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1. INTRODUCCION' ‘

En el informe PQ/Q/FQ-45 se describió la construcción 
de un aparato para la medición de sulfuro de hidrógeno en 
efluentes líquidos en el ámbito de 0,1-100 ppM (yl.l ^).
Este se basa en la extracción, en una coliamna de vidrio, re­
llena de bolitas del mismo material, del sulfuro de hidróge­
no disuelto por medio de una corriente de aire en la cual se 
mide su concentración con un detector en fase gaseosa.

En el trabajo citado se mencionó que 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 próximas a los puntos de 
calibración del instrumento.

*
Al no hallar restos de sulfuro de hidrógeno en el líqui­

do de salida de la columna' puede suponerse que se ha produ­
cido extracción completa del sulfuro de riidrógeno, aunque 
también es posible que una parte del sulfuro de hidrógeno su­
friera una reacción química (por ejemplo oxidación)> dentro 
de la columna o en el aire húmedo antes de llegar al detector,

De esta manera solo se podía confiar en la calibración 
del instrumento con soluciones patrón, en vez de emplear 
los procedimientos normales de calibración mediante patrones 
gaseosos, procedimientos que presentan la ventaja de su rapi­
dez y sencillez. ,

Actualmente se dispone de otros dos medidores de sulfuro 
de hidrógeno en aire. Uno de ellos es un"General Monitor" mo­
delo 2170, basado en el mismo principio que e.l "Dictaphon" . 
910, es decir, un semiconductor depositado sobre una cerámica
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cuya conductividad es proporcional al logaritmo de la concen­
tración de sulfuro de hidróf^eno, cnn un circuito antilog que 
transforma la señal en lineal. El otro instrumento disponible 
es un medidor "Ecolyzer" serie 2000, fabricado por ENERGETIC 
SCIENCE; en este instrumento el aire a analizar es succiona­
do (700 ml/min) por una pequeña bomba y circula por una celda 
electrolítica, donde mediante un ele.ctrodo a potencial contro­
lado, el sulfuro de hidrogeno es oxidado según ,1a ecuación:

H2S + 4 H2O ----^   ̂  ̂ ■

La corriente producida en la oxidación que se mide con 
respecto a un electrodo de referencia, es proporcional a la 
concentración de sulfuro de hidrógeno.

Con estos dos nuevos instrumentos se repitió el trabajo 
anterior, a fin de determinar si alguno de ellos es más conve­
niente que el empleado en aquella oportunidad.

Debido a la similitud de los. procedimientos empleados 
recomendamos la lectura previa del informe PQ/Q/FQ-45.

2. PARTE EXPERIMENTAL '

La comprobación de funcionamiento de los dos medidores 
se realizó en forma simultánea, conectando ambos a la columna 
de extracción. Debido a que el medidor "Ecolyzer" toma 700 mi 
de aire por minuto las experiencias se realizaron con flujos 
de este gas no menores de 900 ml/min, a fin de qüe quedase 
un exceso para permitir la renovación en el sensor del otro 
detector.
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2.1. Calibración de detectores

2.1.1. Detector General Monitors 2170

La calibración de este detector según el pro­
cedimiento recomendado por el fabricante se reali­
zó mediante ampollas suministradas por el mismo. 
Estas se rompen en un recipiente adosado al detec­
tor y producen una concentración de sulfuro de 
hidrógeno conocida. En primer término se emplea 
una ampolxa que proporcione una concentración co­
rrespondiente al máximo de la escala del instru­
mento empleado, en nuestro caso 50 yl.l  ̂ .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
bración. A"*continuación se realiza el mismo pro­
cedimiento con una ampolla correspondiente al 20 ' 
del máximo de la escala (10 yl.l ^),•realizándo­
se el ajuste necesario con el' tornillo de ajuste 
de esta parte de la escala. La comprobación final 
de calibración se realizará con una ampolla co­
rrespondiente al valor medio de la escala; de la
misma manera se realizarán en forma esporádica,i
las cpmprobaciones de rutina.'

2.1.2. Detector "Ecolyzer"

La calibración se realizó en este caso lie- . 
nando una bolsa de plástico de aproximadamente 
dos litros, con patrones de sulfuro de hidrógeno
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contenidos en cilindros a presión, de una concen­
tración correspc^ndientü al máximo de la escala del 
instrumento. La bolsa de plástico se adosa al pi­
co de la toma de aire del instrumento y luego de 
esperar la estabilización se re?Jiza el ajuste co­
rrespondiente. El ajuste de cero del instrumento 
se realiza previamente mientras se succiona aire 
libre de sulfuro de hidrógeno.

2.2. Medición de soluciones patrón

Luego de calibrados los instrumentos y adosados és­
tos a la columna de extracción, se hicieron circular so­
luciones de sulfuro de sodio de concen­
tración conocida, junto con la solución de acidificación 
y la contracorriente de aire en las proporciones adecua­
das .

En las Figs. 1 y 2 se observan las respuestas del 
detector "Ecolyzer" frente a concentraciones variables 
de sulfuro.de hidrógeno, en la primera con relaciones 
de flujo-airé-líquido de 720: 1 y en la segunda con re­
lación de 72:1, que permite la determinación de menores

• concentraciones.

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

Se observa que arabos instrumentos presentan una -exce­
lente linealidad en la respuesta, que los hace adecuados

• para este tipo de mediciones.

La correspondencia entre la concentración de las 
soluciones patrón y los valores con los instrumentos de
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medición, ambos calibrados con soluciones gaseosas, in­
dica que la extracción‘Mel sulf uro de hidrógeno es com­
pleta, asimismo no se observa oxidación del mismo en es­
te proceso, dentro de la exactitud de las medidas reali­
zadas.

2.3. 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 hidrógeno. A los tiempos indica­
dos deben descontarse 30 s,; tiempo que tarda la muestra 
en llegar a la columna bajo las condiciones experimenta­
les empleadas. Este tiempo puede reducirse disminuyendo 
la longitud de los tubos o cuando se emplean flujos de 
líquidos mayores.

Resulta evidente que el tiempo requerido para lle­
gar a una indicación estable de concentración de sulfu­
ro de hidrógeno para cualquiera de las concentraciones 
ensayadas es mucho menor en el detector "Ecolyzer" que 
en el "General Monitor".

En cuanto a la desaparición de la señal al interrum­
pir el flujo de sulfuro de hidrógeno, las diferencias 
entre ambos detectores se hacen menos notables.

En otras pruebas realizadas con el detector "Ecolyzej 
se desconectó la bomba que succiona el aire a analizar 
y éste se hizo circular aprovechando la presión a la sa­
lida de la columna de extracción, dejando escapar el ex­
ceso sobre los 700 ml/min necesarios para su funciona­
miento , por vina válvula colocada en el extremo superior



de la columna. Esta modificación no afectó el funciona­
miento del equipo, pudiéndose en consecuencia prescin,-, 
dir de la bomba la que solamente se reconecta en el mo­
mento de realizar la calibración.

2.4. Ensayo de la acidificación

Otra prueba realizada fue la siistitución de la acidi­
ficación-con solución de ácido sulfúrico al 0,05 % por 
acidificación con dióxido de carbono. Cua..do se emplean 
soluciones de sulfuro de hidrógeno en agua destilada 
y relaciones de flujo-gas: líquido de 720:1 ó 72:1, la 
eficiencia de la columna es tal que la extracción es 
completa empleando solamente aire. Cuando se emplean so­
luciones de sulfuro de sodio preparadas en agua destila­
da sin alcai3iiizar, ía eficiencia de extr¿íccicn da la co­
lumna se reduce a un 25 % del original si se emplea só­
lo aire; el agregado de dióxido de carbono en una concen­
tración del orden del 10 % es suficiente para que la ex­
tracción sea total. Por otra parte se comprobó que el 
empleo de esta mezcla de dióxido de carbono y aire no 
produce interferencia alguna con los dos detectores em­
pleados .

