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1. INTRODUCCION:

En el informe PQ/Q/FQ-45 se describif la construccidn
de un aparatc para la medicidn de sulfuro de hidrfgeno en
efluentes 1fquidos en el &mbito de 0,1-100 ppM (ul.171).

Este se basa en la extraccién, en una coiumna de vidrio, re-
llena de bolitas del mismo material, del sulfuro de hidr&ge-~
no disuelto por medio de una corriénfe de aire en la cual se

mide su concentracidn con un detector en fase gaseosa.

En el trabajo citado se menciond qﬁe el principal incon-
veniente encontrado era la falta de linealidad de respuesta
del detector empleado (Dictaphone 910). Este inconveniente
"limita la utilidad del instrumento, pudiéndose confiar solo
en las medidas de concentraciones prdximas a los puntos de
calibracifn del instrumento. |

Al no hallar restos de sulfuro de hidrbyeno en el liqui-
do de salida de la columna puede suponerse que se ha produ-
cido extraccifn completa del sulfuro de .idrbgeno, aungque -
tambi&n es posible gue una parte del sulfuro de hidrb6geno su-
friera una reaccién quimica (por ejemplo oxidacidn), dentro
de la columna o en cl aire hfimedo antes de llegar al detector.

De esta manera solo se podia confiar en la calibracién.
del instrumento con soluciones patrbn, en vez de emplear
los procedimientos normales de calibracién mediante patrones
gaseosos, procedimientos que presentan la ventaja de su rapi-
dez y sencillez. '

Actualmente se dispone de o:xos dos medidores de sulfuro
de hidrbgeno en aire. Uno de ellos es un"General Monitor" mo-
delo 2170, basado en el mismo principio que el "Dictaphon™.

910, es decir, un semiconductor depositado sobre una cerimica



cuya conductividad es propbrcional al logaritmo de la concen-
tracifén de sulfurro de hidrégeno, ©on un circuito antilog que
transforma la sefial en lineal. El otro instrumento disponible
es un medidor "Ecolyzer" serie 2000, fabricado por ENERGETIC
SCIENCE; en esfe instrumentb el aire a analizar es succiona-
do (700 ml/min) por una pegueha bomba y circula por una celda
electrolitica, dondé mediante un electrodo a potencial contro-
lado, el sulfuro de hidrigeno es oxidado segfn la ecuacifn:
H,S + 4 H.O — = H,S0, + 8 H' + 8 e~
2 2 2574

La corriente producida en la.oxidacién gue se mide con

respecto a un electrodo de referencia, es proporcional a la

concentracidén de sulfuro de hidrdgeno.

Con estos dos nuevos instrumentos se repitid el trabajo
anterior, a fin de determinar si alguno de €llos es m&z conve-
niente gque el empleado en aquella oportunidad.

Debido a la similitud de los. procedimientos empleados

recomendamoes la‘lectura previa del informe PQ/Q/FQ-45.

PARTE EXPERIMENTAL

La comprobécién de funcionamiento de 1los dos medidores
se_realizé en forma simulténea, conectando ambos a la columna
de extraccidn. Debid¢ a que ei medidor "Ecolyzer” toma 700 ml
de aire por minuto las experiencias se realizaron con flujbs
de este gas no menores de 900 ml/min, a fin de gue quedase
un exceso para permitir la renovacifn en el sensor del otro
detector.



2.1. Calibracién de detectores

2.1.1.

Detector General Monitors 2170

La calibraéién de este detactor segln el pro-
cedimiento recomendado por el fabricante se reali-
z6 mediante ampollas suministradas por el mismo.
Bstas se rompen en un recipiente adosado al detec—
tor y producen una concentracidén de sulfuro de
hidrbgeno conocida. En primer término se emplea
una ampol.a que proporcicne una concentracidn co-
rrespondiente al mdximo de la escala del instru-
mento empleado, en nuestro caso 50 ul.lhl . Lue-
go de esperar unos minutos hasta la estabilidad.
de la lectura se realiza el ajuste necesario has-
ta el valor debido, mediante un tornillo de cali-
bracitn. A‘continuacifn se realiza el mismo pro-
cedimiento con una ampolla correspondiente al 20 %
del mé&ximo de la escala (10 ul.l_lj,'realizéndo—
se el ajuste necesario con el tornillo de ajuste
de esta parte de la escala. La comprobacidn final
de calibracién se realizard con una ampolla co-
rreépondiente al valor medio de la escala; de la
misma manera se realizar&n en forma esporédica;

das comprobaciones de rutina.-

Detector "Ecolyzer"

‘La calibracifn se reallzd en este casc lle-
nando una bolsa de plastico de aproximadamente

dos litros, con patrones de sulfuro de hidrégeno



contenidos en cilindros a presibn, de una concen-
tracidn correspéndienta al midxinmo de la escala del
instrumento. La bolsa de pléstico se adosa al pi-
co de la toma de aire del instrumento y luego de
egperar la estabilizacién se renliza el ajuste co-
rrespondiente. El ajuste de cero del instrumento
se realiza previamente mientras se succiona aire

libre de suliuro de hidrdgeno.

2.2. Medicibn de soluciones patrdn

Luego de calibrados los instrumentos y adosados és-
tos a la columna de extraccibn, se hicieron circuiar so-
luciones de  sulfuro de sodio - de concen-
tracidn conocida, junto con la solucién de acidificacibn
y la contracorriente de aire en las proporciones adecua-

4

das.

En ias Figs. 1 y 2 se observan las raespuestas del
detector "Ecolyzer" frente a concentraciones variables
de sulfuro de hidrfgeno, en la primera con relaciones
de flujo-aire-liquido de 720: 1 ¥y en la segunda con re-~
lacibn de 52:1, gque permite la determinacifin de menores

- concentraciones,

En la Fig. 3 se presenta este mismo tipo de curvas
para el medidor "General Monitor".

Se obsérva gque ambos instrumentos presentan una 2xce-
lente linealidad en la respuesta, que los hace adecuados

para este tipo de mediciones.

La correspondencia entre la concentracidn de las

soluciones patr6n y los valores con los instrumentos de



medicibn, anbos calibrados con soluciones gaseosas, in-
dica que la extraccidn*del sulfuro de hididgeno es com-
pleta, asimismo no sc¢ observa oxidacidén del mismo en es-
te proceso, dentro de la exactitud de las medidas reali-

zadas.

Velocidad de respuesta

En las Figs. 4, 5 y 6 se observan los tiempos de
respuesta para ambos detectores, para diferentes concen-
traciones de sulfuro de hidrégeno. A los tiempos indica-
dos deben descontarse 30 s, tiempo gue tarda la muestra
en llegar a la columna bajoc las condiciones experimenta-
les empleadas. Es*e tiempo puede reducirse disminuyendo
la longitud de los tukos o cuando se emplean flujos de

£

liquidos mayores.

Resulta evidente que el tiempoc requerido para lle-
gar a una indicacidn estable de concentracién de sulfu-
ro de hidrdgene para cualquiera de las concentracicones
ensayadas es mucho menor en el‘detector "BEcclyzer" que

en el "General Monitor".

En cuanto a la desaparicibn de la senal al interrum-
-pir el fluijo de sulfurc de hidr8geno, las diferencias

entre ambos detectores se hacen menos notables.

En otras pruebas realizadas con el detector "Ecolyze:
se desconectd la bomba que succiona el aire a analizar
y éste se hizo circular aprovechando la presién a la sa-
lida de la columna de extraccidn, dejando escapar el ex-
ceso sobre los 700 ml/min necesarics para su funciona-

miento , por una vdlvula colocada en el extremo superior



2.4.

de la columna. Esta modificacidén no afecté el funciona-
miento del eguipc, pudiéndose en consecuencia prescin-,
dir de la bomba la que solamente se reconecta en el mo-

mento de realizar la calibracién.

