for MWNT

Strength 50-500 GPa for SWNT,
10-60 GPa for MWNT

Resistivity 5-50 micro —ohm-cm 50 (in —plane)

Thermal conductivity | 3000 Wm ™ K (theortical) 3000 W m- K (in —plane)
6 Wm-'K " (c axis)

Thermal expansion Negligible (theortical) -1x 10 K" (in -plane)

29x 10 °K' (c axis)

Oxidation in air 700 °C 450-650 °C
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2.2.4.1 Arcdischarge
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Tusausn q a2l Hdmsuduns 1z C, fullerenes 1ns1z3uiludsndeuas
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d Y A Ad;d a w Sl Y - =] a & o
599157 uateidvveisiidonaasuni Idveiiluvosnauii TiiianuuSand Avsmsduaouly
Mo Tuns ueulas Tanza13 9900910 crude products

:Idy vc’: o g ar o 3 ar YA 1
ez lwnisveu 2 vavudnmnu v iyeanadszea 1 mm lunisue

=

TYanussymanos (HRvun3001300U) AUAUR (531718 50-700 pbar) 18NTZUE 50-100 A
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Juny uniformity 494 plasma arc uazqmnqﬁmmwmﬁm

hore, @

Helium atmesphere,

400 mbar &

| graphita anoda

= %
- i

- . Od"

-..graphite cathode %

; B 1opun-¢s
H 4) DC current source

Multiwall nanotubes

ﬂi @ o @ a 1 s ) 5
E‘lh'l 237 llﬂﬂ\‘lﬂﬁi]ﬂi’}.ﬂﬂ'iﬂ! mMsdunsIzinow Tumsuou lasmaia arc discharge

a b
- Anade
Anade
Arc plasma
/
o &
- Cathode
f
Catlhode

‘l.lﬁ 2.8 memﬂﬂmxmuw'ﬂumimm'swwmuﬂumsuauiﬂamﬂuﬂ arc discharge

a) mssauuuiall  b) bowl-like cathode
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Tuaae 2 Tt ldnmsdansizivown Tluasvouluszinnduvounad Gaiidod

] Y 4 1 = Qs @ a =
fo Tidosmsufaion ludealssvuanninudumazdunsizd 1ad3uamnn Taoludl 2003 Jung
nazanz lddunszd MWONTs Tu'luTasmumad 891 Sano HAaZAME TN Lange tazaaz 14

a g da 2
dUnN51ZH CNTs Juszuuiihniy

Power Supply

Telon i - Gap
contral

adhaw

Cathode  Ancde B -4— powar Flask
anuld ”;-_

s 29 uamamsdaginsaimsdunsiziiou Tuasueu Tasmatin arc discharge Tu

seuuiuihiluTasuman [19]

vacuum
punip

b ool
JHOR

pressure
buffer vessel

cooling =7
waler in

graphite anode (# 6mm)
Teflon bellows

graplite cathode
(#12mm) ¥

s 2.10 uamsmssagiasaimsdaunsizivour TunivouTaomailn arc discharge 1u

iznumﬂm‘h [20]



Water surface i ”
1EW po.
=y Are plasma F s e

-

Ciraphite
Cathode

= o o o 7 s a )
s 211 uaaamsdagnsaimsdunsizinomn Tumsveu Taumain arc discharge T

ag X
seuunniu [21]

_ Tud) 2003 Jong Lee nazanz dduns1ed MWCNTs @aeimatin Plasma rotating arc
discharge Tagaznuiaue Tuafifuaisuouludasiis 5000 mpm wuhgamgiveanarmn 1025
°c dnandndovaz 60 iiiomusas s mugamgivoanarauuiiu 1150 °c 1dnaniniovaz
90 n'ffam‘mqui‘f’auaimwﬁ*ﬁlﬁ"’lmaqm%’uauﬁwQﬂaanmnﬁﬂmmﬁuﬁmﬁﬂﬁ'wamm“ﬁ

- A . = 4
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2.2.4.2 Laser ablation
il 1995 ﬂijJJ‘iJfN Smalley lddaunsred CNTs Tasinntin Laser vaporization
A A g w o o 4 9o S A . Al
insoatioh g lumsduasizvinaaslugl 10 Favglddumaniroinoiiiod (continuous laser) 130
o ar a o { oy et = P =
ihiiad (pulsed) Balduthnineiidluns Iiddevisigungil 1200°C Hussydremaditdeunio
o ~ o < 1 =1 t
§15ADUANUAL 500 Torr T03DUVBIATT VOUNITZ MBI IRIBUDETIATUAZAVLUUTY
4. ¥ a o s Y a dq vy a
{ueunailu fullerenes 1Ay SWCNTs m3duns1zd CNTs daamaiinil 1d5ovasnandngauay

