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pH, ORP Conductivity

Introduction

There are many different characteristics
of liquids that are important to their use.
In waste treatment, many of these
characteristics must be controlled to
prevent the waste from upsetting the
municipal waste treatment facility, or
ultimately, the life in a lake or stream
where the waste is discharged. In water
treatment, these characteristics can affect
the taste, corrosiveness, and drinking
safety of the water. For industrial process
control, these same characteristics can
dramatically affect the performance of a
solution for cleaning, etching, plating, or
whatever it's primary purpose.

There are hundreds of tests or
measurements that can be run on
solutions - many very specific such as the
concentration of a single specific species
in the solution. These tests can also vary
depending on whether the species is
present in very large amounts (generally
measured in % by weight or volume, or
ounces per gallon), or in very small
amounts (can be measured in parts-per-
million (PPM) (also known as mg/l}, or even
parts-per-billion (PPB). Depending on the
species and the concentration, test
equipment for these tests can be quite
varied, and quite sophisticated.

In other analysis, there are measurements
for characteristics of solutions that are
quite general, but indicate the overall
condition of the solution - a sum total of
all the contents of the solution that can
attribute to the property or characteristic.
These measurements have been found to
be very important for all water based
solutions - because they affect the entire
water life cycle on the planet. Three of
these measurements include pH, ORP and

conductivity.

pH

pH is a measurement of the acidity or
basicity of the solution. Neutral water,
H2O is made up of an equal number or
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H* ions and OH- ions. If an acid is added
to the solution, the balance is shifted, and
an excess of H* ions is present. Solutions
that are acidic can be corrosive, have a
sour taste, and react with bases to form
water and a salt. When bases are
present, an excess of OH- ions exists.
Solutions that are basic are slippery
feeling, bitter tasting, and react with acids
to form water and a salt.

The affect on the life cycle of the planet is
much more significant. We have all heard
of adid rain, and it's affect on both plant
and water life. This acid is generated in
the atmosphere through a chemical
reaction with gases emitted from many
sources here on earth. Similarly, if the pH
of water discharged into these same
lokes and streams in not carefully
controlled for pH, the some affect will
occur. The delicate process of human
waste digestion in a municipal waste
treatment plant can also be damaged by
the pH of incoming waste. For these
reasons, all waste that is discharged to
either a municipal treatment tacility, or a
lake, stream, or ocean, must be caretully
monitored and controlled for pH.

To help enforce these requirements and

ensure safe discharge into our municipal
plants and water systems, the EPA has set
stringent guidelines that must be complied
with or else significant fines are levied.

SIGNET sensors & instruments



The EPA’s primary area of enforcement is
with the municipal plants discharging into
water systems. These municipal plants in
turn regulate the various industries that
discharge into their plant, and also will
levy large fines for non-compliance with
their limits.

ORP

ORP is a measurement of a solution’s
ability to oxidize or reduce. Presence of
oxidizers in a water system will cause the
organics in the system to be oxidized, or
destroyed (often called disinfected|.
Although this is a necessary process for
our drinking water, excess oxidizer
discharged into a lake or stream wil
literally kill the ecostructure of that system.
Likewise, oxidizers discharged into a
municipal waste treatment “digesting”
plant, will kill the bugs used to digest the
human wastes.

ORP is an important measurement for
plants that require oxidation of their waste
prior to discharge. Such applications
include cyanide oxidation in the plating
industry, or waste disinfection in the
slaughterhouse industry. Oxidizers can be
eliminated by a reaction with a reducing
agent. This process is also controlled by
ORP. Common oxidizers include chlorine,
sodium hypochlorite, ozone, and bromine.
Common reducers include sulfur dioxide,
sodium sulfite, and ferrous sulfate.

Conductivity

Conductivity is a measurement of the salts
in a solution. The salts present in a
solution cause the solution to be
conductive, ie. to conduct electricity. The
true value of this measurement is
generally not how much electricity the
solution can conduct, but instead, it's
correlation to the concentration of salts in
the solution.

As stated earlier, the neutralization of
acids and bases create water and a sal.
As a result, two solutions may in fact have
neutral pH, but one could be clean
enough to drink, while the other is as salty
as the ocean. Conductivity enables us to
quantify the amount of salts present.

Certainly we are all aware that the
ecostructure of the ocean is much
different than the ecostructure of a lake
or stream. Fish that live in sea water will
quickly die if placed in freshwater, and
vice-versa. For these reasons, it is
important to monitor the conductivity of
the water we discharge into these
systems. A significant frend in the waste
treatment discharge permits of industrial
plants is that they must monitor not only
their pH, but also their conductivity.
Simple neutralization of a waste acid
using pH may no longer be acceptable, if
the amount of salt produced in the waste
causes the conductivity (salt content) to
become excessive.

For the treatment of water for drinking,
conductivity is able to monitor salt water
desdlination, and accurately ensure that
all of he salt is removed from the water.
Many other water treatment processes
also depend on conductivity as their
primary measurement for the quality of
the water produced.
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1. pH
measurements

1.1  The pH scale

pH is the term used to define the acidic
activity of a solution. For convenience it is a
logarithmic scale and compresses the values
in the range of about 0-14.

In effect the two ends of the scale
correspond to the acidic activities of a
strong acid e.g. sulfuric acid with a pH value
in the 0 range and at the other end a strong
base e.g. caustic soda with a pH around 14.

The formal definition of pH is:
pH= —loglay+)

ie. it is actually the negative logarithm of the
hydrogen ion activity. Hydrogen ion {proton)
activity is what we have termed before as
the acidic activity and in a first approx-
imation is simply the acid concentration,

The highest concentration of the acid used in
our example would be fuming hydrochloric
add at 370 g/1{37%) or about 10 mole/I.

In this case the pH is —log(10) = -1.0.

We see that the pH can take on negative
values but cannot go much less than zero
(At high concentrations there is another
factor that we have neglected here called
activity coefficient. This limits the pH value at
the extreme ends of the scale)

pH of bases

The other end of the pH scale corresponds
to akaline or basic substances or solutions. If
we take an exireme example say pure
caustic soda (sodium hydroxide: NaOH) it
has no addity since there are no protons. its pH
would be:

pH = —log(0) = infinity

Here we see a problem in trying to
calculate the pH of a pure and dry dkaline
substance.

The pH that we have attempted to
calculate lies outside of the scale we expect.

<

o

(HC)

Concentrated Hydrochloric Accid

Concentrated acid and base

,

Sodium Hydroxide (NaOH)
Pellets

pH of acids

Let us take diluted hydrochloric acid (HC) ot
a concentration of 36,5 g/l. In the expression
for pH it is required that the concentration
unit is mole/l. That is the concen-tration in g/l
divided by the molecular weight of the
substance. In our case, the hydrochloric acid
has a molecular weight of 36,5 g/mole. Thus
the concentration is 1 mole/!.

Hence: pH = —log(1)-0
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In fact it is nor possible to define the pH in
this case.

The problem has arisen because the
presence of WATER is a requirement for
the commonly used pH scale.

Why is this so?

Water provides the interrelation between
acidity and alkalinity through its property of
splitting (dissociating) info an acidic part
(hydrogen ions or protons) and an alkaline
part (hydroxyl ions):



«—— Cable

\

l

| Reference electrode Ag/AgCI

s

| Reference electrolyte

«——— Liquid junction diaphragm

pH measuring element

Buffer solution (pH 7,0)

4——— DPH sensitive glass membrane

Overview of typical combina
tion glass pH electrode

H,O - Hr + OH

This dissociation is a precise process with a
strict relation between the concentration of
the partners:

[H].[OH]=10

With the aid of this relationship it is now
possible to calculate the pH of a solution of
a base eg. NaOH that in the pure state has
no protons.

Eg. a 1 mole/l NaOH solution (40 g/l) has a
proton concentration of:

[H]- 1074/1 = 107
Hence: pH = - log(104) = 14

The equilibrium of water and its dissociation
products: the proton and the hydroxyl ion
dways applies — to acid solutions as well as
to alkaline ones. The magnitude of water’s
equilibrium constant means that the proton
concentration is 10-1#/{hydroxyl concentra-

tion) and vice versa, which is a large scale.
Thus it makes sense to use logarithms which
generate more easily handled numbers.

