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ABSTRACT

An equipment system consisting of a computer and actuators have been installed in Institute
of Chemistry for measurement of response time of home-made Clark oxygen sensors. Working
electrodes as cathodic were made from gold and platinum wires with various diameters. Two
solution corresponding to saturated oxygen concentration and none oxygen (DO equal to zero)
solution were used for response time measurements. Switching between two oxygen level and
reading output signals were controlled by the mentioned system with concerning software, which
also carried out all treatment of obtained data and calculation of response time. In case of
studied Clark oxygen sensors using gold single microelectrode, array gold microelectrode,
platinum and conventional gold, their response time were determined as 6s, 10s, 18s and 23s
respectively. The results show advantages of the designed system, which can be considered as a
helpful tool for investigation of various kind of sensorls characteristics

I - GIGI THIEU CHUNG

Thoi gian dép tng theo hé ITUPAC (Hiép hoi
Qudc t&€ vé Hoéa 1y thuyét va Héa dng dung)
dugc dinh nghia nhu sau [1] “Thoi gian dap tng
t* 1a khoang thoi gian cin thiét dé dong ctia hé
do dat duoc 90% gia tri dong can bing, khi ¢
su ti€p xdc cua dién cuc nghién ctu v6i dung
dich do hoac khi cé su thay déi nong do chat
trong dung dich tiép xuc véi dién cuc”.

Thoi gian ddp tng 1a mot chi tiéu rdt quan
trong doi v6i mdi sensor. Thoi gian ddp tng
cang ngan thi toc do ddp ung cua tin hiéu do véi
su thay déi cang nhanh. Thoi gian dap tng cha
mot sensor phu thudc vao ban chat, dong hoc
cdc qud trinh tao thanh tin hiéu, cdu tric cua
sensor va tinh chat ctia moi truong do.

Sensor oxi kiéu Clark 12 loai sensor trong do
ca anot (thuong la Ag) va catot (thuong la vang,
Pt) déu dugc nhing vao dung dich dién ly chita
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KClI. Hai dién cuc dugc phan cdch v6i mau do
bang mang bén thdm chon loc oxi [2]. Phan tik
khi oxi khuéch tin qua mang va tham gia phan
ung dién hoéa, sinh ra dong dién. Gia tri dong
dién ty 1¢ thuan truc ti€p véi ham lugng oxi theo
dinh luat Faraday.

Nguyén tdc ciia phiong phdp do thoi gian
ddp vng: Khi c6 su thay ddi dot ngot clia nong
do oxi trong hai mau c6 dinh (DO trong khong
khi va trong dung dich Na,SO; bao hoa) thi tin
hiéu dong do duoc sé 1a mot ham s6 phu thuoc
vao thoi gian.

Thoi gian ddp dng phu thuoc vao téc do dat
can bang trong qué trinh khuéch tian cua hé.
Thuc chit qud trinh khuéch tdn 13 su trao ddi
clia oxi trong va ngoai mang tham thau.

Khi t = 0 (thoi diém ban diu) trong dung
dich Na,SO; néng do DO trén bé mat mang 1a
C,, = C,, con néng do DO trong dung dich 1a C



= C’,. Khi d6 c6 su thaim thdu DO ngoai vao
trong mang.

Khi chuyén dién cuc ra khoi dung dich
Na,SO; thi xuat hién sy thay déi dot ngot cla
DO trén mat ngoai ciia mang tir C; dén C,, = C,.
Khi d6 n6éng do cta oxi & giita hai mat trong va
ngoai ctia mang tang lén tir tir réi dat can béng
sau thoi gian t. Day 1a thoi gian xuit hién tin
hiéu 6n dinh.

Nhu vay thoi gian ddp tng cta dién cuc phu
thuoc vao téc do dat can bang clia qué trinh
khuéch tdn DO trong va ngoai mang, chiéu day
va hé s6 thim thau clia oxi qua mang va cic
diéu kién thuc nghiém nhu kha nang thdm uét
cta dung dich lén bé mat mang dién cuc, do
nhdét cia mau dung dich, téc do dong chay...

Vi vay, viéc nghién cttu thoi gian dip dng
trong trudng hgp sensor oxi 1a can thiét va thuc
chat day 1a qua trinh nghién ctu su thay déi clia
tin hiéu do khi néng do thay déi theo hai budc
nhdy (cuc dai trong khong khi va bang khong
trong dung dich Na,SO; bdo hoa).