2.5. Estabilidad

Se realizaron asimismo algunas pruebas de estabili­
dad de la calibración de los instrumentos.

En el caso del medidor "Ecolyzer" se realizó una 
comprobación de la calibración semanalmente, durante un
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período de 4 0 días; el equipo fue puesto a funcionar 
solamente durante el tíiempo de la calibración para evi­
tar el funcionamiento de la bomba del instrumento duran­
te un largo período.

Se empleó en la calibración y en las verificaciones
^  -1semanales el patrón de 23 ul.l Las_diferencias obser­

vada:
5 %.
vadas no excedieron 1 yl.l , es decir, del orden del

En cuanto al detector "General Monit;.r" la compro­
bación se realizó con los dos detectores de este tipo 
disponib-Vesf manteniéndolos en funcionamiento continuo 
durante 45 días, realizándose controles de calibración 
semanales.

En este caso también las diferencias no excedieron 
del 5 % de los valores correspondientes, durante este 
período.
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Ambos detectores ensayados, el "Ecolyzer" serie 2 000 y 
el. "General Monitor" 2170, pueden ser empleados, como instru­
mentos confiables para la medición de sulfuro de hidrógeno 
en efluentes líquidos, en la fo2:ma indicada.

Si estos detectores son empleados para el comando en 
forma automática de bombas u otro dispositivo de seguridad, 
la mayor velocidad de respuesta del "Ecolyzer" lo hará en ge­
neral más apropiado.

En caso dé tener que operar en la intemperie, o en con­
diciones parecidas, el detector "Ecolyzer" serie 2000 deberá 
ser reemplazado por este mismo tipo de detector de la serie 
3000 ó 34 00, previsto para estas circunstancias de uso.

Las bombas peristálticas que hemos empleado en las ex­
periencias de laboratorio pueden ser sustituidas en planta 
por un sistema de regulación de presión y caudalímetro, en 
el caso de la m.uestra; la'acidificación puede realizarse m.e- 
diante el empleo de una mezcla de dióxido de carbono al 10 % 
en aire en la columna de extracción.

De esta manera se eliminan todas las partes móviles, que 
pueden prestar inconvenientes en instrumentos de medición con­
tinua .

En cuanto a los materiales de construcción se cree conve­
niente, para el uso de la planta, substituir la columna de 
vidrio por una de acero inoxidable o plástico para hacerla 
más resistente.
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La ubicación de este 'instrumento deberá ser lo más próxi­
ma posible al punto de toma^de muestra, a fin de evitar demo­
ras en la detección.

Este,instrumento ha sido estudiado específicamente para 
la detección de sulfuro de hidrógeno en efluentes, aunque con 
algunas modificaciones, que deberán estudiarse en cada caso# 
podría aplicarse en otrop lugares de la planta donde fuese ne­
cesaria la medición continua de este gas.
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A N E X O S

Se incluyen como Anexos las siguientes publicaciones:

ANEXO I. Performance Characteristics of an Electrochemical
Hydrogen Sulfide Analyzer. Se describen las caracte­
rísticas del sensor empleado en el analizador "Ecolyzcr'

ANEXO II.H2S in Water Monitors:"Comparisson of sulfide-selective 
electrode and ^^as-stripping systeras" . Se comparan un 
sistema de detector similar al aquí descripto con un 
detector "Orion" modelo 1516 basado en el empleo de un 
electrodo específico y un electrodo de pH para la medi­
ción directa de sulfuro de hidrogeno en efluentes.
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Relación de flujo gas-líquido; 720:1
Detector: ECOLYZER
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FIGURA 2

G : O N C E Ñ T  R A C I O N  (K^S)

Relación de flujo gas-líquido: 72:1
Detector: ECOLYZER
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A: General Monitor
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Tiempos de respuesta de detectores ECOLIZER Y GENERAL MONITOR

•: Ecolyz^r 
A: General Monitor
t: 7,0 minutos se interrumpe pasaje de sulfuro de hidrógeno
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" , Abstract

A coiijnercial prototype monitor / v;here a sulfide-selective • 
electrode/glass electrode system detecta H2S in a saraple acidified 
to pH  ̂ 5 by a reagent diffusión system, is comparec to a monitor 
V7here a solid-state H2S-in-air sensor detecta H 2S stripped from 
the sample by an air/COa mixture. Both ínonitors are designed, and

I

appear suited, for field use; they are rugged, simple to operate, 
inaintain and calíbrate. Their detection limit is £ 0.0C5 mg/kg; 
calibration at lower levels appears limited. by problems associated 
with using dilute air~sensitive s-tandards, not by the detectors 
themselves. '
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H?S-IN-WATER MONITCRS - COM'-’ARISON OF SULFIDE- 
SELECTIVE ELECTRODE AND CAS-STEIPPING SYSTEMS

I Principies and¿Lab Tests

Heavy water is produced in Ganada by the Girdler-Sulfide 
process which utilizes the bithermai isotopic exchange between 
count'er-current flows of wate^r and H 2S gas. Continiious H2 S-in-wa ter 
monitors that have a v/ide range of response are requiretí in these 
plants; I-I2S levcls as low as 0. 005 rag/kg must be detected to 
determii'ie leaks (in process steam condénsate or coo3.ing v;ater) or 
to monitor the total H 2S released to the environment. 'wli.il íí for . 
process ■ control the range of Ínterest is 0-1 -- 10 0 ing/kg. To 
rninimize response tiñe ¿ind cost, the monitors must be located in 
the fieid, thexeby requiring not on̂ Ly Liiat they operíito within tie 
extremes of the Canadian climate ivith reliability ¿ind accuracy but 
also that they be simple to operate, calíbrate and maintain.

A previous monitor based on a sulfide-selective electrode
operated reliably and accurately in a laboratdry environment; the
largest obstacle to its field use was sample conditioning: large
volujn.e.s of concentreited caustic ísolution had to be kept freo of
dissoIved oxygen and mixed .víith the sample at 01 knov;n flov; ratio (1 )
"Passive rea gen t di f fusión", devoJopod by Orion ]̂ :!;,;oarc}i Inc. (2),•f
coupled with an ion-selective electrode/glass-electrodc? detection 
system (̂ ) appears to be ideal for field monitors; it eliminates 
the need for roagont pumps, does not consume largr; voluines. of ro — 
agent and is insensitivo to changes in the samp3.e/rcagent floví ratio.
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This approacli has been utilÍ2:eá in tne Orion Model 1511 Soclium 
Monitor ' (4); a prototype S-in--water monitor (Orion Model 1516), 
also utilizing this approach and essentially the same hardware 
as the Sodium Monitor, was purchased from Orion and testad at the 
Chalk River Nuclear■Laboratories (CRNL).

An alternate approach in monitoring is to strip H2S from tlie 
liquid sample with air and to measure the HaS-in-air concentration 
using impregnated paper tapes (S) or other instrumental techniques 
{£) ; however, experience at the heax'Y v/ater plants with the paper 
tape instjuuments has been unfavourable. Michaud (7) designed and 
developed a prototype monitor that detected the H2S, stripped by 
an air/COz 'mixture, with a solid-state HaS-in-air sensor (8 ); monitor 
operation in the range 0.1 - 10 mg/kg was reliable and satisfactory (2 ) 

The Nova Scoti.a Research Foundation Corporation (NSRFC)
A

constructed two monitors on the basis-of Michaud's design (but aJ.so 
included a sample heat exchanger); tnese monitors were equipped with 
a General Monitors Model 2150 detector and have been operating 
successfully over the range 0.1 - 10 mg/kg at a-heavy water plant 
since 1976. Due to its apparent simplicity and ruggedness, this 
monitor was tested and developed further at NSRFC to lower its limit 
of detection and determine its accuracy. An improved detector', the 
General Monitors Model 2170, has replaced the Model 2150 detector 
in the monitor.