Ensayo de la acidificacifn

Otra prueba realizada -fue la sustitucién de la acidi-
ficacidn.con solucién de dcido sulffrico al 0,05 % por
acidificacién con didxido de carbono. Cua..do se emplean
soluciones de sulfuro de hidrfgeno en agua destilada
y relaciones de flujo-gas: liguido de 720:1 & 72:1, la
eficiencia de la columna es tal que la extraccidn es
completa empleando solamente aire. Cuando se emplean so-
luciones de sulfuro de sodioc preparadas en agua destila-
da sinalcairnizar, la eficiencia de extracciln dc la co-
lumna se reduce a un 25 % del original si se emplea s6-
lo aire;_el'agregado de dibxido de carbono en una éoncen—
tracién del ordsan del 10 % es suficiente ‘para que la ex-
traccibn sea total. Por otra parte se comprobd que el
empleo de esta mezcla de diéxido de carhonc y aire no
produce interferencia alguna con los dos detectores em-

pleados.

Estabilidad

Se realizaron asimismo algunas pruebas de estabili-

dad de la calibracién'de los instrumentos.

En el caso'del medidor "Ecolyzer" se realizd una

comprobacidn de la calibracién semanalmente, durante un



perfodo de 40 dias; el eguipo fue puesto a funcionar
solamente durante el itjempo de la calibracién para evi—
tar el funcionamiento de la bomba del instrumento duran-—

te un largo periodo.

Se empled en la calibracidn y en las verificaciones

semanales el patréfn de 23 pl.l —. Las diferencias obsex-

. -1 .
vadas no excedieron 1 ul.l , €8 decir, del orden del

5 %.

En cuanto al detector "General Monit.r" la compro-
bacibn se reaiizbd con los dos detectores de este tipo
disponibles, wmanteniéndolos en funcionamiento continuo
durante 45 dias, realizandosc controles de calibracidn

semanales.

bl

En este cage tamkién las difsrencias no eyvcediercon

1

del 5 % de los valores correspondientes, durante este

periodo.



3.

CONCLUSIONES

Ambos detectores ensavados, @l "Ecolyzer" serie 2000 y
el "General Moniter" 2170, pueden ser empleados. como instru-
mentos confiables para la medicibn de sulfuro de hidr&geno

en efluentes licguidos, en la forma indicada.

Si estos detectores son empleados para €l conando 2n
forma automidtica de bombas u otro dispositivo de seguridad,
la mayor velocidad de respuesta del "Ecolyzer”™ lo hard en ge-

neral m&s apropiado.

En casoc de tener gque operar en la intemperie;, o en con-
diciones parecidas, el detector "Ecolyzer" serie 2000 debera
ser reemplazado por este mismo tipo de detector de la serie

3000 & 3400, previsto para estas circunstancias de uso.

Las bombas perist&lticas gue hemos empleado en las ex-
periencias de laboratorio pueden ser sustituidas en planta

por un sistema de regulacién de presién y caudalimetro, en

€l caso de la muestra; la acidificacidn puede realizarse me-

diante el empleo de una mezcla de didxido de carbono al 10 %

en aire en la columna de extraccidn.

De esta manera se eliminan todas las partes mbéviles, que
pueden prestar inconvenientes en instrumentos de medicidn corn-

tinua.

En cuanto a los materiales de construccifn se cree conve-
niente, para el uso de la planta, substituir la columna de
vidrio por una de acero inoxidable o pl&stico para hacer.a
mis resistente. ' l



La ubicacidn de este instrumento deberd ser lo mds préxi-
ma posible al punto de tomawde muestra, a fin de evitar demo-

ras en la deteccidn.

Este,instrumento ha sido estudiado especificamente para
la deteccidn de sulfuro de hidrdyeno en efluentes, aungue con
algunas modificaciones, gue deberan estudiarse en cada caso,
podris aplicarse en otrors lugares de la planta donde fuese nu-

cesaria la medicidén continua de este gas.



ANEZXOS

Se incluyen como Anexos las siguientes publicaciones:

~ ANEXO I. Performance Characteristics of an Electrochemical

Hydrogen Sulfide Analyzer. Se describen las caracte-

risticas del sensar empleado en el analizador "Ecolvzexr
— ANEXO II.H,S in Water Monitors:“Comparisson of sulfide-selective
electrode and v,as~-stripplng systems". Se comparan un
sistema de detector similar al aqui descripto con un
detector "Orion" modelo 1516 basado en el empleo de un
elecirodc especifico y un electrodc de pH para la medi-

cidén directa de sulfurco de hidrdgeno en efluentes.
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o

A couwmerclal prototype moniicr,” whoere a sulfid
electrocde/glass electrode system detects H,S in a sample acidified
to pi < 5 by a reagent diffusion system, is combareﬂ o a monitof_'
vhere a solid-state HyS-in-air sensor detects H,S stripped frém
the sample by an air/CO, mixture. Bbth'monitoré are designed, and
éppear suited, for field use; they are rugged, simple to operaté,
maintain and calibrate. Their_detedtion limit is < 0,005 ﬁgfkg;.
calibration at lower levels appeafs limited by problems associated
with using dilute air-~sensitive sﬁandards,lnot by the detectors

themselves.

E3 :
hAuthor to whom correspondence should be addressed



H; S—IN~-WATER MONITORS:  COMYARISON OF SULFIIE-
SELECTIVE ELECTRODE AND GAS-STRIPRPING SYSTEMS

I Principles andgLab Tests

Heavy water is produced in Canada by the Girdler-~Sulfiide
process which utilizes the bitherwal isctoplc exchange bhetween
counter~current flows of water and stlgas° Continuous H;S-in-water
.monitors that have a wide range of response are reguired in these
plants; H,;S levels as low as C.C005 mg/kyg must be detected to
deterﬁine leaks (in process steam condensate or cooling water) ox
+o monitor the total H,S released to the environnent,. while for
process-éontrol the range of interest iz 0.1 - 100 ig/lg. %o

minimize responsce time and cost, *the monitors must be ilocated in

= 4.3

the field, thereby requiring not oniy that they operate within e
eﬁtremes of the Canadian.climate with-reliabiiity and accuracy but
also that they be simplé to operate, calibrate and maintain.

A previous monitor based on a sulfide—selective electrode
operated reliabiy and accurateiy in a laboratory environment; the
largest obstacle to its field use was sample conditioning: large
volunes of concentrated caustic solution had td be kept free of
dissolved coxygen and mixed with the sample at a known flo& ratio (1).
"Passive reagent diffusion”, developed by Orion Roucarch Inc. (2),

.,
coupled with an ion~selective electrode/glassﬂelectrode dotection
systew (3) appears to be ideal for field monitors: it eliminates

the rneed for reagent pumps, does not consume large volumnes of ro-

agent and 15 insensitive to changes in thoe sample/rcagent flow ratio.



Thig approach has been utilized in the Orion Model 1511 Sodium
Monitor " (4); a prototype HgSminfwater monitor (Orion Model 1516},
also utiliéing this approach and essent%gily the same hardware

as the Sodium Monitor, was purchased froﬁ Oribn and tested at the
Chalk River Nuclear - Laboratories (CRNL]).

An alternate apprcach in monitoring 1s to strileZS from the
liguid sampie with air and to measure the H;S-in-air concertration
using inpregnated paper tapes (5} or other instrumental techﬁiques
(6); howéver, experience at the heavy wéter plants with the wvaper
tape inétluments has been unfavourable. Michaud (i) designed and
developed a prototype monitor that detected the H,S, stripped'by
an air/COz'mixturé, with a solid-state H,S-in-air sensor (8); monitor
opération in the_range 0.1 - 10 mg/kg was reliable and satisfactory (7).

