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ABSTRACT

The UICC standard reference samples of chryso-
tile and amphibole asbestos were investigated at
room temperature using 3'Fe Méssbauer spectro-
scopy. The Fe®*/Fe?* ratios determined agree with
the results of previous chemical analyses. The
Mossbauer spectra of the chrysotile samples show
a complex central part due to the presence, in the
structure, of Fe®* at the Mg and Si sites and Fe?*
at the Mg sites. The spectra also show the M@éss-
bauver lines characteristic of magnetite. No clear
indication of magnetite could be found in the
spectra of the amphibole samples; these spectra show
several overlapping doublets with quadrupole
splittings and isomer shifts typical of Fe?* at the
M,, M,, M, and M, positions in the structure and
Fe®t at the M,;, M, and M, positions. This assign-
ment of the doublets is in agreement with previous
Mossbauer investigations of minerals with analogous
structures.

Keywords: Mdossbauer, chrysotile, anthophyllite,
amosite, crocidolite, asbestos, magnetite, Fe?*/
Fe®* ratio.

SOMMAIRE

Les étalons UICC de chrysotile et d’amphibole
asbestiforme ont été étudiés par spectroscopie
Mossbauer *Fe 3 température ambiante. Les va-
leurs du rapport Fe®t/Fe?* ainsi déterminées con-
cordent avec les résultats des analyses chimiques.
Les spectres des échantillons de chrysotile mon-
trent une portion centrale complexe due & la pré-
sence, dans la structure cristalline, de Fe®** dans
les positions du Mg et du-Si et de Fe?* dans celle
du Mg; de plus, le spectre de la magnétite s’y super-
pose & celui du chrysotile. Par contre, la magnétite
n’a pu étre identifiée avec certitude dans les échan-
tillons d’amphibole, dont les spectres montrent
plusicurs doublets superposés, avec dédou-
blements du quadrupole et déplacements iso-
meéres caractéristiques de Fe*t en M,, M, M; et
M, et Fe** en M,, M, et M, Cette interprétation
des doublets est conforme aux conclusions détudes
Mossbauer antérieures portant sur des minéraux de
structure analogue.

(Traduit par la Rédaction)

*Union internationale contre le cancer.

285

Mots-clés. Mossbauer, chrysotile, anthophyllite
amosite, crocidolite, asbeste, magnétite, rapport
Fe3t /Fe?t,

INTRODUCTION

The UICC has sponsored the preparation and
distribution of the most common types of as-
bestos (Timbrell et al. 1968, Timbrell & Rendall
1972). The samples are known as the UICC
standard reference asbestos samples. . They in-
clude: (a) Canadian chrysotile, (b) Rhodesian
chrysotile, (¢) Finnish anthophyllite, (d) South
African amosite and (e) South African croci-
dolite. These samples were created to provide
researchers with samples of essentially the same
composition upon which to investigate the prop-
erties of asbestos, using a wide range of tech-
niques. Characteristics of the UICC samples,
including chemical composition, size distribution
and X-ray-diffraction spectra, have been well
documented (Timbrell 1970, Rendall 1970), but
there has been no systematic Mdssbauer investi-
gation. This paper presents the results of “"Fe
Mdssbauer measurements made at room temper-
ature,

EXPERIMENTAL

Two Méssbauer absorbers were prepared for
each of the UICC samples. For the chrysotiles
and anthophyllite, approximately 1 g was used
for each absorber; for amosite and crocidolite,
which contain more iron, approximately 0.20 g
was used. This quantity of sample material was
sufficient to characterize each UICC sample
(Timbrell & Rendall 1972).

One of the two absorbers was prepared by
pressing the asbestos fibres, with a length of
the order of 10 um (Timbrell 1970), firmly
between two plastic discs 4 cm® in area, Such
an absorber is typically a few millimetres thick.
It is possible that under such circumstances
some of the fibres orient themselves parallel
to the discs. Such preferential orientation of
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the crystals could influence the measurements.
To ensure a random orientation of the fibres,
we made a second absorber by pouring the
asbestos fibres into a plastic container having
a fixed area and a thickness of approximately
3 cm® and 4 mm, respectively. No force was
used to compress the fibres. To detect any
magnetite, commonly present in asbestos sam-
ples (Blaauw et al. 1979), we used the first
absorber to measure the spectrum between —10
mm/s and + 10 mm/s. To increase the resol-
ution of the central lines we used the second
absorber to measure the spectrum between -3.5
and +3.5 mm/s. No difference could be ob-
served in the central portion of the Mossbauer
spectra of each asbestos sample prepared by
using the two different methods, indicating that
the fibres in the first absorber were also ran-
domly oriented.