.
LA N

Woter Cogled
Cu Callector
P)

= w < o <1 s - ;
s 212 wamensvaginsaimsdunnzinew Tuamivon laumnina Laser ablation
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2.2.43 Chemical vapour deposition (CVD)
maiiafiez [umasmsveuiiogluaouzunmuas 1 aandea iy waraun
4 1 a as g @ ) '
aalinnudou odwnundinuanuiou i uagansvouluaoruzude Taoi lunas
& Aa S 1 s
s vouluaauzunanion]d Ao methane carbon monoxide 1AZ acetylene HMAINAINUAIY
¥ o Y A L o — 1 aaa a’a’ 4 1 ar
Fouvzimrhiuan Tuanaliegezmeumsveuiitoa hrelfasen minumiveuazuns Iy
as = L L) aaa 1 (= a e ' a a =1
duiaasni ounazmioudea1s1lfnson (@ lngidusignsmdsuaiunsn wu ifa man
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‘Iﬂﬂﬂﬁﬁ) gsﬁ’ammﬂu CNTs mmmﬁ'umuﬁué’fﬂmwm CNTs ‘ﬂ$ﬂ’J1Jﬂ1J"l¢,{ﬂ'llﬁlu1ﬂ‘Uﬂ\16Hﬂ’lﬂﬂ

1 uduaasy
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il
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b)

= » ¢ o &y s
E‘lj‘n 2.13 llﬁﬂQﬂ'ﬁ‘ﬂﬂq‘dﬂimﬂ-ﬁﬁ\uﬂi'l:';ﬁﬂﬂu‘liuﬂ'ﬁllﬂu

a)  Plasma enhanced chemical vapour deposition

b) Thermal chemical vapour deposition

81360
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M3 2.3 aylpuanyuzvesmsdunsizivew Tuaisuou

Method | Arc discharge method Chemical vapour Laser ablation
deposition (vaporization)
Who Ebbesen and Ajayan, Endo, Shinshu University, | Smalley, Rice, 1995
NEC, Japan 1992 Nagano, Japan
How Connect two graphite rods | Place substrate in oven, Blast graphite with intense
to a power supply, place heat to 600 °C, and slowly | laser pulses; use the laser
them a few millimetres add a carbon-bearing gas pulses rather
apart, and throw the such as than electricity to generate
switch. At 100 amps, methane. As gas carbon gas from which the
carbon vaporises and decomposes it frees up NTs
forms a hot plasma. carbon atoms, which form; try various
recombine in the form of | conditions until hit on one
NTs that produces prodigious
amounts of SWNTs
Typical | 30 to 90% 20 to 100 % Up to 70%
yield
SWNT | Short tubes with diameters | Long tubes with diameters | Long bundles of tubes
of 0.6-1.4nm ranging from 0.6-4 nm (5-20 microns), with
individual diameter from
1-2 nm.
MWNT | Short tubes with inner Long tubes with diameter | Not very much interest in

diameter of 1-3 nm and
outer diameter of

approximately 10 nm

ranging from 10-240 nm

this technique, as it is too
expensive, but MWNT

synthesis is possible.




MM 2.3 agupuanvuzysanmsdunsiziviou Tumsuou (fe)

Method | Arc discharge method Chemical vapour Laser ablation
deposition (vaporization)

Pro Can easily produce SWNT, Easiest to scale up to Primarily SWNTs, with
MWNTs. SWNTs have few | industrial production; long | good diameter control
structural defects; MWNTs length, simple and few defects.
without catalyst, not too process, SWNT diameter | The reaction product is
expensive, open air synthesis | controllable, quite pure quite pure.
possible

Con Tubes tend to be short with NTs are usually MWNTs | Costly technique,
random sizes and directions; | and often riddled with because it requires
often needs a lot of defects expensive lasers and
purification high power requirement,

but is improving

=Y

2.2.5 M311 CNTs 1H/uSgqns

o

msild CNTs v3 a5 Inawdt

M13197 2.4 a3Uimainm sl CNTs USgns

4 4
4 a5 T Tuas1an 2.4

Technique SWNT | Carbon Short Metal | Yield Purity Short description of the
particles, | fullerenes | catalyst technique
graphite Co0,

C 70etc

Thermal 0 B B + No No record | Heating from 350-600 C

Oxidation record Metal is used as oxidation
catalyst.