1.2 Measuring pH

There are many ways of determining the
pH of solutions. Those in common use are
pH test papers and instruments using the

gdlass electrode pH sensor.

Test papers rely on the colour change when
a dye changes from one form to another
due to combin-ation with or loss of a proton.

The glass electrode is an electrochemical
device in which chemical energy is
converted directly info an electrical signal. In
particular a glass membrane made from a
special glass which is pH sensitive generates
a potential which depends on the pH

The glass electrode

Components of the glass electrode

The pH measuring chain using the glass
electrode is comprised of two so-called
reference electrodes. These are the two
connections to the pH meter and provide a
stable conversion of the electrical signal in
the connecting wires to the pH meter with
the ionic (chemical) flow of electric charge
which occurs in the solution. One reference
electrode is immersed in a solution which
gives a stable potential. This solufion is
separated from the sample solution by a
porous diaphragm.The other electrode is
immersed in a buffer solution of fixed pH. It
is separated from the sample solution by the
pH sensitive glass membrane.

In the SIGNET pH electrodes all of
these components are combined in the
same body. Such a form is called a
combination electrode.

Operation of the glass electrode

The operation of the combination glass
electrode is as follows. The pH sensi-
tive glass is composed of silica oxide
and an alkali metal oxide. Such a glass

becomes hydrated in water — forming
GEORGE FISCHER +GF+



Silicate matrix

Buffer solution

\_bldrO‘eé

Glass bulk

Sample fluid

a gel layer, which contains many hy-
droxyl groups. These are sites that
have an affinity for protons fi.e. hydro-
gen ion H*). The pH of the solution
determines the degree of proton com-
bination with the gel layer. The differ-
ence of proton activity in the solution
bulk and in the gel layer results in a
potential ditference. This potential
difference is dependent on the pH of
the solution. This situation applies to
both sides of the glass membrane,
however, the filling of the glass elec-
trode is a pH 7.0 buffer which remains
constant, thus the potential difference
at the inside surface is a constant. The
glass electrode therefore gives a po-
tential which is dependent on the pH of
the external sample.

Construction of SIGNET
pH sensor

Glass electrodes used in laboratories
are usually 12 mm diameter and 120
mm long. Most manutacturers of indus-
trial pH measuring equipment make
special (complex) adapters to accom-
modate these rather non-ideal sensor
forms.

A temperature sensor is a separate
item usually in the same format and
often the reference electrode is also
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separate (i.e. not integrated into the pH
sensor body).

SIGNET has simplified the whole con-
cept of industrial pH measurement with
a bold design concept:

e all sensors elements required for a
temperature compensated pH
measurement are contained in one
single body (combination electrode)

e a pre-amplifier snaps directly on top
of the electrode - eliminating prob-
lems inherent in high impedance
signal lines (noise pick-up, moisture
problems).

The operation of the pH
sensitive glass

Signet pH electrode and sensor

7



Thermistor contacts

BNC connector ———m-

g
Thermistor contacts

~=—— Viton Orings (Std.) ~—— Viton Orings {Std.)
Shielding Shielding
Epoxy seal Silicone bushing seal Epoxy seal Silicone bushing seal
(Entire volume above seal (Entire volume above seal
potied with epoxy potted with epoxy)
\ Reference elament Ag/AgCl Reference element Ag/AgCl
pH measuring elemert pH measuring element Hom
Reference gel Reference gel
3K Balco ~=— Double junction 3K Balco I ~a— Double junction
thermistor thermistor
liquid junction diaphragr Q Bulb protector fabs Liquid junction diaphragm \ Flat pH sensitive glass

~ pH sensitive glass

The SIGNET bulb and flat

surface pH electrode construc-

tion

The calibration curve of a pH

sensor with offset and slope

e lhe pH sensor is especially designed
to be used in both submersible and
in-line applications with the wide
range of SIGNET fittings.

The SIGNET pH electrode is a compact
unit (the so-called combination elec-
trode). The parts exposed to the sam-
ple are the pH sensitive membrane of
the glass electrode and the porous
junction of the intermediate electrolyte
bridge to the reference electrode. In
the SIGNET electrodes this diaphragm
is made out of porous UHMW

Polyethylene.
mVY
A
} Offset
0 \
Slope
ppH

The pH sensor is insensitive to most
common problems in pH measurement,
due to SIGNET’s use of a double
junction reference electrode and the
flat pH sensitive glass electrode, which
is recommended for particularly difficult
sample systems.

Calibration of the pH sensor

The calibration parameters and their
nominal values

As with most measurement systems the
glass electrode requires two parame-
ters to process its response. They are:

offset and slope.

The theoretical slope of the glass elec-
trode is 59 mV per unit change of pH
(at 25 °C). The 59 mV in fact varies
slightly with temperature (see Appendix
| for the reasons — Nernst equation).

The offset is the deviation of the elec-

trode from the nominal value. Al
SIGNET pH electrodes ideally give an
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output of 0 mV at pH 7. This has been
selected by careful choice of the refer-
ence electrodes used and the composition
of the solutions they are immersed into.

Use of buffer solutions for
determining the calibration
parameters

What are buffer solutions?

Buffer solutions are a mixture of at least
two substances in water that through
chemical equilibrium have the capacity to
stabilise the pH of a solution at a
particular value. The addition of caustic or
acidic material to a buffer solution has an
insignificant effect — so long as the
amount added does not exceed the
buffering copacity of the buffer solution.

Buffer solutions give a stable and re-
producible pH value that facilitates
exact calibration of the glass electrode.

The pH values of buffer solutions and
their compositions have been normed
world wide by the standardisation
authorities (Appendix ).

The calibration procedure.

pH

Buffer1 7 Buﬁes

Two fixed points to determine
the calibration parameters

The glass electrode should generally
be calibrated with two buffer solutions
having pH values at the ends of or
within the pH range of the sample.

With the SIGNET analog instruments,
the order in which the buffer solutions
are used as well as the values taken
are important it an iterative calibration
procedure is to be avoided.

GEORGE FISCHER +GF+

The first step is as follows: since the
glass electrode has an output of nomi-
nally O mV at pH 7, the offset on the
pH meter should first be set by dipping
the glass electrode intfo a pH 7 butfer.
With the zero point set, the slope can
then be set using a butter solution with
a different pH value.

Using a microprocessor controlled pH
meter, the calibration is much simpler in
that the order of using the buffer solu-
tions and the values they have are
irrelevant.

What do the calibration
parameters tell us?

The calibration parameters are not just
determined to ensure an error free
measurement. They also serve to indi-
cate if the measurement is functioning
correctly and if a failure is to be ex-
pected. Loss of slope or a sluggish
response generally result from block-
age of the junction or loss of sensitivity
of the glass membrane. A shift of offset
usually indicates depletion or
contamination of the reference elec-
trode. The frequency of the calibration
and the point where maintenance or
replacement of the sensor is required
must be judged from the rate of drift
and the expected errors resulting from
such a drift rate between calibrations.

Difficulties in pH calibration

The butfer solutions used for calibrating
the pH measurement are fairly concen-
trated (see Appendix lll). Some applica-
tions, however, such as the measure-
ment of the pH of drinking water or
high purity water in power stations,
have a sample that contains very little
or no dissolved salts. The composition
of the sample is therefore very differ-
ent from that of the buffer solution.

This difference will lead to an offset
error of the pH measurement. The error
derives from the “diffusion potential”
across the junction. This error is
concentration dependent.

The error that can be expected de-
pends on the concentration difference
between sample and buffer solutions
and in the worst case can amount to
0.2 - 0.3 pH units.



Typical sources of trouble with
the pH sensor (electrode)
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blockage
by material
deposition

drying out,
high temperature
pH>13andpH < 1

{

blockage or leakage

;

™ chemicals like HF (pH < 5)
or concentrated KOH, NaOH,
sulpheric acid, solvents

breakage

Problems that can occur
with the glass electrode.

