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SO SANH TiNH CHAT CUA CAC SENSOR OXY KIEU CLARK
PUQ'C CHE TAO TU’ CAC VAT LIEU PIEN ClYC KHAC NHAU

VU THI THU HA, BANG THI TO N&

1. GIOI THIEU CHUNG

Nhu ching ta da biét, oxy hoa tan (DO) la mét trong nhitng thong s6 quan trong trong danh
gid moi trudng nudce, qud trinh trong cong nghé sinh hoc nhu 1én men trong bé phan ing sinh
hoc, nudi trong thuy san (tom ca...), bé xir 1i moi truong bang cdc qua trinh khdc nhau (hiéu khi,
yem khi...). C6 nhiéu phuong phap xéc dinh DO nhu chuin do bang phuong phap Winkler, do
bang sensor dién héa, do bang sensor quang hoc... Trong s6 cdc phuong phép nay thi viéc s
dung sensor 1a phd bién, trong d6 sensor oxy theo kiéu Clark dugc sir dung rong rdi nhét trong
cic phan tich co ban, kiém tra sy 1én men va phét trién biosensor [1]. Trong nhiéu nim qua,
nhém nghién ciru d tap trung vao linh vuc do dac méi trudng, ché tao céc loai sensor, méy do,
tw dong héa cac qua trinh do béng may vi tinh [2, 3]. NGi dung cta bai bao nhim vao viéc ché
tao sensor oxy trén co s& cac dién cuc lam viéc 1am tir cdc loai vat liéu khac nhau véi cac kich
thudc thay ddi dén c& vai chuc micromet, so sanh tinh chat va do nhay, do 1ap lai cta chiing
trong cdc do dac trong phong thi nghiém va trén céc miu thyc té.

2. THUC NGHIEM

Céc loai vét liéu dugc sir dung dé ché tao dién cuc lam viéc cho sensor oxy gém day platin
(duong kinh 0,5 mm - Sensor I), ddy vang (1,5 mm — Sensor II), soi vang kich thudc micro
(25 pum — Sensor III) dang don va dang td hop (Sensor IV). Céch ché tao céc vi dién cuc vang
ctia ca hai dang nay duoc trinh bay trong cdc nghién ciru khéc cua ciing nhém téc gia [4, 5]. Vé
co ban, cau hinh cia sensor oxy ché tao dwoc dugc trinh bay trén hinh 1. Diém khac nhau gitra cic
loai sensor khéo st chi 12 phan dién cyc 1am viéc, noi xay ra phan tmg trao ddi dién tir ciia oxy.

Pé khao sdt tinh chét dién héa cua sensor tu ché tao, tinh chat cua dién cuc lam viéc duoc
khao sat riéng ré. Voi tat ca céc loai vat liéu st dung trong nghién ctru, sau khi dién cyc lam viéc
da dugc ché tao, chiing dugc danh béng co hoc, rira trong etanol va nude cit, 1am kho bang nito
trude khi quét thé tudn hoan (CV) dé hoat héa dién cyc.

Viéc hoat héa duge tién hanh trong binh dién phan ba dién cuc: dién cuc lam viéc, dién cuc
dbi Platin va dién cuc so sanh Ag/AgCl véi moi truong dién i 1a H,SO, 0,5 M, khoang quét thé
thay ddi thy theo ting vat lidu. S cc chu ki quét duoc két thiic khi tin hiéu thu dugc dat dugc
gid tri dong on dinh. Phép do von-ampe tudn hoan duoc sir dung dé kiém tra tinh chit thuan
nghich cta dién cuc. Tién hanh quét CV véi cic toc d6 quét 10 mV/s, 50 mV/s, 100 mV/s trong
khoang thé tur 0,05V dén -0,55 V trong dung dich K;3Fe(CN)s 5 mM vaéi KC1 0,5 M.

Dé tao thanh sensor, dién cuc lam viéc duge léng vao than sensor, bom dung dich KCl
0,1 M vao budng chira va boc mang chon loc oxy. Mang dugc boc cing va dong déu dé dam bao
kha nang tham thiu cua oxy qua mang dat t6i da. Day Ag tran dugc dung 1am dién cyc so sanh
dang Ag/AgCl trong KCI.