Wet 0 0 0 + No No record | Reflux in hydrogen

Oxidation record peroxide. Process makes it

(H,0,) easier to remove metal
cata_]yst




M13190 2.4 (D)
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Technique SWNT | Carbon Short Metal Yield Purity Short description of
particles, | fullerenes | catalyst the technique
graphite C60,

C 70etc
Pure Oxygen _ _ _ + Poor Very few Preferentially burns
Oxidation carbon SWNT with smaller
(Size selective) impurities | diameter. P= 1,5-5,
10 -6 mbar, T= 723-
873 K
Wet Air 0 _ _ + Good Very few | Air bubbleed through
Oxidation carbon water oxidies and
(HiPco) impurities, | expose the metal
metal
expose
Microwave 0 _ _ _ Very Very few | Oxidation and
Treatment good carbon rupturing of the
impurities, | carbon passivation
metal layer
expose
Mild 0 _ _ * Good Less Oxidation in H,SO,
Oxidation defects and H,O, Shortens
the tubes and
consume sidewall
defects
HNO, + + + _ Good Up to Reflux or sonication
Treatment <0.1 wt in nitric acid catalyst
% metal will solvent.
HCI 0 0 0 _ Good Up to Reflux or sonication
Treatment <0.1 wt in hydrogloric acid
% metal catalyst will solvent.
Mild Acid + + + _ Very Up to Remove most of the
Treatment good <0.2 wt metal, when the metal
% metal surface is totally
exposed to acid. (4M
HCl reflux)
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15190 2.4 (D)

Technique SWNT | Carbon Short Metal Yicld Purity Short description of
particles, | fullerencs | catalyst the technique

graphite C60,

C 70etc
Functionalisation + + + + SWNTs | 0.4 % Functionalised with
(In diethylether) 100% metal 1,3 dipolar
cycloaddition and
then solvted
Funtionalisation & + + + SWNTs | Very pure | Functionalised with
(GPC) T4% Octadecyamine ize

separation by GPC

2.3 nanmsmandl IWvhlaenall [22]

il Iihuiuanuduiussznindihdumsaou)amandl sadinil Iifhazdes
Usznouda 3 eardsznounanidiny 1aun 42 1Wdedrales 2 42 Aedn I
(working electrode) a4 IH191994 (reference electrode) FaUTunamniae Idhinsaaru
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Y P I I a oA - da A ad
mihnasesunie dygralsnuma i uazdunawie msazawiliindodianIns
ladazarvegiionisir i lumsazaw

Tagia Tadanil Idhuilugdaseiiifoadeasul§asvualiiinavuiida I idae

auiianaan 11l
aaa  a o . A ana  dda ' ad v aaa
1. UJA3013A0NT (redox reaction) o UPsennimstwneadiannsoudInlfnse

o o 1

pONTFINFUNTOTANTU AIpd1awu qumsii (2.2) Wuaumsuaaalfisersandu
0o+ ne < R (2.2)

Tavo lumseendladifalfisoidndunaz R iumsSadiAad§ase
DONHAYY
¥ ¥
2. 1707 heterogenous 71D URAsoURAYUTTNINFHIMINITY IThiumsazaede

" ad [ -
NITVIUMITNUNUIDUNESDIANATOU AITUNITN (2.3) 4 (2.5)
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Ol)u[k =¥ Oclcclrodc (23 )
Ou]cclmdr: + ne’'— Rulv:clmdu (24)
Ruluctrudc = lelk {25}

w U
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Aana1 sziimsdaiugiading Trivh
= v U -é S 3 ar s
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o TN 39U (migration) NISUNT (diffusion) HAZMTHI (convection) TIVDVAUMAAST VDA
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2.3.1 MseumualuaIsazale (mass transfer) [22]
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" : 3 | 4 —
2.3.1.2 MIUNS (diffusion) 1Wumsindouiiveslovounie lwanalumsazaiy
vnusnaRdnududugand lfausnanianudududindt sunirliifeanuuandia
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A aa