Apart from the obvious failures that
can occur e.g. breakage, there are a
number of less obvious ones.

The sensitive parts of the glass elec-
trode are:

e the reference electrode behind the
junction

e the junction

e the glass membrane

The reference electrode can become
contaminated with sample solution if
transport of the sample through the
junction occurs. This is normally unlikely
but it is possible. The reference
potential could thereby change, de-
pending on the nature of the sample.
Often the pH sensor can be used fur-
ther if calibrated frequently.

(Note: such problems cannot occur with
the measuring electrode behind the
glass membrane since it does not allow
any transport of solution.)

The reference junction is the weakest
member of the pH measuring chain. It
essentially connects the reference
electrolyte to the process solution. The
standard industrial silver/silver chloride
reference electrode is immersed in a
chloride containing solution. The
reference junction enables these chloride
ions to carry the current for the pH
reference signal back to the process

solution, thus completing the pH circuit.
Unfortunately, this junction also enables
the process solution to leach into the
electrode, potentially contaminating the
siver reference wire.

SIGNET pH sensors effectively eliminate
this problem by using a double junction
arrangement. The upper reference
junction is not immersed directly in the
process solution, but rather in a
secondary, similar electrolyte, which acts
as a filter for process ions which may
contaminate or “poison” the electrode.
Specific ions which cause notable, rapid
deterioration to the silver reference wire
include sulffides, bromide, iodide, cyanide,
chlorine and ammonia. The long path,
double junction design of the SIGNET
electrodes provides significant protection
against these elements.

The surface of the pH sensitive glass
membrane must be gelled. It must
always be moist so that the surface is
hydrolyzed and responds to pH chang-
es. Since the formation of this gel layer
is slow (hours] it is important the glass
electrode is always immersed in the
sample or a storage solution.

(Note: The design of the sample lines
and fittings in an industrial installation
must ensure that this goal is achieved.)

Process streams may also contain
substances that cause problems. Gen-
erally oils are detrimental to glass
electrode performance. Biological
liquids e.g. milk also can cause prob-
lems (protein deposition) as well as

GEORGE FISCHER +GF+



O

a: reference electrode

b: glass electrode

O

c: amplifier  U,: input potential

U,: output potential

fluoride containing samples at low pH
{« pH 5} which dissolve the glass!

Any changes of the type mentioned
above will lead to variations in the
calibration parameters or worse — loss
of the pH measurement capability
completely.

1.3 Requirements of the
glass electrode
on the measurement
electronics

The membrane of the glass electrode is
in principle an isolator. The chemical
composition of the glass has, however,
been selected to give a minimal resist-
ance. Nevertheless, the resistance
across the glass membrane is between
100 and 1000 M-Ohm (depending on
the temperature).

It is clear therefore that an amplifier
with very high input impedance and
low input bias current is required. In
SIGNET pH sensors this high imped-
ance signal is converted to a low im-
pedance one with a pre-amplifier
mounted directly in the sensor head.

The advantage is that there is no need
for special high quality screened (or
double screened) cables between the
pH sensor and the instrument or con-
troller which most competitors products
require.

1.4 Typical pH sensor
installation guidelines

In process equipment often 1t is difficult
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to install a pH sensor in such way that
is ideal for the pH measurement. Equip-
ment design and process conditions are
given and to properly install the meas-
urement the best location has to be
found. The best pH values are meas-
ured when all the basic installation
guidelines are respected.

e The pH electrode must be in solution
at all times.
The pH electrode must be installed
vertically (£ 30°)
Flow rate past the pH sensor should
be less than 4 ft/sec for the standard
pH electrode (less than 5 ft/sec for
the flat surface pH electrode).
The pH sensor should be placed in a
position that reflects the pH of the
total process fluid. Hence, good
mixing of the process fluid is essential.
e The installation must provide an
easy removal of the pH sensor from
the process for cleaning and cali-
bration purposes (e.g. installation in
a by-pass).

»  Vertical (0°) position optimum
o 4.0 ft/sec or less for optimal
performance and sensor life

Mounting position of a pH sensor

Impedance conversion with
pre-ampilifier

Right: with full feedback
Left: with partial feedback
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1.5 Typical maintenance
of pH sensors

pH electrodes are subject to an altering
process. Temperature, sample and
process conditions are influencing the
life time and maintenance of a pH
electrode.

Cleaning

A pH electrode should be cleaned on a
regular basis (ideally before each cali-
bration). Both the glass and reference
diaphragm must be cleaned.

For a standard water or waste water
application it is recommended tfo rinse
the electrode with tap-water and to
immerse it several times in a 5 % HCI
solution to remove hard water deposits
from the diophragm. To remove mild
grease or oil deposits from the surface
of the glass membrane the electrode
might be wiped gently in isopropyl
alcohol.

Calibration

Calibration of the pH electrode has to
be performed every 2-8 weeks de-
pending on the application.

Electrode replacement

The average pH electrode replacement
is every 1-2 years. Some last longer
and some last shorter.

1.6 Some typical
applications of pH
measurement

pH measurement is the most common
example of the measurement of the
concentration of a specific chemical
species. This is not surprising since pH
effects a multitude of processes:

corrosion rates

precipitation of heavy metals
activity of oxidizing/reducing agents
biological activity

in fact in most processes involving
aqueous solutions of chemicals, the pH
plays some role. There are many exam-
ples to be found in the industry, envi-
ronmental control, utilities, etc. to deter-
mine product quality, to enhance

production efficiency and to assure

environmental- or product safety.

Electroplating, Surface finishing

e etching and pickling bath control

e plating bath control

e pH control in chromate and cyanide
destruction

Waste water (sewage) treatment
e precipitation of heavy metals

(at high pH)
e neutralization

Clear water treatment
drinking water
swimming pools
boiler feed water
cooling towers

Process control

e sugar refining

photo developing

photo emulsion manufacturing
flue gas scrubbing

1.7 Not recommended
applications

In the chemical and biochemical indus-
try there are certain process monitoring
applications for pH sensors, that de-
mand highly specialized systems e.g.:

e high temperatures and pressures

e additional cleaning aids

e EEx proof for use in hazardous
areas

e in-line calibration or cleaning re-
quirements

e steam sterilizable

e pH measurements continuous be-
tween O and 2 or 12 and 14

These are low volume, specialized
niche markets which can be
troublesome.

The SIGNET general purpose sensor

concept for submersible and in-line use,
covers a large number of applications.

GEORGE FISCHER +GF+



1.8 SIGNET pH
instrumentation

George Fischer offers a line of flexible
pH measurement systems to suit a
large number of applications. Ranging
from the simple to operate, 2-wire loop
powered 4-20 mA transmitter model

SIGNET 8710 to the SIGNET 9030
Intelek-Pro pH controller.

The latter is a microprocessor control-
led instrument which can be configured
with additional plug-in cards to provide
extra functions (relays, controller out-
puts, analog outputs). It accepts all
SIGNET pH sensors signals— including
4-20 mA signals. All input cards have
galvanically separated inputs to ensure
that ground problems do not occur.

pH measurements are even simpler with
the SIGNET 8710 pH transmitter featuring
push-button programming and a versatile,
simple to mount enclosure. The
microprocessor-based digital electronics
sealed in a NEMA 4X (IP65) housing
allows a cdlibration in a few minutes.

Both the SIGNET 9030 Intelek-Pro pH
controller and SIGNET 8710 pH Trans-
mitter are combined with the SIGNET
pH sensor system.

SIGNET "Twist-Lock” pH Sensor
System

George Fischer specializes in providing

SIGNET "Twist-Lock” pH

electrode replacement system

GEORGE FISCHER +GF+

simple, atfordable solutions to fluid
monitoring and control. The SIGNET
pH sensor system is a prime example
of this commitment.

The SIGNET 2714 and 2716 pH Elec-
trodes feature a combination design
with measurement, reference, and
temperature compensation element in
one virtually unbreakable plastic body.