The Nova_&cotié Research Foundation Corporation {MNSRFC)
constructed two monitors on the basis-of Michaud's design (but alsc
included a sample heat exchanger); tnesé monitors were equipved with
a General Monitors Model 2150 detector and have been operating et
successfully over the range 0.1~ 10 mg/kg at a -heavy water plant
since 1976. Due to its apparent simpiicity and ruggedness, this
monitor was tested and developed further at NSRFd toc lower its limit
of detection and determine its accuracy. An improved detector, the
General Monitors Model 2170, has replaced the Model 2150 detector
in ;he monitor. . |

Both the Crion and the NSRFC gas—stripping monitor were
tested extensively in the laberatory to determine their performance
at low H,S levels,_0.00l - 1 mg/kg. The operating principles and

the results of these tests are described in this report. Turther

testing and evaluation of hoth monitors is continuing in the



field at a heavy water plant.

Princinles of Operatinn

Orion Model 1516 Monitorx

in aqueous selutions, H:S 1s a weak aéid {(pKayr = 7, pKaz. = 14

(2)}; the quantity to be monitored is the total dissolved sulfide

[3125) [H8) + [BS8 ] + [87] o)

tot

but the potential of the sulfide-selective electrode, E;, responds
only to changes in the concentration of the $°7 ion
RT -

Ey = Byt - > 1D [527] ' 2]

- {where E;' is a constant (volts), R is the gas constant, T iz the
‘absolute temperature and F is the value of  the Faraday constant).

" Since [8%?7] is directly related to [H.8] at a given pH, the

tot
sulfide~selective electrode can be used to monitor changes in

’[st]fot' provided that the solution pH is known

RT [HQS]totKaIKag

e ; (3]

[H }° + Ka:[H ] + Ka1Ka:

The potential of a glass (pH) ‘¢lectrode, E;, is directly related

to the B’ concentrition in solution
Rlll

Ez-= E' + ‘-‘IT," in [H J‘ ’ .‘ !4]



{(where E,* is a constant (volis})). & pH 2lectrode can be used
as a reference electrode for the sulfide-sclective eleckrode in
the monitor, and the potential difference between these electrodes,

AE can be measured directly:

( )
t C[H28]
B = E;' - 2 1n { 5
’ Ka1 HESRES:
\ '1 b __.__:{_,__ $- ..._..._...:_..... ‘
SAE ] (H |? !

(where F;3;' is a constant (volts)).
Inserting the values of Kgi and K. and under the condition that

PH < 5, equation [5] becomes

AL = E;—\! = }—Z‘f,lx'i {’H,_S ; {6]

Thi:s the response of a monitor consisting of.a pH and a sulfide~

‘selective electrode depends only on [st]tot' provided tﬂdt the
sample is at pH < 5; furthermore,.the mocnitor s insensitive to
"PH changes (3).

The sample is acidified to pH < 5 in the'Mddél 1516 Monitor
via passive reageﬂt diffusion. A length of silicone rubber tubing
is immersed in concentrated acetic acid centaining:l mol/L
potassium dichromate, within a reagent diffusion bottle. Sanple
flows through the silicone tubing and is acidified by the acetic
acid vapour which permeates through the tubing walls. Any H;S
permeating from the sample into the acetic acid reservoir is

.oxidized by the dichromate solution, to prevent back~diffusion of



H28.

A schematic of the moniﬁor is pfesénted in Figure 1. The
sample stream passes throuah & pressura-regulator and flow-neter
before being diverted via a 3~way valve to the reagent diffusicn
bottle where it ic acidified.. 7The acidified sample flows to tho
measuring cell which contains the electrcdes and thermistor,‘and
then to drain. 7he voltage difference between the electrodes is
measured by the amplifier and displayed on the panel meter (4-
decade range) or on a recorder; the thermistor assembly automatically
compensates for sample temperature changes.

The monitor is desighed for field calibration: the 3-way
valve can divert the sample through an activated charcoal filter
to remove dissolved sulfide. This stfeam of purified water is
then used to dilute in situ standa;d sulfide solutions that are
injected just upstream of ﬁhe.réagmnt'diffusion bottle by a variable
speed syringe pump. %he sample flow-rate through the monitor is

of importance only in the calibration procedure.

Gas—Stripping Monitor

Tﬁe stripping procedure removes iny dissolved H,S5, but
by maintaining the salution.at pH < 5, the total dissolved sulfide
cdn be measured as H;S; the sample.is acidified by the use of an
air-C0; mixturc in the stripping process. The H,S—~in-air sensor
(Model\2170 H.S Scasor, General Monj tors Inc. {8)} consists of a
heated ceramic substrate covered with an H;S-sensitive send-

conductor coating; the conductivity of this coating is directly



propoxtionai to the log of the MH:S concenivation at its surface (8).
For minimum response and recovery times, tho sensors must be
heated and must operate with oxygen pregent; the sensor element
can ke "poisoned" by exposure ito cowmpounds containing fluorine,
chlorine, iodinz or bromine, glycol, silicone and lead (8).

A schematic of the monitor is shown in Figure 2. The
iﬁcoming sample is passed through a constant pressure differential
flow-meter, and into the_ top of a contacting column which is
.filled with pieces of glass tubing. H2S is stripped from the water
by the-counter—curfent flow of an air-C0O, mixture, and the water
flows out of the column, through a seal leg and then to drain.

The gas.stream carries the H,S to the HZS sensor leocated at the
top ©f the column, and then ogt the vent hdle. To minimize water
vapouyr condensatio;} on the éensor, the sensoxr housing (stainiess
‘steel) is heated.

The sensor signal is .amplified ahd passed through an antilog
converter. This linearized signal is displayed on a panei metex
{(2-decade 1inear range) or on a chart recorder. A temperature
.Compensator_corrects the analog signal for changes in the sample
tempurature from the calibration temperature. - Thé flow rates of
the sample, air and CO, streams must we regulated during operaticn
and calibration.

Field calibration procedures are similar to those used in
the Orion monitor: standard sulfide solutions injected by a
syringe pump are diluted in situ by the sawple stream that has

been passed through an activated charcoal filter.

-
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Experimental

The Orion monitor was tested as fogliows: distilled deilonized
water, deaerated overnight with N,, was pumped through the monitor
at room temperature (293 w'é98 K) by a peristaltic punp at 50 -
100 mL/min, to dilute in situ the standard sulfide solutions that
were injected inio the monitor by a Sage Model 355 syringe pump.
Monitor response to changes in the sulfide concéntration wés
determined either directiy by the 4-decade panel meter, from a
recordér trace of the meter output (0 - 5 V or 4 - 20 md) or

by measuring separately the voteritial of the clecctrodes {relative
to a-satufatcd calomel reference clectrode) on an Orion Modcl.80l
voltmeter. Orion Model 9 4-1.6A Sulfide'and‘Modﬁl 30-01 plf..
cloctrodes wére veed.

Due to the limited acidification Qapabilities of the acatic
acid diffusion system, sulfide standards prepared ib‘alka1ine
solutions contalning anti-oxidants (1) cannct be used directly:;
the excess base must either_be neﬁtralized.pridf to addition or
‘mu st be absent altogether. A stock 1000 mg/kg solution was
prepared daily from reageht'grade Na,S+*9H,;0 crystals dissolved in
deaeréted_water; more dilute standards were prepared immediatelf
before use by di.luticn with deacrated water in flasks puxrged
with Nz.

The monitor was also testea-at a heavy watex wilet plant at
CRNL. A sample of the pilot plant effluent was piped to the
monitor which was locatedloutdocrs in a heated weather-proof

cnclosure. CGrab samples of the effluent were collected just
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upstfeam of the monitor in Plexiglas flow éells; tﬁe dissolved
sulfide was stabilized by the addition of a cencentrated caustic-
hydrazine solution and its coﬁcentratioﬁ was measured by a’
sulfide ion-selective electrode (1).

