MEASUREMENT

Using Correct Gonductivity
Temperature Gompensation

by Lori L. McPherson

Table §. emperam Cdefficients of Solutions
- of inorganic Electrolytes at 18° C'*

interpret the quantity of ions contained in the

solution. The temperature of the solution can
have a large affect on the reading. Most conductivity
instruments will “compensate” for this conductivity
affect, allowing the reading to be standardized to an
estimated value at 25° C. For water solutions, a tem-
perature compensation factor, or coefficient of 2 per-

C onductivity measurements arc normally used to

Electrolyte Concentration Temperature
{Wgt. percent) Coefficient

g _ o okte

cent per degree centigrade, is normally used. This com-
pensation is reasonably accurate in accounting for the e
affect of temperature on the conductivity measure- e
ment. However, in solutions other than water the actu-
al coefficient may be significantly different, and if not HCl |So 'g::z
programmed correctly can result in very large mea- 20 0154
surement €rrors. 30 0154
40 0152

The Conductivity Measurement

The conductivity measurement is literally a measure- . HF o WaRe L7120
ment of the solution’s ability to conduct electricity. It is : : 480 0686
directly affected by the number of dissolved ions in the T M3 09583
solution. As the number of dissolved ions increases, the HNO, 62 0147

ability to conduct electricity also increases. The measure-
ment value is generally considered to be a measurement
of the actual number of ions contained in the samplc,
while in fact, this is only inferred.

The conductivity measurement unit is the inverse of
the resistivity measurement. Resistivity measures the
solution’s ability to resist electrical current flow. This is
measured in Ohms*cm. Therefore, conductivity is
mhos/cm, with mhos being defined as Ohms'. This unit
has been renamed by the International Standards

Organization to be Siemen (S). However, both mhos/cm KCl 5 0201
and S/cm are considered correct terms. In clean water 10 o188
(surface water, well water, etc.), the order of magnitude 15 0179
is in the range of 10 S/cm, or uS/cm. 20 0168
The Affect of Temperature on Conductivity ,Ss

The solution’s ability to conduct electricity is related 20
to the concentration and specific conductivity of the 27
ions in the solution, and the temperature of the solu-
tion. Increased temperature provides increased activity NaCl 5 0217
or ionic movement that enables more electricity to be 10 0214
carried through the solution from one electrode to gg 'ggg
another. i

In order to better correlate the electrical conductivity ¥ - Boctaehemcar ke A Handuook for Elec RS 9 0dUSHY A"
to the concentration of ions, the affect of temperature m,?of?& Fliot S mm Campasy, Assiestat
on the solution’s ability to conduct electricity is sub-
tracted from the actual conductivity. For example, a 2 mmmwwmamdsfcssw»sm(w

solution at 25° C may conduct 200 pS. This same solu-
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tion at 35° C would conduct 240 pS. Since the primary
purpose of the measurement is to correlate to the purity
of the solution, the affect of temperature is subtracted
(compensated), with a displayed, compensated value
shown of 200 pS. This provides a means of standardizing
the conductivity reading to the concentration of ions at
25° C.

Applications with Coetficients Ditferent from Water

Many solutions other than water are effectively con-
trolled using conductivity. Some of these include offset
printing fountain solutions, water soluble lubricants
used in metal machining and quenching solutions. Many
of these solutions have been tested to determine their
temperature coefficients, and have been found to have
coefficients significantly different than the 2.0 percent
per degree centigrade used for water solutions. If the
coefficient used is incorrect, when the temperature of
the solution changes, the conductivity value will be seen
to change. However, in reality, the concentration in the
solution remains the same.

Other solutions, such as acids or bases, can also have
temperature coefficients significantly different than that
of water. In many cases, each concentration range of a
solution will have its own temperature coefficient. For
example, 10 percent sulfuric acid will have a much dif-
ferent temperaturc coefficicnt than 50 percent, and those
values will be different than sulfuric acid at 90 percent.
To maintain the highest level of accuracy across temper-
ature changes, it is recommended to check the tempera-
ture response of the solution, and program the instru-
ment accordingly.
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Applications that Should Not be Temperature Compensated

In some applications, the measurement of the true or
actual electrical conductivity is important, without any
standardization back to the conductivity level at 25° C.
One example of this type of application is the salt solu-
tion used to shock poultry prior to processing. The salt
content of this sofution is monitored using conductivity,
to ensure that it can carry sufficient current to effective-
ly stun the chicken. In this case, the temperature com-
pensation program should be deactivated (generally by
introducing a coefficient of 0.0 per degree centigrade).
This activity guarantees that the measurement is a true
measurement of the electrical current the solution will
pass, and the process will operate as needed.