= = = o w a =
wasundasd msdeundasfies uaznszud i tudu wdwnifal§asouniinds
' ¥ '
NITHARININNIAITAIDI T DHARAATIAATUIINIJAT 0152 N IS RNeE TR 1IZH I
a ~ ' - | o T 4
nyznaiImFuiiu sample zone 1w lmwvieidn q sunszialnadhg Iwangisavounioa
T < da & y 4 % 4 4 a da
a12vin ioiamsasunlasiinedu Tasldinseansiedaiimnz audeerniunsesiioni
agluresfiianms TdunmsosmnTns I Tadimesuilan1a q (UV-VIS spectrophotomer,
spectrofluorimeter, atomic absorption spectrophotometer Lf]uﬁ'u)m?mﬁamﬂﬂﬁuﬂﬁ (pH
meter, potentiometer, polarograph, voltammograph, conductometer 1ﬂuﬁu) IN301DIAN Y
b 1 P ni' -~ & M w a z cs’z‘ (Y wa a w s a .3
5OUIBU Thermister M13HavidBNIATRINDIAYHA AN LBYIAUmINTRVDIHAR A M NIRRT Y
1N gATeunil
FTHENNITNINYARATITAIDINIUNTEN sample zone AN UTIFINTDINTIVIA
¥
UU sample zone HAUNVAITAINULAL / 11"?8 ?mmuﬁuﬁ’amﬂmiﬂizmuﬁa (dispersion) Wng
¥
AMIUNTVEIU LAZIAAU§ATE152HINMNSAIMAUNTZHAAIN MSUNTILINATUNINNG

o ] o

¥ - Y 1 ' o a
Hesluagiugnsins na, idurugudnaranieluveane, anuenvoaneuazdullszdng

¥
LYY

LHAMSUNS YD species T1TDY RaTuNI3NTZ0IBRINTEN5180919903 sample zone AINITD
muammz1J'§"1J°lﬁmm:ﬁnmum1m’fmmwmmﬁiﬂswﬁﬁu a1 TauhondSunsupans
Aamsmetniimnzay, sasms Tnavsanszuddang, A2113904 reaction coil HAZVUA
vouduriuguinalurof g ¥imunzen munsaimWiAaUfasn ssnmsfezTinse

@ o V) V- 3t ] 1 g ] J A
i Soua 18 TaeliSionud Inarunedn 9 oduaetilo
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msdoundasdugiuvonnuiduduued sample  zone lunsEUAAININGIAT
<3 . " ' o a w [ ~
Inauilu function voaa ez 31ls 19819 9 vesdyaunnmsimsiziawaaafagUi 2.26 vz
o 1w w a 1 1 n‘;’
muldmuindenniamsazaedroiradgszun FIA 159 FIA manifold 11U sample zone
' , o 2 4 4 4
luin3949 FIA 921 concentration profile usyuufmasnyunIn (31 2.26 1) Yzh sample
zone IAGOUNNWIUYBIZIAA band boarding NTBNINTLIWAIVY §13519904 sample zone i
= o U] =)
1navIn Ysingnisel 2 8019 A
- Us2msusnaInmMIMIN (convection) INANTS IMAUDY Taminar 1HDI1NILUD
' ' 4 A w A g o — ' a 4 o '
younad lnarume anuisnmisszlauiugud nazyannarameszinnuis uilu 2 v veq
=] - v : A n’; - w o [ o
ANUITARAY ANTUILDI sample zone WUz LANYUITU parabola AduaATugUN 2.26 ¥
) a 1 & . . . & o
- UsemsnaaufaaInmsung (diffusion) 93 2 HUVAD radial diffusion %43
¥
= LY @ a . . . . & aa
NANNAMINAUAANIINS IHav0ITaLaIn uag longitudinal diffusion Falinen1ams Ina
v a o v 1 d ' = iy
YUIUAUAAN1INS Ivesansazais SmTuvedn 9 msunIuuun 2 ineduiesuin ninly
o 4 o q ¥ a @ . ; v iy oy
8a31M3 a1 lfinan1snsEa1ea (dispersion) nwldanizil sample zone vty
nuvaunes uazlianuuziu Guassian Taolnduds FIA sinvimsnaaeaneldaniziina

¥ ]
NIMSUNSLAI radial 11 sample zone anwauzithunun lieuinng duaaslugili 226 n

P> )
.g —
/
et -
= Time Time Titne Titne
(1) (%) (7) ()

