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Introduction

One of the quality parameters of the environment that surrounds us is the heavy metal
content. Heavy metal particles emitted by zinc smelters, ironworks, cement factories, power plants
or coking plants are accumulated in soils and then absorbed by plants. Such a cycle represents a very
real ecological threat, which is important for the health and life of the human population. The use of
field magnetometry (in situ) allows for precise identification of places where there is an excessive
concentration of metallic particles and thus for preventive measures to be taken. On the other hand,
such tests may be carried out under laboratory conditions taking into account elements such as
sampling, transport and preparation of the sample for testing.

Magnetic susceptibility is one of the basic physical quantities describing the magnetic
properties of matter. It is the ability of the medium to magnetise itself under the influence of an
external magnetic field. Magnetic susceptibility (x) is determined as the ratio of the volumetric
magnetization (M) induced in a material with susceptibility (x) to the strength of magnetic field H
that causes this magnetization:
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where: M —volumetric magnetization of the medium [A/m].
H — magnetic field strength [A/m]

In the SI system the volumetric magnetic susceptibility is a dimensionless value and is 4.5
times higher than the same value given in the CGS system.

Ksi = Kegsm ™ 4m 2)

Knowing the mass and volume of the analysed sample and thus its density, it is possible to
obtain information on the specific magnetic susceptibility (the so-called mass-specific magnetic
susceptibility), which allows the analysis also to take into account the variable density of the soil
samples tested.

m3 (3)

where: & —volumetric magnetic susceptibility [-]
p— sample density [kg/m’]



1. Methods for Testing Magnetic Susceptibility

Usually, the magnetic susceptibility of samples is measured with measuring instruments in
which the induction coil is supplied with alternating current at a frequency of several hundred to
several thousand hertz. The principle of measuring magnetic susceptibility comes down to
determining the change of inductance of a coil located in the instrument as a result of interaction of
magnetic particles in the structure of the product being tested. Such a measuring device is the
Bartington MS2B - the analyzed sample in a cylindrical container is placed in a measuring cell (2).
Measurements are taken at two frequencies, 0.465 kHz and 4.65 kHz. The MS2B device is presented
in Figure 1.

Figure 1. MS2B measuring device by Bartington

Key:

1. Sample insertion mechanism and height adjustment screw
2. Sample measuring chamber

3. Control sample - device adjustment

4. Operating frequency switch

5. HF calibration switch

6. TNC connector for connecting the MS2 device

Another commonly used measuring instrument for testing the magnetic susceptibility of
rocks and soils is the Kappa meter. Inside the device there is an oscillator and an induction coil,
which influences the frequency of the oscillator. When there are no bodies with magnetic particles
near the coil, the frequency of the oscillator determines only the magnetic permeability of the air. In
the measuring cycle the frequency of the oscillator depends on the magnetic permeability of the
sample. The signal received is converted to magnetic susceptibility. An important parameter in this
method is the thermal stability of the oscillator.



2. Frequency Dependence of Magnetic Susceptibility

The observed magnetic susceptibility may result from the presence of ferromagnets such as
magnetite, maghemite (particles of anthropogenic origin) or superparamagnets (grains of natural
origin) in the structure of the tested sample. The origin of magnetic particles can be estimated by
testing the same sample at two different frequencies. The value of the magnetic susceptibility
frequency factor (f57) is expressed by relation (4).

Kir (4)
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where: kj— volumetric magnetic susceptibility measured at low frequency,
Kk — volumetric magnetic susceptibility measured at high frequency.

The value of the frequency factor of magnetic susceptibility determines the percentage
decrease of magnetic susceptibility when measuring susceptibility at different frequencies. If the yy
value is greater than 4%, it means that superparamagnets (grains of natural origin) are present in the
soil. A value below 4% indicates anthropogenic magnetic particles. The estimated magnetic
susceptibility for metals and minerals is presented in Table 1.

Table 1. Magnetic susceptibility of metals, gases and minerals

Diamagnetics

Paramagnetics

Ferromagnetics

k<0

x>0

Kk>>0

Magnetic
susceptibility

poor

~10°%+1035sI

Ferromagnetic: > 10 SI

Metals, gases

Cu’, Ti, Pb, Bi, Cd, Zn, Hg

Alkali metals, Alkaline
metals,Lanthanide, Cu®,
Al., Cr, Mo, Mn, W, Pt, Pd,
Fe salts, Co, Ni,
gases: 0, 0

Fe, CO, Ni, Gd, Cr,
iron oxides and
sulphides,
sulphides of rare earths

Minerals

Quartz, orthoclase,
calcite, anhydrite,
gypsum, halite

biotite, orthopyroxene,
clinopiroxene, amphibole,
olivine, garnet.

FeO-Fe,03,
Maghemite (y-Fe,0s),
Hematite (a-Fe,0s),
Geothite (a-FeOOH),




3. Gravimetric Method for Testing Magnetic Susceptibility

3.1. Means of Operation
The idea of the gravimetric method is to combine the process of measuring the mass of a
sample with the possibility of determining the volumetric and specific (mass) magnetic susceptibility.

A diagram of such a measuring system is presented in Figure 2.
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Figure 2. Diagram of MYA 4.Y microbalance with magnetic susceptibility testing equipment
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Before the load is placed on the weighing pan, the measuring system is in equilibrium. When
the load is placed on the weighing pan (A), the position sensor is moved from its original stable state
as a result of gravitational force on the load according to the relation F=mg. The measuring system
analyses the measuring signal and generates a compensation signal to restore the measuring system
to its original equilibrium position. The factory adjustment of the measuring converter indications in
relation to certified mass standards allows the generated compensating signal to be presented in the
form of the weighing result expressed in mass units, in grams. This method makes it possible to
determine the exact weight of the test sample, both net and gross.

