
Canadian Mineralogist
Vol. 19, pp. 519-524 (1981)

ABSTRACT

The room-temlrcrature magnetic properties of
several Canadian chrysotiles, as well as UICC
standard reference samples of chrysotile and am-
phibole asbestos, have been investigated. For the
Canadian chrysotile, the paramagnetic suscepti
bility 1'was measured to be in the range 1.9 to
3.5 x 10-6 emu/gOe. This is in good agreement
with the corresponding calculated values. The
values of 7 for the UICC amphibole sample range
from 7.8 to 71.5 x l0-€ emu/gOe, also in good
agreement with the C\rrie-Weiss values, For the
UICC chrysotile samples, however, the measured
values, 3.8 to 9.2 x l0-€ emu/gOe, are two to
four times the corresponding calculated .values.
This discrepancy can be attributed to the presence
of superparamagnetic magnetite impurities in the
UICC chrysotiles. The UICC amosite and antho-
phyllite samples show high values of the coercive
force 11", 183 Oe and 423 Oe, respectively, and
of the reversal field Hco, 731 Oe and 829 Oe,
respectively. This, together with the spectrographic
analysis of the samples, suggests tlte presence of
titanomagnetite impurities. The coercive force and
reversal field of the other samples can be explained
in terms of the magnetic properties of magnetite
impurities. On the basis of the measurements of llc
and I{"*, as well as the remanent and saturation
magnetizations, we conclude that all of the asbestos
samples, with the exception of crocidolite. show
the presence of a range of particle sizes for the
magnetic impurities. The magnetic properties of
the crocidolite sample show eyidence of pseudo-
single domain, equidimensional magnetite with
grain sizes betiveen 3.8 and 6.4 pm.

Keywords: magnetization, chrysotile, anthophyl-
lite, amosite, crocidolite, asbestos. magnetite.'

Souvernr

On a 6tudi6 les propri6t6s magn6tiques i temp6-
rature ambiante de plusieurs 6chantillons de chry-
sotile canadien, ainsi que celles d,6talons UICC de
chrysotile et d'amphibole asbestiforme. I-es chrv-

sotiles canadiens possBdent une susceptibilit6 para-
magn6tique 1 dont les valeurs mesurdes s'6talent
entre 1.9 et 3.5 x l0-0 emu/eOe, ce qui concorde
bien avec les valeurs calcul6es. Pour I'amphibole
asbestiforme UICC, y va de 7.8 l 71.5 x l0-"
emu/goe, valeurs qui concordent ausi avec les
pr6dictions Curie-Weiss. Pour les €talons UICC
de chrysotile, cependant, les mesures, qui se si-
tuent entre 3.8 et 9.2 x 10-6 emu/g0e, surpassent
les valeurs calcul6es par un facteur de 2 i 4. Ce
d6calage serait dt i la pr6sence d'impuret€s de
magn6tite superparamagn6tique. ks &hantillons
UICC d'amosite et d'anthophyllite montrent des
valeurs 6lev6es de la force coercitive lfr (183 et
428 Oe, respectivement) et du champ d'inversion
HcR Q3l et 829 Oe, respectivement). Ces observa-
tions, ainsi que les donn6es analytiques obtenues
par spectrog,raphie, font supposer la pr6sence d'im-
puret6s de titanomagn6tite dans ces deux 6talons.
La force coercitive et le champ d'inversion des
autres 6chantillons peuvent s'expliquer par les pro-
pri6t€s magn6tiques des impuret€s de magn6tite.
Les mesures de H", de H"o, ainsi que des magn6-
tisations r6manente et de saturation, indiquent dans
tous les 6chantillons asbestiformes. sauf la crocido.
lite, un domaine de variation granulom6trique des
impuret6s magn6tiques. On attribue les propri6t6s
magn6tiques de la crocidolite b des domaines de
magnetite, pseudo-monocristallins et 6quidimension-
nels, dont la taille oscille entle 3.8 et 6.4 pm.

(Iraduit par la R6daction)

Mots-clis: magn6tisation, chrysotile, anthophyllite,
amosite, crocidolite, amphibole asbestiforme, ma-
gn6tite.

INrnooucrtoN

Recently, the magnetic properties of asbestos
and the impurities associated with it have been
used in a variety of applications. For example,
the remanent field of magnetite impurities in
asbestos has been used by Cohen (1978),
Stroink (1980) and Stroink et al. (1981) to
estimate the amount of respirable asbestos dust
in the lungs of miners. The magnetic properties
of asbestos also serve to align the fibres, sus-
pended in a fluid, in an external magnetic
field; they allow one, using the degree of
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alignment, to identify different types of asbestos
fibre (Timbrell 1975) and to estimate fibre
quantities (Timbrell 1975, Riss & Chatfield
1981). However, despite the value of such re-
search and the necessity for a good understand-
ing of the magnetic properties of the asbestos
itself, little work has been done on the actual
magnetic characteristics of different types of
asbestos. Here we present the results of mag-
netization measurements of chrysotile asbestos
from four distinct Canadian mining regions,
as well as measnrements on the UICC standard
reference samples of chrysotile and amphibole

asbestos. These measurements complement our
previous Miissbauer measurements of the Can-
adian chrysotiles (Blaauw et al.1979) and the
UICC samples (Stroink et al. '1980).

