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TABLE 1: Flotation Results of 0.5% Asbestos Sample

¢

Tgi? Sagg%e Fraction p.g?m; Crocigolite Recoiery K
a X 1 Conc. 3.0 0.0
2 Tailing 6.4 6.0 100 12
3 - Conc. 1 0.0 0.0
4 conc. 2 0.0 0.0 (0.5% Crocidolite)
5 Conc. 3 0.0 0.0
’ 6 Conc. 4 | 0.0 0.0
7 Middling| 2.16 1.5
8 | Tailing | 12.6 B.S5 91.0 17
B 9 Conc, 0.0 0.0
‘ g 10 &ailing 8.0 8.0 " 100 12
i 11 ~Conc. 1 0.0 0.0
1 12 conc. 2 | 0.0 0.0
5 - 13 Conc. 3 | 0.0 0.0 (0.5% Crocidolite
4 + 95% Chrysotile)
14 Conc. 4 .0 0.0
; 15 Middling 2.0 1.5
. 16 Tailing 13.1 9.0 90.0 18
Mg S %
p.p.m, Chrysotile
c 17 Cone. 0.0 { .. 0.0
i > 18 Tailing | 1.18°| ~ 8.5 100 17
- 19 Conc. 1 .0 0.0 7
20 Conc. 2 0.0 0.0 (0.5% Chrysétile)
‘. 21 Conc. 3 | 0.0 o0 -
' ° 22 Conc. 4 0.0 0.0
23 Middling 0. 30 2.0
24 Tailing | 1.70 3.0 90 26
| .
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examination and the X-ray tube was opérated at 30 KV and
20 ma. A diffractometer scan rate of 1° 26 per minute
was employed and the inlet and outlct slits were %° 20
and 0.2 mm reépectively. Diffractometer traces of Italian
tale, chrysotile, crocidolife and actinolite used in the

separation experiments are given by Figs. 6 - 9,
Results

The results of a number of tests upon a talc sémple
- containing 0.5% chrysotile and 0.5% crocidolite by weight
and also a sample containing-both crocidelite and chryso-~
tile in 0.5% portions are given in Table 1. In Table 2
test Nd. 1l représehts a single stage flotation separéﬁion
of crocidolite and talc. It can be seen that the concen-
tration of crocidol;’.te'in the taili-ngs.isA 6% by weight, no
crocidolite being detected in the floated talc. Test
No. 2 in Table 1 represents a two stage separation of
crocidolite and talc. 1In the two stage separation the
tailings fraction from four single stage tests have

been ccemhined together and retreated to give a final tail-~

ings and a secondary flotation product referred to as

middlirngs., ‘By employing two stages of separation it can

be seen that the final tailings is richer in asbestos than

a single'stage flotation tailings. However, some asbestos

is lost in the middlings fraction. Tests 3 and 4 in
Table 1 show the results of the crocidolite sepafétion
from the mixture of crocidolite and chrysotile. Again

a 6% tailings assay in a single step and a 9.0% assay for
crocidolite in a two stage separation. The chrysotile

did not therefore interfere with the crocidolite separa-
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TABLE 2: Flotation Results of 1% Asbestos Sample

Concentration

Test Samplé gt Fe % 2 ati
No. No. Fraction p.p.m. |Crocidolite | Recovery R1§l° Il
- J
A 25 Conc. 0.30 0.25 !
7 _ I
26 Tailing 36.60 21.00 75.90 21 i
27 conc. 0. 40 0.25 1% Crocidolitew
8 28 Middling 9.60 7.00
29 Tailing 55, 60 39.00 81.25 39
B 30 Conc. 0.10 0.00 0.00
} 9 :
.31 Tailing 23.60 16.00. 100.00
: : 1% Crocidolite
+ 1% Chrysotilal
32 Conc. 0.00 0,00 :
10 33 Middling | 11.60 8.00
34 Tailing 46.60 33.00 66.00 33 -
Mg %
P.P.M. Chrysotile
B 30 Conc. 0.00 0.00
-9 I
. 31 Tailing 2.70 21.00 100.00 21 |
1% Crocidolite g
i + 13 Chrysotilel
32 Conc. 0.00 0.00 I
10 33 Middling 0.50 4.00
‘ 34 Tailing 4.80 37.50 90.62 37.50
i :
- c 35 Conc. 0.00 0.00
1 11 |
‘ 36 Tailing 2.60 20.00 100,00 20
? . 12 Chrysotile
! © 37 Conc. 0.00 0.00
; 12 38 Middling 0.60 4,50 '
39 Tailing 5.10 40,00 - 87.32 40 b
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TABLE 3:  Flotation Results of ZZLésbestos Samples