JUn 226 msndvuwnlasdugiuvonnududuuss sample zone TunsziadInh

o o o o " W = P Y 1
e lnaidluiladduveanamazzisnvesdyanuninmsiins i ldudazuuy
. lUfAMsININTEY
U MIUNTNIZNBILDININNITHY

¥

A, MIUNINTLNBTAINTN LATMISUNIAIRINAUAT Ina

3 PISHNTNIZUIDININAITUNS
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2.5.3 HADWUG IV FIA

¥

1. AamsszavlyTasans W ldUSunsuazdsuavesmsiodiaminunnas
Wl lunszuadvd lvanuuaniiung

2. Msinfeufifnaf (stable movement) ¥oalauwpamisietinluszuundouiu
MSINANTZUIUMIMARTIFINANT (physicochemical process) 14 9 UM sHay UHAsounil
laozlade (dialysis) myaria Wudu

3. MIAIVAUMINTZAY (MIUNTLALNSITB913) voamsidegannad 1y
szpveiuAIniasEnIniimsiaodegauudwaueensns v lififaguyud

' . - s - ) a s
UUHUDU (definite scheme) YBIWITNADINNUTVINMUA (geometric parameter) LLAZWITIUIADT

ﬂNQ‘Hﬂ"Hﬁﬁ’lﬁﬂ{ (hydrodynamic parameter)
3 T da o o 0
4. AnvaiuayeveIsreznMNmIAlosey luszuunlglumsingizy
5. MIN32999 USUIUNIINIENINDI9BE19 DE1IABITDINAZRINITASIVIA

Ty eInMs ARz U INg

Response -

@ Scan—+t iu.q—-tb--—n-i

31N 2.27 33 VUNUTINVDIFIA uazsededydnyeive FIA
Vo o A = o 1 = o 4
t, = nalFdmiunmsnteunvesmsaleglanngaia S lJdunios
1357270

T = 1AIMMIAI081908 UV (residence time)

v
t ﬂ'ﬂllﬂ’JN"UfNﬂ'luﬁﬂ

b

H = A7gaveiin
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ci = o 1 - kY
M99 2.5 WIS1UADSA1E 9 N 1% 1us2UY FIA

ArRIUTGH ANz

U5 UIM59997I0613 (sample volume) 40-200 TuInsans
IUHIUFUENA19UD MBI (tube diameter) 0.35-0.9 ianiun3
BA31M35 11 (flow rate) 0.5-2.5 Uaaans /un
AUBIIVDA coil (coil lengths) 10-200 ¥ UANAT
1315904 flow cell (flow cell volume) 8-40 thTﬂi'ﬁFli
nalumsaovauoIdyYIN (response time) 20-60 N
$uuA0019 UM ANTIEN (sample through out) 60-200 Frot1/F1Tua

2.5.4 Reverse FIA

acd d' 1 = (= g L] 1 o A ~

M FIA finanuuds insiamsaredrungnszuasimaserviiusionud

v o & " ] 4 1 g and d ao a 1
n3oAazae Inasgareiiioalunodn 4 3518035 FIA 1uuUNA (normal FIA toiily
& s v a @ 1 da a o o
n- FIA) Samnzdmivimsizimsatedsniilsaies uazSienudiisingn Tunsaii
= o - o ad "y "y Yas & o Ey =
3IBIUATTIAUNIALIN M3TATIEH 1AwTT FIATQuA1 Apal43T reverse FIA FainldTavia

msazagseualsinantos q dhgnszuadmiiilszneudivmsdlecnaiiisiangn

o ~ J o 1 = [ e o
il']ﬂﬂﬂﬂﬂ’l'i"flﬂﬁ']')u'luﬁ") WIMUNITZVU FIA 1INAINANITITINNANNITAINY 3 Uszms
¥y [ |
UIIUNUAND

1) MIAATI5AIDEN (sample injection)

1
A

= ° w } i [ = 1 " ¥ @
Humanhasdredadngnszuadmi Inasdnseiies Tavoduglnsaina uaz

3
[

= q: d'l 9 a =Y o (] :: 3 ] o 1 o
NI RN TTN PR EA BT 1W'81"r1w1ﬂﬂ5111fu 1Lﬁt1J'ill’Wl‘i"U'E]ﬂﬁ"l‘iﬂ')ﬂU’NTIQﬂﬂﬂﬂmJUU'IWHﬂ111(11ﬂﬂ'N

