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A LABORATORY POLAROSRAPHIC RECORDER FOR
SULKFUR JIOXIDE

By Jarosiav Gottfried, Research Institute

for Inorgaric Chealstiry (Vyziuany Ustav
Anorganicke Cheale), Usti nad Labem

Pragua, Chedicky Pruavsl, Vol 6/31 (1956), No 4, pp 143-145

A polarpographic analyzer was asseabled by connecting
a polarograph to a 3imple zas absorptlion device, using a
conetant flow of an electrolvte; limiticg current for sulfur
dloxide 1in the Aedium of 0.1H-H,304 was recorded. Important
factors for the application of the apparatus wera deteralned,
such as the influence of the rate of flow of the electroliyte,
and the 1influence of 503-

introduciion, aud Analysls ol Luw Frobliew

In 1354, J. Srbex was 3studying the problem of *he use
of sulfur dioxlde frod waste gases 1n the Ressearch .nstitate
foi- Inorganic Chexalstry. (Rasulte of thils worx ars published
on page 137 of thise 1issue.). Ia laboratory abscrption ex-
perizents 1t was necessary to follow continuously the con-
contration of sulfur Jdioxide, before and after absorption 1],
while operating with a suspencion of Zn aulflte and calcined
magnesite. The absorntion experiuentie were conducted with
an inlet conceuntration of 0.3-0.4 percsat S50p; the outlet

concentratior was within the limits of 0.03-0.1 percent.
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Several kinds of continous recorders for 350, are
described in literature. In the majority of sulfurle acid
contact plants S0p 18 recorded in continous analyzers of
the Kent or Slelens type; SO, 18 deteralned on the basis

of therasal conductivltyEQ'BJ. Abrams' S0 analyzer[“],

working on tne principle of Ralch's methodl5) 18 used for
the determination of the SO, councentration 1in stacx gases

in contact plants. The analyzer for the deteralnaticn of

of S0z 1n the presencs of 803 designed by V. Lakota[éj is
based on the reaction:

WaiCr:0r + 3508 + 2 HiSQy @ 2 KHSOs 4 Cre(SQua + 1{:0

The resulting Cr salts change froa the original orangs
color to green, and the intensity of thls is measured by
a colorimeter of a trough fliov type,

There are very few publiched studlies dealling with the
use of polarograpny for coantlinous gzas snalysis. Most suthors
ware concerned with the deteraination of oXygen in water and

in gasea[7v8-9:10-11v12]. Heasuring of SO, concentrations
in We§t1n3 liguids was studled by L.D. ¥ilson and R.J.
sa1tnl13],

I selected tho polarographic method for the deteralna-
tion of small amounts of 50, in the gases leaving the absorp-

tion experiments. In ay werk I used malnly ihe sxperlence
gathsred by J.V.A. Novak, laureate of the Kiewsut Gottwald

Stats Trizet2l), who was the First to usge pelarography for
long term production measurements, and for the purpose of
actomatlon.

Sulfites, 1n an acid mediua, give a cathodic wave,
corresponding %o the reduction of S0, accordirg to the
equation

SO0, + 2HY + 2 e = H,50, (sulfexylic &old)ElS]

When a constant voltege corresponding to the liai

ti
for 80p 19 maiptained oo the eiectrodes, the increa

ng current
s8¢ oT
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decreass in concentration is shown by the lnerease or de-
craise of tne zurrent. This 18 the prlnciple of a polaro-
graphic analyzer.

mariug a diroect prolarographic deteralnatlon of SO; 1in,
fcr iastance, O.1 N HpSO4; it 1s not necessary to remove

ataospheric oxygen froam the solution (See Fig 1.). This
contributes substantlally tc the sixplification of the
apparatus,

Expericental Part end KResults

1. Apparatus and the Arrangeaent Schele

For the assseably o the apparatus 1 ussed thne following
assu@ptions:

&) The basic electrolyte used for the absorption of S50p
xzust flow through the apparatus at a constant rate

b} SJ, wust be always abscrbed in the same volume of

elsctrolvte in the vessel, located in front of the elsctro-
iytic vesgssel, to avoid interference with the measurements,

c¢) The absorbate and the Hg frox the electrodes aust
flow through the electrclytic vesssal at a coustant rate,

d) The liumiting current must be rsgistered as a functlon
of time.
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F.gure 1. The Height of the Cathodic Wave
of 802 as & Function of the Concentration

of Sulfur Dloxide

Baslc electrolyte: 2.].0'l M-KHpo8Q4; councen=-

tration of S0p

(1) 4. 1075 (2) 2.1072 4;  (3) 1.1072 ¥

(4) 5.107° M; (5) 0.0 ¥. Cathode from O V Without
reaoving of atmospherlc oXxygen

froo the solution; SKE; 200 mV/abs;
accuracy 1 : 10C

2

The instrument used for the adjusting of the current,
and for the recording of the limiting current waes & polaro-
graph V 301 arranged so, that vhen the motor was connected
the wheel with the potentiometric wire was not turning, and
only the polarographlc paper in the rscording chazrber was
moving., Withcocut tnila modification it would bs possible to
record on & polarogrephic paper only measursments lasting
10 minutes, I iatroduced therefore between the motor and
the recording chamber a system of wheels, with a changeable
sprocket (Fig 2) so that one polarographic papsr can
register abcut 2, 4, and 8 hour long measurements,
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The apparatus for the absorption of the tested gas
and the scheme of the connection are shown in Figure 3,

A 5-1iter bottle Z supplles spare 0.1N Ha504 to a flow
regulator B, which maintains a constant rate? of flow by the
overflow height. The rate of flow of O0.1N H»S0,; 1s regulated
by a valve Ty. The electrolyte leaves the inlet regulator,
to pass into the absorption vessel A, into which the analysed
gas 18 introduced through a sintered glass plate D under
counstant pressure, regulated by the height of water column
in the cylinder H., From thers, the absorbate.overflows into
the through-flow electrolytic vessel N. The indicating
electrode 18 a mercury drop electrode K;, with a reservoir

height ¢f 50 om and a time interval of one second for one
neroury drop.

1

Figure 2. Arrangement of the Polarograph
for Recording Lastling Several Hours

Screw; B - Sorew driving wheel (44 cogs)
Driving wheel (14 cogs), H - Connecting shaft,:..
Front stationary wheel (40 cogs).

Front interchangeable wheel, rotating; for 2
hours recording 45 co%s; for 4 hour recording
43 cogs, for 8 hours 42 cogs.

Recording chamber with photographic paper;
Electric motor

oQwy»

=R
!

As a reference electrode originally a platinum foll
was used. It was however found, that after a longer opera-
tion, when the electrode is immersed directly in the analyzed
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solution, 1t bhecom=2 polarized, and lower values for the
l11m1t current are .seglistered. Therefore the anode K, was

& mercury drop electrode 14] yith a reservoir helght of 70
ocoa and the rate of one drop of 2.8 seacs,

2. The Influence of the Flow Rate of the Electrolyte,
803, snd Temperature on the Determined Values

These 1nfluences were lnvestigated in a synthetlc
mixture of gases SO0, and alir, that passed through orifices,
and “he concentration of the 50, was regulated by the pres-
sures in the respective flow recorders. During the deter-
mination of the influence of the flow rate of electrolyte
on the intensity of the limiting current, the pressures of
the gsses were adjusted &o that u gulvomometsr with an accuracy
of 1/100 showed a devliation of 50 maz, V“hen this constant 30;
soncentration w&ermaintained, it was analyzed 1lodometrically
by Relch's methodt5) at 0.94 percent S0y, the flow rates of
the 0.1 N~H,3804 were varled, and the height of the limiting
current are shown graphically 1in Figure 4,
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Flgure 5. Apparatus {c~ Absorption of the
Analyzed Gaa, ani the Scnemnatic Connecticns
of the Equipzent