Concentration I
Test Sample . Fe % % : X
No. No. Fraction .pP.p.Mm. [Crocidolite Recovery Ra}t—zlo J
A 40 Conc. 0.30 0.25
13 . .
41 Tailing | 37.60 26.00 88. 35 13 |
42 Conc. 0.00 0.00 2% Crocidolit‘
14 43 | Middling| 8.60 6.00 ll
44 Tailing | 74.60 52,00 86.96 26 l
B 45 Conc, 0.30 0.25 !
15 , !
46 Tailing 39.60 28.00 89.09 14
2% Crocidolite
47 Conc. ‘Q.OO 0.00 4+ 2% Chrysotil
16 48 | Middling| 6.60 15.00 [
\ 49 Tailing | 61.60 43.00 92.65 21.5 ‘
N Mg 2
p.p.m. | Chrysotile
B 45 Conc. 0.00 0.00
15
: 46 Tailing 3.50 27.00 100.00 13.5
2% Crocidoliti
47 | cone. 0.00 0.00 + 2% Chrysoti
16 48 | Middling{ 0.80 6.00
: 49 ‘Tailing 5.15 40.30. 91.38 20.15
! . 5
' Cc 50 Conc. 0.00 0.00
17 : -
i S1.| Tailing 3.50 27.00 100.00 13.5
: ‘2% Chrysotile
* 52 Coric. 0.00 0.00 '
18 53 Middling| 1.70 13.00
54 Tailing 5.25 41.00 75.93 20.5
i - |
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tion. Tests 5 and.6 in Table 1 show the resulis obtained

L

from the separaticn of a 0.5% cﬁrysotile/talc mixture,
In Test 5 the tailings were found to contain 8.5%
chrysotile while test 6 shows tha£ the tailings produced:
from a two stage sepdratlon assayed 13.0% chrysotile

by welghL a con31derable upgrddlng from the original 0.5%,

Téble 2 contains similar results to Table 1 except
all the tests were performed with 1% additions of crocidolite
and chrysotile and a 1% crocidolite and chrysotile mixture.
From test 7 in Table 2 we see that in a single step ;
tailings containing 21% crocidolite was produced while
in a single step for chrysotile (test 11) tailings with"
20% chrysotile was obtained. The tﬁo stége séparation
results for crocidolite and Chrysbtile given by tests 8
and 12 respectiveiy show an improvement to 39% and 40%
as compared with 29% and 20% in the single stage tests.

Table 3 contains the results obtained fromAthe
separation of a series of samples containing 2% crocidelite
and chrysotile respectively and also the results from a
2% crocidolite and chrysotile mixture. 1In a single stage
separatlon for crocidolite (test 3) a tailings contalnlng
26% crocidolite was obtalned while a tailings containing
52% crocidolite was obtained in a two stage separation
(test 4), For chrysotile, tailings fracticns containing
27% and 40.3% chrysotile for single 2nd two stage>separa-
fions respectively were obtained (tests 15 and 16). The
results for the 2% crocidolite, 2% chrysofile inzfalc:
samples gazve 28% and 43%.for érocidolité in the tailings