Both the Orion and the NSRFC gas~stripping monitor v;ere 
tested extensively in the laboratory to determine their performance 
át low H2S levels, 0 .001 - 1 mg/kg. _ The operating principies and 
the results of these tests are described in this roport. Further 
testing and evaluation of both monitors is continuing in the
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field at a heavy water p.Lant. ■

■Principies of Operation

Orion Hodel 1516 Monitor

In aqueoüs solutions, HaS is a weak acid (pKa: - 7, pKa?. • 14 
{̂ ) ) ; the quantity to be rnonitóred is the total dissolved sulfide

= [H2S] + [HS“] -i- [S^"] [1]

but the poten’cial of the sulfide-selective electrode, Ei, responds 
only to changes in the concentratj.on of tiie ion

= El' ■- II In [3^"] [2 ]

(where Ei ' is a constant (volts),- R is the gas constant, ’l’ is the 
absoluta temperature and F is the valué of the Faraday constant). 
Since [Ŝ  ] is directly related to at a given pH, the
sulfide-selective electrode can be used to monitor changes dn 

provided that the solution pK is 'known

prp [ H z S ]  K a i K a s
E, = - fl In — ------ E ? - V -----------  [3]

[H+1^ + Ka,[H"] + KaiKa,

The potential of a glass (pH).'electrode, E?., is directly related 
to the H concentration in solution

.LE?,- = E?. ' + In [H ] [ 4 ]



(where Ez’ is a constant (volts)). A pH electrode can be used 
as a ref'erence electrode for the sulfide-selectiye electrode in 
the monitor, and the potent.ial difference between these electrodes, 
AE can be measured directly:

AE = Es'
[HzS],tot

Kai KaiKaz + ---------- -—

• [h '“] [H'j

[5]

(víhere E 3' is a constant (volts)).
Inserting the valúes of K̂ 'i, and Kaz and undér the condition' that 
pH < 5, equation [5] becomes '

? 2F [6]

Thi';S the response of a monitor consisting of a pH and a sulfide- 
selective electrode depends only on provided that tlie
sample is at pH _< 5; furthermore, the monitor is insensitive to 
pH changes (2).

The sample is acidified to pH £ 5 in the Model 1516 Monitor 
via passive reagent diffusión. A length of silicone rubber tubing 
is immersed in concentrated’acetic acid coritíiining ■ 1 mol/L 
potassium dichromate, within a reagent diffusión bottle. Sample 
flows through the silicone tubing and is acidified by the acetic 
acid vapour which permeates through the tubing walls. Any íhS 
permeating from the sample inte the acetic acid reservoir is 
oxidized by the dichromate solution, to prevent back-diffusión of



HzS.
A schematic of the monitor is presentad in Figure 1. The 

sample stream passes throiKih a pressure-regi.ilator and f].ow-meter 
before being diverted yia a 3-v/ay valve to the reagent diffusion 
bottle where it is acidified.- The acidified sample flows to the 
measuring cell v;hich .contains the electrodes find thermistor, and 
then to drain. The voltage difference between the electrodes is 
measured by the amplifier and displayéd on the panel meter (4- 
decade range) or on a recorder; the thermistor assembly automatically 
compensates for sample temperature changas.

The . monitor is designed for field calibratioii: the 3-v/ay 
valve can divert the sample through an activated charcoa]. filter 
to remove dissolved sulfide. This stream of purified water is

Athen used to dilute in situ standard sulfide solutions that are 
injected just upstream of the reagent’diffusion bottle by a variable 
speed syringe pump. The sample flov;-rate through the monitox' is 
of importance only in the calibration procedure.

Gas-Stripping Monitor

The stripping procedure removes only dissolved Í-I2S, but 
by maintaining the solution at pH _< 5, the total dissol ved sulfide 
cá-n be measured as H2S; the sample. is acidified by the vi-se of an 
air-C02 mixturo in the stripping process. The H?.S-in-air sensor 
(Model 2170 H 2S Sensor, Genercil Monitors Inc. (8 )) consists of a 
heated ceramic substrato covered v/ith an H^S-sensitive semi­
conductor coating; the conductivity of this coating is di.rectly
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proportional to the log of the H2S concentr¿ition at its surface (0) . 
For miniraum response and recovery times, the sensors must be 
heated and must operate witli oxygein pre.|ent; the sensor element 
can be "poisoned" by exposure to conipounds containing fluorina, 
chlorine, iodina or bromine, glycol.j- silicone and lead (̂ ) .

A schematic of the monitor is shown in Figure 2. The 
incoming sample is passed through a constant pressure differential 
flow-meter, and into. the top of a contaoting colurnn which is 
filled with pieces of glass tubing. H?.S is stripped" from the water 
by the counter-current flow of an air-C02 mixture, and tht_ V'/ater 

flows out of the colurnn, through a seal leg and then to drain.
The gas stream carries the K2S to the H2S sensor located at the 
top of the column, and then out the vent hole. To minimi.ze water 
vapour condensation on the sensor, the sensor ho’asing (stainlsss ■ 
Steel) is heated.

The sensor signal is .amplified and passed through an antilog 
converter. This linearized signal is displayed on a panel meter 
(2-decade linear range) or on a chart x'ecorder. A temperature 
compensator corrects the analog signal for changes in the' sainple 
temperature from the calibration temperature.' The flow rates of 
the saniple, air and CO2 streams must be 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 sarnple stream that has 
been passed through an activated charcoal filter.
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Exper im'ental

The Orion monitor was tested as fo|.lows: .distilled de ionizad 
water, deaerated overnight with N 2, wasj pmiped through the monitor 
at room, temperature (29 3 -■ '29 8 K) by a peristaltic puinp at 50 -- 
100 mL/min, to dilute in situ the gtandard sulfide solutions ^ a t  
were 'injected into the monitor by a Sage Model•355 syringe purap. 
Monitor responso to changas in the sulfide concentration was 
determined either directly by the 4-decad.e panel meter, from a 
recordar trace of the meter output (O - 5 V or 4 - 20 mA) or 
by measuring sepeirately the poteritial of the clcctrodes {relative 
to a saturated caloinel reference electrodo) on an Orion Modol 801 
voltmeter. Orion Model 94-16A sulfide'and Modol 90-01 pH • 
elcctrodes were used.

Due to the limited acidificátion capabilities of the acetic 
acid diffusion system, sulfide standards prepared ir- alkaline 
solutions containing anti-oxidants (1 ) cannot be used directly; 
the excess base must either be neutralizad.prior to addition or 
iriu jt be absent altogether. A stock IODO mg/3cg solution v;as 
prepared daily from reagent grade NaaS*91120 crystals dissolved in 
deaerated water; more dilute standards were prepared imm.ediately 
before use by dilution with deaerated water in flasks purgad 
with Na. • '

The monitor was also tested at a heavy v;ater pilot plant at 
CRNL. A sample of the pilot plíint effluent was piped to the 
monitor which was located outdoors in a heated weather-proof 
cnclosure. Grab samples of the effluent v;ere collected just
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upstream of. the monitor in Plexiglás flow cells; the dissolved 
sulfide was stabilized by the addition of a concentrated caustic- 
hydrazine solution and its concentration was measured by a ' 
sulfide ion-selective electrode (1 ).

The procedure for testing the gas-stripping monitor, at NSRPC 
was similar to that used for the Orion, except that the distilled 
deicnized water was passed through an oxygen-rerapval cartridge 
and heated to 303 K in a glass-lined commercial water heater.
The water was puinped through the raonitor at 300 mL/rnin to dilute 
the standard sulfide solutions which were prepared and injected 
as described above for the Orion systein; the flow of compressed 
air and CO2 into the contacting column was ,100 mL/min and 
25 0 mL/min, respectively.