The spectra were obtained using a conven-
tional constant acceleration drive-system and a
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F1c. 1. Fe Mossbauer spectra of UICC standard
reference asbestos samples: (a) Canadian chry-
sotile, (b) Rhodesian chrysotile.
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25 mCi Rk "Co Méssbauer source. Metallic iron
was used to calibrate the spectrometer and to
act as a reference standard for the isomer shift.
The spectra were fitted by computer using a
least-squares fitting procedure to obtain the
best fit of the data to Lorentzian lineshapes.
Where a doublet is present, the program as-
sumes equal linewidths and intensities for both
peaks. Other constraints used in fitting the
spectra are discussed with each sample.

CHRYSOTILE ASBESTOS

The ideal chemical formula of chrysotile
is MgsSi.0s(OH) 4. Some substitution of Fe and
Ni for Mg and of Al for Si may take place.
The structure consists of 2 two-dimensional
sheets bonded together. The tetrahedral sheet
consists of silicon-oxygen tetrahedra, SiO. The
octahedral sheet consists of magnesium-bearing
octahedra, similar to those in brucite Mg(OH)..
The two sheets are bonded through the re-
placement of the apical oxygen of the tetra-
hedral sheet for two-thirds of the hydroxyl in
the base of the octahedral sheet (Wicks 1979).

Recently the present authors carried out an
investigation of chrysotile asbestos samples from
four Canadian mining locations (Blaauw et al.
1979). The UICC material includes two
chrysotile samples, Rhodesian chrysotile and
Canadian chrysotile. The latter sample con-
tains material from 8 mines, in quantities
roughly proportional to their annual production.
Half the material originates from the mining
area around the town of Asbestos; the re-
mainder comes from 7 other locations (Tim-
brell et al. 1968, Timbrell & Rendall 1972).

In Figure 1 the spectra of both chrysotile
samples are shown. The general appearance of
these spectra, which are fairly complex, is in
agreement with results that were expected on
the basis of our previous work. Part of the
spectrum is due to magnetite particles con-
tained in the samples. It is well known that
the rock in which asbestos fibres are found
often contains magnetite. During processing in
the mills, small particles of magnetite become
mixed in with the fibres, and the final asbestos
product contains quantities of magnetite that
can be considerable.

The Mdssbauer spectrum of magnetite, FesOs,
at room temperature contains two subspectra,
corresponding to Fe in tetrahedral and octa-
hedral sites. Because the magnetic moments
associated with the Fe ions are ordered (ferro-
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magnetically), each ofthe subspectra is Zee-
mann-split into 6 peaks, so that a total of 12
lines are observed. The location of the lines
is well known (Evans & Hafner 1969).

The central part of this spectrum appears in
the spectra of the asbestos samples in Figure 1.
Only a few lines appear because the measure-
ments of the spectra in Figure 1 were plotted
only at a smaller velocity range to show the
complex spectra of chrysotile itself more clearly.
In the computer analysis of the spectra, discussed
in more detail below, the positions of the lines
resulting from magnetite were held fixed at
their known velocity values,

To analyze the lines corresponding to the
chrysotile component of the spectra, we used
the following procedure, In earlier work (Blaauw
et al. 1979) we established that the spectrum
of chrysotile consists of three doublets, two of
them due to Fe®* at the Mg and Si sites of
the chrysotile structure, and one doublet due
to Fe** at the Mg sites. It was found that,
although the Fe®*/Fe®* intensity ratio varied
considerably according to mining locations, the
positions of the lines were not measurably af-
fected by the changes in the Fe site-occupancy.
Therefore, in the computer analysis of the
chrysotile components of the spectra in Figure
1, we also kept the values of the velocities of
the lines fixed at the previously determined
values. Because of the complexity of the central
part of the spectra, it is doubtful whether a
meaningful improvement of the fits can be
obtained by relaxing the restrictions imposed
on the line positions.