Viéc nghién citu thoi gian dép (ing bing céc
phuong phdp thong thudng gip nhiéu khé khin
va doi khi khong thé thuc hién duoc, dac biét 1a
khi thoi gian ddp ung ngan. Khi d6 dé dénh gid
nhanh chéng va chinh x4c thoi gian déap ng cua
sensor nghién ciu, can ghép noi sensor véi may
tinh va céc bo bién déi ADC-DAC do su phu
thudc clia tin hiéu dong vao thoi gian dé tim ra
thoi gian dap tng. Bai bdo trinh bay nhung két
qua cta viéc xay dung hé thiét bi tu dong danh
gid thoi gian dap Gng, mot thong s6 quan trong
clia sensor, cua céac loai sensor oxi ché tao duoc.

Il - THUC NGHIEM

bién cuc lam viéc ctia cac sensor oxi nghién
ctu 12 gébm cdc loai: sgi Platin dudng kinh 0,5
mm, soi vang don, duong kinh 1,5 mm va 25
um va vang dang array, gom 9 sg¢i vang dudng
kinh 25 um. Cach ch€ tao dién cuc lam viéc va
sensor trén co s& hai loai vi dién cuc nay dugc
trinh bay trén cdac cong bé clia ciing nhém tic
gia [3, 4]. Phan noi dung ti€p theo trinh bay k¥
hon vé thiét bi tu dong do thoi gian ddp tGng cla
cac doi tugng nghién citu.

Hinh 1 trinh bay nguyén 1y cta hé théng do
duoc ché tao tai Phong tng dung Tin hoc trong
Nghién cttu Héa hoc, Vién Hoéa hoc. Hé thong
g6m 7 bo phan nhu néu trén hinh vé.

Ban dau, khi van s6 4 déng, van s6 3 ma,
toan bo hé thong dng/binh do duoc 1ap day dung
dich khong chtra oxi (dung dich Na,SO; bao
hoa) di ra tir binh s6 2, tin hiéu do ldc nay tuong
tmg v6i DO = 0 mg/1 (s6 8 trén hinh 1). Sau mot
khoang thoi gian 6n dinh, déng van s6 3 va m&
van s0 4. Luc nay, thay cho dung dich c¢6 DO =
0 1a dung dich bao hoa oxy. Gid tri dong do
duogc tang 1én dot ngodt, duong s6 9 1a gia tri DO
bdo hoa va dat dén gid tri khong thay déi. Qu4
trinh nay lap di 1ap lai mdt cidch tu dong
(d6ng/mé van 4 va van 3 tuong tng), cac tin
hiéu do dugc thé hién nhu trén hinh s6 1 (s6 10
trén hinh vé).

Qua trinh do dac va diéu khién trén duoc
tién hanh hoan toan tu dong nhd may tinh va cac
co cau chdp hanh. Giao dién phdn mém mady
tinh diéu khién hé thong do dugc thé hién trén
hinh 2. Tt hinh 2, c6 thé thay rang, cdc ché do
do dugc thuc hién thong qua phan mém diéu
khién. Céc thong s6 dugc dua vao tir ban phim.
Thoi gian dap tng dugc tu dong tinh todn thong
qua gia tri 95% gid tri dong can bang.

III — KET QUA VA THAO LUAN

Hinh 3 trinh bay nguyén 1y lam viéc cla
sensor oxi va cac phan tng dién cuc xay ra trén
ca t6t va a not trong qua trinh lam viéc. Cac san
phdm ché tao trong phong thi nghiém 1am viéc
theo nguyén 1y nay.

Khao sat do lap lai, thoi gian dap tng cia cac
loai sensor str dung dién cuc catot la vi dién
cuc Au don, vi dién cuc vang array, Au
duong kinh 1,5 mm va Pt duong kinh 0,5 mm

Dung dich Na,SO; véi néng do DO bang
khong dugc st dung dé kiém tra do én dinh va
do lap lai. Hai dic tinh nay lién quan chat ché
v6i do 6n dinh thé clia dién cuc so sanh [5] clia
Sensor.

Hinh 4 (A) thé hién su thay déi dong ctla
sensor st dung vi dién cuc vang don trong 10
chu ky khi dat sensor trong khong khi va trong
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dung dich Na,SO; bao hoa theo thoi gian. Gia tri
dong i sai khac khong dang ké trong 10 chu ky
do. Do lap lai trong khong khi va trong dung
dich Na,SO, bdo hoa vé6i do léch chuidn twong
doi (RSD) ctua 10 1an do trong khong khi va
dung dich Na,SO; bao hoa l1a 0,07 va 0,02 tuong
tng. Nhu vay do nhay véi oxi cla sensor trong
céc lan do 1a nhu nhau.