To calíbrate the Model 2170 sensor, a standard sulfide 
solution eguivalent to the desired full-scale reading was passed 
through the monitor, and the analog output signal was adjusted to 
20.0 ± 0.1 mA using the upper span control. The sulfide 
concentration was decreased 1 0 -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 o.f 
the sensor has been linearized by the antilog converter, the 
analog, output ranges from 4.2 - 5.6 mA and 5.5 - 20 mA for 
concentrations corresponding to 1-1 0 % and 1 0 -1 0 0 % of full scale, 
respectively.

The stripping efficiency of the monitor was determi.ned by 
measuring the H2S concentration both in the liquid and gas



effluents from the contacting colun-ín. Treatment and analysis of 
the liquid grab samples vjas as described for the Orion system.
The. H2 S concentration in the air/C02 mixture leaving the colun'in 
via the vent hole was measured by an Ecolyzer Model 2000 analyzer 
(Energetics Science, Inc., Elmsford, N.Y.), which vvas calibrated 
■for the range O - 100 pL/L H2S-in~air, This analyzer 
electrochemically oxidizes the II2S to HzSOu.,. the electrolysis 
current 'being directly. proportional to the I-I2S concentration in . 
the gas (1̂ ) .

Results ■

Qric:.i Monitor: Lab Tests ■

. Monitor response to líoS concentre).tions in the range 0,001 - 
1 nig/kc wa3 of prirnary importance and was studied extensively. 
Initially, electronic problems were encountered due to faulty 
thennistor leads and the monitor v;as calibrated by the direct 
measurement of the electrode potentials. A plot of the resultant 
potential difference, AE, versus log [H2S]̂ ĵ_ was linear with a 
slope of -30 mV/decade over the H2S range of - 0.01 - 10 mg/kg, 
in agreement with the equation [6 ]. By applying great care to 
the preparation and injection of dilute standards, the linear 
response could be repeatedly extended■to 0.005 mg/kg, Figure 3, 
before negativo deviations were observed. The calibration was 
checked by pumping large volumes of batch standards directly 
througl. the .monitor: the- observed and expected valúes differed
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by 20% and 10% ac'the 0.CO5 ragAg and 0.01 mg/kg levels 
respectively. Calibration curves siin'ilar to Figure' 3 were obtained 
when the monitor response was determinad exther from the panel 
meter or recorder traces.

At a flow rate of 100 mL/min and a concentration of 0.1 mg/kg ,■ 
the 9 0% response time of the monitor to step-function changes in 
concentration was - 1.5 min for decade increases and 3 - 5  min 
for decade 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 period; the monitor reading of 0.004 mg/kg varied by ±0.0005 mg/kg.

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 mg/kg 
levels if deaerated distilled water (obtained from steam condénsate) 
was used jnstead of deaerated -distilled-deionized v/ater. One 
electrode which gave‘negative deviations to Nernstian response (11) 
at a sulfide concentration of 0.5 mg/kg in an alkaline-ascorbic 
acid solution, also gave negative deviations in the monitor at 
levels < 0.1 mg/kg.

In order for the monitor response to be insensitive to 
changes in flow rate and pH, the acid diffusion system mast be 
c'apable of acidifying the sample to pli £ 5 (equation [5]). To 
determine the upper limit of free base in a sample that could be 
acidified, the pll of the deaerated distilled water was increased 
by the- addition of caustic; monitor response to a 0.1 mg/kg sulfide



solution v;as vmaf x.-ected if the sampie was at pH ;< 10.7, but at 
p?i 10.9 the monitor indicated that the apparent sulfide level 
was << 0.0 01 iTig/kg.

Pilot Plant Tests

Pilot plant operation w¿is shut down every night and long 'term 
testing of the monitor was not possible; however ,• the field 
'calibration procedure-and monitor accuracy were tested.

Treated and de&erated river water, used as feed-water to 
the pilot plant, was used to calíbrate the inonitor daily by the 
in sita dilution of the sulfide standards. The reproducibility 
of the calibration at 1.0 and 0.1 mg/kg V7as.usually ± 10%. The 
effluent from the pilot plant contained 0.1 -- 1 mg/kg 
H2S, although levels as high as 100 mg/kg v/ere encountered during 
plant st.'.'.rt“up. By diverting the effluent sampie through the , 
activated charcoal cartridge in the monitor, the H2S level was 
decreased to << 0.001 mg/kg. This "purified" effluent sample, after 
being flushed through the charcoal filter for - 30 minutes, could be 
used to calíbrate the monitor; this latter calibration agreed within 
± 1 0% at the 1.0 and 0.1 mg/kg levels with the calibrations using the 
deaerated feed water.

' The accuracy of the monitor was determined by ¿inalyzing grab 
samples. For monitor readings of 0.75,. 0.80, 0.035 and 0.013 mg/kg, 
analysis (single determinations) of grab samples provided sulfide 
valúes of 0.70, 0.80, 0.030 and 0.0,19 mg/kg respecti vely.

- 11 -
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Gas-Stripping Monitor

The original irionitors built in lS76,at NSRFC incorporated a 
heat exchanger to control the sairiple temperatura; the H 2S 
concentration was observad to change by approxiraately 2%/K, over 
the temperatura ranga 28 8 - 34 3 K. To s.implify tJie monitor, the 
heat exchanger was replaced by a thermistor assembly which corrected 
the a-nalog output for changes in sample teiaperature. Using the 
temperature compensation circuit, the monitor gave the following 
response to a 0.50 mg/kg standard solution: 0.55 mg/kg from.
288 - 298 K, 0.51 mg/kg from 298 - 328 K, while above 333 K it 
gradually decreased to 0.4 5 mg/kg at 343 K.

A plot of the monitor, analog output, in’mi\, versus 
v;as linear over the concentration range 0.01 ~ 1.0 mg/kg (1 -- 1 0 Oí. 
full-scale). Linear response over the- range O.COl " 0.10 mg/kg 
could also be obtained if the sulfidc standards were preparad and 
injected with great care. Electrometer drift was usually < 1% 
per day; the instrument zero was checked-'Several- times per day.

The response time of the sensor depended on its previous 
conditioning- The sensor became desensitized witli time if S 
was not present, and the response time then was dependent on the 
concentration of H2S passed through the monitor, Table I.

The monitor weis exposed to solutions of 1.0, 0.50, 0.3.0, 0.05, 
0.01 and 0.002 mg/kg H2S for 4 - 6 h each; the analog output varied 
± 2% to ± 15% from 1.0 to 0.01 mg/kg respectivelywhile at 0.002 
mg/kg, the reading varied ±70%.
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Despite' the large difference in the p.iass flow rate of water 
and air (.300 and 0.3 g/rain respectively) , the monitor response was 
very-' sensitiva to changes in tliese flov/ rates. Figure 4. In 
addition, detector response to a 0.5 mg/kg H2S solution increased 
by 125% (corrected for gas volume changes) if only CO?. was used 
with no air flov/, If at a constant CO?. flow rate the flow of air 
v/as replaced by an Oj/N;, mixture containing > 10% O? (y/v), detector 
.responde was unaffected; however,. the detector response increased by 
17%, 35% and 100% if the mixture contained 5%, 1% and 0% O.2 (v/v) 
respectively.

The C0 2“injection system was capable of controlling the sample 
to pH £ 5, provided that the influent sample was at pM <8.5. A 
standard solution of 0.50 mg/kg II2 S, adjusted to pH 9.0, gave a 
response of 0.42 mg/kg on the monitor.

The stripping efficiency of the contactor column under the 
given operating conditions varied slightly from column tO'column, 
but was approxiinately 50% over the rahge 0.01 - 10 mg/kg H2S. 
Analysis of the H2S content of the influent sample and of the 
liquid and gas effluents from the contacting column showed that 
H 2S mass balance existed: influent sample (30 0 mL/min) 0.21 mg/kg 
(monitor response), 0.19,iug/kg (eléctrode); liquid effluent, 0.094 
mg/kg (electrode) ; gas effluent (260 mL/min) 95 }iL/L l^S-in-air S 
0.11 mg/kg H2S-in-water.