The procedure for testing the_gas—étripping monitcr at NSRFC
was similar to that used for the Orion, except that the distilled
deicnized water was passed through an oxygen—réﬁoval cartridgé
and heated to 303 K in a glass-lined commercial water heater.

The water was pumped through the monitor at 300 mL/min to dilute
the standard sulfide solutions which were pre?ared and injected
aé described above for the’Orion system; the flow of compreésed
Iair and CO, into the contacting column was 100 rr.:L/m'in and

250 mL/min, J;espectively.l |

To calibrate the Model 2170 sensor, a standard sulfide
éolution eguivalent to the desireﬁ full-scale reading was passed
through the moniter, and the énalog output signal was adiusted to
20.0 £ 0.1 mA using the upper spah control. The sulfide
concentration was decreased-lb-fold; and the analog signal was
adjusted to 5.6 + 0.1 mA with the lower span control;
water . alone gave an analog output of 4.0 mA. Since the output of
the sensor has been linearizea by the antilog convertcr, the
anéiog_bﬁtput ranges from 4.2 - 5.6 mA ana 5.6 - 205mA for
concentratioﬁs corresponding.to.1~10% and 10-100% of full scale,
respectively.

The stripping efficiency of the monitor was determincd by

measuring the H:$ concentration both in the liquid and gas



effluents from the contacting coi:mn. Treatment and analysis of
the liguid gréb samples was as describgd For the Ofion system.

The ﬂigwgqncgnt{EEEQE_ip the'qirfcoz mixtura lcaving the column
via the vent hole Hqﬁ_mggguggg by an Ecolyzer Model 2000 analyzer
(Energetics Science, inc., EBimsforda, H.¥.), whicl: was calibrated
‘for the range 0 - 100 uL/L H;S8-in—-air. This analyzer
electrpchemically oxidizes the H, & to M;%0,, the electrolysis
current being direcily proportional to the H;S concentration in

the gas (10).

Results

Oric:. Monitor: TITab Tests

Monitor response to H-S COﬁcentrations in the range 0.00 -
1 mg/k¢ was of prinary impdrtahce and was studied extensively.
Initially, electronic problems were encountered due to faulty
thermistor leads and the monitor waé calibrated hy the direct

measurement of the electrode potentials. 4 plot of the resulitant

tot
slope of -30 mV/decade over the H:S range of = 0.01 - 10 mg/kg,

potential difference, AE, versus log [H;S] was linear with a
in agreement with the equation [6]. By applying great care to
tﬁe pfeparation and injection of dilute standards, the linear
response could be repeatedly extended to 0.005 mg/kg, Figure 3,
before negative deviations wore observed. The calibration was
checked by pumping large volumeé of batch standards directly

througl. the monitor: the observed and expected values differed
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hy 20% aﬁd 10% 22 the 0.005 mg/kg and 0.01L mg/ky levels
respectively. Calibration curves similar to Figure 3 were obtained
when the monitor response was determin%d eitner Irowm the panel
meter or recorder traces.

At a flow rate of 100 mi/min and a cohcentratioﬁ of 0.1 mg/kg,
the 20% respénse time of the monitox to step-function changes 1in
conqentration was = 1.5 min for decade increases and 3 -~ 5 min
for decéde decreases. The monitor was exposed to a 0.005 mg/kg

solution (via the in situ dilution of a sulfide standard) over a

6 h perxicd; the monitor reading of (.004 mg/kg varied by #6.0065 mg/kqg.

Monitor response was affected by the quality of the water used

for in situ dilution, and by the quality of the sulfide-electrode

used. Negative deviations from linear response began at = 0.1 ma/ky
ievels if deaerated distilled water {obtained from steam condancate)

was.usod instead of deaexated_distilledndeionized water. One
electrode which gave'negétive deviations to Nernstian rasponsa {(1l1)
at a sulfide concentration of 0.5 mg/kg in an alkaline-ascorbic
acid solution, alsd gave negative &eviations in the monitor at
levels < 0.1 mg/kg. |

In order for the monitor reéponse to bé insensitive to
changes in flow rate and pH, the acid diffusion system must beo
Capable of acidifyiné the éample to pil < 5 (equation [51Y. To
determine the upper limit of free base in a sample that could bhe
acidified, the pll of the deaerated distilled water was increased
by the addition of caustic;_monitor respoﬁge to a 0.1 mg/kq sulfide



solution was wnafiected if the sample was at pH < 10.7, but at
pH 10.9 the monitor indicated that the apparent sulfide level

was << 0.001 wmg/kg.

Pilot Plant Testis

Pilot plant operation was shut down every night and long term
testing of the monitor was nét possible; however . the field
'calibratiOn procedure. and monitor accuracy were testéd.

Treated and denerated river water, used as feed-water to
the pilot plant, was used to calibrate the mwonlitor daily by the
in situ dilution of the suifide standards. The reproducibility
_of'the calibration at l.b and-O.l mng/kg was. usually * 10%. The
effiuent from the pilot plant containedio.l - 1 ma/kg |
H»,S, although levels as high as 109 ﬁg/kg were encountered during
plant'starteup. By diverting the effluent sample through the
activated charcoal cartridée in the monitor, the Hzé level was
decreased to << 0.001 mg/kg. This "purified" effluent sample, after
being flushed through the charcoal filter for = 30 minutes, could bhe
used to calibrate the monitor; this latter calibration agreed within
£ 10% at the 1.0 and 0.1 mg/kg levels with the calibrations using the
deaerated feed water.

The accuracy of tﬁe nonitor was determined by analyzing grab
samples. For nmonitor readings of 0.75,.0.80, 0.035 and 0.013 mg/ky,
analvsis (single detérminatioqs of grab samples provided sulfide

values of 0.70, 0.80, 0.030 an@ 0.019 mg/ky respectively.



Gas-Stripping Monitor

The original monitors bullt in l??é_aﬁ NSRFC incorporated a
heat exchanger to control the sample temperatﬁre; the H;S
concentration was chserved to change by approximately 2%/K, over
the temperature range 288 -~ 343 X. To simplify the monitor, the
heat éxchanéer was replaced by a thérmistor assenhly which corrected
the analog output for changes in sanple tewperature. Using the
temperature compensation circuit, the mdnitor gave the following
response.ta a 0.50 mg/kg standard solution: 0.55 mg/kg from
288 - 298 X, 0.51 mg/kg from 298 - 328 K, while above 333 K it
gradually decreaéed to 0.45 mg/kg at 343 K.

A plot of the monitor analog output, in mhA, versus [H;S]

“leot
was linear over the concentration range 0.01 - 1.0 mi/kg {1 - 100%
full-~scale). Linear responsc over the range 0.C01 ~ 0.10 mg/ig

Icould also be obtained if the suliidc sgandards were prepared and
injected with great care. ZElectrometer drift was usually < 1%
per day; the instrument zero was checked -several- times per day.

The response time of the sensor dépendedcnxits previous
conditioning. The sensor became desensitized with time if H,S
was not present, and the respecnse time then was dependent on the
concentration of H,8 passed through the monitor, Table I.

zThe nonitor was expoéed to soluﬁions cf 1.0, 0.50, 0.30, 0.05,
G.01 and 0.002 mg/kg H2S for 4 - 6 h each; the analog output varied .
+ 2% to * 15% from 1.0 to 0.0l mg/kg respectively, while at 0.002

mg/kg, the reading varied * 70%.



Despité'the large diflerence in the mass flow rate of water
and air (300 and 0.3 g/min respectiveiy}, the monitor response wés
very- sensitive to changes in these flow rates, Figure 4. Inl
addition, detector response to a 0.5 mg/kg H:$ solution increased
by 125% (corrected for gas volume changes)} 1f only CQz was used
with no air flow. If at a constant CQ; flow rate the flow of air

was replaced by an 0,/N. mixture containing > 10% ©, (v/v), detector

_response was unaffected; however, the detector response increased hy

o0

0z {v/v)

oW

17%, 35% and 100% 1f the mixturce contained 5%, 1% and 0
respectively.