Sevpr-e Meruntels AND ExPERIMENTAL
METHoDS

The Canadian chrysotile samples were ob-
tained from four different mining regions: (a)
Cassiar Asbestos Corp. Ltd., Clinton Creek,
Yukon Territory, (b) Cassiar Asbestos Corp.
Ltd., Cassiar Mine, Cassiar, 8.C., (c) Asbestos
Corp. Ltd., British{anadian and King Beaver
Mines, Thetford, Qnebec, and (d) Canadian
Johns-Manville Co. Ltd., Advocate Mine, Baie
Verte, Newfoundland. These samples were
prepared by separating the fibres by hand from
the different ore samples. Care was taken that
no observable impurities were present in the
resulting materials. which were then crushed to
prevent any preferential orientation of the
fibres. Powder X-ray-diffraction measurements
showed small traces of impurities of the type
found by Badolett & McGourty (1958). We do
not expeot these small quantities to influerice
the interpretation of the magnetic measure-
ments.

The maenetic properties of five UICC sam-
ples" Canadian chrvsotile, Rhodesian (Zimbab-
wean) chrysotile" Finnish anthophyllite. South
African amosite and South African crocidolite.
were also measured. These samples consist
orimarily of respirable fibres as defined by the
Johannesburg Conference on Pneumoconiosis.
This tvpe of particle-size distribution has been
discussed by Trudeau (1979), The actual fibre-
leneth distribution of the UICC samples has
been compared with the Johannesburg distri-
bution bv Timbrell (1970).

Room-temperature magnetization measure-
ments were made using a PAR-155 vibrating
sample magnetometer. Samples were prepared
by compressinq approximately 100 mg (ap-
proximately 0.05 cms) of the asbestos dust in
a teflon holder by means of a threaded rod.
Previous Miissbauer measurements on UICt
asbestos samples (Stroink et al. 198O) have
indicated that samples prepared in this way
have randomly oriented fibres. The magnetiza-
tion of the samples was obtained from our
measurements after subtracting the diamagnetic
contribution due to the empty sample holder.

Expnnn'rsNrAr, REsrrLTs

The magnetization curves of all the samples
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Fro. l. Mapetization curve for tlree asbestos
samples for applied fields up to l0 kOe: A chry-
sotile from Cassiar, B.C., B UICC anthophyl-
lite and C UICC crocidolite.
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show some hysteresis at low fields (f/ < I
kOe) and a constant positive slope for large
fields (5 S fl S 10 kOe). Typical magnetiza-
tion curves for the asbestos minerals are shown
in Figure l. The paramagnetic susceptibility 7.
is given as the slope of this curve in the high-
field region. It was assumed that the magnetiza-
tion of any magnetic impurities in the samples
was saturated for large applied fields and did
not contribute to the susceptibility. The satura-
tion magnetization M" is the intercept rvith the
H = A axis of the high-field part of the curve
extrapolated back to the magnetization axis.
Values of y- and M" were obtained from a
least-squares fit of the high-field data and are
given in Tables I and 2, respectively.

From the details of the hysteres.is loop in the
magnetization curye, we obtained tbe remanent
magnetization M, as the intercept on the .Ef =
O axis, and the coercive force rlfc as the inter-
cept on the M - 0 axis. We also measured the
low-field susceptibility 1o and the coercivity of
remanence (reversal field) flcn, that is, the
reverse field necessary to leave the sample with
zero magnetic moment after saturation. The
results of these measurements are given in
Table 2. Because of the small values of the
low-field susceptibility in two of the Canadian
chrysotiles (a and b), we are unable to obtain
reliable values of filcn but estimate that thev
would be less than lO0 Oe.

DrscussroN

Susceptibility ol asbestos

The Curie-Weiss law gives the paramagnetic
susceptibility of a material in terms of the con-
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centration of the magnetic ions n, its atomic
weight M and effective magnetic moment lr:

y  -  n P 2 N "  / r \^ : 3 k M ( T - T J  " " " ' \ r ,

N" is Avagadro's number, k the Boltzmann

constant and T" the Curie temperature. In the
asbestos samples considered, the presence of
iron is responsible for the magnetic behavior.
The value of the effective magnetic moment of
the Fe ions is obtained from the ionic state of
the iron. Previous Mdssbauer measurements on
the Canadian chrysotiles (Blaauw et aI. 1979)
and the UICC samples (Stroink et al. l98A)
have shown that the iron in these materials
occurs in the high-spin Fe'* and Fe3+ states.
For the susceptibility calculations, an average
value for high-spin iron of 5,5 p* was used
(Earnshaw 1968). For the samples studied here,
the Curie temperatures have been found to be
small or zero (Thornlon et al. 1974); thus, we
have used T. : 0 K.
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Calculated values of the susceptibility are
given in Table l. The values of the iron con-
centration in the asbestos fibres were obtained
from previous neutron-activation, electron-mi-
croprobe and Miissbauer-effect measurements
(Timbrell 197O, Blaauw et al. L979, Stroink et
a/ .  l98O).