Amplification is done with the SIGNET
2720 Pre-amplifier which snaps directly
on top of the electrode for superior
signal qudlity in virtually any applica-
tion. The unique “twist-lock” connection
design makes removal and replace-
ment of the electrodes so simple it can
be done in seconds.

Key Specifications

SIGNET 8710 pH Transmitter

» Loop power: DC 10 to 30 V

« Current output: 4 to 20 mA
(adjustable)

e pHrange: Oto 14

« Display accuracy: + 0.03 pH

» Enclosure rating: NEMA 4X (IP65)

SIGNET 9030 pH Controller
Power supply: AC 90 to 132 or
180 to 264V and DC 16 t0 30 V
o Current output: 4 to 20 mA
o Alarms: 2 SPDT contacts, Max. 5 A
at AC250V
« Dual proportional output: 2 SPST
contacts, Max. 5 A at AC 250V
pH Range: Oto 14
Display accuracy: *0.02 pH
Enclosure: 1/4 DIN (96x96)
Enclosure rating (front only): NEMA
4X (IP65)

SIGNET 2720 Pre-amplifier

» Housing material: CPVC

+ Gain: X1 {Unity)

« Operating temperature: 0- 80°C
o Submersible: NEMA 6P (IP48)

SIGNET 2714/2716 pH electrodes
Range: 0to 14 pH

» Sensor body: CPVC

e O-rings: Viton®

Reference electrode: Ag/AgCl

double junction

« Junction Material: Porous
UHMW Polyethylene

« Mox. process pressure/temperature:

7 bar max. at 65°C
4 bar max. at 85°C

13



pH response curves

1.9 pH Control

Control is the process of keeping a
particular property at a desired set-
point. In pH control, it is the pH which is
controlled, it is done by adding an
alkaline substance to raise the pH or an
acidic one to lower the pH of the sam-
ple. The amount of substance which
must be added is determined by the
response curve of the system. For pH
control, the pH of the acid or alkali
concentration is dependent.

We have shown in Section 1.1. that pH is
a logarithmic function. With each single
step change in pH, the concentration of
H+ ion changes by a factor of 10. For this
reason, pH control is quite difficult, and
whenever possible, it is recommended
that the control be done in a tank. pH
adjustment of no more than 3 pH units in
a single tank is also advised, as the
delivery system of the reagent generally
can not do better than the 100 fo 1
difference in demand for the three pH
steps (ie.. 100 x for third step, 10 x for
second step, 1 x for first step). A well
mixed system for introducing the reagent
is also highly recommended. Generally,
an impeller type mixer does significantly
better mixing than either a recirculated
pumped system or air sparging.

An additional complication which is
common to many industrial control
situations is the existence of a time
delay between adding chemicals and
measuring any response.

The error signal

The difference between the system pH
and the required pH is the error signal.
The error signal controls the amount of
chemicals to be added to the system

Amount of chemical added
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being controlled. It is translated by the
SIGNET Proportional Controller into a
control signal for the chemicals
dispensing.

The pH response curve

The logarithmic nature of pH is also
revealed in the pH response curves
generated when a reagent is added to
a solution. Depending on the strength
of the acids and bases involved, the
response curve will vary. A weak
acid neutralized by a weak base shows
a much flatter response curve. If
mixtures (or acids with several stages
of dissociation) are neutralized, the
response curve shows several steps.

This means that no general formula can
be applied to determining the control
parameters. In the absence of a so-
phisticated adaptive algorithm, the
controller must be optimized
individually for the particular chemistry
at hand.

Controllers

The nature of the pH controller de-
pends in large measure on whether
On-Oft or proportional control is em-
ployed. The principal component in On-
Oft control is the alarm, a relay which
can changes state as the pH changes
across a predetermined value. The
relay turns a solenoid valve on and off,
dispensing basic reagent into the proc-
ess fluid when required, as the pH of
the mixture varies below and above
the chosen value.

For a proportional control system,
determine if a pump or a valve is to be
used as the control element. A propor-
tional pulse or proportional 4-20 mA
signal from a proportional controller
should be used depending on the re-
quirements of that specific pump or
valve. As the pH value of the process
approaches the set-point the control
signal linearly decreases the dispensing
ot chemicals. At zero error there is no
dispensing of chemicals. As the system
drifts away from the set-point the con-
trol signal increases slowly.
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Chemicals

Stirrer

Example 1:

If a stirred tonk is used, the

chemicals dosing should be

close to the stirrer. The pH

sensor should also be in o well

pH stirred region but not close to
the chemicals addition point.

The SIGNET Intelek-Pro controllers have
both capabilities, ON-OFF control and
proportional control. Both methods are
used for control of pH in a tank. On-off
control is generally less expensive in terms
of the delivery system ([pumps/valves)
involved, but may cause overuse of the
neutralizing reagent. Proportional control
provides the advantage of slowing down
the delivery of the reagent to the tank as
the set-point is approached, and prevents
overshooting the set point and wasting of
reagent.

For more complex process control, or if in-
line control is necessary, a Pl or PID
controller should be used. In these
applications, it is recommended to use the
SIGNET 8710 pH transmitter and 2720/
2714 sensor system to monitor the pH,
provide simple calibration, and transmit
the signal to the PI/PID controller.

Some pH control applications

Example 1:

This is a standard application of
neutralization in a stirred tank. It is
recommended that the waste and the
reagent enter the tank on one side, while
the sensor is located on the opposite side

of the tank, near the point of discharge.

Example 2:

This is a situation where chemicals are
added in a sample pipeline in which the
sample is recycled to a large hold-up
tank - e.g. typical of a swimming pool
application. Don’t place the pH sensor
after the chemicals addition — even if
there is a good stirring of sample and
reagent. This will effectively control the
pH of the sample being returned to the
hold-up tank. However, it is not a good
control strategy for the total sample in
the hold-up tank since an infinite time
will be required to reach the set-point.

Chemicals

o L

D52 550052

Pump

pH

Example 2:

In this case place the pH
sensor before the chemicals
addition to measure the pH of
the sample in the hold-up tank

I

GEORGE FISCHER +GF+

15



Example 3:

Don't place a pH sensor
downstream from a chemicals
dosing point in a sample
pipeline unless the mixing of
chemicals is complete. The
system may just measure the
chemicals or only the sample
and be impossible to control

16

Example 3:

This application shows a sample pipeline
with the pH sensor placed downstream
from the chemical addition point
{teedback control ). As stated earlier, if in-
line control is required, a Pl or PID
controller will be necessary. If reagent is
added prior to the sensor, a static mixer
to ensure adequate mixing of the solution
should be used. For in-line monitoring
only, any SIGNET system could be used.
For all in-line applications, velocity in the
pipe should be kept at less than 4 ft/sec
when a bulb electrode is being used, or
less than 5 ft/sec when a flat surface

electrode is being used.

Summary of pH control

The positioning of stirrer, pH sensor
and point of introduction of the chemi-
cals is criticall

® The chemicals should be mixed as
effectively as possible with the
process water.

® The pH sensor should be placed
in a position that reflects the pH
of the total process water.

Chemicals .
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measure correct
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2. ORP
measurements

Unlike the pH measurement, the ORP
measurement is not specific for a par-
ticular substance. Instead it is a meas-
ure of the oxidising or reducing power
of the sample. This measurement is an
example of an electrochemical one, ie.
the direct inter-conversion of a charge
transfer process in an electrical
conductor — electrons, with that in a
solution - ions. The electrode required
to effect this simple process is a metal.
The metal selected must, however, be
inert. Usually platinum is selected since
it is only attacked by a few very ag-
gressive acids.

The simplest example of a ORP meas-
urement is in a solution containing iron

salts in the two forms ferrous and ferric.

The only difference between the two
forms is that the ferrous form has one
electron more than the ferric form.
When the platinum electrode is im-
mersed in such a solution and a poten-
tial applied between it and a reference
electrode, it is possible to generate a
current flow in which either electrons
are forced to flow to the ions in the
solution and add on to the ferric ions
thus reducing them or vice versg, i.e. if
a more positive potential is applied,
electrons will be taken from the ferrous
ions in solution thus causing their oxida-
tion.