In Figure 1 the coordination sites in chryso-
tile to which the doublets correspond are indi-
cated, and in Table 1 we give the numerical iso-
mer values of the parameters of interest in the
spectra. The values of the isomer shift (IS)
and the quadrupole splitting (QS) and the
assignment of the two Fe®* doublets to the
Mg and Si sites were discussed by Blaauw
et al. (1979). Here we comment on the Fe®*/
Fe’* ratio in chrysotile and the amount of
magnetite present in the two samples, From the
last column in Table 1 we conclude that of
the total amount of iron present in the UICC
chrysotile, about half is in the form of magnet-
ite and the other half is bound in the chryso-
tile. In our previous work we found the amount
of iron in chrysotile to be in the range 1-1.5%.
If this amount is the same for the chrysotile in
the UICC samples, then it follows from our
results that the total amount of iron in those
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TABLE 1. MDSSBAUER CHARACTERISTICS OF UICC STANDARD REFERENCE
ASBESTOS SAMPLES

Tred+ Tre

(chrysotile) (magnetite)
Fe2+(oct) Fe3+(oct) Fe3* Fe Ik

e
uIcC (chrysotite) . (total)
S 0.05. 0.05

Sample IS QS IS QS IS
Canadian

chryso- 1.12 2.65 0.34 0.75 0.20 0.34 0.75 0.60
tile -

Rhgd-

esian

chryso- 1.12 2.65 0.34 0.75 0.20 0,34 0.85 0.50

tile
Values of Mdssbauer parameters are expressed in um/s.

samples must be between 2 and 3%. This is
in good agreement with the results of a neutron-
activation analysis of the UICC samples, which
gave values of 2.5 and 3% for Rhodesian and
Canadian chrysotile, respectively (Rendall
1970).

Table 1 also shows the ratio of Fe** to the
total Fe content of chrysotile, from which the
corresponding Fe®*/Fe** ratio is easily cal-
culated. From the data in Table 1 we can
find the overall Fe®*/Fe** ratio in each sample,
assuming this ratio to be 2 for magnetite. We
calculate values of 2.3 and 3.0 for Canadian
and Rhodesian chrysotiles, respectively. These
values are well within the range of values 1.6—
2.8 and 1.0-3.8 found in the results of chemical
analyses of several samples of the Canadian
and Rhodesian chrysotiles, respectively (Ren-
dall 1970).

AMPHIBOLE ASBESTOS

The non-chrysotile types of UICC asbestos
(amosite, anthophyllite and crocidolite) all
belong to the amphibole group. The most
general chemical formula for amphiboles is
Ao-1X:YsZ50:2(OH,F)., where A represents Na
or K, X can be a variety of mono- and divalent
atoms in the M, sites, ¥ can be a variety of di-
and trivalent atoms in the Mi, M, and Mj sites,
and Z represents Si or Al in the tetrahedral
sites. The M,, M», Ms and M, sites may all con-
tain Fe as Fe?* and for first three sites also as
Fe** (Cameron & Papike 1979, Whittaker
1979). Therefore, Mdssbauer spectra of "Fe
in these materials are potentially complex. In
Figure 2 the spectra obtained for these three
samples are shown, together with the positions
of the Mé&ssbauer doublets corresponding to the
best analysis of the spectra. Numerical results
are given in Table 2.
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Fi1c, 2. "Fe Mossbauer spectra of UICC standard
reference asbestos samples: (¢) anthophyllite,
(d) amosite, (e) crocidolite.

Crocidolite

Crocidolite is the asbestiform variety of rie-
beckite, whose chemical composition is generally
close to Na.Fe?*;Fe®*;8i50:(0OH).. The Moss-
bauer spectrum shown in Figure 2 was anal-
yzed in terms of three doublets, the one with
the smallest quadrupole splitting corresponding
to Fe’* and the others to Fe**. With no con-
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TABLE 2. MISSBAUER CHARACTERISTCS OF UICC STANDARD REFERENCE
ASBESTOS SAMPLES
ret - R
T T

T
urce
Sample 1S G5 T Ttot 15 05 r Ttot 15 08 Yrot

24
FeI

crocid- 1.12 2,90 0.34 0.39 1.13 2.42 0.34 0.20 0.38 0.42 0.31 0.42

amosite 1.14 2.80 0.38 0.53 1.07 1.68 0.52 0.38 0,37 1.06 0.68 0.09

antho-
ghyl‘l- 1.11 2.64 0.48 0.38 1.10 1,82 0.32 0.62
te

Values of MBssbauer parameters are expressed in mn/s. T; linewidth.

straints on the magnitude of the linewidths, the
computer analysis yields an unreasonably small
linewidth for the first doublet. The reason for
this might be the presence of a small amount
of magnetite, ignored in this analysis, but whose
presence is suggested by the small peak near
—4 mm/s in Figure 2e. Because of this difficulty
the linewidths of the two Fe** doublets were
constrained to be the same. The Mdssbauer
parameters of the UICC sample, given in Table
2, are essentjally the same as those of Whitfield
& Freeman (1967). The ratio of their doublets,
37:24:39, differs slightly from our ratio of
39:20:42; our ratio does not change significantly
if we constrain all three linewidths to be the
same, as was done in the analysis of Whitfield
& Freeman.