Table I shows that the measured values of
the susceptibility are close to the predicted ones
in all cases except for the UICC Canadian
chrysotile and the UICC Rhodesian (Zimbab-
wean) chrysotile. For these samples, the meas-
ured susceptibilities are sonsiderably larger than
the predicted values based on their iron con-
tent. We suspect that ferrimagnetic magnetite
impurities are not saturated in these materiab at
fields of 5 < H ( 1O kOe and, consequently,
contribute to the measured high-field susceptibi-
lities. This is discussed further in the next
section.

Magnetite

At room temperature, magnetite is ferrimag-
netic; however, its magnetic properties are de-
pendent upon the size and shape of the par-
ticles. Where the size of the particles is much
smaller than the size of a single domain (SD),
magnetite is superparamagnetic (SPM). Where
the particles are single domain or pseudosingle
domain (PSD), they have large M, and f/cn
values (Stacey & Banerjee 1974, Dunlop & Bina
1977',t.

The total amount of magnetite in each sam-
ple can be estimated from the saturation mag-
netization M". This quantity is divided by the
saturation magnetization of pure magnetite at
room temperalure, 92 emu/g, to yield the mag-
netite concentration. The resulting values are
given in column (a) of Table 3. The values
are consistent with the values obtained from
our previous Miissbauer work.

?BU 3. CONGMBTION OP &GWITE
IN SBBTOS UIMMT

Column (b) of Table 3 contains a similar
estimate based on the remanent magnetization.
The remanent magnetization of each sample is
divided by the remanent magnetization of multi-
domain (MD) magnetite, 1,4 emt/g (Parry
1965). In all cases except for the Baie Verte
chrysotile (sample d), the estimate based on the
remanent magnetization is larger than that based
on the saturation magnetization, suggesting the
presence of SD or PSD magnetite particles in
the samples. We are not aware of other tech-
niques that have been used to $timate th€
magnetite concentration in the UICC sample$.

The magnetic properties of SD and PSD mag-
netite particles have been the subject of a num-
ber of recent investigations (Dunlop & Hale
1976, Day 1977, Dunlop & Bina 1977, Day
et al. 1977, Moskowitz & Banerjee 1979). These
studies have shown that the values of Hc and
M, f.or equidimensional magnetite grains in-
crease as the particle size decreases below about
15 g,m. For particles of less tlan about 250
A, magnetite becomes superparamagnetic. On
the basis of these studies, a rough classifica-
tion of the magnetic properties of equidimen'
sional magnetite grains san be made on the
basis of particle size (Table 4).

Comparing the measured values of M,/M"
and Hc*/Hc in Table 2 with the values given
in Table 4, we see that all three UICC amphi
boles contain PSD particles. However, as might
be expected with natural samples, with the
exception of crocidolite, the values cannot be
attributed to particles of only a single size.
Comparing the parameters given in Table 2
with similar data obtained for different grain-
sizes of magnetite (Day et al. 1977), we find
that the grain-size distribution of the magnetite
particles in crocidolite is relatively narrow, be-
tween approximately 3.8 and 6.4 pm. For the
other amphibole sample, however, the values
of Hc /H" and M,/M" are larger than those
expected for equidimensional magnetite. Either
the values that we have measured are more
common for titanomagnetites (Day et al. 1977),
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assuming that 1o is a result of magnetite only,
we divide the observed value of 1o in crocido-
lite by the magnetite content (Table 3, column
a) and obtain a value of 0.21 G/Ae, in good
agreement with the mea$urements on magnetite
of similar particle sizes by Day et al. (1977)
and Parry (1965).

Finally, we would like to comment on the
use of the remanent field of asbestos to estimate
the magnetite content in asbestos and, from
this, the total amount of asbestos dust in the
Iungs of asbestos miners (Cohen 1973, Stroink
et al. l98l). Columns (a) and (b) in Table 3
show that the use of the remanent field of
multidomain magnetite to estimate the mag-
netite content in asbestos is unreliable because
of the presence of SD and PSD particles of
magnetite in most asbestos samples. However,
if the remanent magnetic field per unit mass
of respirable dust samples from a particular
mine or mill are fairly constant in time, then
this remanent field can be used for this esti-
mate. Preliminary results of isothermal re-
manent magnetization (IRM) measurements
on respirable asbestos dust (Stroink 1980) show
that IRM-* of this dust at two locations in
the mill did not change significantly during a
one-year period. Additional investigations to
settle this point are necessary. The measure-
ments here show, however. that the complete
M-H curve of the sample is necessary to ob-
tain a better understandins of the natrrre of
magnetism in asbestos.
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