At a precisely defined potential, which
can be calculated from the Nernst
equation, the net transfer of electrons
from the platinum wire to the solution is
zero. (At this potential the transfer of
electrons is not "frozen” but rather the
forward rate is equal to the backward
transfer rate — these individual rates
are called the exchange current densi-
ties). This potential is the characteristic
ORP (Redox) potential of the solution.

The ORP sensor simply measures po-
tential and since it is a high impedance
device it takes [or gives) no current to
the electrode. Thus the chemical system
stays in its natural equilibrium

It is scen from the Nernst equation that
GEORGE FISCHER +GF+

the ORP potential is concentration
dependent — thus it is often used as a
measure of the concentration of oxidiz-
ing agents (less often reducing agents)

2.1 The ORP scale

Chemical processes are typified by
relatively low potentials, when com-
pared to the standard 110/230 V
domestic power supply. It is perhaps
surprising that the most powerful oxida-
tion or reductions are associated with
potentials in the range -3 to +3 V. The
strongest oxidising agent is fluorine and
the strongest reducing agent is lithium.

The ORP of some common systems
together with the extremes are given in
Appendix lll.

All ORP potentials are standardized
against the “hydrogen electrode”. This
is the international standard reference
electrode and has the potential zero.
However, it is not a very practical
electrode to work with. Therefore,
ORP’s {as well as other electrochemical
potentials) are usually quoted with
respect to a common reference elec-
trode like the one used in SIGNET ORP
sensor: the silver/silver chloride elec-
trode. The silver/silver chloride elec-
trode has a potential +0.198V against
the hydrogen electrode. This means
that potentials measured with the sil-
ver/silver chloride electrode will be
0.198Y more negative than those ex-
pected on the basis of the table in
Appendix Il

2.2 Restriction on the
analytical significance
of ORP measurements

What does ORP actually mean?

As mentioned previously the ORP is a
measure of the oxidizing or reducing
power of a solution. Since some
oxidizers (or reducers) are much
stronger than others, the measurement
is not a measurement of concentration
(total) of all oxidizing (or reducing)
species, but more importunﬂy, a
measure of the total oxidizing
capability {power or potential) that the
solution has.
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Some oxidizing/reducing
systems

Variation of ORP for free

chlorine as a function of pH.
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As the measured value of ORP increases, the
solution has more potential to oxidize. One
good example of an oxidation processis the
monitoring of swimming pool disinfectants.
Aswe increase the amount of disinfectant
(generally chlorine)into the pool, the ORP
increases. With the higher value of ORP, our
pool water is more acfive - has more poten-
tial to destroy any organisms, and does this
destruction more quickly. Asthe chlorine is
consumed, the ORP drops again, signaling to
the controller to replenish the chlorine into the
water.

ORP vs.PPM Chlorine

Correlating the ORP to an exact concentra-
tion of chlorine in water is often desired, but is
not so straightforward. There are two causes
for this. First, the activity of the chlorine in the
water is greatly affected by the pH. Thisis
caused by a conversion of the form of
chlorine in the water from hypochlorous acid
{(HOC) to hypochlorous ion (OCH) as the pH
increases. Unfortunately, the latter, hypochlor-
ousionis 80 to 300 times less effective than
the hypochlorous acid. The lower oxidizing
activity of this form of the chlorine resultsina
lower oxidation potential, or ORP. Itis
therefore critical to know the exact pH (or
better yet, control the pH)in order to make @
correlation to PPM chlorine. The figure below
shows the relationship between pH, ORP and
ppm chlorine for various conditions frequently
usedin disinfection.

The second cause of difficulty requires re-
examination of the Nernst equation. This
shows us that the ORP measurement is made
up of the ratio of at least two concentrations.
E= E°+ (RT/nF)In (a,,/q,.q)
These are the concentrations of the

oxidizing agent and its reduced form or
reducing agent and its oxidized form.

PPM Free Chlorine

0.5

0.7 08091

1.5 20 3.0

8.0

7.9

7.8—0.4

77—

7.6—

7.5—

N

650

750 850

ORP MV
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In the case of the common oxidizing
agent chlorine, the reduced form is the
unreactive chloride (as in common table
salt). Since the ORP is proportional to
the ratio of these concentrations
(affecting the equilibrium state of the
reaction), a greater concentration of
chlorides in the solution will also cause
the ORP to decrease. This is illustrated
quite well by some work done in
California, examining the differences in
ORP for different waters at constant
pH (7.5}, and varying levels of chlorine
(See figure below). As the salt in the
water (chloride) increases, oxidation
potential (ORP) decreases.

If the salt level in any water remains fairly
constant, the appropriate relationship can
be derived, and a set point selected to
enable the chlorine concentration to be
maintained for any given level of pH. It
should be reinforced however, that only
ORP represents the true oxidizing capabil-
ity of the solution, while a measurement of
ppm chlorine may represent chlorine
present in a very inactive oxidation state.

Relationship between oxidation potential and free
chiorine residual at a constant pH in five different
waters.
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ORP and Ozone

Measurement of ozone in water with ORPis
much more straightforward than the mea-
surement of chlorine. The primary reason for
thisis that the ozone does not change its form
inthe water (combine with other molecules),
and therefore is not affected by pH. The
relationship between ORP and ozone is
shownin figure below. This measurement has
foundimportant applications in aquariums,
bottled drinking water, and other disinfection
applications.
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The SIGNET bulb and flat
surface ORP electrodes

2.3 SIGNET ORP sensor

Construction

The SIGNET ORP sensor has a similar
construction to the pH sensor — except
of course that instead of a glass elec-
trode, the much simpler ORP electrode
in the form of a platinum band is em-

ployed.

The same pre-amplifier is used as in the
pH sensor. Although the ORP sensor is
a fairly low impedance device, the pre-
amplifier ensures that no current is
drawn through the platinum electrode
and that the measurement is not invali-
dated by “polarization” effects.

(Note: Polarization is the effect of the
electrode potential shifting when cur-
rent is drawn. An electrode is like a
resistance: a potential difference is
required for a current to flow. Refer-
ence electrodes — whose duty is to provide
a stable potential - are constructed with
very low impedance and are virtually non-
polarizable. That is current can be drawn
with little potential shift)

Calibration of the ORP electrode

Regular calibration of the ORP
electrode is necessary to compensate
for any standard and slope drift. A
monthly frequency is typical in many
disinfection applications. Verification
is best accomplished in freshly made
solutions of quihydrone saturated pH
4.0 and pH 7.0 buffer solutions.
Quihydrone is a weak reducing agent
whose activity changes with the pH.
By adding it to solutions of known pH,
standard ORP solutions of 87 mV (pH
7.0 buffer) and 264 mV (pH 4.0 butfer)
are obtained. These standard
solutions are used to monitor the
standard and slope of the ORP
sensor. A shift in the standard or
slope generally occurs from depletion
of the reference side of the electrode.
A decrease in span between the two
points is generally caused by contami-
nation of the platinum electrode
surface. A good cleaning of the
probe might help to restore these
values, otherwise the electrode should
be replaced.

10Kohm1D.
resistor

Shiekding

Epoxy seal

Thermistor contocts

BNCconnedor ~ ——=|

( Thermiistor contacts

10KohmID.
~—— Viton O-rings (Std) resistor ~est——— Viton O-rings {Std}
Shickding
Sicone bushing sedl Epoxysed ——— Sicone bushing seal
{Entire volume above seal {Entire volume dbove sedl
potted with epoxy) Va potted with epoxy)
Reference element Reference wire
ORP measuring element -
Reference gel -
- Doubleincli
? Y P Uiquidjunction diophrogm \ Platinum sensing surface

20

GEORGE FISCHER +GF+




Problems that can occur with the
ORP electrode.