113



. bién cuc lam viéc

. Rénh giir giodng cao su

. Day Ag (dién cuc so sdnh)

. Ong nhua PVC chiu héa hoc
Epoxy

. Day dan dién
. Than sensor (nhya PVC)
. Budng chira chat dién phan

[ e N N N

Hinh 1. So @b cAu tao cta sensor oxy tu ché tao

Po dap ung dong theo thdi gian ctia cc sensor ché tao dwoc trong khong khi va trong dung
dich khong oxy (dung dich Na,SO; bdo hoa) dé khao sat do 1ap va thoi gian ddp ung cua ching.
Céac ham lugng DO trong qud trinh thue nghiém dugc kiém sodt bang viéc thay d6i thoi gian suc
nito trong nudc cét bio hoa véi cic khoang thoi gian khac nhau, sau d6 nong d6 oxy hoa tan
duoc chudn do bang phuong phap Winkler va dong thdi duge do bang céc sensor ty ché tao dé
khao sat d6 tuyén tinh cua ching.

3. KET QUA VA THAO LUAN
3.1. Khio sat d lip lai, thoi gian dap ing va dé 6n dinh

Mot tiéu chi quan trong cua sensor khi hoat dong la can c6 do 1ap lai cao, tic la sy thay dbi tin
hiéu phai nhu nhau trong cac lan do tai cung mét dung dich va cé d6 nhay cao voi chat phan tich.

. Su thay dbi gid tri dong thu duoc cia sensor theo thdi gian trong 10 chu ki khi dit ching
lan luot trong khong khi va trong dung dich Na,SO; du véi céc dién cyc 1am viéc khdc nhau da
duoc trinh bay trong [6]. V&i ca 4 trudng hop, gid tri dong i sai khic khong dang ké trong 10 chu ki.

Thoi gian ddp ing 12 mot trong nhitng théng sd quan trong nhét ctia mot sensor. N6 dugc
dinh nghia la khodng thoi gian can thiét @é dong cua hé do dat dwoc 90% gid tri dong can
bang. Céc phép do dé xdc dinh thoi gian ddp g cta sensor oxy ciing dugc tién hanh. Theo [7],
thoi gian ddp tng trung binh do dugc cho ca bdn loai sensor khao sdt duoc xédc dinh va thé hién
trong bang 1.

Dé khao sit tinh ning cta sensor DO, tién trinh do hoan toan tw dong. Két qua dugc thé
hién trén hinh 2. Pau tién do dong du cia cic sensor, sau d6 do thoi gian ddp tmg bang céch
luén chuyén chu ki giita trang thdi ndng d6 oxy bang 0 va bdo hda, sau d6 sensor dugc dit lién
tuc trong mdi trudng oxy bao hoa theo thoi gian dai (14.000 s)

Kiém tra d6 6n dinh cta sensor trong thoi gian dai vé6i diéu kién tinh khong khudy ta thdy
gid tri dong thu dugc giam manh theo thoi gian (hinh 2, a) ddi véi sensor ¢6 dién cuc lam viée 1a
Pt va giam nhe trén dién cyc vang kich thude 1,5 mm (hinh 2b) trong khi trén dién cuc vang
kich thudc micro don va dang array, gid tri dong hau nhu khong thay doi theo thoi gian, ké céc
trong diéu kién khong khudy dung dich (hinh 2c,d). Diéu nay chimg té lwong oxy ngay tai bé
mat dién cyc Pt, Au 16n bi giam. Cac dién cyc kich thudc thong thuong ti€u thu lugng 16n thé
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tich miu nén trong diéu kién tinh, khong khudy lic, thi luong oxy trong khong khi khuéch tan
dén mang va di qua mang thim thau dén sat bé mit dién cyc bi giam theo thoi gian, do d6 gid tri
dong thu dugc s€ giam, trong khi gia tri do dugc trén vi dién cyc la 6n dinh (hinh 2c¢,d). bay
chinh 12 wu diém cua loai vi dién cuc nay.