bottle with stored O.1 N-H,5J, solution

flow regulator Tl’ Ts - rogulating valves

absorption vessel N - through flow electrolytic
cell

Ko - @mercury drop electrodes C1,Cp = reservoirs

wheel with natentiadatric wira E - gear

gcale r - recordlag caasra G - mirror galvano-

sensitivity reducer Teter

polarographic lazp. H - pressure ragulator for

sintered glass plate the analyzed gas

Yeasurement.s were nade at a pressure of 50 mm water

column at the exit. As can be seen in Flgure 4. the height
of the limitling current decreases with increasing rate of
flow of the electrolytse.
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The deteralnatlon of the influen~e of varylng 503 con-
centrations was not easy. Therefore the 50~ sas, before 1t
was mixed with alr, passed .nrough & wash bottle contailning
olouan, and thus the gas entering the absorptlon vessel con-
tained, apart froa the 50, also 505 iz the fora of mist. Iu

this way a series of wmeasurements with varying SO, c-ncenira-
tions was 1ade in the presence of 505 zist. Graphlcal pre-
sentation of the helzht cf *he liziting curreant as a func-
tion of 80, concentration is & line, and therefore 1t 18

posslible to conclude that SO3 does not 1nterfere witn the
analysls,
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Figure 4. Limiting Current as a runctlon
of the Rate of Flow of the Electrolyte

Key: 1: Helght of lizit current in aa
2: Flow veloclty ml/min
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Figure 5. Recordings Made in the Limits
0.02 - 0.1% 805

Key: 1. Zero value of the galvanometer

3. Calibration of the Instrument for Concentrations
of 80p Within the Limits 0.02 - 0.1 Percent

The calibration was made with synthetic mixtures of
S0, and air by using sultable orifice plates to obtain an
S0, concentratlon of 0.1 percent (determined iodometrically).
Later, after a 15- or 20 minutes interval the SOp concen-
tration was reduced by increasing the alr pressure., Durlng
the recording, after stabilization of the limiting current,
s sample was taken simultaneously for lodometric deteralna-
tion of SOp. Measurements were taken at a 'potential of 4 V
at the battery, sensitivity of the galvanometer 1/40, im-
posed potentlial 1.0 V, pressure of the gas entering the

absorber 50 mm water column, flow rate of O.1 N-HpS04 25 ml
in 25 minutes.

The heights of the limiting current, plotted as a
functlon of the S0, conocontration, show a linear relation.
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Figure 6 & 7. Time Profile of SO, Concentra-

tioa in the Exit Gas After Absorption in
Zinc Sulfite

4, Practical Tests of the Analyzer ln Determinatlon
of S0, After Absorptlon in Zine Sulfite

The instrument was calibrated for concentrations in the
range of 0,02 - 0.1 percent S0,, and tested practlcally for
continous analyzing of SO, gas at the exlt from an absorp-
tion veesel containing zinc sulfite, into which 0.33 percent
SO, gas was introduced; into the absorber at deflnlte time
intervals (at the beginning after 70 to 120 minutes) a cal-
culated amount of Zn (OH)2 was introduced; the details of
the experimental arrangement of the absorption are given
in the article of J. Srbek 14, Imposed voltage, rate of
flow of electrolyte, the pressure of the gas entering the
absorber, and all the other constants used during the

calibration remained unchanged. The results of measurements
are coampared in Table I. with those found iodometrically.

10




Table I.
o . TabulkaT o
MOE. din, . Dobis nviding |2S0,vovyntup. plynu i vyissek
. Phynu oy o, | jodemetr. fpnlurn:rnf.\. S0, v %
Y

i 1 '
! 015 oo | oo
20 — 35 Io005t 1 0,058
l 45— G0 Co00mz ' o002
} 81 — 97 L0050 1 0,048
: 105 = 120 i 0,040

o85S
I 83,4
| 82
. 85,8
0048 | 85,5
125 — 145 L 0,047 0,011 !
!
!