The problems that can occur with the
ORP measurement are similar to those
with the pH sensor. Apart from the
obvious problems such as blockage of
the electrode with isolating oils, fat or
other deposits can cause, it is usually
the reference electrode with the sensi-
tive junctions that is the major source of
trouble. However, due to the SIGNET
double junction reference electrode,
such problems are kept to a minimum.

Different from the glass electrode for
pH measurement, the ORP electrode is
a low impedance device. The measur-
ing electrode comes directly in contact
with the sample. The highest imped-
ance element in the measurement is the
junction of the reference electrode.

2.4 Some typical
applications of ORP
measurement

ORP measurements find applications in
water monitoring after a disinfection
step — e.g. addition of chlorine, dioxide
or ozone.

Such process are employed in:

swimming pools

potable water treatment
ultra-pure water (semi-conductor)
sterile process water (pharmaceuti-
cal)

Other common applications are in flue
gas scrubbers e.g. for the oxidation of
sulfur dioxide or the destruction of
cyanides.

2.5 SIGNET ORP
instrumentation

George Fischer offers a line of flexible
ORP measurement systems to suit a
large number of applications. The
construction, features, and most of the
specifications are identical to the pH
measurement systems described in
chapter 1.8.

<«4—NaOH, NaOCl

mV

/V
mV set-point
at equilibrium

SO,+ 2NaOH+ NaOCl
—» Na,50, +NaCl +H,0

exceséf NaOCl

excess of SOy

Concentration
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Flue gas scrubber application
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Lonic conductivity

Conductivity as
a function of
concentration
and substance
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3. Conductivity
measurements

3.1 Properties of
electrolytic conductivity

As we have seen, the measurement of
pH and ORP potential are electro-
chemical methods (i.e. methods which
are based on the flow of electricity but
in a solution containing an ionic con-
ductor. A basic property of the solution
for electrochemical measurements is
the conductivity itself — whereby all
dissolved ionic species add to the
conductivity of the solution.

T~
TN

@

<—®/\,

7 O

A\

The conductivity measurement is not
surprising the least specific of electro-
chemical measurements, but is not
necessarily an obstacle in its applica-
tion in an industrial control task.

The classic example is the monitoring
and control of a de-salination plant.
Here the function of the plant is to
remove all dissolved ionic species from
the sample. This is the most common
application. Often, however, conduc-
tivity is used to estimate the concentra-
tion of a dissolved ionic species.

As can be appreciated from the non-
selectivity of the conductivity measure-
ment this can only be possible when
the process solution has a very simple
composition (best a pure substance)
and the concentration varies over a
small range.

Properties of electrolytic conductivity

In contrast to electronic conduction in
a copper wire, electrolytic conductivity
has more parameters that effect the
conduction process:

e there is a difference between a
conductivity measurement with
AC and DC

e the conductivity is dependent on
the solvent, nature of the ions
dissolved and temperature

e the concentration dependence is
non-linear in very dilute (pure) solu-
tions and in concentrated solutions

e the conductivity is dependent on
chemical equilibrig, i.e. conducting
ions can combine to give less
conducting ions

We shall see in the next sections the
reasons for these phenomena.

pscm-l Low concentration
cm-! . .
WS medium-high
08 [ concentrations 0,05
07| f5
- ppb ppm
z 7 HCl
2 051
Y KOH
= -
3 04
C
o 03
% 02 | NaCl
g ol | /
aQ S MgSO,
w 1 1 1 1 1 1 1 1 1 1 |
1 2 3 4 5 6 7 8 9 10 12 mol
Concentration C — -
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3.2 Conductivity units

There are three units of measurement
commonly used to express conductivity. They
are:

Siemens/cm mhos/em and Ohmecm

where Siemens/cmis exactly equal to mhos/
cm, and both represent the inverse of
Ohmecm. Inthe US, the Siemens/cmand
mhos/cm are the preferred measurement
units. The unit of Siemens was set by the
International Standards Organization to
replace the unit of mhos, but both continue to
remain popular today.

The conductivity range found in most water
supplies, (not pure water), is in the magnitude
of 1/1000 of the Siemen, and is therefore
designated as it’'s metric equivalent, the
microSiemen/cm (uS/cm) or micromho/cm

(wmho/cm). Readings are standardized toa
1.0 em cell constant, and it is common to see
the cm-1 unit dropped from the term. Al-
though the unit is not mentioned, it is dlways
assumed fo be present.

The unit of Ohmecmis used in applications of
resislivity, espedially for the monitoring of high
purity water. Inthese cases, the magnitude of
the readingis in the milion of Ohmsecm, andiis
converted foit’'s mefric equivalent, the Meg

Ohm{M ), with the scm assumed.

In all cases, the definition of the unit is
based on the resistance of the sample
measured between two parallel square
plates of 1 cm? area placed 1 cm
apart.

inserted in the equations above. The
characteristic property of the measur-
ing cell is the

e separation

cell constant

and has the units cm!. Usually the cell
constant is determined by the
manufacturer and defined in the
product specification — even for
complex geometries.

Most applications of conductivity
measurement occur with aqueous
systems. The range of conductivity
typically covers the range of TuS to
1,000,000S (1,000,000uS = 1,000 mS
=1S). Some commonly encountered
samples are given in Appendix lll.4.

TN
N—
N
1cm
T~ -«
— TN
L
1em
N— / Ea
— 1cm

/\//-\/

resistivity x electrode separation

Measured resistance=

Measured conductance=

electrode area

conductivity x electrode area

electrode separation

Conductivity = 1/ resistivity

In practical industrial measurement
systems the parallel plate measuring
cell used in the definition is rarely used.
However, this is not important since the
particular electrode geometry can be

GEORGE FISCHER +GF+

electrode area

Classical 1 cm® measuring cell
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Dissociation of water
contributes to total
conductivity
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3.3 Conductivities

Solutions with low dissolved salt
concentrations

The conductivity of a solution is to a
first approximation linearly dependent
on the concentration of dissolved ions.
As the concentration drops toward
zero — e.g. as is the case in a good
deionization plant, the conductivity
drops only as far as a limiting value.

The reason for this is the property of
water to self dissociate giving the ions:
protons (H*) and hydroxyl ions (OH").
(This property is already explained in
the discussion of pH.)

H,O = H* + OH:

In a neutral and pure water the con-
centration of both ions is about 107
mole/! — i.e.. a dissolved salt concentra-

tion of about 2 ppb.
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Solutions with high dissolved salt
concentrations

In the medium concentration range

(1 wmole/l - 1 mole/l), there is a rea-
sonably linear dependence of the con-
ductivity on concentration. As the con-
centration increases, however, the ions
become more closely packed in the
solvent and the elecirostatic forces
between them becomes more noticea-

ble.

We have already seen, that such close
packing screens protons and reduces
the acidity of the solution through low-
ering the activity coefficient (Appendix).
Conductivity is also affected. Increasing
the concentration has less effect on the
conductivity than expected because
the ions tend to move as less mobile
clusters rather than independently.

An additional effect is observed af yet
higher concentrations. If the solute is a
liquid e.g. sulfuric acid, at 100% solute
concentration there is no water left.
Since water has a very beneficial effect
on the conductivity of ionic solutions —
especially of acids or bases - this loss
of solvent water leads to an absolute
decrease of the conductivity.

i% drog created by

high concentration
of counter ions

Drag at high concentration reduces the
conductivity

3.4 The measurement cell
for conductivity

SIGNET conductivity cells are simple
and robust constructions and are avail-
able with cell constants of 0.1, 1.0, 10.0
or 20.0 cm™. The 0.1 cm™ cell gives the
lower measuring resistance and is used
for measuring low conductivity samples.
For example, when this cell is used to
measure pure water with a conductivity
of 1 uS, the resistance given to the
conductivity instrument is:

1 Mohm x 0.1 = 10 kohm

The cell with constant 10.0 cm™' in com-
parison gives a 100 x higher resistance
and would give an unacceptable high
resistance in high purity water causing
measurement problems. It is therefore
used generally for medium to highly
conducting samples.