2 nalumsaams AU (reproducible time)
msfamsdetedesldinarlunsiafiniven uazaduauemiiunnnie
finziuazinadentsTaveunieensnnia ld residence time ivAudadunasinms
m'iﬁmﬂ'nﬂguﬁMEﬁ?mﬁum:umaﬁmmuﬁ‘iuﬁ'ﬂﬁ’mﬁ‘lﬂﬂaﬁ
3) msuw%ns:mﬂﬁgnmmju (controlled dispersion)
HARAAVDITIMBg19RIAATI U4 (sample zone) ﬁlﬁﬂmﬂﬂﬁﬁ’lﬂﬁﬁ?m&u%:
grnunuAIsuNInszeluszniams Inaoganme luszuvsudunieansreiadsdunn 14
NN (peak) VUNTEATHYBA recorder N3pUUIDVBINBUANNDT MTUANYIZVBITZUY FIA

e
UYUSHUU
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Chemifold  Function
Type

a
T
€

I Addition of one reagent TR

c vy b c ] { '\ @)- w
IL(SR)  Addition of two reagents o = W W o & ’V\.'“’/ M
mixing of two reagents in the - J

fyitem before addition

Lft=d
Edpad

¢ [ o
IIN(SR)  Addition of three reagents ot ¢ [ b - W s b AN W
R =0}
mixing of two or thres reagents T ; 223 :‘: N
. R 44
in the system =1
H e H
= ¢ i -W
e v iat® 70
TEEs R_[SE
B[ K
i?.
Iv Dilution and addition of
two ceagent e.g. =
- § - Samgle injection. point
C - Carrier stream
¢ Fo ; RLR2,R3 - Reagent stream
'S Gay diffusion, eg. R v oy w D - Detector
=5 % - - W W - Waste
M %

3UN 228 §90613 FIA manifold 1uuand 9 wuui 11, 101, 1V e [diudaiazaen

M5oUN3o e

2.5.5 MmNz (dispersion)

e

Ao w A & =)
NﬂTI.-!‘YI'Nﬂ'ltlﬂWWﬂlDQizﬁﬂlﬂﬂqﬂlﬂﬂﬁWﬂtyﬂﬂ NINTEY Gﬁﬂlﬂi‘lﬂ"l'imﬂi]'l\iﬁ"l'i

e =p

Qs 1 [l

doduniadgsruuTunszuadan yuzi sample zone IAABUMILINITNTZIIUAIVBIMS

A190141UNDIINNITN (convection) LAZMSHWS (diffusion) Aagli 2.29

Turbulent Now Lamwar flow

Convection Transport ==

Diffusional Transport

U 2.29 uvums Inavesveamnainvluve
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N3N (convection) INAINNIT IHALDY laminar AT rmTavalia A UgUd
e ' = g o " o “ o Y o gl .91
Hyagudnanveanelanusuu 2 mvssnnuisunde Mlidugiuanududuves
sample zone U3Us19W11 Tum

NISUNT (diffusion) 1 2 IUVAD radial diffusion ADMITHUNS IUAANMIINAIRIANY
M5 IMAYDIMTALAWLAY longitudinal diffusion ABMITLWS TuAFMIIRVLINADMS THavea

' g ) A Ayvy
msazanw lunevuia@n Imsuns luuuud 2 7 léios

1 a 1 o:ly o Y a a

MSUNITUAEZNTWIVIE1TA20819 lunszua Inaiiv 1dinan1sddsunlag
a ) g . o v a — o
FUTIUANVAVVVUYD sample zone 11U function v M ldNamsavunlasdnyue

1 [ ¥
finAadegUh 230 Tuseuusnniamsazmeaiecnaudngszvue lowiiuvzii concentration

[~ - - - o 1 a a 3 =2 a A =

profile 1ugIdmasuide luifamsnszae ndenmiuluianinizoitioanInnsm ezl

b3 TunemanamIniuns Inavesmsazate uaz luigaifansnszasanmsnies

1 =
UMY

Convection
Transpont Canvection Diffusion Diffusion.

injection l

»

»

B ]

Time

1NN

Time

Signal

4:: o o 1 A4 a ] ar ar =1 v
U 230 msnsznedvesdienialeians Inanoluneuasdnyuzdyaui’ld