The CC,-injection system was capable of contrelling thé sample
to pH < 5, provided that the influent sample was at pl < 8.5. A
standard solution of 0.50'mg/kg 1,5, adjusted o pH 9.0, gave a
response of 0.42 mg/kg on the monitor.

‘The stripping efficiency of_fhe contactor column under the
given operating conditionélvaried slightly frﬁm column to column,
but was approximately 50% over the range 0.01 - 10 ng/kg H;S.'
Analysis of the H,S content of the influent sample and «f the
liguid and gas effluents from the contacting column showed that
‘H2S mass balance existed: influent saﬁple {300 mL/min) 0.2]1 my/kg
(monitor response), 0.19 ng/kg (eléctrode); liguid effluent, 0.094
mg/kg (electrode); gas effluént (260 nmL/min} 95 wWL/L H,S8-in-air =
0.11 mg/kg HzS-in-water.

To test the accuracy of the monitor, soluticns of unknown
concentration were passed through the m nitér; grab camples were

taken upstream of tihe contacting column and treated and analyzed
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as described for the Orion monitorx. For monitor readings of 0.95,
0.66, 0.46, 0.20 and 0.0L3 mg/ky Hgs._analysis {(in duplicate}) of
the grab Samplés vielded values cof O.qu 0.72, 0.44, 0.18 and
0.010 mg/kg HZS’ respectively,

The response of the solid-state sensor is claimed to be

directly proportional to log [H,S] (8). However, a General

tot
Monitors Model 2150 sensor that provides a direct analog output of
the senscr voltage {i.e. does nobt have an anti-log circuit) was
‘tested in the monitor and gave a non-linear relationship between

the voltage and log [H2S],_, at H»S levels < 1 mg/kg. The output

ot
voltage from the Caeneral Monitors Model 2170 sensor was measurcd
directly, by by-passing the anti-log converter circuit, and it

when expoéed to H;S-in—-air

varied linearly with log [HES]+0+

-

concentrations ranging from 10,000 pL/U to 1 yL/L. It is thus valid
to incorporate an anti-loy circuit in the Model 2170 detector.

Discussion

The determination of aqueous H;S by the gas-stripping monitor
is considerably more simple and direct than by othexr gas~stripping
procedures {6,12) because of tnhe sensor used. The Dictaphoné Model
710 H;S detector (13) operates on the same principles as the
General Monitors detector, ahd has been tested briefly in our
monitor; while its limit of detection is also = 0.001 mg/kg H,S,
‘its response time is considerably longer. Coated pliezoelectric

crystals have been developed as sensors for H:S-in-water (14)

and Hp;S-in-air (15}, but they are not particularly sensitive and
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have long response times (14,15); they 4o not appear to be
sufficiently developed at present for use in continuous monitors.

The role of oxygen in the functioning of the General Monitors
:ESQ?Ei_iS PE? c;ear: the increased response observed as the 6xygen
content in the stripping gas was decreascd to zZero does not appear
to be due to decreased H:;S oxidation as there is an Hp:S mass
balance across the contactor coiwnn. The sensor response also
jncréasés when only (0, is used in the stripping process. but
long-term sensor stability has nﬁt yet been studied under these
conditinns. The observed desensitization of the H,S sensor if it
has not been exposed to HiS for long periods may be related to
the unknown role of oxygen én SENsSOr perfoymance. These arcas and
im?rovements in the stripping efficiency are being investigated
further,

Sulfide electrodes will respond to free sulfide concentrations
{S:"] as low as qulg-mol/L in solutions well-buffered with
respect to sulfide (;g); such as acid H;S solutions where

[H28] > 10_? mol/L., This study shows that Nernstian response

tot

is obtained at free sulfide levels of = 2 x 10 %% mol/L under

conditions where sulfide~buffering is minimal, at levels of

[H2 8]

ot 2 x 1077 mol/L. This remarkable sensitivity of

properly functioning sulfide electrodes, ccupled with thelr wide
dynamic range of response, should make them exceedingly useful for
monitoring applications.

The Orion.reagent diffusion'system (g), coupled with the sulfide
electrode/glass eloctrode detection system (E),rappears to have

“eliminated many of the problems associatoed with using ion-selective
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electrodes in contiuocus monitors (1,17}. The maintenance
requirements of the monitor arxe very low due to the low consumption
rate of the acetic acid (approximdtelf}i L/aonth), the absence of
metering cumps and the insensitivity of the monitor responsé to
chances in sample flow rate. In addition, the analysis is
performed under acidic conditions where the rate of air oxidation
of H;S 1s very slow (L8); reducing agents are not added to the
solutidn and interference from the messurement of mixed potentials
(11) should also be minimal. The thermistor assembly corrects only
the Nernstian slope term of equation [6] for changes in tewmperature;
if maximum accuracy 1is réguired under conditions.of wide
temperatufe fluctuations, electrodes withlappropriate iso~potential
pdints may be required {;2). | i
Both moanitors appear suited 10r coinltinuous operation in
the field in various applicatiohs: they are simple and rugged in
cunstruction and are'simple to operate and calibrate; their
speeld cf respconse is cbmparab}e, as is their level of detection
(0.001 - 0.005 mg/kg). Calibration at concentrations lower than
this-level appears to be limited by the chemical problems’
assoclated with preparing and injecting dilufe sulfide standards
(possible oxidation, adcorption and precipitation reactions),
and not by any inherent 1iﬁitations of thé detectérs used.
There are some differences between these monitors. The gas-
cstripping monitor reqQuires constant liguid and gas flows;
fouling of the contactér colunn by dirty éamples alters the

stripping efficiency and thus the response. The Orion analyzer
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s insensitive to changes in flow, but oil accuwmulation on the

o

electrode surface may interfere with iﬁs quantitativé response {l}.
Water condensing on the H,8-in-air sensgf surface will result_in
sensor failure; the scnsor and its housing are heated to prevent
such co¢ndensation but loss of power during operation may result

in sensor fallure. Sulfide ion-selective cloctrodes can alse

(=

"fail" during use (1,11}, giving non-Nernstian behaviour at lew
‘1,8 concéntrations.

The Orion monitor is calibrated to span 4 decades of
concentration; its output varies linearly with log {st]tot
and thus the relative accufacy and precision of the cutputl signal
is constaﬁt-through all the concentration ranges. The General
Monitors Mocdel 2170 sensor output is converﬁed so that itivaries

~

and thus cnly 2 decades of concentration

linearly with [H.S]__.,

éan be moni+tored for a given calibration. The relative accuracy
and precision of the signal over the range 1 - 10% éf fuli-scale
is considerably poorer than that for 10 - 100% of full-scale;
removal of the anti-log converter circuit would eliminate this
problem.

The maximum concentration of basic species in the samples
{e.g. OH , C03?7, PO,>7) that each monitor can acidify and still
attain a pH <5 dependé on the monitor operating conditions. In
the gas-stripping monitor, the liguid and CO, flows ¢an be altered,
but the stripping efficiency may thereby be altered. In the Orion
nmonitor, the acetic acid diffusioh_can.be iﬁcreased by increasing
the length and decrcasing the thickness of the sdilicone tubing, or

decreasing the flow rata.
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The eméhasib in this program has toen to develop and evaluate
reliable field monitors for the range 0.00L - 1.0 mg/kg ;8.
NSKRFC has acquired considerable field dﬁta at a nheavy water plant
on the performance of gas-stripping monitors that respond over the-
range 0.1 - 10 mg/kg HzS, but this development program has greatly
improved their response. A comparison_of the field performance of
the O;ion monitor and the improved gas-stripping monitor is

presentlv underway at a heavy water plant.
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TABLE I. Gas-Stripping Monitor Response Times

H; S  Range Initial Response, min 90% ResponseT, min.
mg/kg Sensitized* Desensitized** Increcase Decrease
0.0l - 1.0 0.67 ‘1.0 2.5 3.0

0.001 ~ 0.10 0.50 2.5 - 4.0 5.0

* ,** Response to full~scalz concentration with sensor exposed to
H2S < 30 min prior to run, aud sensor not exposed to HyS for
previocus 72 h, respectively.