Transferring the sample from the weighing platform (A) to the fixed support of the weighing
chamber (B) enables determination of the magnetic susceptibility of the sample. Before the load is
placed, the measuring system is in equilibrium. Placing the sample in position (B) changes the
indication of the measuring system as a result of interaction between the magnetic particles
contained in the structure of the sample and the permanent magnet field, which magnet is placed in
the upper holder of the weighing pan. Taking into account the geometric dimensions of the sample,
its distance from the magnet and the indication of the measuring system, the volumetric and mass
magnetic susceptibility are calculated.



3.2. Magnetic Susceptibility Test Kit Design

The design of the magnetic susceptibility test kit allows for testing changes in mass and
magnetic susceptibility of filters with a maximum diameter of 47 mm, and soil samples placed in
containers with an external diameter of 25 mm, at a volume of 5.43 cm>. The kit itself is over 11 g,
so it can be:

— installed in the construction of already used microbalances of the MYA 4Y series with a

maximum capacity higher than 11 g.

— installed in any MYA 4.Y series microbalance, modification of the microbalance design

during manufacturing.

Graphic visualisation of the magnetic susceptibility test kit is presented in Figure 3.

Key:

1 — microbalance weighing pan; mass
2 measurement of the analysed samples
2 —magnet holder
3 —magnet
4 — bottom base ring
5 —spacerring 1
4 6 — spacer ring 2
7 —spacerring 3
8 — bottom weighing chamber lid
9 — upper weighing chamber lid; platform for
magnetic susceptibility testing

—

Figure 3. Magnetic susceptibility test kit

If the kit is used in the MYA 21.4Y microbalance mechanical design, the microbalance
adjustment has to be carried out before the kit is installed. After installation of the kit, tare the
microbalance display. The microbalance is ready for operation.

For the pre-installed kit, all possibilities for mass measurement and adjustment are available,
just like for a standard microbalance. The kit must be installed before the microbalance is started.



4. Testing Procedure

4.1. Sample Preparation

The soil sample to be tested shall be homogeneous. The mixed sample shall be placed in a
plastic container in some excess and then the container shall be closed with a nut slightly pressing
the excess sample. In case of filters, conditioning must be carried out under stable laboratory
conditions. Measurement of filter mass before and after exposure without prior conditioning may be
subject to error due to changes in filter mass as a result of moisture absorption. For filters collecting
unbalanced electrostatic charges, deionization shall be carried out before weighing (DJ-02 deionizer).

4.2. Mass Measurement

Obtaining the correct results of the specific magnetic susceptibility requires an accurate
determination of the mass of the tested samples. For this purpose, the first step is to carry out
microbalance adjustment. The process is automatic.

Procedure:
— unload the microbalance weighing pan
— zero the indication
— carry out internal adjustment

Sample mass measurement
— zero the microbalance indication

open the weighing chamber automatically
— load the weighing pan with the sample and close the
weighing chamber

— wait for stabilization, read and save the measurement
result

— open the weighing chamber, remove the sample,
close the weighing chamber

CAUTION:

the net mass of the sample may be determined by taring the empty container beforehand or by using the digital tare
function. In this case, the tare value of the container shall be given during gross weighing - the indication shall be
automatically corrected and the result of the weighing shall be presented as the net weight of the sample tested.

On the basis of the measurement of the sample net mass and its known volume of 5.43127E-
06 m? calculate the density of the sample tested using relation (5)
m
%4

kg (5)
m3

p=1

Enter the calculated density value in the sample specification - PRODUCTS database. It will be
necessary for the calculation of the specific susceptibility in accordance with the relation (3).



4.3. Magnetic Susceptibility Measurement

Prior to the magnetic susceptibility test, the test parameters such as the distance between
the sample and the magnet (5 mm, 10 mm, 15 mm, 20 mm) and the geometric dimensions of the
sample shall be determined. The test procedure requires the sample to be placed in a cylindrical
container. These values shall be set in the microbalance menu, table 3 - magnetic susceptibility
testing function. The value of the magnetic field, depending on the distance between the test sample
and the magnet, is presented in Table 2.

Table 2. Magnetic field value over the test cycle

Sample-magnet centre Magnetic field
distance value -
prébka
sample
5mm 130 mT i
i
10 mm 15mT El o
etg
magnes £
W v vy
15 mm 55mT
komorazvazenia mikrowagi
20 mm 1.7 mT microbalance weighing chamber
CAUTION:

Selecting a specific distance between the sample and the magnet means that a suitable spacer ring is installed. This
results in an alternating value of the magnetic field that interacts with the magnetic particles in the sample structure.

Table 3. Microbalance menu - magnetic susceptibility

Parameters

o

Slla
1 ’JI Spacer D4 =15mm

E
2 \:Hh Sample height 14.7 mm

D
3 Sample diameter 25 mm
4 V Start




Upon setting the magnetic susceptibility test parameters, press the Start button. Next, place
the sample on the upper lid of the weighing chamber (item 9, figure 3). Upon indication stabilization,
press the Start/Confirm button (see the microbalance user manual). The magnetic susceptibility is
calculated automatically and its value is given in the Info field, as presented in Table 4.

Table 4. Sample view and balance display - magnetic susceptibility testing.

Magnetism 09:52:45
;S::\ 2.4Y Max2.1g S?: (Tl mg T=2.1g e=1mg d=1pg @
-0.000248 g
Procedure Sample
Spacer D3 =15mm
Sample height 12.37 mm
Sample diameter 23.65 mm
Magnetic susceptibility 0.0109
Completed
——
% B 2 &
Sample view during testing Microbalance display — sﬁsceptibility function

10
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