A temperature sensor is incorporated in
all sensors to allow automatic
temperature compensation of the con-
ductivity.
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3.5 The electrical
equivalent of the
conductivity cell and
the measuring principle

The standard conductivity measuring
cell looks like a parallel plate condens-
er and it might be expected that as a
result only an AC signal can pass
through it. However, since the cell dips
in a solution a conversion between
electrical conduction and ionic conduc-
tion occurs at the electrodes through
an “electrode reaction”.

© E I ; ®
Electrolyte
solution

Electrical equivalent

The impressed electric current results in
a chemical reaction at the electrode
surface. The electrical equivalent of the
simple conductivity cell therefore has to
include a suitable electronic component
to account for this electrode reaction.

SIGNET conductivity transmitter

The chemical reaction taking place is
usually represented by a resistance
component in parallel with the capacity
term. Since this resistance is highly non-
linear, the conductivity measurement is
done by making sure that the energisa-
tion of the cell occurs through the ca-
pacity only. This is achieved by energis-
ing with an AC signal of low amplitude
in the low kHz region. For accurate

GEORGE FISCHER +GF+

measurements the conductivity of the
sample must be negligible in compari-
son to that of the electrode interface.
Thus a conductivity measurement with
such an electrode configuration is not
suitable for highly conducting solutions.
Here the so-called inductive measure-
ment principle must be employed.

3.6 SIGNET conductivity

instrumentation

George Fischer offers a complete line
of conductivity instruments and sensors
ranging from a 2-wire, 4-20 mA con-
ductivity transmitter model SIGNET
8800 to the SIGNET 9050 Intelek-Pro
Conductivity controller.

The SIGNET 9050 conductivity control-
lers are designed for exclusive use with
the SIGNET 2820 series sensors, cover-
ing ranges from 1 to 200,000 uS/cm,
temperature compensated. Modular
output cards enable many different
interface configurations to meet the
requirements of the user. All set-up,
calibration and operation instructions
are accessed and programmed from
the front panel of the instrument.

Conductivity sensors are offered with
a cell constant ranging from 0.1 to
20.0 including a temperature
measuring element for temperature
compensation.

3.7 Applications

Water Treatment

Water treatment plants utilizing
deionization and membrane separation
[reverse osmosis) represent the most
widespread use of conductivity
measurements. It is not surprising that
the conductivity measurement is
employed here since it measures
exactly what the plant is doing -
removing dissolved ions. The
conductivity analyzer has to check that
the equipment is working correctly —
for example ion exchange resins
become exhausted with time —
indicated by so-called break-through
of ions — at which time the conductivity
increases sharply and the unit must be
taken off-line and re-gencrated.
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Reverse Osmosis plants also operate
using conductivity as their primary
control. A comparison of the feedwater
conductivity to the product water
conductivity can be calculated, and is
termed “Percent Reject” This term
literally quantifies the percent of salts in
the stream that have been successtully
rejected. Over time, the percent reject
of the membranes will decrease, and at
a predetermined level, the membranes
can be taken off line, backwashed, etc.
to help restore them to their optimum

performance
Rinse baths

Rinse baths are used in all metal-finish-
ing operations. The task is to wash and
remove chemicals from the article be-
fore proceeding to the next processing
bath. The rinse water is often recycled
or replenished with clean water to
prevent the contamination (salts) from
building up in the bath. Usually a
conductivity measurement is employed,
whereby a particular conductivity set-
point based on experience is pro-
grammed to correspond with the maxi-
mum allowed contamination.

3.8 Not recommended
applications

In the power industry it is the modern
practice to employ the so-called non-
linear temperature compensation in the
measurement of the conductivity
(resistivity) ot high purity water. Non-
linear temperature compensation
accounts for the fact that at high
dissolved salt concentration the
temperature coefficient is low (2-3 %/
degree) whereas at low dissolved salt
concentration the conductivity results
mainly from dissociation of the water
itself — a process having a high
temperature coefficient (10%/degree).
Since the sample temperatures are
high, accurate temperature compensa-
tion is important. Moreover, since the
samples are highly pure the conductivi-
ty lays in the difficult region of high
temperature coefficient. Here, only an
exact modelling of the temperature
dependence through a "non-linear”
method provides a satistactory meas-
urement.

The possibility to set a high but fixed
temperature coefficient cannot be
considered to be a satisfactory solution
for sophisticated high purity water
applications {power utilities).
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Appendix |
pH - more theory!

1. The Nernst equation

The Nernst equation is an important
one in the application of electrochemi-
cal techniques for analysis. It describes
the variation of measured potential
with pH or the composition of a solu-
tion of oxidizing/reducing species. The
Nernst equation is derived from
equilibrium thermodynamic considera-
tions — i.e. purely on the basis of the
energies of the species involved with
no regard for kinetics i.e. how fast
processes can occur. In other words the
Nernst equation has been derived for
and can only be applied to a system in
energetic equilibrium with no net
change from one species to another.

In the case of the glass electrode
the Nernst equation is:

E= E°+ (RT/nF) In oy«
E® + ((RT/nF) In(10)) log(a,+)
E° - ((RT/nF) In(10)) pH

At 25 °C the value ot [RT/nF In{10)) is
59.16 mV. This is the slope factor. The
oftset factor is EY. It is the sum of several
terms, the most important of which are the
standard potentials of the reference
electrodes in the pH sensor.

For a ORP system the Nernst
equation becomes:

E = E° + (RT/nF) In (aox/ared)

Thus for the ORP reaction:
Fe3* + e = Fe?

Nernst becomes:
E = E° + RT/nF In (are3+/are2+)

We see here a basic difference to the
pH case — that at least two concentra-
lions are involved. This make a concen-
tration determination more difficult.

(In principle this is also the case for pH:
E = E® + RT/nF In (ay+/ay,) however,
since the reduced species is hydrogen
gas which has by definition unit activity
it disappears from the equation).
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2. The temperature behavior of the
glass electrode

We have seen that the pH electrode
has been designed to give 0 mV signal
at pH 7. However, what happens when
the temperature changes. Since E° also
has a temperature coefficient, if would
most likely result in the calibration curve
shifting from the desired zero point at
pH 7. Automatic temperature compen-
sation would be inconvenient in such a
case. For this reason the two reference
electrodes have been designed as a
pair to give a zero E° temperature
coefficient. This ensures that all calibra-
tion plots at different temperatures all
cross the isopotential point i.e. at pH 7
and O mV.

3. The alkali error

No specific ion sensors are completely

specific to the designated ion. There is

always some interference. In the case

of the glass electrode the interference

is noticed:

e when the concentration of protons is
low —i.e. in akaline solutions

e when the concentration of the inter-
fering ion is high.

14 The sodium/alkali error

1 :
13

27



28

The ion causing the greatest problem
is sodium. Thus the worst case condi-
tions are the measurement of sodium
hydroxide solutions. Typical pH elec-
trodes give zero error at pH values
below 12.3 and rise to an error of 0.7
pH at pH 13.5.

To account for cross-sensitivities the
Nernst equation must be extended as
follows:

E= E9+RT/nFIn ( ay + Kang: )

where the term Kay,: corresponds to
the response of the glass electrode to
sodium and will have increasing im-
portance at low proton activities and
high sodium activities. Low sodium
errors are given by electrodes having
a low sodium cross-sensitivity factor K

4. The effect of the concentration
of dissolved salts on
the measured pH

The pH is a measure of the acidic
activity of a solution. If the solution has
a low concentration of dissolved salts
then the activity is the same as the
concentration. As the concentration of
dissolved salts increases, then there is
ever increasing interaction between
the ions of the salts. Thus negatively
charged ions become shielded by a
shell of positively charged ions and
vice versa. This effectively reduces the
acidic activity, thus there is a deviation
from the equivalence of activity and
concentration:

08 al @Q“\\Z Ha

KNO,
07

06

03

Variation of activity coefficient with concentration
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Appendix Il
Applications

I.L1 pH measurements in
drinking water plants

There are many opportunities for in-
stalling pH instrumentation in potable
water treatment. This is because the
dissolved salts in potable water can
cause scaling and disposition if the pH
is too high. If the pH is too low corro-
sion of the distribution pipelines may be
accelerated. Several processes can
results pH changes - hence the need
for pH control.