Response to 10-fold step changes in concentration.



Figure Captions

Figure 1 Schematic of Crion Model 1516 Monitor

Figure 2 Schematic of:gas~stripping monitor

Figure 3 Calibration response of Orion Model 1516 Monitor,
determined by the direct measurenment of electrode
patentials :

Figure 4 Effects of changes in flow rate on detector response
to a 0.50 myg/kg H,S solution in the gas-stripping
monitQr using a Ceneral Monitcrs Medel 2170 sensor:
e, sample; x, air; A, CO;.
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Tha incraaring aaad ts moriter gor and cil well., geothermal energy sources, sewage treatment

plants, poper milis, and other themicol treatment nrorerses geve impetus 3o the foviiopuea:
of a new clectrochemics! instrument for quantitative detection of H_S. This gas can urually

However, at high

“concardrations the serse of smell is deadened and poisoning of worers cen occur without
“warning. Many previously reporied methods for H, 5 detection ore limited by one or mure

of the following: inability 1o moniter continuously, necessity of chemica! reagents ar support
goses, lock of portability, and requiremant of av power.

This method described in this poper is based on electro'hemwal oxidation of H,S§ a ‘a
potential-controlied Tefion-bonded Hiffusicn electrode, Prehmmcry st ties dtmonslruwd high

.sensitivity, a lineor sigral-cencentration relztionthip, and good signal ond zera stability,

‘Theorelical aspscts of instrument respanse ure discussed in detoit along with experimenta!

data

Thy electrothemicol instrument exhibited mirimal temperoture dependence, rapid response

" to dangerous levels of hydrogen sulfide even after long periods of nonexpesure, ond recscnable

INTRODUCTION

freedom from interference from other guses, & battery operated, portable {4 kg (9 b)) insirument
wos constructed which can operate continunusly 8-10 b bafore re'cho.'ge becomes necessary.
This device greotly facilitotes.rapid inspection of field locotions for hydregen sultide emissions.
An o: powered sysiem wos ofso detigned far fixed site monitoring.

trial Hygienists for industriai exposure is ¢ ppm

Hydrogen sulfide is a malodorous and corresive gas
that causes severc cffects on the nervous sysiem
and has been responsible for plant damage and human
and animal deaths.'""® The threshold limiting vaiue
of the American Conference of Governmental indus-

* Submitied January, 1976,

H,S. Concentration bursts of the order of 200 ppm
can be expeilenced in oil drilling epevations. Unfortu-
nately the sense of smcll is rapidly deadened to
levcls of H,S in excess of 100 ppm.™ and workers
could -conciude that the H.S concentration has’

dropped to & safe point when in fact a lethal dosage
exists, :

ISA Transactions - Vol. 15, No. | 1
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Methods previously listed for H, S analysis inchide

methylene” blue colorimetry,® impregnated naper
tapes, M gas chrematography, potentiometry,' and
conductrimetry.”™ In general the above methods are
limited in application by one or more of the follawing:
inability 1o monitor continousiy, the necessity of
chemical reagents or support gases, and the require-
ment of ac powcr.

Recently a new method was briefly discussed™
for the quantitative analysis of [sul»-ppm) and high
{several hundred ppm) levels of H, 5 in air {or 1<,
The detection principte is based on !he electrochemical
oxidation of H,S to H,S0, 1 potentiostatied
Teflon-bonded diffusion clectrode. Initial experiments
demonstrated bhigh sensitivity, a lirear relztionship
between sensor signad and H, S concentration, and
signal and zero stability. In addition to those three
factors an instrument must have minimal dependence
of signal of temperature, be rapidlv responsive io
sudden dangevous concentrations of 1, S in air even
after extended periods of nonexposure to H,S, be
capable of continuous tracking of fluctvating H,S
levels, be reasonably free of interference from other
‘gases, and operate al low power to facilitale use

a porlable device. These fatter {ive performance
parameters. and a treatment of theoretical aspects
of the instrument response are examined in detail
in the p.n.st.m WK,

EXPERIMENTAL

The sensor consisted of three diffusion clectrodes
(sensing, counter, and reference) sealed onto a com-
mon housing containing 28% aqueous sulfisic acid.
During operation, air was passed in succession through
a pump, a flow control orifice, a rotamcter, and
the gas space on the back side of the sensing electrode.
A schematic tap-view cutaway of the sensor is shown
in Figure 1. The sensing electrode was potentiostaticd

at 4+ 1.45 V refative Lo the standard hydrogen clectiode,

Convendonal electronic circuitry was used for (a)

hanbing the sensing clectrode at a potentinal lixed

relative to the reference clectrade and [or {b) measure-
" ment of oxidation signals generated by H, 5. -

Rigd time curves were obtanied as foliows. Fist,
ZCIG air was dmwn irto the sensor at a fixed flow
rate to establish the background signal (usually a

-few pA). The background curreint was not sensitive

to air flow rate. Then a Mylar bag containing the
H,S test gus was aitached to (he pump inlake.
~Oxidation cuirents were recorded as a function of
time on a Hewlctt-Packard recorder at a chart speed
of 127 mm {5 in.) per minute until steady state was
rearched.

Oxidatica currents as a function of samplc gas
flow rate were obtained in a slightly different fashion.
Ordinarily, a flow rate of 760 ¢cm*/min is used in
routine analysis by this method and the maximem
Anstrument pump capacity is about twice this value.
In order to attain flow rates over the range 42-4540
cm?/min the instrument pump was by-passed and
the sample gas was fed to the flow control orifice
dircctly from a pressurized cylinder. Sigrais were
generally taken in order of increasing flow raie.
However, currents at lower flow rates could be
reprodrced and there was no evidence of any hvetera.
835 effect. Ylows ceuld be maimained lo 20.5% of
fuii scaie of the Matheson 602 and €03 rotameters.

Measurements ot the temperature variation of tha
instrument response were accomplished simply by
vlacing the entire insttument in an environmealal
chamber at 273, 254.35, 295, 2nd 3i3 K (held to
0.5 K) {5, 21.2, 22 and 40°C (held to =0.5°C)).

.S sampte gases 3.1, 8.1, and 153 pp-.n were
obtained from Mathescn, Airco, and Airco, r.spee-
tively. Interference gas mixtures were purch'\%cd from
one or the other of these two suppliers.
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DISCUSSION OF RESULTS

Response Time sfter Periods of Nonexposure to H4,$

A rcliable analyzer must give o rapid rcsponse
to sudden dangerous levels of H,S even after long
intervals with no exposure of the sensor to H,S.
The instrument response to 153 ppm H,S ut 22°C
was measured after repeated exposure and then after
2,6, 16 and 66 h of no exposure to H,S. Figure
2 shows, for example, that even afrer a 06 h period
65% and 90% of the steady state signals were reiached
in only 16 and 45 s, rcspectivclv I a sore realistic
warning level of 20 ppm H,S (i.e., 13%) has been
selected, the alurm would havc sounded iy 2-3 s,

- A measure of ihe reproducibility of the insirumsnt
response for the £33 ppm gas over the 4 day test
cycle is given as follows. The average signal tn the
five separate {ests was 0.595 V as measured from
ihe recorder terminals oo the chassis. The standard
deviation was 20.0067 V or *x1.1% of the average
reading.

10 !

