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Miniaturized detector of sulfur dioxide based on the flow
conductometry of an absorbing solution
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A miniaturized detector based on absorbing conductometry was constructed in order to
measure the SO, concentration in air. This detector is not only small, but is also capable
of continuous measurement of SOs, unlike the conventional detectors for intermittent
SO, measurements. Two bilateral pairs of Pt electrodes were fabricated on a glass-epoxy
substrate through conventional photolithography and sputtering. On this substrate, a
cavity for the flow of an absorbing solution was formed with a Teflon sheet and a gas-per-
meable membrane. The absorbing solution, HeSO4+HyOg, was made to flow through this
cavity of 2 mm in width and 0.5 mm in thickness by applying pressure to a reservoir of the
solution. The sample gas was introduced into the other side of the membrane.
Gaseous SOy permeated through the membrane and dissolved into the absorbing solu-
tion, resulting in an increase in the electrical conductivity of the solution. Any change
in the conductivity was monitored using Pt electrodes located both up- and downstream
of the absorbing zone, and thus the SOy concentrations were determined. The sensitivi-
ty and response time largely depended on the flow rate of the absorbing solution. Since
the standard flow rate employed was 20 pl min™', the volume of the waste solution, even
over long-time operation, was sufficiently small to be carried. When the absorbing solu-
tion was flowed at this rate, from 10 ppb to 1 ppm of SO, could be measured and the
change ratio in the conductivity was 0.971 ppm™'. The response time (7s7%) was 82 sec
under the same conditions. Other gases interfered slightly; e.g. the sensitivity to CO; was
about 1/30000 of that of SO, so the selectivity of this method was sufficiently good for
facile use. This study furnished a step for constructing a miniaturized total chemical
analysis system (UTAS) for SO, measurements.
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Fig. 1 Structure of the miniaturized SO, detector

PEP: Pt electrode pattern; H: holes for inlet and
outlet of absorbing solution; EW: electrode win-
dows (they are the area where the electrodes are
exposed to the solution, and the remnants are cov-
ered with the resist film); GPM: gas permeable
membrane; SP: PTFE sheet spacer; GES: glass-
epoxy substrate
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Fig. 2 Experimental system for evaluation of the
miniaturized detector

SGC: standard gas cylinder; AC: air compressor;
PT: pressure tank of the absorbing solution; SVs:
solenoid valves; 3SVs: 3-way solenoid valves; NV:
needle valve; NVT: needle valve made of Teflon for
flow control of the absorbing solution; MFC: mass
flow controller; LFM: liquid flow meter; MP: 1 ml
mess pipette for measurement of flow rate of the
absorbing solution
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Fig. 3 Effect of pumping methods on the output
signals

Response curves (a) and (b) are in case of pumped
flow and air-pressurized flow, respectively

In each method, responses to 5, 10 and 20 ppm of
SO, were recorded. Flow rates of the absorbing solu-
tion were 52.1 pl min~ ' (a) and 53.1 ul min ~' (b)
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Table 1 Response characteristics of various gas permeable membranes

. Pore size/ Thickness/ . i Sensitivity”
Material wm um Type of membrane AS/ (S C,), ppm
PTFE 0.22 60 Flonchemical NP-022 0.177

1.0 100 Flonchemical NP-100 0.133
2.0 100 Flonchemical NP-200 0.149
10 125 Millipore LCWP025 0.0998
No pore 50 Flonchemical NR-532 0.00
Polyethylene 0.20 12 Whatman 7061-2502 Leak of absorbing
(hydrophilic) solution

* Sensitivity defined as AS/ (S, G;) is the ratio of signal change AS to the baseline value & at 1 ppm of SOy, and it
was obtained from the calibration curve in the range from 0.5 ppm to 4 ppm. This value was measured at 50 pl

min” ' of absorbing solution flow rate
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Fig. 4 Effect of flow rate of the absorbing solution

(a): sensitivity defined as the ratio of AS/$ to SO,
concentration Cg; (b): response time (7To%) ob-
tained when SO, concentration was changed from 0
ppm to 1 ppm ([J), and absorbing time Ty, calculat-
ed (dashed line)

90% DT 5 ETOREM (Tow) %&o7. Tusld,
Fig. 11ZR$ & 9 2D 7 ZAPNEEOEFR Vi (6 ub)
2B B DILERERZOTR(1) o8B L.

Tabs = ‘/abs/ Qabs ( 1 )

O 1, TR ETH S, QumEASL LTV E
Tabsﬁ§§<&%®ﬁy !i‘%fix;:?bi\i%j(?‘%. L%J‘L/, Qabs%

Gas flow rate / mlmin"

Fig. 5 Effect of flow rate of the sample gas

Flow rate of the absorbing solution was 20 pl min "'
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Fig. 6 Response curves obtained in the standard
condition of the detector 34 SO, ICLDEEFELR
Flow rates of the ]absorbing solutiorll and the gas SO I X AWIGEDOEER FRIIMAE LXRDO LD &
were 20.2 ul min * and 100 ml min °, respectively. . - com
Air contairtting SO, and zero gas were putpinto t.h}; WL hRI 2 EhTEL.
detector for 10 min each. The diluent was supplied
from an air cylinder WA B
SOy(gas) == SOu(aq.) (8)

Table 2 Response intensities of interference gases

Gas Ratio of Henry’s law constant” pK,b) Experimental sensitivity ratio”
SOy 1.00 1.76 (SO, +H.0) 1.00
1.99 (HSO, )
COy 0.0274 6.35 (COy + HO) 0.0000363
NO, 0.00807 » 0.121
NO 0.00155 3.29 (HNOy) 0.0626
H.S 0.0814 7.0 (HyS) 0.0757
NH; 50.0 9.24 (NH,") 0.473 (=2 ppm)
Ns 0.00

a): Ratio of Henry’s law constant to that of SOs at 25C. b): Kais the dissociation constant of the acidic species
dissolved. c¢): Ratio of sensitivity AS/ (S ;) to that of SOy
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Fig. 7 Simulation of the effect of sulfuric acid con-
centration contained in the carbonate free absorb-
ing solution on the response to 350 ppm CO2
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