]

Thoi gian dap tng khi hé dat 95% trang théi
dong 6n dinh tinh dugc 1a 6s. Thoi gian ddp ting
phu thuoc vao do day chia mang tham thau oxi
va do nhdn cha bé mat 1am viéc cla dién cuc
tran. Gia tri dong du cla sensor trong dung dich
khong oxi khong déng ké.
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Hinh 1: Nguyeén 1y qua trinh do tu dong thdi gian ddp Gng clia sensor oxy
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Nudc bao hoa oxy

dich Na,SO; bao hoa) 5. Sensor oxy

6. Mdy do va diéu khién van

Tuong tu nhu sensor stt dung soi vang don,
sensor Au array ciing sit dung dung dich Na,SO,
v6i néng do DO bang khong dé kiém tra do 6n
dinh va do lap lai.

Hinh 4 (B) thé hién su thay déi dong cua
sensor sit dung dién cuc vang array. Ciing nhu
doi v6i dién cuc vang don, gia tri dong i sai
khac khong déng ké trong 10 chu ky do. Do lap
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3. Van diéu khién bé 2
2. Nuéc khong oxi (dung 4. Van diéu khién bé 1

7. May tinh

8. Tin hiéu do DO=0
9. DO bao hoa

10. Tin hiéu do dugc

lai trong khong khi va trong dung dich Na,SO;
bdo hoa véi do léch chuén tuong déi (RSD) cha
10 1an do trong khong khi va dung dich Na,SO,
bao hoa 1a 0,14 va 0,05 tuong tGng. D6i véi hé
nay, thoi gian dap Gng trung binh khi hé dat
95% trang thdi dong 6n dinh 1a 10s. Thoi gian
dap tng cuta vi dién cuc array nhanh bai vi n6
tieu thu chi mot lugng rat nhd oxi trong ving



gan bé mat vi dién cuc array va nhiing hiéu dng
bién clia n6 lam tang cudng téc do khuéch tan
mot céch dang ké. Diéu nay dan t6i su thiét lap

7* DO sensor Respond time

nhanh ctia 16p khuéch tan véi hinh tua ban cau
va nhanh dat t6i dong khuéch tdn giéi han 6n
dinh [6].
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Hinh 2: Giao dién phan mém diéu khién qua trinh do thoi gian dép tng

Tuong tu nhu d6i véi hai loai sensor str dung
vi dién cuc vang, hai loai sensor oxi st dung
dién cuc c6 kich thugc thong thuong lam tur Pt
(0,5 mm) va Au (1,5 mm) ciing dugc ché tao va
khao sét. Cac két qua do thdi gian ddp Gng cla
ching duoc trinh bay trén hinh 5 (A,B). Tu cic
két qua do, gid tri RSD cua sensor ding Pt tinh
dugc 1a 0,08 va 0,05 (do trong khong khi va
trong dung dich khong oxi tuong tng) va la
0,039 va 0,127 d6i v6i sensor diung dién cuc
vang 1,5 mm.

Thoi gian dap dng xdc dinh duoc d6i véi
sensor Pt va Au 1,5 mm la 18s va 23s tuong
tmg. Thai gian ddp ting clia cdc sensor tu ché tao
duoc khao sat cho két qua tot, thoi gian dap tng
nhanh hon so v6i mot s6 cong bo trude day [6 -
10].

IV - KET LUAN
ba xay dung hé thong do thoi gian dap tng

clia cdc sensor oxi tu ché tao tir cac loai vat liéu
dién cuc khac nhau. Céc két qua do dugc thuc
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hién mot cach tu dong. Cac két qua do cho thdy
v6i sensor oxi c6 dién cuc lam viéc la vi dién
cuc, thoi gian ddp ng cha ching ngin hon so
vGi thoi gian ddp Gng cta sensor cé dién cuc
lam viéc kich thuée thong thuong.

Viéc str dung hé thong do tw dong dam bao
cho viéc do thoi gian ddp ung cta cic loai
sensor khac nhau mét cich nhanh chéng, chinh
xéc, thuan tién va chic chén s& 12 mot cong cu
httu ich cho viéc nghién ctu dac tinh cua cac
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loai sensor khac nhau.

Loi cam on: Tdc gid xin chdn thanh cdm on
GS. Lé Quoc Hung, Vién Héa hoc vi nhitng gép
Y quy bau trong khi thuc hién nghién citu nay.
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Hinh 3: So d6 cdu tric va céc phan dng dién cuc cla sensor oxi
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Hinh 4: Su phu thuoc dong - thoi gian (i-t) ciia sensor st dung vi dién cuc Au don (A) va Au array

(B) trong dung dich khong oxi ({) va trong khong khi (4) & thé 4p vao -0,65 V va -0,6 V tuong ting
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Hinh 5: Su phu thudc dong - thoi gian (i-t) cta sensor Au kich thudc 1,5 mm (A) va Pt 0,5 mm (B)

trong dung dich khong oxi ({) va trong khong khi (4) & thé 4p vao -0,75 V va -0,65 V tuong ting
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