The pH should be monitored in the
following stages of the water treat-
ment:

raw water feed

coagulant addition
magnanese removal stage
precipitation softening
recarbonation
de-alkalization
de-alkalizer waste control
aeration

Note: Not all of the mentioned
processing stages will necessarily be
employed in a particular plant.

Raw water feed

Monitoring the raw water feed is re-
quired for the intake protection. This is
especially necessary with river water
which can undergo changes in 30
minutes. Ground waters on the other
hand are more predictable and show
only seasonal changes.

The electrode chosen for monitoring
raw water should withstand suspended
mineral particles, decaying vegetation
and bacterial slime elc. The low con-
ductivity {«150 pS/cm) can cause
measuring problems.

Coagulant addition

Coagulation treatments employ iron,
aluminium or cationic polymer coagu-
lants. The pH must be controlled for
optimal treatment efficiency. The elec-
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trode will be subject to fouling by the
floc particles. Aluminium coagulants
require a tight pH range of 5.5 to 7.5 to
be effective.

Manganese removal stage

Magnesium removal requires use of
oxidizing conditions generated by aera-
tion or use of an oxidizing agent. Aera-
tion requires a pH of 9-9.5, or when
using a stronger oxidizing agent pH 6.5
may suffice.

Fouling of the pH sensor is likely to be a
serious problem. Appropriate cleaning
or anti-fouling techniques which can
deal with soft deposits of hydrated
manganese |V oxide are required.

Final water pH control

According to AWWA guidelines the
final treated water must have a pH in
the range 6.5 - 9.5. A reliable and
stable sensor should be employed.
Frequent calibration may be necessary
to achieve the desired resolution.

Precipitation softening

Precipitation softening is carried out in
sedimentation basins or pellet reactors.
Control of the lime dose is achieved by
monitoring the pH within the mixing
tank prior to the sedimentation tanks or
in the case of the pellet reactors at their
outlet.

Recarbonation

Water softened by the precipitation
method can be stabilized by re-carbon-
ating with carbon dioxide. Control of
the carbon dioxide dose rate is
achieved by monitoring the pH of the
recarbonated water.

De-alkalization

De-alkalizers employing a weak proton
ion exchange resin can be controlled
automatically by monitoring the pH of
the softened water. A freshly regener-
ated exchanger will have an outlet pH
around 3.4. As the exchanger becomes
exhausted the pH rises. At pH 5.5 to 6.5
the exchanger must be regenerated
with hydrochloric or sulfuric acid. To
maintain a good exchanger perform-
ance it must be exhausted to the same
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A typical pH and ORP control
of a commercial or public
swimming pool

30

degree betfore regeneration. A repro-
ducible pH mcasurement provides this
capability.

De-alkalizer waste control

The spent regeneration chemicals used
for the ion-exchanger must be neutral-
ised with caustic in a standard neutrali-
sation tank. This is a straightforward
pH control task.

Aeration

Forced aeration may be employed to
reduce the excess of carbon dioxide in
solution following de-alkalization or to
raise the oxidation potential for the
removal of manganese. Monitoring or
control of the aeration stage is re-
quired to avoid raising the pH of the
water to a value at which the precipita-
tion of calcium carbonate may occur.

Those processes where an oxidation is
performed - manganese removal (aer-
ation of water or use of oxidizing
agenls) can benelit from an on-line

ORP sensor.

.2 Swimming pool
chemistry control

Ground water contains many dissolved
salts. A relatively high proportion is
carbonate or bicarbonate. In addition
living material (bacteria, micro-organ-
isms) is also present. The ideal water
conditions in a swimming pool are pH

neutral and deficient in any harmful
micro-organism.

The pH of the exposed water changes
with time because of the equilibrium
between the dissolved carbonate/
bicarbonate salt and the carbon diox-
ide in the air. The pH increases. This is
bad because it can cause skin irritation.

Micro-organisms find the oxygen rich
water of a swimming pool the ideal
place to grow. These natural processes
must be prevented and belong to the
normal swimming pool “maintenance”
just like continuous filtering of the
water.

The most commonly used chemicals are
hydrochloric acid {to maintain pH neu-
trality) and a powerful oxidising agent
(previously chlorine or hypochlorite but
more popular now ozone and chlorine
dioxide) to destroy micro-organisms.
pH control is the right choice for the
dispensing of the hydrochloric acid -
since the desired parameter is pH with
a neutral value (pH between 7.4 and

7.6).

In the case of oxidizing agent addition,
the addition can be controlled with an
ORP measerement. In 1982, the "Deut-
sche Institut for Normung (DIN}’, adopt-
ed an ORP standard of 750 mV for
public and commercial swimming pools.
France and most other European coun-
tries have since adopted this standard.

Proportional output

Proportiona!

output

Proportional
output

Chlorine

SIGNET 2720/ SIGNET 2720/

2716 pH 2717 ORP

Sensor System Sensor System
- FLOW »
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Appendix lli
Useful tables

.1 pH of some Clark and

Lubbs Buffer Solutions
at 25°C

pH

Solution

1.0
20

3.0

40

50

6.0
7.0
8.0
90

10.0

25 ml 0.2M KCL + 67.0 ml
0.2M HCl diluted to100 ml
25ml02MKCL + 6.5 ml
0.2M HCl diluted to 100 ml
50 ml 0.1M KH Phthalate +
22.3 ml 0.TM HCL diluted
to 100 ml

50 ml 0.1M KH Phthalate +
0.1 ml 0.1M HCL diluted

to 100 ml

50 ml 0.1M KH Phthalate +
22.6 ml 0.1M NoOH diluted
to 100 ml

50 ml 0.TM KH,PO,, + 5.6 ml
0.TM HCL diluted to 100 ml

0.1M HCL diluted to 100 ml
0.1M HCL diluted to 100 ml

50 ml 0.TIM KH,PO, + 46.7 ml

50 ml 0.1M KCI/H48O5 + 20.8
ml 0.TM HCL diluted to 100 ml
50 ml 0.1M KCI/H,BO; + 43.7
[ mi 0.1M HCL diluted to 100 ml

.2 The pH of some

common products

pH Produci
14 Lye
13 0.1M NaOH solution
12 Photodeveloper
11 Ammonia
8.2 | Baking Soda
7.35 | Human Blood
7.0 | Pure Water
60 | Milk
50 | Coffee
40 | Yogurt
45 | Beer
3.5 | Wine
3.0 | Vinegar
2.8 | Cola beverages
2.0 | Lemon Juice
1.0 | Gastric Juice
0.0 | IM HCl solution
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ll.3 Some ORP potentials

Reaction E° (V)
Li— Li*+e -3.045
K—K*+e -2.925
Na — Na*+ -2713
Mn — Mn?%* + 2e- ~1.168
Ti — Ti2*+ 2e -1.63
OH- - OH+e -12
Cr — Cr?v+ 2e -0.913
Fe — Fe?+ 2e -0.440
Cr2t —~ Cr¥ty e ~-0.407
40H— O, + 2H,0O +4e- | -0.401
2k —1,+ 2e -0.400
Tz —Tit* + e -0.37
Ni — Ni?* + 2e" -0.250
Pb — Pb?* + 2e- -0.126
Fe —Fe®* + 3e -0.037
Hy —2H* + 2e- 0.000
Fe?*—Fe¥* + e +0.771
Ag —Agt+e +0.799
Pb — Pb** + 4e +0.80
3Br- —Bry + e +1.06
2Br- —Br, + 2¢e +1.066
ClO, - ClO,+ e £1.16
Pt —Pt%* + 2e- +1.188
Ag —Ag®+ 2e +1.369
2CF — Cl, + 2e +1.538
Pb?* — Pb* + 2e +1.694
Agr— Ag¥+e +1.939
2F— Fo+ 2e +2.866
.4 The Conductivity of
some common products
uS/em mS/cm
0.1 1 10 100 1 10 100
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