A second example is the reionization of pure water to
prevent carona discharge across high pressure nozzles. In
the semiconductor industry, the water used in rinsing
wafers must be free of any impurities. In this state, the
water generally has a resistivity associated with it of 18.3
MQ. Unfortunately, water this resistive can cause a static,
or carona discharge when the water passes through a
high pressure spray nozzle. This discharge, or sparking,
can badly damage the water being washed. By re-ionizing
the water with carbon dioxide, the water regains some
ability to conduct electricity, without salt contamination,
and the discharge is prevented. In this case, the electrical
property of the solution is the important property, not its
inference to the content of carbon dioxide. Therefore,
temperature compensation should not be used for opti-
mum process control.

continued on pg. 44
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TECHNOLOGY FOCUS

Depth filter

Fibrotex, the spirally wound depth fil-
ter, removes and destroys Cryp-
tosporidia from potable and backwash
water. The system removes cryp-
tosporidial oocists by trapping them in
a matrix of fibrous yarns and destroys
them with a vacuum steam pasteuriza-
tion process.

Smith & Loveless, Inc.
Lenexa, KS

Cloth-media filter

Using selected porosity cloth as the fil-
tration media, the AquaDisk filter can be
adapted to applications from pre-filtra-
tion for primary solids to high-percent-
age solids removal.
Aqua-Aerobic Systems, Inc.
Rockiord, IL

Write in 909

Write in 912

Clarification and filtration

Lamella Gravity Settler clarification and
DynaSand Filter polishing can bring
water treatment systems into compli-

ance. They can handle high feed sus-
pended solids. Together they use only
10 percent of the land area of an equiv-
alent conventional clarification/filtra-
tion system.

Parksan Corporation

Fort Lauderdale, FL Write in 911

Pipe slotting/perforation
This company perforates and slots verti-
cal and horizontal pipes of diameters
from %" to 24". Their line works with
Teflon, PVC, CPVC, HPDE Fiberglass,
Polybutylene, Propylene, Wire Wrapped
Steel and more.

Atfantic Screen, Inc.

Miiton, DE Write in 917

Belt filter presses

The addition of a modular capability to
the WX belt filter presses allows for a
configuration of four, six or eight rollers
in the pressure/shear zone of the
machine. The gravity and wedge com-
pression sections can also be extended

ON ALTRATION SYSTEMS,
MATERIALS AND CHEMICALS

to accommodate greater sludge flow
rates or very dilute slurries.
Phoenix Process Equipment Go.

Louisville, KY Write in 913

Waste polishing

This filter receives industrial waste flu-
ids from used barrel cleaning and treats
the wastes so that they meet municipal
requirements of liquids for discharge
into the sewer system.

Separmatic Filter Company

Milwaukee, Wi Write in 908

Belt press

This Power Belt Press is guaranteed to
produce a dry “no drip” salable or land-
fill product.

Baler Equipment Company

Portiand, OR Write in 915

Activated carbon absorbers

The Greenline liquid phase carbon
absorbers are designed to remove cont-

Using Correct Conductivity...
continued from pg. 37

Determining the Temperature Coefficient

For many chemicals, the temperature coefficient may be
obtained from published data such as that found in Table 1
from Dobos’ Electrochemical Data. If the data is not avail-
able, it can be determined experimentally quite easily.

It is important to realize that the function of temper-
ature compensation is to normalize the reading back to
that which would occur at 25° C. This is the reference
point for the determination of the temperature coeffi-
cient. In other words, the cocefficient defines the change
in conductivity per each degree centigrade change in
temperature, from the reference or starting point of
25° C. Using water as an example, with a 2 percent per
degree centigrade coefficient (TC = .02), the coefficient
defines the conductivity increase as 2 percent of the
reading at 25° C. A 1000 pS solution at 25° C would
increase 20 uS in conductivity with each one degree
centigrade temperature change. If the temperature
range is 40 to 50° C, the relationship to temperature
must be linearized back to give a conductivity reading at
25° C to establish a correct temperature coefficient. This
is the basis for the calculation below for determining the
coefficient from conductivity values at two different
temperatures:

C1 = Cy5 * (1-H(TC*(T1-25))

Using two data points at temperatures other than
25° C (for ease of experimentation), and solving the two
equations for C,s, enables the determination of the TC to
be simplified to the following equation:

44

(C1-C2)

TC =
C2 (T1-25)C1(12-25)

where C,s is the conductivity (reference) at 25° C, Cl is
the conductivity at temperature T1, and C2 is the con-
ductivity at temperature T2,

When obtaining values for C1 (@T1) and C2 (@T2), it
is critical to disable any temperature compensation in the
instrument. This is normally accomplished by setting the
coefficient to 0.0 percent per degree C. Once this has
been done, the readings taken at the two temperatures
will be raw conductivity values, and can be used in the
calculation. It is recommended that the two points used
represent the maximum range of temperature for the
application being tested. Furthermore, allowing time for
the temperature to stabilize, and taking several readings
for statistical averaging will greatly increase the accuracy
of this determination.

Non-linear Temperature Gompensation

In some situations, temperature compensation does not
follow a clean, linear relationship as defined above. The
most common of these applications is pure water, in the
resistivity range of 1 to 18.3 MQ*cm. For this application,
resistivity instruments are pre-programmed for the expo-
nential response to temperature that can occur. A linear
compensation program would be highly inaccurate for
this application, especially in temperatures below 25° C.
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For more information on this subject,
write in 869 on the reader service card.
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