Thoi gian dép tng cua vi dién cuc vang don kich thudc micro va dién cuc vang array
nhanh boi vi né tiéu thy chi mot lwong rat nho oxy trong vung gin bé mit vi dién cyc array va
nhig hiéu ng bién cta né lam tang cuong tdc d6 khuéch tan mot cach dang ké. Pidu nay dan
toi su thlet 1ap nhanh cua l6p khuéch tan véi hinh twa ban cAu va nhanh dat toi dong khuéch tin

gidi han 6 on dinh [8].
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Hinh 2. Sy phu thudc cuia dong (da dao diu) vao thoi gian (i-t) cua sensor oxy khdo sat
trong dung dich khong oxy (A) va trong khong khi (B)

Bang 1. Gia tri d6 1ap lai, thoi gian ddp g va dong du ciia bon loai sensor khéo sat

Do lap lai .y o
. Thoi gian ddp | Gid tri dong du
Loai sensor Trong Trong dung . A
A ) - ing (s) (nA)
khong khi dichDO =0
Sensor 1 0,08 0,05 18 63
Sensor II 0,04 0,13 23 62
Sensor III 0,07 0,02 6 khong ddng ké
Sensor IV 0,14 0,05 10 31
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Dong du 12 dong do duge khi gid tri DO trong dung dich dwoc coi 1a bang 0 (trong Na,SO;
dw). V& nguyén tic, tai gid tri thé dat vao chi xay ra phan tng khir oxy thi gi4 tri dong do dwoc
phai bang 0. Tuy nhién, thyc té, c6 hai kha nang dé din dén viéc sinh ra dong du. Thr nhat 13
trong dung dich ndi cta dién cyc oxy c6 thé con c6 mot sb phan tng dién héa phu khi dung dich
hodc bé mit dién cuc bi nhidm bén boi cdc chit dién hoat c6 kha nang tham gia phan ung dién
héa tai gié tri thé d6. Thir hai 1a do luong oxy hoa tan ndm sin trong dung dich da khong bi khtr
hét, din dén gid tri dong do 1éch khoi gid tri 0. Sensor cang tot khi gid tri dong du cang nho. Tir
bang 1, ta thay, sensor III thé hién 12 sensor tot nhat voi dong du nho, thoi gian dép tmg nhanh
va c6 d6 lap lai cao.
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Hinh 3. Dap tng dong theo thoi gian (i-t) voi cic néng d6 DO khéc nhau ctia bon Ipaoj sensor khiao
sdt : (1) sensor do trong khong khi; (2) trong nudc cét suc oxy bao hoa; (3) suc nito 5 phit, (4) suc nito
10 phit vao mau nudc cét nay va (5) trong dung dich c6 nong d¢ oxi bang 0

Do tuyén tinh cia sensor dugc kiém tra bang cich do ddp ung dong theo thoi gian khi
nhiing sensor vao cdc dung dich c6 gid tri DO khdc nhau. Nhu da dé cap ¢ trén, nong d6 DO
duoc thay ddi bang cich suc nito vao dung dich khao sat v6i cdc khoang thoi gian khac nhau. Dé
d6i chimg, gid tri DO trong céc mau nay ciing duoc xdc dinh bing phuong phdp chuén do
Winkler. Hinh 3 chi ra mdi quan hé i — t cila cdc sensor oxy nghién ctru trong cdc dung dich ¢6
DO khac nhau. Tir cdc dd thi, ¢6 thé tinh dugc céc thong s6 lién quan dén d6 tuyén tinh cua
sensor va céc két qua nay dugc trinh bay trong bang 2.
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Bdng 2. Cac gié tri tinh todn cho do tuyén tinh cua tin hiéu do (Y) vai néng do oxy
hoa tan (X) d0i vai cac sensor khao sat.