To test the accuracy of the monitor, solutions of unknown 
concentration were passed through' the miOnitor; grab samp.les were 
taken upstream of the contacting column and treated and analyzed



as describe¿l for tiie Orion monitor. For monitor readd.ngs of 0.95,
0 .6 6 , 0,46, 0,20 and 0.013 nuj/kg KjS, analysis (in duplicate) of 
the grab saixiples yielded valúes of 0.9 0̂, 0.72, 0.44, 0.18 and 
0.010 mg/kg HzS, respectively.

The responso of the solid-state sensor is claiined to be 
directly proportional to log (8 ), However, a General
M'onitors Model 2150 sensor that provides a direct analog output of 
the s.en.úor. voltage (i.e. does not have an anti-log circuit) v;as 
tested in the monitor and gave a non-linear relationship betv;een 
the voltage and log at. H?. S levels < 1 ing/kg. The output
voltage from the General Monihors Model 217 0 sensor was ineasured 
directly, by by-passing the anti-log converter circuit, and it 
varied linearly with log when exposed to HzS-in-air
coxicentrations ranging from 10, 000 ¡ĵ L/L to 1 yL/L. It is thus valid 
to ineorporate an anti-log circuit in the Model 2170 detector.

Discussioñ

The determination of aqueous H 2S by the gas-strippi-ng monitor 
is considerably more simple and direct than by other gas-stripping 
procedures because of the sensor used. The Dictaphone Model
710 H2S detector- (1^) operates on the same principies as the 
General Monitors detector, and has been tested briefly in our 
monitor; while its limit of detection is also - 0 . 0 0 1 mg/kg H2S, 
its response time is considerably longer, Coated piezoelectric 
crystals have been developed as sensors for H 2S-in—water .(14) 
and H2S-in-air (15), but they are not particularly sensitivo and

14 -
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have long rcspom c times i-? ̂ not a.ppear to be
sufficiently developed at prcsent for'use in continuous raonitors.

The role of oxygen in the functiorilng of the General Monitors 
sensor is not olear; the increased response observed as the oxygen 
content in the stripping gas v/as decreased to zero does not appear 
to be due to decreased H2S oxidation as there is an HzS mass • 
balance across the contactor column. The sensor response also 
increases when only CO2 is used in th.e stripping prócess. but 
long-term sensor stability has not yet been studied under these 
conditions. The observed desensitization of the H^S sensor if it 
has not been exposed to H¿S for long periods inay be relatad to 
the unknov/n role of oxygen oh sensor performance. These areas and 
improvements in the stripping efficiency are being investigated 
further.

Sulfide electrodos will respond to free sulfide concentrations 
[S ' ] as low as 10  ̂■ mol/L in solutions well-buf fered. with 
respect to sulfide ( ^ ) , such as acid H2S solutions where

> 10 / mol/L. This study shows that Nernstian response 
is obtained at free sulfide levels of - 2 x 10 mol/L under 
conditions where sulfide-buffering is rainimal, at levels of 

~ 2 X 10  ̂ mol/L. This remarkable sensitivity of 
prpperly functioning sulfide electrodes, coupled vv'ith their \i/ide 
dynamic range of x'esponse, should make them exceedingly useful for 
monitoring applicíitions.

The Orion reagent diffusión' system (̂ ) , coupled v;ith the sulfide 
electrode/glass electrode detection system (3), appears to have 
eliminated many of the pfoblems ássociatod with using ion-selectivo
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electrodes .in ce ntiuous rnonitors" (I,/!?.)- maintenance
requirements of the monitor are very'lew due to thé low consumption 
rate of t.he acetic acid (approxiinately' 1 L/inonth) , the absence of 
metering pumps and the insensitivity of the monitor response to 
changes in sarnple flow rate, In addition, the analysis is 
performed under acidic conditions where the rate of air oxidation 
of H2S is very sloví (l̂ S) 7 reducing agents are not added to the 
solution and interference from the measurement of mixed potentials
(11) should also be minimal. The thermistor asseiribly correcta only 
the Nernstian slope term of equation [6 ] for changes in temperature; 
if máximum accuracy is réquired under conditions of wide 
temperature fluctuations, electrodes with appropriate iso-potential 
points may be required (^) .

Bpth rnonitors appear suited■fbr continuous operation in 
the field iñ various applicati.ons: they are simple and rugged in 
construction and are • sim.ple to operate and calíbrate; their 
speed of response is comparable, asi s their level of detection 
(0.001 - 0.005 mg/kg) . Calibration at concentrations ,lov;er than 
thi-3-level appears to be limited by the chemica.l, problems' 
associated with preparing and injecting dilute sulfide standards 
(possible oxidation, adsorption and precipitation reactions), 
and not by any inherent limitations of the detectors used.

There are some differences between these monitors. The gas- 
stripping monitor requires constant liquid and gas flows; 
fouling of the contactor colunm by dirty samples alters the 
stripping efficiency and thus the response. The Orion analyzer
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is insensitive to changes in ílov«?, but oii accuraulation on the
electrode surface may interfere v/ith xts quantitative response (1 ) .

■i;'Water condensing on the IÍ2S-in-air sensor surface will result in
sensor fa.ilure; the sensor and its housing are heated to prevent
such cc-ndensation but loss of pov;er during operation may result
in sensor failure. Sulfide ion-selective electrodes can also
"fail" during use (1,.]Ĵ }, giving non-Ncrnstian behaviour at lew
ÍI2S concentrations.

The Orion monitor is calibrated to span 4 decades of
concentration; its output varies linearly v;ith log
and thus the relative accuracy and precisión of the output s.ignal
is constant through all the concentration ranges o The Genera].
Monitors Model 2170 sensor output is converted so that it varíes
linearly with and thus ohly 2 decades of concentrationto t ■
can be monitored for a given calibration. The relative accuracy 
and precisión of the signal over the range 1 - 1 0 % of full--scale 
is considera:bly poorer than that for Í0 - 1 0 0% of full-scale; 
removal of the anti-log converter circuit would elirainate thi.s 
problem.

The máximum concentration of basic species in the samples 
(e.g. OH , C0 3 ^“, P0 4 “̂) that each monitor can acidify and still 
attain a pH £ 5 depends on the monitor operating conditions. In 
the gas-stripping monitor, the liquid and COo flows can be altered, 
but the stripping efficiency may tliereby be altered. In the Orion 
monitor,' the acetic acid diffusión,can ,be increased by increasing 
the length and decreasing the thickness of the s-ilicone tubing, or 
decreasing the flov; rate.



The emphasib. in this prograra has hceri to develop and evalúate 
reliable field monitors for the raiicje 0.001 - 1.0 ing'/kg 
NSRFC has acquired considerable field. data at a he.avy water plant 
on the performance of gas-stripping monitors that respond over the 
range 0,1 — 10 mg/kg H2S, but this development program has greatly 
improved their response. A coniparison of the field performance of 
the Orion m.onitor and the improved ga,s~stripping monitor is 
, presently, underway at a heavy’water plant,,
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TABLE I. Gas-Stripping Monitor Responso Times

H2S Range Initiaí Response, min 90% Response rnin .
Sensitizad* Desensitized** Increase Decrease

0.01 - 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-scala concentration v/ith sensor exposed to 
H2S < 30 min prior to run, aijcl sensor not exposed to II2S for 
previous 72 h, respectively.

Response to 10-fold step changas in concentration.