Values for the Fe**/Fe** ratio of iron in
UICC crocidolite, as given by Rendall (1970),
vary between 1.0 and 2.6. This ratio can also
be calculated from the content of the major
constituents of the material, which are also given
in the data sheets with a possible error of +5%.
We have ignored the influence of trace ele-
ments and assumed that in the structural for-
mula the stoichiometry SisO:(OH). would
remain invariant. The requirements are then that
(1) the sum of the remaining major consti-
tuents Al, Fe, Mg and Na must be seven and
their ratio must reflect their weight percent-
ages as given in the data sheets, and (2) the
sum of their valences as given in the formula
must be 14. From these conditions we cal-
culate a Fe**/Fe®* ratio of 1.9, somewhat larger
than the value of 1.4 corresponding to the
Mossbauer data in Table 2. Using the Fe**/
Fe®* ratio observed from the Mdssbauer anal-
ysis, we find that the chemical formula of UICC
crocidolite is probably close to Nai.;eMge.a
FeHa.erH 2.12A10.4sSi3022( OH) 2o

Amosite

Amosite, of chemical composition (Mg,Fe).
Sig02:(OH)., is the asbestiform variety of cum-
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mingtonite. The series cummingtonite—-grune-
rite has been studied extensively (Bancroft
et al. 1967, Hafner & Ghose 1971, Ghose &
Weidner 1972, Barabanov & Tomilaov 1973,
Kamineni 1973). Generally, two Fe** doublets
are found. The outer doublet with the larger
quadrupole splitting has been assigned to Fe**
in the My, M, and M, positions, the inner doub-
let to Fe** in M, The intensity ratio of the
two doublets, which varies considerably for
different samples, is generally assumed to de-
pend both upon the iron content of the samples
and upon the conditions under which they were
formed. In our sample the best computer fit
to the spectrum was obtained by assuming the
presence of some trivalent iron. The spectrum
in Figure 2 shows that the presence of a Fe®*
doublet is visible mainly as an asymmetry near
the middle of the Fe?’" doublets. Of all the
previous investigators of amosite, only Hafner
& Ghose (1971) mentioned the existence of
this asymmetry. Although the resolution of our
data obtained at the low-velocity range is better
than that of Hafner & Ghose, the intensity of
this doublet is too small to make any conclusion
about its origin. The Fe®t/Fe®* ratio of 10%,
as obtained from the Mdssbauer spectrum (Ta-
ble 2), is within the range in values of ~6 to
209% determined from chemical analyses of
UICC material (Rendall 1970).

Anthophyllite

Anthophyllite has the same chemical for-
mula as cummingtonite, but has a different
crystal structure and generally contains less
iron. Previous investigations of this material
have shown that the spectrum consists of two
Fe**doublets, in agreement with our results
(Bancroft et al. 1966, Seifert 1977). Here, as
in cummingtonite, the outer doublet has been
assigned to Fe®* at the M,, M, and M, sites, and
the inner doublet to Fe®** at the My sites. Anal-
yzing the Mossbauer spectrum of anthophyllite
with our computer program and using no ad-
ditional constraints did not give reasonable
values for the linewidths. Instead, the linewidths
of the two doublets were fixed until a good
fit was obtained for the shoulders in the Fe**
doublets. The misfit near the centre is prob-
ably due to Fe®*. If present, this amount is
even smaller than that in amosite; no attempt
was made to include this possibility in the
computer analysis. The data sheets do not give
values for the amount of Fe?** and Fe** in
anthophyllite.

The value we obtained for the quadrupole
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splitting of Fe** at the M, site in UICC mate-
rial, which contains ~=0.5 Fe and 0.2 Al per
formula unit as calculated from results of chem-
ical analyses given by Rendall (1970), agrees
quite well with values obtained by Bancroft
et al. (1966) and by Seifert (1977) for samples
of similar composition. The literature values for
the splitting of the doublet corresponding to
the M), M: and M, sites show considerable
scatter. The value we obtained falls within the

range of values previously observed.
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