¢ = 1 o
dulszdnsmsnszow (Dispersion coefficient, D) NRUNINU

D =Cy/C (2.9
Dmin = CO/Cmax (2 1 0)
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= = Yy @ " '
'5'1J‘Yl 2.31 HTWNﬂ'l'iL‘I_IﬁE}'ulLﬂﬂQﬂTIlJL‘UﬂJ‘Uu"UBQfT'I‘SG]'J'E]U']Qﬂi}ﬂﬂ'ldc] 10019

L]

NFLDIWVDIAIDE TUATLHAAIN

tor Scan ———

=

o o o Y] A @ o
g‘lj‘ﬂ 2.31 MINTLIWAIVDL Sample zone LAY muig1ﬂlﬂu1ﬂ%'lﬂ!ﬂ'§ﬂqu11ﬂﬂ UM

Tumadgiacunsam b 1dennisiaddon 151 bromothymol blue 1¥Haw

Yy oy oA oy

= =1 Yy = o P at ¥
wuIwsuAUAe C; wax C,, Wuanududugagavoadoonlunszuaaininasiniala

3
@

W a o " @
U152 aN5NIINIZ18 (Dispersion coefficient, D) WumAvuAUSAIINT Inavosmsazay
ANNENUAZYIIAND tazllSuasveamsaiotns 61D du 1 Tuaaeil luinskauvoa
o [l o = o a d Y Yo jaaa a 3.5 Y =
msmptnnImazmeTionud Msamngiuued leedesns Idiilgisndaiu D deadl
AWINNIN |
TumsTinsiziuuuielee nafimsdetuedluszuuszimiuinaue Wesni
[ o v v
m3 Inavosmsazaefinruguiluilldedienai v I¥iRansnszaefignaaunu (dispersion
controlled) MINFEWVBITMIIAIBIN IUATTUARINUdIGING0IRT TR vlimInszarvvua
1 PP ’q ¥ A
manimsdszgnalsanune
o o @ 1 .
D <1 Wumsmimsamediadudu (preconcentration)

1 < D < 3iumsnszaouuusida (imited depression) 19 1un1s3ins1ein b

e

9 Y a aaa = = ¥ o @ o 9 - o Y ] 9/
Apam 3 Iinal§nsuunll msazarsnlfndunszuadim imihmhesazaiedlediudn
INT89ATIVIANNTY TUNIEFIMTUMIIATIZN 1A0 FIA-AAS, FIA-ICP-AES  nazl¥sy
d‘ o =) = 1
1599n529 AR I unl 19 ISE
] y < =
3 < D <10 1unINIzawuuIANaN (medium dispersion) Hn3nsz1elaly

@ & A o = « = o o Y a
3$WUH‘le‘lﬂlHlJ'lzﬁﬁJﬂlJﬂ'ﬁ’)lﬂ?'13?111!3SUULE)ﬂle]lUM']ﬂlW‘i1$3Jﬂ”IiNﬁl.l'ﬂ'ﬂ'ﬂ'l’llﬂﬂ
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msilszney wiomsilsznouddouficunsogandusidaauumin lWimiemuonaaiy
WQoaIs ML (fluorescence) TirunsnnsIniald @0619MsTiAs 121D FIA colorimetry

D > 10 §M505010v09MIRI081FIIN F1ANUO1IVDIRON 1941 mixing
coil 13D reaction part SxHINARAMSAIDEIIYARTI T unU 1 2¢ 1dRnnT1aun A
nhavesfinfiganenarvesniwguiludadiufuanududuvesmsdiosts Sunue

@MV FlA-titration
D TuszvueWlawitlurasiuanmsnszaeludauaan lussuudhdeiudo

D= Dinjcctiml + Dmmspon + Dderecmr (21 ])
I~ - s (] " 0 .
D s LHUNIATENBNINITINATANIA 108102515 19UBY  injection port
D iWumsasznsiiddyigaluszouelon 1ngusevesaiuaeni

transport

Mmldialgiseuniinazandasins lnavesmsaza

D e NINTEDWDING1319UDA flow cell

detector

2.5.6 WavaSannsmsazmaf1ea1a (sample volume)

o =4 s sy = 1 9 1 o a 3

minisne lasmsaaddonlulSmasaepdngnszualvaniudidy  ozld
a = 1 [ ~ 3 o 1 a W ' = - 3/
dygraiuananiuaezlin 232 waaddmiiuinlsnasvesmsaresiaimnayuilinms
NTEIWAAAY AIATIN 2.6 Ruzicka 18 1HAMWERLTTZnIamMsnseawinnfuiSinas
A1IAIDINATUNTT