Figure Captions

Figure 1 Schematic of Orion Model 1516 Monitor
Figure 2 Schematic of gas-stripping monitor
Figure 3 Calibration response of Orion Model 1516 Monitor, 

determinad by the direct measureinent of electrode 
potentials

Figure 4 Effects of changes in flow rate on detector response 
to a 0.50 ivg/kg HzS solution in the gas-stripping 
monitor using a General Monitors Model .2170 seiisor:- 
©, sample; x, air; A¡ CO?. -
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P e r fo rm c s n c e  

C h a r a c t e r i s f i c s  o f  a n
E ié c f ro c h ie m ic c í i  i - * 0 ^ ^  m . s e d l a k ,

I K. F. BLURTON,

H y d r o g e n  S u l f i d e  I R. B. CROMER, JR.

A n a i y z e r •k i Energetics Science, Inc. 
Elmsford, New York

Th(í iñ€fGf3TÍng rir-nó to mí^nttcr s a i a n d  c i lw e l l i ,  geothern-iaí e iíe rg y  source i, sew age  trecitment 
p tan it»  p o p e r m ili», o nd  olKer-cHerríicol p roretses gov*? ímp'í.'ítjs ío  í*r.e ^ 'opü.en;
o f o new  electrochem iccjl instrument fo r q u o n tito live  d etection  of H ^ S . This gas crrn u fu a lly  
b e  d ctected  q ua lita tíve Jy-  a t low  PP*^ le vsU  by ita d is a g re e o b ie  odor. Ho.wever, of h igh 
concíiritration» the tense o f «mell is d s a d e n e d  an d  poisoning  of w o r’ ers cf»n occur w itho '.t 

■ w a rn ir ig . M a n y  prev iously  ré p c r ie d  meíhodx fo r H ^ S  detection  a te  lim ííed  by  one or moro 
o f Ih e  fo llo w in g : in a b ü lty  (o monitor continuoosly, necessity óf chemicc!! fcag en ts  or tup po ri 
gote»^ lack  of p o rtab ility , ond  requ irem en t of oc pow er.

‘ Thií mefKod descrtbcd  in ih i* p o p e r is b csed  on e lectrochem ico l ox ídotíon  of H ^ S  a t a  
p ofe iilia l-controH ed  Tefion-bonded d if fu i íi 'n  e lec tro de . P re lim in o ry  j t i ' lies demonstrotec! high 

. tensitívity^ a  lin ea/  signa l-ccncen tra tion  re la t ío n ih ip , an d  good s igno í an d  zero s tab ility .
' T heoríitico l a sp « c ti of instrument response a re  discussed in d e ta il  a lo n g  with experim enta l 
d a ta .

Thi> e lec irochem ico l in itrum ent exh ib iled  m inim al tem pero ture  d ep eñd e rice , rap id  response 
to d o n g e ro u s  level» of hyd rogen  su lfid e  even a fte r  long p eriods of nonexposore, an d  reaso n ob ie  
freedom  from in te rfe rence  from other gases. A  ba tte ry  o p e ro te d , p o rtab le  [4  kg (9 Ib ) ]  instrument 
w a» fionstructed which can  o p era to  continuously 8—10 h b*?fore rech o rg e  becomes necessary. 
T h ij d ov ice  g re a t ly  fa c ilita te s .ro p id  inspoction of f ie id  iocations for hyd rogen  su lfide  emissions. 
Ar> a c  pow ered  ly ttem .w as  a iso  d c t ig n e d  fo r fixed  $ite m onitoring .

'f í
iN TRO D U C TrO N

Hydrogen sulfide is a malodorous and corrosive gas 
that causes sevcre cffccts on tlie nervoiis system 
and has been responsible for plant da mago and human 
and animal deaths.''"”  The threshold limiting valué 
of ihe American Conference of Govcrnniental Indus-

•Siibmittecl Janum-y, 1976.

trial Hygienists for industrial exposure is 10 ppm 
H jS . Concentration bursts of the order of 2(X) ppm 
can be expei 'enced in oil driíling operations. Unfortu- 
nately the sense of smcll is rapidiy dcadencd to 
ievcls of H ,S  in cxcess of 100 ppm.''" and '.vorkers 
could conciude ihal the H ,S  concentration has 
dropped to a safe poinl when in fact a leliial dosage 
exists.

ISA Transactions ■ Vo!. ¡S, No. l 1



Methods prcviously üsícd íor K 2 S analysis incliicie 
methyiene blue colorimetry/-’ impregnatcd paper 
tapes/’-”  gas chromatography,'*’ potenticmctry/’’ and 
conductriinetry.'-'’ !ii general thc above merhods are 
limiíed in application by one or more of the fo'lowing: 
inabiüty to monitor continousiy, ihe necessity of 
chemical réagents or support gases, and the require- 
ment of ac powcr.

Recently a new metliod v.'as briefly discussed'"' 
for the quantitative analysis of (sub-ppm) and high 
(several hnndred ppm) levéis of H jS  in air (or N'2 ;- 
The detection principie is based on the electrochemical 
oxidation of H 2 S to H^SO^ at a potentiostatted 
Teflon-bonded dlífusion clectrode, Initial experiments 
demonstrated hiph sensitivity, a linear rel^;tionsh'p 
between sensor signa! and H jS  concentration, and 
signal and zero stability. In addition to those three 
factors an instrument musí have minimal dependence 
of signal of tcmperature, be rapidly responsive ío 
sudden dangcruus concentrations of H^S in air even 
after extended periods of nonexpor.ure to I-KS, be 
capable of conliniious tracking of fluctuating H ,S  
leveis, be reasonabiy free of interference from other 
gases, and operate at low power to facilitalc use 
as a portable devicc. These iatter five performance 
parameters. and a treatment of thcoretical aspecís 
of the instriiment resporise are cx.imined in detail 
in tlie prcsenl woi k.

ÉSCPBfeíMÉNtAÍ.
The sensor consisted of three diffusion electrodes 

(sensing, counter, and reference) sealed onto a com 
mon housing containing 28% aqueous sulfi ric acid. 
During operation, air was passed in succession through 
a pump, a flow control orífice, a rotameter, and 
the gas space on the back side of the sf nsing electrodc. 
A schematic top-viev.' cutaway of the sensor is shown 
irt Figure L  The sensing elecírode was potentiostatted

at +1.45 V reía! i ve to thc standard hydrogen elcctn-'de. 
Convciii'onal electronic circnitry was used for (a)

■ hüluiisg thc sensing clcctrode at a polenlial fixod 
rehuive to thc rcfcrence electrodc and for (b) mcasurc- 
mcnt of oxidation signáis gcncratcd by H jS . '" ’ •

Riss' lime curves v.'cre obtairicd as foliuws. First, 
zero air was drawn into the sensor at a fixed flow 
rate to establish the background signal (iisuaily a 
few p,A). Tlie baclíground currcnt was not scnsiíivc

■ to air fSow rate. Then a Mylar bag containing the 
H jS  test gas was aítached to the pnmp intake. 
Oxidation currents were recorded as a function of 
time on a Hewictt-Packard rccordcr at a chari spced 
of 127 mm (5 in.) per minute unti! steady state was 
reached.

Oxidation currents as a function of samplc gas 
flow rate were obtaincd in a slightly diffcrent fashion. 
Ordinarily, a flovv rate of 700 cm’ /min is used in 
routine analysis by this method and the máximum 
instrument pump capacity is about twice this vaiiie. 
In order to attain flow rates over thc range 42-4540 
cm’ /min the instrument pump was by-passed and 
the sarnple gas was fed to the flow control orifice 
directly íro.m a prcssurized cyiindcr. Sigriais were 
gcnerally taken in order of increasing flow raíe. 
Howevcr, currents at lowcr flow rates could be 
reprodnced and there was no evidence of any hy<-.tere- 
■sis eífcct. Flows cculd be mainvained lo ±0.5% of 
fuli scñie oí ihe Mathcson 602 and 603 rotamcters.

Measurcments of thc temperature variation of the 
instrument response were accompiished simply by 
;jiacing the entire instrument in an environmental 
chamber at 278, 294.35, 295„ and 313 K  (held to 
±0.5 K ) [5. 21.2, 22 and 40°C (held to ±0.5°C)].