I

|

; 87,6,
150 — 165 L0047 | 0,041

|

87,8
87,0

W T i K e

f 170 — 185 I 0,050 0,043

Key: 1. Experiment No.
2. Perlod of lintroduction of gas in minutes
3. % S0, in exit gas
4, Iodometrically

5. Polarographically
6. Yleld of SOp in &

The table shows a good agreement between the results
obtained by the two methods.

The recorded curve shows the changes 1n the 50, concen-
tration in the exit gas in a more 1llustrative way.

The shape of the curve shows clearly first:

a) The increase in the S0p content of the exit gas
up to about the 72nd minute (2 min. delay compared to addi-
tion of Zn(OH)2), then after the addition of Zn hydroxide

the value drops to nearly the original figure.

b) That the influence of the additlion of Zn(OH)2 (at

the 120th min) is deformed by a fault in the supply of SO,.
that 1s pure alr was passing through the absorber for a
certain period of time. The fault, otherwise dilsagreeable,
was a favorable opportunity for the apparatus, which quickly
reacted to the change and drew attention to 1it.

Apart from thls practical use ¢of the analyzer, it was
also used with success for the measurements of 502 after

absorption in calcined magnesite, and for the measuring of
80, before absorptlon.

11
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Conclusions
The experiuzsnts 3shnowsed that:

1. The naight of the liztiting current i3 a linear
function ¢f the concentration of sulfur dloxids.

2. The neight of tne liuwltlng current decreases with
increasing rate of flow of ths elsctroylte.

3, Sulfur trioxlde does not influence the arnalyais

The apparatus can be used for calibration of the
scales of sulfur dioxide concentratlions a&s a function of
the intensiiy of the current {rox edpirical cbservations;
in this way eventual errcra due to oxidation of SO2 to 803
are eliminated.

3anause of tho linear shape of the functleon 1t Qay bve
deduced that tnis oxidation has very little effect upon the
measuredents, that 1s, that 1t does not taxe place to any
eignificant extent.

Tne laboratory analyzer was arranged for continucus
recording lasting several hours, ani was calibrated for 30p
concerntrations in the liaits J0.02 - 0.1 cercent., It was
practicaliy tested 1in measurezents of SJ- after absorption
in a suspsnslon of 2n (OH)2 during a study of possible uses

of aulfur dioxid. in waste gases. The results of the Teasure-
ments were coapared to values [s.nd incowetrically, and a
good agreeament betwesa th. two tethods was found.

The photographic polarozgraphlc recording cust be con-
sidered as a teuporary laboratory expedleat that 1s not
quite sultadble For production purposes, Thne problead will

be developed Turther, to rezove this shortcozing, and find
a solution acceptable to *t"e needs of production and research.

Bibllography
1. Srbek, J.: Chem. Prum. 4 (1956).

12




10.
11,
12.
13.
14,

15.

graxford S.R., Poll, A,, Walker, W,J.: Journal Inst.
Fuel, 25, 13, (1952).

Br. P. 633,627,

DRP. 309,981,

Treadwell, F.P., Treadwell, W.D.: Xurzes Lehrbuch der
Analytischen Chemie, II, 719 (1935).

Lakota V.: Chea. rrum., 3. 29 (1954).

Inglos, R.S.: Ing. Eng., Chem., Anal, Ed. 14, 256 (1942).

Spoor, W.A.: Science 108,421 (1948).

Levine H.S., Williams 0.J.: Anal, Cheam. 26, 1927 (1954).

Wise, W.S.: Chem. % Ind. 37 (1948).

Beckman P, Chem. & Ind. 791 (1948).

Mosinger, B.: Pracovni Lekarstvi 6. 287, (1954).

Wilson, L.D., Saith, R.J.: Anal. Chea. 25, 334 (1953).

Novax, J.V.A. Chem, Listy 3, 227 (1955).

Stackelberg von M.: Polarographische Arbeitsmethoden

. 174 (1950).

13