D =k/V, (2.12)

20 sec

e e,

Scan

' T

3N 2.32 waveulSmmsmsiamsdndiiinemduiszanimanszay
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; = LY 1 § 1 T e =Y q‘
M 2.6 HaveWlTmImisiamsalethaninemaulszaninisnszaiy

Sample volume (KL) | Dispersion coefficient(D)
40 6.1
100 29
200 2.2
400 2.1

2.5.7 HAVDIANHUZUAZVINANONEAN (mixing parts)

31319999 mixing  parts  HLVAI VUIALAZAVENIVDINOHAUTHARDNS

o

nszatwlunonauyians 1 WeANUN (L) INLATY 9 1ARNUINYY Ruzicka L@l

as w o' = 9
mmamwuﬂuwmnmﬂﬂﬂ
D=kl* (2,13}

oS o o @ Qs = o . =1 1 a
fin latidnuaaazilil 2,13 99195 ueY04 Vanderslice 91511 141 travel time (t,)

a

1 ¥ 1 ' ¥
1AL baseline —to- baseline time (A1) VAUV UITOANUIINOHAVIRVUY AITUNT

g =k ¥ (2.14)
uar At =k'L %% (2.15)
D
o5t 20
100
{a0
0.25¢ 175
50 Jep
S|
ol 1
i
) 60 120
8€C

JUn 2.33 dnvazdyy e denszuu FIA dieldenauiiinnuoiuanaiaiu

L]

yadvnaduiurugnatamelulazsns1ms namisu

a
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NowaNyHa coil
o . Y
AUANEMZYDI coil (A) HAAIRIWAUMS
A = coil diameter/ tube diameter
i A =10 MInTzudaunIfi % vaanesiinn s
n = 1::”:4 @ a o = o 3 a .
nowausiatldnyuzdailundersovuny v1ldina Centrifugal force
=l 1 Y ar ca' =2 S
msaza1wiins InanyuIunaeanuIo uaainms na ladegdi 21 dnwTasnsiad
goudngszuvie lom Adasms Inavesasazaodig #ann Centrifugal force H1DHUN
- v o o o o
sample zone HdmguaNuEuTuzIms Tuar idasinis Inavesmsazaroge Tuanai
LY | =] <] ' 1 a =t ;c
misiedueniinnuisiganiiimidiulu  Senms Tvaununyuauuuuiii secondary
flow Hnaviliiamsnsznelunismandaminiums Inavesasazats Newauaiia zigzag

NN Inadagii 2.34

De<16

_. HighVelocities - —S&=4—
De>16

&
O

1 A i o
sUR 234 guuuums naveseamad luneMiuseunnuiiilulnay

s 235 gUupums lnavesveumarluveiiuglds z



47

Single Bead String Reactor, SBSR
Reijn ua:ﬂm:;ﬂunajnﬁaﬁuaﬁawﬁnmﬁﬂﬁ SBSR 15znoudionomiasunio
RoWaerAnTiuTTY glass bead nAEnognisluiUsiasilszina 60-80% voa1io glass bead
frademsnszaelunniidmnduiianins i navesmsazaio (radial dispersion) M 11
MR MTATENEVEIMTA0Ea Iatios 3 14 SBSR Tuszuuew lewmiivodde
LD 1/10 veeunudafitvuamhiu
2 mmqwmﬁnn?amiﬂsxmﬂ"laj?iyuﬁ’uﬁmﬁm‘s‘lwamaamsazmﬂiwﬁw
0.2-1.5 mL/min
3. Sample rate Qa4 500 FIvE1IADT T

=y 1 o Y a aaa = ' o ' = Vet
4 inamsuoy1dde Mldifed§isouadiszniedrednmSonud 168

2.5.8 Nmmﬁﬂs1nﬁ"lﬁmaammzmﬂ (flow rate)

{ o @ o o .
INTAUNITVON Vanderslice ﬁuﬁmmmmwuwm floe rate (q) NU travel time

(t,) Lae baseline-to baseline time (At) AIAUNT

k. fq 1 (2.