H jS  sample gases 3.1, 8.1, and 153 ppm were 
oblained from Matheson, Aireo, and Aireo, ¡cspec- 
tively. Interference gas mixtures v.'cre purchased from 
one or the other of these two supplicis.

G R S  (W L E T  — >V-
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C O U K J T f R
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D I S C U S S I O N  O F  8 E S U L T S

R e s p o n s e  T i m e  o f t e r  P e r i o d s  o f  N o n e > r p o s u r e  t o  H ^ S

A reliable analyzer musí j»ive :i rapid responsfi 
to sudden dangcrous levels of H^S even after iong 
intervals with no exposure of the sensor ío H jS . 
The instrument responso to 153 ppm H jS  at 2TC 
was measurcd aftcr repealed exposure and (hen after 
2, 6, 16 and 66 ti of no exposure; to H jS . Figure
2 shows, for cxample, that even after a 65 h period 
65% and 90% of the steady state signáis were rcached 
in only 16 and 45 s. respectively. 11 a more realistic 
warning level of 20 ppm H^S (i.e., 13%) has been 
selected, the aiarm would ha ve sounded in 2-3 s.
- A measure of the reproducibility of the instrument 

response for the i 53 ppm gas over the 4 day test 
cycle is given as follows. The average signa! in the 
five separata tests was 0.595 V as measured from 
ihe recorder termináis on the chassis. The standard 
deviation was ±0.0067 V or ±1.1% of the average 
reading.

T I " S I M C E  l . R ^ T  E . X P 0 5 0 R e  H R S ,

Figure 2. Time (t ) to reach a  tpecified %  ciHainm ent o? s ieady 
tta te  lig n a l at 2 2 °C  fot 153 ppm H ,S  v» tim e period (h ) t irce  
p rsv iovt «xposur* of tensor to H ,S :  (o ) 1 3 % , (b ) 6 5 % , (c) 9 0 % , 
(d ) 9 5 % .

T h e o r e t i c o l  R e s p o n s e  a s  a  J u n c f i o n  o¡f O p e r e t i o n  

P a r o m e t e r s

The current i generated (before amplification) in 
the sensor diie to a reactivc gas of concentration 
n and molar volume V is given by*‘ '̂

zFiiG

where isthe nuniberof eiectrons in the stoichiometric 
equation, F  ir, the Faraday constant, \ is a resp̂ .'̂ se 
lime constant arising from íhe solution of the eontinuity 
cquátion, k is the overall rate constant for the electrode 
process, and w. /i, and L, respectively, are the width, 
height,í'aníi !engí‘. óf the gas pathway in the ccü. 
Time is reckoned from íhe point ai which tíic signa! 
is first distinguishable from the baselinc reading. The 
term f ( t )  rcpresents the incrcase of the instrument 
signal from zero to the steady siate valué for a 
fixed H tS  concentration and a íi;.ed sample sample 
flow rate.

For any response order of signal increasc from 
baseline, f ( t ) ~ 0  al t = O and /(í) == 1 as 
It !s evident then thaí the steady State (:,) is relaíed 
to í as foliows;

i = i r  f (0 (2)

•For a first order response, f ( l )  ~ 1 - e“ ''. A second 
order response has /(í) = X/(! + Xí) for which líqua- 
tion (2) can be rewritten as

i Xt
+  I (3)

Frorr. Equation (1), íhe steady statc currcnt ap- 
■proachss mzxim'jm. valué (i, )̂ at high -¿as flo%v 
ratcs: i

zFn w h L (k ^ - \ ) Hm i, = ----- ::----- s (4)

Under this condition the late coefficient becomes 
independa nt of gas flow rate. :t is thus realistic 
to sepárate the overall rate coefficient into two 
contributions, one of which varies with flow rate 
(k(j) and the other being ,lc„

I 1+ (5)

I = /(0(1 - ( 1)

R e s p o n s e  O r d e r  f o r  H , S

In this set of measurements the sensor was exposed 
to 8.1 ppm H^S for several minutes and then time 
was ailowed for the signal to return to the baseline. 
Subsequeníiy 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 Equation (3) (for 3 
S i s  10 s) by means of ieast squares lines. Calcuiatcd 
X valúes and zero interccpts are Usted in Tablc 1.

IP is evident that X is essentiaily indepcndent of 
flow rate, and an average valué of 0,32 s “ ' is used
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'  T A B IE  !
Response Cosffkiet^f \  csn'' Zero lltítercopí {■fom 

Equofion (3) for 3.1 ppm H^S at Vcíiisus Sam ple Gos 
F!ow Rates

Fíowra'.c, C  
(cm ’ /min)

Resoons^, coefficicnt, X 
(s- ')

Zero intcrcept 
(dimensionless)

110
266

1160
2210
3030
4540

0.29
0.30
0.35
0.36
0.32
0.32

0.90
0.93
0.90
0,90
0.97
0.99

ih oiher calculfitions. The zero interccpt'5 are al! closc 
tó unily (Íhéorclicíil), rtncí the smaií (iiscrepar-.cias 
«fe ftfínlujicd ío thc rapidiy chañging vaine o£ rccipro- 
eai time near í »  ü. In comradistiíicüon to the first 
order kinetics observed for the electrooxídation of 
CO,*'®’ the electro-osidation of H.¿S durip.g thc ap- . 
proach to steady State proceeds by a second ordsr 
reaction.

I n s t r u m a n t  S i g n a l  v s  G o s  F l o w  R a t e

Figure 3 shows that in accordance with Equation 
(4) i, increased with increasing G to a maxiinum 
valué. ín the present case i„  was lakcn as 375 jiA.

>:■ =- 0.32 s 'S  z F ’= ft X %  5fK> C, n «  o.í i.v.m 
í t j S ,  i '™  24SGC- cír'/m oí, and :ckL -~ 0.3Í cn\’ i 
(from direct measuremení). From íhese parameters 

= 5.00 s “ ‘ was computed. Finally, k and 
indicated in Figur 4, were calculated at cach flow 
rate i;sing i, - G data (Figure 3) in coniuriction with 
Equations (1) and (5). At G = 285 cm’ /min, 1/íc, 
and l/k (j make equal contributioní: to the overal! 
resistance to mass-charge transfer, l/k. Moreover, 
k(¡ was found to be nearly directly proportional to

Figure 4. rate cíwffictont» for oxídation crf H .f ppm H -S  c t
vs. 'OQjo sompi© ga» flow  r«te: fe,  - (low  ra le  indepcndent 

pcríion of overcll ra»Q c<ocífici©nt, ~  ílovv roto deporident portion 
of overall rate co«Hiei<íínt, k — ovcra il ra íe  coefíident. G  in cm */fr:ín ;

fiow rate, increasing as G " ®’ . The oycral! coefficien* 
k rnuat, oí course, approach thc valué of asympoti- 
taüy at high flov/ ratcs.

In a practica! instrumerst it is neither ncces>ary 
ñor desirable ío operate at high fiovy rates v./hcre 
d\ JdG  ~ O for the follov/ing reasons; sihce the fio'.v 
rate can be controllcd at 700 cm^/rnin (for example) 
to bettcr than ±30 cm’ /min, power reqiiirements 
for the air pump increase with increasing fiow rate; 
if a filter is required to scrub potential intcrfercnce 
gases, the filter üfetime is iriversely proportional to



fiow rate. Ail factcrs considered, G = 70D ei-n'/rr:in 
was seleclcd as o'píimum for a portable insírumei’t.