Loai sensor Phuong trinh hdi quy Hé s tuong quan (R? | Ti 1€ tin hiéu/nhidu (S)
Sensor I Y =2,27987 + 16,89646 X 0,99942 0,19/0,04 = 4,75
Sensor 11 Y =7,28419 + 82,58281 X 0,99822 0,14/0,05 =272
Sensor 111 Y =0,12657 + 0,88401 X 0,99779 0,31/0,05 = 6,2
Sensor IV Y=60,8326 + 3,71764 X 0,99856 0,27/0,03 =9,0

3.3. Két qua déi chimg

Tir nhitng két qua khao sat vé d6 lap lai, 46 nhay va gidi han phat hién cua cic sensor tu
ché tao & trén cho thay cic sensor nay c6 kha nang do voi cic mau nudc that. Mau dugc lay tur
hd khi nhiét do moi truong khoang 31 °C va mau nudc mdy trong phong thi nghiém. Khi tién
hanh do DO cédc mau that (bang 3) cdc sensor tu ché ‘tao dua ra két qua tot, phi hop véi két qua
thu dugc theo phuong phdp chuén d6 Winkler. Sai s 16n nhat nho hon 0,2 mg/L. Tat ca cdc thi
nghiém déu thuc hién & nhiét do phong.

Bang 3. Két qua so sanh DO thu dugc tir cdc sensor khic nhau va chuan d6 Winkler

Mau that Sensor I | Sensor IT | Sensor IIT | Sensor IV DQ Chuén do

' (mg/L) | (mg/L) | (mgL) | (mg/L) | Winkler mg/L
Nudc cat bio hoa oxy 6,22 6,31 6,23 6,29 6,34
Nudc cit suc 5 phiit nito 5,02 4,98 5,05 4,92 5,07
Nudc cat suc 10 phuit nito 3,26 3,32 3,41 3,43 3,38
Nudc may 6,12 6,07 5,86 5,89 5,95
Nuéc hd Vién Héa hoc 2,58 2,83 2,67 2,65 2,71

4. KET LUAN

ba ché tao sensor oxy cé kich thudc thong thudng tir cac vat li€u dién cuc khac nhau va
sensor trén co s& vi dién cyc vang dang don va dang array.

D3 khao sat tinh chat dién héa clia sensor oxy ché tao dugce. Khoang thé xay ra su khir oxy
trén cdc sensor tu ché tao trén céc vat liéu dién cuc khdc nhau 1a tir -0,5 V dén -0,85 V.

Pi khao sdt thoi gian ddp tng cua sensor oxy khac nhau trong céc diéu kién lam viéc trong
phong thi nghiém. Thoi gian dédp tng cua sensor 12 18, 23, 6 va 10 gidy dbi véi sensor dién cuc
Platin kich thudc 0,5 mm, dién cuc Au kich thude 1,5 mm, vi dién cuc Au dang don va vi dién
cuc Au dang array tuong trng

Pi tién hanh khao sit anh huéng cta cu triic hinh hoc cia cic sensor dén tin hiéu dong
cta ching. Cac thong so khac nhu: d¢ 1ap lai, d6 6n dinh, d¢ tuyén tinh, gidi han phat hién cia
sensor da duogc khao sat.
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Cic két qua do cho thay d6 chinh xdc va do lap lai cta sensor oxy dé ché tao ddp ung véi
yéu cau do dac thuc t&, né6 md ra mot kha nang trong viéc ché tao cdc sensor trong nudc, dac biét
12 loai ¢6 kich thudc nhé c6 thé do truc tiép trong céc ddi tugng moi truong va do dac sinh hoc
ma khong can léy mau ra ngoai.
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SUMMARY

CHARACTERISTIC COMPARISION OF CLARK OXYGEN SENSORS MADE
FROM DIFFERENT ELECTRODE MATERIALS

Clark oxygen sensors made from different materials for cathodic electrode have been
fabricated successfully. Their behaviors in terms of response time, reproducibility, stability were
investigated. The obtained results indicated that studied Clark oxygen sensors using gold single
microelectrode, array gold microelectrode, platinum and conventional gold, provide response
time: 6s, 10s, 18s and 23s with their residual currents: negligible, 31nA, 63nA and 62nA
respectively. There is a good agreement between DO values measured by studied sensors and
Winkler titration. The investigation also showed that among studied sensors, the sensor made of
gold microelectrode behaves as the best sensor for further application.
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