-

%, SO

|

RESPONSE

i A 1, L. A J. d

0 c 20 30 A0 30 &l 0
TiME SINCE LAST EXPOSURE HRS,

Figure 2. Time (s} to rcach o tpecified 36 attainment of sieady
state signal at 22°C for 153 ppm H,5 vs time period (h} since

previoys exposure of sensar to. H,5: (a) 13%, (b} 65%, (<} 90%, °

{d) 95%.

Theoretical Response os o Junction of Operction
Parameters

The current § generated (before amplification) in
the sensor due to a_reactive gas of concentration
n and molar volume V is given byt

G

Bl

stea
greachzs » maximum value ( Yoat high -2

f(()(i —_ e—(l:—-l\)u-hl.,fc) "(l).

where i the number of electronsin the stoichiometric
equaiion, F 5 the Faraday constant, A is a respunse
time constant arisitg from the solution of the continuity
cquatien. kis the ovcrul] rate constant for the electrode
aracess, and w, fi,and L, respectively, ace the width,
height,tand .mz,l of the gas puthway in the coll.
Time is reckoned from the poist at which the signal
is first distinguishable from the bascline reading. The
term f(t) vepresents the increase of (he instrument
signal from zero to the slcudy state value for a
{ixed H,S concentration and a Tied sample sample

flow rate.

For any response order of signal increase from

' baseline, f{1) =0 at ¢ =0 and f{4) =1 as f-» =

It .5 evident then that the steady state (i) is related
to § as folinws:

= (" f(1) (2)

-For a first order response, f(t) =1 — ¢~ A sccond

order response has fit) = )\/\ + Ad )fm which Eqgua-

‘tion (2) can be rewritten 2

— =+ 3)

From LEquaticn (1), the dy statc cuireat ap-

ates;

. lim 2 zFuth(k___ - 1) : _
s .. . G]_]H: ig== ! ‘? Rt N {4)

¢

", Under this condition the rate coefficient becomes

independent of gas flow rate. .t is thus realistic
to separaie the overall rate cocfficient inlo two
contributions, one of which varies with flow raje
(kg and the other being &k

(I
—-—:-—-——4-:—— . 5
ko ky ke (

et

" Response Order for H,5

In this set of measurements the sensor was exposed
to 8.1 ppm H,S for several minutes and then time
was allowed for ihe signal to return to the baseline.
Subsequently i-i curves were recorded for six gas
flow rates in the range 110-4540 cm?®/min. The data
for each curve were fitted to Eauation (37 for 3
= 1= 10s) by means of east squares hines. Calenlated

A values and zero intercepts are listed in Table 1.

Itis evident that X is cssentially independent of
flow rate, and an average value of 0.32 s—' is uscd
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© TABLE !
cefficiert A ane Zero kntercept from
! Equation (3) for 8.1 pprm H, 5 ot Verisus Sample Ges
Flow Rates

Response

Zero ntereepi

Flowrate, Response coefficient, A

{cm?/min) (s7") (dimensionlest)
1o 0.29 0.%
256 0.30 0.93
1160 0.35 06.90
2210 0.38 0.90
3030 - 0.32 0.y
4549 0.32 0.9

in other caleulations. The zero intercepts are all close
to unity {lhesreticaty, wnd the small discrepancies
#éé aflribured io the rapidiv chasping vaiue of recipro-
¢al time near ¢ = ¢, {5 contradistinciion to the first
order kinetics observed for the eiectmoxidaiim of
CO,M” the electro-oxidation of H,3 during the ap-

proach to steady state proceeds hy a sec:ﬂr'd order
reaction.

Instrument Signal vs Gas Flow Rate

Figure 3 shows that in accordance with Eguation
(4) i, increased with increasing G to a maximum
value, In the present case i,, was taken as 375 wA.
Aoy 2= (0,12 S":; Fm R % 96560 C = .1 1
HeB, = 24308 e /mol, and whL - 0.3}
”rom diract meast.rem"n') From these nare
k, =500 s™' was computed. Finally,
indicated in Figur. 4, were calculated at cach flow
rate using i, — G data (Figure 3) in conjunction with
Equations (1) and (5). At G =285 cm*/min, 1/%,
and 1/ks; make equal contributions to the overall
resistance tn mass-charge transfer, 1/k. Moreover,
ks was found to be nearly directly proporticnal to

.ﬂq‘J ’
ameters
k and [,

400

1 "

Figure 6. Loy, rate confficients far oxidatinn of
221°C vs iog o tample gas flow rate: k. = Hlow vole independent
partion of avercll raia eoctficien?, k, = {low rate depandant partion
of averall rate costficient, k = overall rate coefiivient, & in tm? /min;
k. ko, and kins b,

.1 ppm H.$§ of

{low rate, increasing as G%%. The overal! coefficien
X raust, ol Coursc, approach the value of &, asy ...pou--
cally at high flavw rotes
In a nractical instrument it is ncither necessary
nor desirable to operate at hiph flow rates where
di, /dG = Q for the following reasons: since the fiow
rate can be controlled at 700 cm?®/min {for exampie}
to better than +30 ¢m®/min, power requircinents
. for the air pump increase with increasing flow rate;
if a filter is required to scrub potential interference
_ Bases, the filter iifetime is inversely proportional to

i Figure 3. Steady siote signal (jtd) for 8.5 ppm H,$ vs sompla gas

, Hlaw rote (iiters /min) at 22°C. 8 Matheron 60.{ tHowmeter; |-}

| Matheson 603 -Flowtaster,

-
e :
G LTERS JMn
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fiow rate.. Al faclers considered, O = 70D ¢’ fimia
was selected as optimum for a poriable insirumeant.

Instrumeont Responte to Variable B, 6 Concontration

So far only the response at constant H, S fevels
has been discussed, bui in practice the sensor wili
be subjected to a fluctuating concentration, Equation
“(3) rewritten in differential form is

di )
= (i = i)

(6)
di

Note that di/dt <0 for i> i, and vice versa. The
stcady state current signal for a given sample eas
flow rate is. directly proportional to H,3 concentra-
tion.® That is, i, = Bn. Using i, Tor 8.1 ppm H.S

from Figure 3 at 700 cm?/min, §§ = 30.9 pnA/ppm

H,S. Repiacement of i, in Equation (6} by 8n yieids
an expression that gives instrument signal [in terms
of time t and instantzncous H,S concentration .
If nis known as a function of timz then iis given
as a function of time only. The a paramcter for
the present case is a true second order response
cocificient and was computed to be 0.00128 pA-!
57 by division of A = 0.32 s 7! by i, = 250 pA.

It is experime ataliy difficult to generate a known,
rapidly changing periodic H, S conceniration like one
experienced in piact -2, For fhis roanoii the toilowing
arbitrary concentration cycle was selected for ticorei-
ical caleulations of instrument response over a pericd
of 21080 . _ ; co ¢

‘ . i_ln(ppm H,S) ——I-S(l + COS i%.; . .f‘?)
At t <0, the sensor signal { is presumed to be zero.
For 0 = ¢ =210 5, H,S gas is hypothetically intro-
duced to the instrument at 700 cm/min according
to Eqguation (7). Combination of Equations (6) and
(7) gives

L di

_—= g

["-< (14 ?1'1\]2 8
,al PmRIree gl @

EJq'uation {8) was sotved for { as a function of

¢ by the modified Euler techuique® for o = 0.00128 .

pA~Y st and also for o = 0.000128 pA-t 5!
Intervals of Af were chosen such that convergence
of i values was obtained te [ part in 10000 with

less than 10 iterations at each point. Figure 5 (curve

a) shows Bn vs 1, Le., the resporse curve for zp
imstantaneously responding sensor. Figure S (curve
b) represents the calculated response of the seasor

'
3281

Figure 5. Colcuiated responre urves T(1LA} v 1(sec) for H,% con-
centsation varying accerding 1o Equation (7}. (@) @ = > (instontarcout
teapoam), thl o = Q00128 pA~" 2=%, (e} o « DONIIZR ph ™' o 7Y,

discussed in this paper. Finaily, Figure 5 (curve c)
indicates the computed behavior of 2 much more

I . .
slowly responding instrument.