InstfMment flespor.se to Varioble H jS  Coneeníration
So far only the response at constant H jS  ¡evcls 

iias becn dlscussed, but in practice thc sensor will 
be subjected to a flucíuating concentration. Cquation 
(3) rcwritten in diffcrential form is

di
~dt

= ±ot(i -  i.)-' (6)

Note that d£/íif <0 for i>  i, and vice v ersa . The 
steady State current signal for a given sam ple «as  
ílow r<T.te is .direcliy proportional to H^S concentra’ 
tion/®' That is, /, = pn. Using j, for 8.1 ppm H^S 
from Figure 3 at 700 cm^/min, |;l = 30.9 |xA/ppm 
H jS . Rcpiacement of f, in Equation (6) by p;i yieids 
an expression that gives instrument signal i in term s 
of lime í and instantane.ous H jS  conccntralicn n. 
If n is known as a function of time then i is given 
as a function of time only. The a parameter for 
the present case is a true seconiá order response 
coefficiení and was computed to be 0.00128 
S " ’ by división of X = 0.32 s“ ‘ by i¡ = 250 |xA.

It is experimc.ítally difficulí to jjcnerate a known, 
rapídiy chr.nging periodic H^S conceniration iike one 
ipxperiencfíd in practi For íhis rcasoii the foiiowíng 
«rbitrary conccr.tration cyc!e was selected for Iheoícl- 
iCfil calculíitions of instrument responso over a pcriod 
tífáíOs:' , ■ ' ■ . ' ’

n(ppm HjS) -5(>; Ttt
eos 40.'' (7)

At í < O, the sensor signal i is presumed to be zero. 
Por 0< É < 210 s, H jS  gas is hyfKnhetically intro- 
duced to the instrument at 700 cm ’/min according 
to Equation (7). Com-bination of Equations (6) and 
(7) gives

di
~dt

= ±a í - 5ji íl + eos TTÍ N40 / (8)

Equation (8) was solved for : as a function of 
t by the modified Euler techaique'"^ for a = 0.00128 • 
H.A“ ' s “ ' and also for « = 0.000128 |xA~' s " ' 
Intervals of Ai were chosen such that convcrgence 
of / valúes was obtained to 1 part in 10000 with 
less than 10 iterations at each point. Figure 5 (curve
a) shows pn vs í, i.e., the response curve for an 
instantaneously responding sensor. Figure 5 (curve
b) represents the calculatcd response of the sensor

Figura 5. C o liu la ted  re ipont» eurvet / (|JA ) va t(utc) for H , S  con- 
tftnímíiot't varyir^g accovíiír>g to Eqüation (7 ), (o ) a  = (instan íarcous 
r*«s>oní«), (b j o  >= 0.00128 t iA * '  s ~ \  («) c  ■ 0.000128 a '.

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

Severa! conc'usions were drawn from the above 
analysis. First, the sensor described in this work 

' wül follo'.v concentraíion fluctuations faiíhfally. Afier 
! an irjitial pcriod of about 30 s, the i-í curve (Figure 
-«5b) has p.ff?Jncd a constant pcricdiciíy '̂¡íít ma;,iina 
and minima lagging thosc of Figure 5a by only abouí 

!, ¡O s. For a slower responso (Figi¡re .'5c) the i-t profüe 
; wouid be flattcr with maxima only about onc-half 
f the magnitude of Figure 5a. A !ow response wül 
. give an inadequale assessmeni of actual periodic 
! .dangerous H^S levels. Secondiy, it is evident that 
. errors in the time averaged signal wili increase as 
; the instrument response coefficient decreases. This 

is an important consideration in continuous moniloring 
of H jS  levels. For example, thc time averaged signal 
for Figure 5b was 96% of that for Figure 5a whcreas 

. for Figure 5c it was only 84%.

• Instrumen} Response a» a Funciiorv of Temperatura
Two performances parameters rnay be temperature 

dependent; the steady stale signal ilself and the rate 
of approach of the instrument signal to the steady 
State valué. Response curves were obtained for a 
3.1 ppm H jS  sample gas at 5, 21.2, 22, and 40°C. 
In each test the sensor had not been exposed ío 
H2Sfor24h.

in the first case no appreciable variation of steady 
signal v/ith change in temperature was obscrved. The 
standard deviation cf the signáis, i.e., at thc various 
temperatiues, from their avorage only amo\inted to 
±3.5%. The signáis at 21.2 and 22"C were siightiy
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higher than those ai 5 and 40°C. No clectronic 
compensaíion was rcquired lo achieve «his relative 
tempcratiirc insensifivily.

The reasons for the minimal teinperature dcpcrv- 
dence of i, are not fiilly understood. Many stcps 
are involved in thc ciectro-oxidaílon of H ,S  including 
dissolution in the porous membrane, dissolution in 
the electrolyte in the pores, diffusion to the eiecírode 
surface, adsorption on the electrctde suríace, and 
a series of electrochcmica! reactions. The soiubility 
of H jS  in the electrolyte and the exient of adsorption 
on the electrode surface boíh will decrease as the 
temperature is raised. These factor;; appareníty act 
to offset any enhancement of the electrochemica! 
reactions by increasing the»tempcraíure.

In contrast, the raíe of approach io the steady 
State signai did exhibit an Arrhenius temperature 
dependence for the first sample of gas passed into  
the instrument aftcr 24 h of nonexposure to H^S. 
The time to reach a speciííed pevcentage of the 
steady state signa! was choseii as a suitabie 
kinetic parameter. ín Figure 6, lri(ÍQ%) is plotted

í>.5r

31«y*
■io

5.5

5.0

5 .S

5/S

4.5

3.0 a.\ 3.a 3.5 3 £>
4 0

loVr
Rgsire &. Airtisniira p!ot» for oxidatiisn o# 3.1 p|»m H , S  ofter 2*5 h 
o í nonfxpotum  to H ,S .  tn (rvsponM  ♦ime, ta t ) v* )0 0 0 /T (K ) for 
7 5 % , W % ,  and 9 5 %  attainm arrt «rf t tm d y  «tofo iierK il.

vs the reciproca! of absohite temperature for a = 15%, 
90%, and 95%, respectively. From the slopes of 
the three lenst squares lines an average activation 
energy of 3.3 ± 0.1 kcal/mol was compiited, vvhich 
is typical for diffusion of gases ín water.
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Se’octivííy of Sensor tov/nrd Hydregen Suifide

ín addition to yiciding a slable, reproducihle s'.gnai 
for a particular poilutant gas an inslnimcnt must 
rnihimize rcsponses to othcr constituents of the. 
sampie. Two principa! methods are avaiiabie for íhis 
purpOiC; opí,iini^<ilio(i of operaiing paramctcrs such 
as sensing electrode potential or iiíiiization of a 
selective gas íiltcr. The latter approach has becn 
used successfuliy for CO, NO^, and NO analysis''' ” ’ 
bul care must be taken lo ensure long filler life' 
for a variety of sample conditioní..
■ The following gave no responso al the indicated 
leve! using no filter: CO^ (3000 ppm), C H , (95%), 

(1.5 pprn), (C H ,) ,S  (1 ppm), and COS (22 
p: m). Anothcr series oí gases w r  • aiso tcsted without 
a fiiíer, and thcse gases gave a signai equivaleni 
to less than l ppm al the following concentrations; 
27 ppm T j H j ,  7 ppm .NO, 25 ppm NO^, 7 ppm 
SO ,, 2000 ppm CO, and 3 ppm C.H,SH. Thu.s .signáis 
due to interfercnts is sufficicntly lov̂  to elimínate 
the need for a filter in the insíruirsent.

Insfrumanf Pov.er Requirementü

A characteristic of this electrochemical technique
i.s that on’y very i . w power ís needed .‘or operaíion. 
The clectronic circuitry requires ripproxirr.aíciv 30 
ijtsV üud henee can be operated fron-̂  “ C ”  s: Ni/Ce! 
batteries for several days The pumn bnttery rcíjuirc*! 
3(X) mW and 8-10 h operation can be achicvcd wiih 
one “ D ”  size Ni/Cd battery. Tbis íechnoíogy has 
,been used to design batíery operate.d, portable in.stru- 
.menls ihat are as accurate as the ac operated versión.
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