Several conciusions were drawn from the above

" analysis. First, the sensor described in this work
" will foliow concentration fluctuations faithfuily. Afiar
. an inttied period of about 30 s, the i-f curve (Fieure

48h) has =2ttained 2 constont pericdicily withe masima
and minima lagoing those of Figure Sa by only aboud

. 10 &, For a slower response (Figure 5¢) the i-¢ proflile

would be flatter with maxima enly about one-half
the magnitude of Fipure Sa. A low response will

. give an inadequate assesemeni of actual periodic
. dangerous H,S levels. Secondly, it is evident that

errors in the time averaged signal will increass as

; the anvtrunient response cocfficient decreascs. This

is an important consideration in continucus meniloring

of H, S levels. For example, the time averazned signal

for Figure 3t was 96%:of that for Figure 5a whereas
_for Figure Sc it was only 84%.

* nstrument Response as u Yunciion of Temperature

Two performances paramelers may be temperature
dependent: the steady state signal itseif and the rate
.of approach of the instrumeat signal to the steady
state value. Response curves were obtained for a
3.1 ppm H,S sample gas at 5, 21.2, 22, and 40°C.
It each test the sensor had not been exposed to
E,Sfor24h, '

in the first case no appreciable variation of steady
signal with change in temperaiure was obscrved, The

©ostundard deviation ef the sipnals, ie., at the various

temperatures, from their average only amounted 1o
-=3.5%. The signals at 21.2 and 22°C were shightly
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higher than those at 5 and 40°C. No clectronic
compensation wa$ required 10 achieve ithis relative
tempcerature inscensitivity.

The reasons for the minimal temperature depen-
dence of i, are not fully understood. Many steps
are involved in the ¢lectro-oxidation of H, S inclnding
dissolution in the porous membrane, dissolution in
the electrolyte in the pores, diffusion to the eiecirode
surface, adsorption on the clectrode surface, and
a series of clectrochemical reactions. The sclubility
of H,S in the electrolyte and the exteznt of adsorption
on the electrode surface toth will decrease as the
temperature is raised. These factors apparently act

to offset any enhancement of the clectrochemical

reactions by increasinz thestempcraiure,

In contrast, the vaie of approach 1o the steady
state signal did exhibit sn Arrhenius temperature
dependence for the first sample of gas passed into
the instrument after 24 h of acnexposure to H, S,
The time to rcach a specified percentage of the
steady state signal t., was chosen as a suwitable
Kinetic parameter. In Figure 6, In(t,,) is plotted

b5
&b
14
-
=
S5
%0 1 1 . d L 2 2, 4‘,0
ao =4 a2 A% 24 a5 -7} 37

10371

Fgure &, Arrhenius plots for oxidation of 3.3 ppm H, S efter 24 h

of monexposure 1o H,S. In {resgonse time, 1a¢} vs 1000/T{Q for
75%, $0%, and 3% abainmant of tteady state signal.

vs the recipracai of absolute temperature for a = 75%,
90%, and 95%, respectively. From the slopes of
the three least squares lines an average activation
energy of 3.3 £ 0.1 kcal/mol was computed, which
is typical for diffusion of gases in water, (12
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Seloctivity of Sensor toward Hydregen Sulfide

In addition to yiclding a stable, reproducible e:gnal
t for a particular poliutant gas an ipstrument must
minimize responses to other constituents of the.
" sample. Two principal methods are availabie for tis
purpouls: optiraication of operating parameters such
as sensing electrode potential or utilization of a
selective gas filter. The latter approach hag been
- used successfully for CO, NQ,, and NO analysis®'"
but care must be taken to ensure long filter life
for a variety of samplc conditions.
. The following gave no response at the indicated
Jlevel using no filter: CO, (3000 prm), CH, (9570),
C,oH, (15 ppra), (CH,).S8 (1 ppny), and COS (22
L p; m). Another scries of gases wa- aiso tesled withoiut
.a filter, and these gascs gave r signal cquivaleni
to less than t ppm at the following concentrations:
227 ppm C,H,. 7 ppm .NO, 25 ppm NQO,, 7 ppm
S0,. 2060 ppm O, and 3 prm CH,SH. Thus signals
"due to interferents is sufficiently low to climinate
" tire need for a filter in the instrument.

Instrument Povear Requiremanis

A characteristic of this electrochemical technique
‘ts that on'y very {:w power is needed Jor operation.
"The clectronic circuitry requires epproximately 30

at\V aud hence can be operated frem <O si.0 Ni/Cd
batteries for several days The pump battery reatirse
300 mW and 8-1{} h operation can be achieved with
one “D' size Ni/Cd battery. This technoiogy has
been used to design batiery operated, poriable instru-
.anents that are as accurate as the ac operated version.

"REFERENCES

i, McCabe, L. C. and Clayion, G. D. 1952. “Air Pollution
by Hydragen Sulfide in Poza Rica, Mexico. ' A.M.A. Archives
Ing. Ilyg: Cecup. Med. 6:199.

. 2. Canter, L. W. 1974. *“'Hydrogen Sulfide and Qther Reduced

. Forms of Sullur.™ In Enviranmenta! Engincer's liandbook,

¢ B. G. Lipak, Editor. Val. 2 (Air Pollution), pp. 176-181.

+ Radnor, Pennsylvania: Chiltons Book Comipany.

3. “'Gas Weli Fumes Kitl 1, Hort 4 in Wyoming."" 1975. November

¢ 18 p. 60, The New York Daily News (Three Stor Final City

i Edition).

4. Jacobs, M. B. 1949. The Anolstical Chanistry of Industrici

) Poisans, Hazards and Solvents, 2nd ed. tew York: lnterscience.

5. Lao, R, C. C. 1974. **Aunalytical Technigues in Air Pollution
Detection.” tn Ref. 2, . 316,
.6, Lzo, R. C. C., Dubois, L., and Monkman, J. L. 1974.
“Analyzers, Existing and New Ones.** Tn Ref. 2, p. 337,

i 7. Nawsch, D. 15, S, Sewell. §, R., and Fanner. R, L. 1974,

. Determinatiun of Hydrogen Sulfide in Air—An Assessment

_of Impregnated Paper Tune Methods.™ Anal. Chew. 46416,

8. Sedfak. . M. and Plurton, K. F. 1976 (in press), *Elecieo-
chemical Analysis of Hydregzen Sulphide in Ade.™ Taluta,

9. Bay, H. ., Dlurton, K. F., Lich. M. C., and Dswin, H.
G 1972, “Electrochiemicat Measurement of Carbon Monoxigle, "
An, Lab. 4(7):57.



. Bay. H. W, Blurton, X, ¥, Sedlak, J. M.,

and Yuleniine,
A. M. 1974, “Eieccrochemical Techniguz for the Mannvremont
of Carbon Monaxide.”” Anal. Chen. 26: 1837,

. Margenau, H. and Murpby, G. M. 1856, The AMeathenatics

of Phivsics and Chemistry, 2nd ed. Wew York: T2 Van Nostrand,

. Wise, D. L. andt Houghton, G. 1966, < The Diffusion Coefficients

10, Packer. C. D, 1975,

CLESM-99-73-5 (T.C. No. 7.

of Ton Slightly Soluble Gases in Water at 10-60°C."" Chem.
Fopr. S, 31090, . )
“Evalugtion of Portable Direct-Reading
NO-NQ, Meters' Research Triangle Park: U.S. Departmam
of Health, Education and Wellare. Final Report Contract Na.

1SA Transactions - Vol is. No. 1 7