fractions frem single and twe stage separations and 27%

I EE EE O S O G B BN e B e e .
3 .
L}
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TABLE 4 (Continued l
Test Sample % Crccidolite $ Chrysotile '
No. . No Fraction - Remarks
o- : A.A.S. ) X.R.D.| A.B.S. | X.R.D.
o 40 Conc. 0,25 0.00
13 , '
41 Tailings 26.C0 30.00
- 2% Crocidolite
12 Conc. 0.00 0.C0
14 43 Middlings| 6.00 7.00
44 Tailings 52.00 54.00
45 Conc. 0. 25 0.00
15
5 2
46 Tailings 28.00 29.00 28 Crocidolite
2% Chrysotile |
47 Conc. 0.00 0.GC0 .
16 48 Middlings 5.00 7.00
49 Tailings 43.00 43.00C
, 45 Conc. 0.00 0.00
' 15 _
46 Tailings | - . 27.00 22.00 2% Crocidolite
. _ 2% Chrysotile
47 Conc. 0.00 0.00
. . |
16 48 Middlings 6.00 7.00 l
. 49 Tailings _ 40.30 | 38.00
; S0 Conc. _ 0.00 0.00 '
‘ 17 . '
: 51 Tailings 27.00 30.00
| 2% Chrysotile
E 52 Conc. Q.00 0.00
. 18 53 Middlings | 13.00 | 12.00
E 54 Tailings 431.00 43.00
! o !
i j
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TABLE 4:

¢

Comparlson of the analysis of flotation products by X-ray ‘
Diffraction and wet chemical analysis I
v _ § Crocidolite | % Chrysotile
ngt Saggle Fraction ; Remarks
* ' ALA.8, | X.R.D. | A.A.S. | X.R.D.
25 |conc. 0.25 | 0.00
7
. 26 Tailings 21.00 23.00
27 |conc. "0.25 | 0.00
8 28 |Mmiddlings | 7.00 | 6.00 1% Crocidolite
29 Tailings 39,00 | 40.00
30 Conc. 0.00 0.00
9
31 Tailings 16.00 19.00 1% Crocidolite
: 1% Chrysotile
10 23 Middlings 8.00 7.00 )
34 Tailings 33,00 | 36.0C
30 |conc. 0.00 | 0.00
9
31 Tailings 21.00 20,00 1% Crocidolite
1% Chrysotile
o 32 Conc. 0.00 0.00
10 33 |Middling 4.00 | 5.00 | '
34 Tailings 37.50 | 35.00
; 35 Conc. 0.00 0.00 | , o
. 11
{ . 36 Tailings 20,00 | 19.00
! . 1% Chrysotile
: 37 Conc. 0.00 | 0.00
: 12 38 Middlings 4.50 6.00 .
¢ 39  |Tailings 40.00 | 41.00 "
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CONCENTRATION OF AMPHIBCLE AND SERPENTINE ASRESTOS FROM

.. TALC BY FROTH FLOTATION.

INTRODUCTION.

A great deal of concern surroﬁnds‘ the possible
asbestos content of talc powders used in césmetic,
phérmacutical and othef industrial and consumer products.
Asbestos minerals are known to be associated with the
inﬁreased incidence of certain types of cencer. and

it would be of some industrial imporiance if it were

possible to reduce the level of asbestos minerals in a

=
I

talc powder to an insignificant level with respect to

thei£ possible healtﬁ hazard. Froth flotétion is a
technique used widely to separate fine mineral particles
and over 90% of the wofid's non ferrous minerals are
produced from crﬁshed and finel? ground rock ﬁsing this

. technique. This concentration technique has been applied

tc the concentration of commercizl and non commercial

baad -

|

fqrms of asbestos minerals from talc. Tt has been shown
to be very efficient in rcducing the asbestos content
of a powder and producing a residue (which is referred
to in mineral separaﬁion terﬁs as a 'tailings' in which

the asbestos nminerals can be easily detected and quantified.

The technigue has therefore a second significant
use in the detection and quantification of asbestos
mineralfs in talc powder sampies. Most quantiative

mineralogical techniques are only capable. of detecting

. En an B = =
!

asbestoe mineral impurities in talce powders down to the
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FIG. 1: Laboratory Flotation Cell
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1% by weight level, These techniques.include X-ray
diffractbmetry, differential thermal analysis and
Cwbrave d , : :
prevct-analysis.  Of these techniques X-ray diffrac-
tien would appear to be the most useful, It allows both
a.positive identification of the minerai phase to be made
and also an accurate determination of mass fraction by
comparison of the relative intensity of the asbestos
mineral reflections from the powders being tested to
those of a set of standard reflections obtained f:cm‘
talc powder samples spiked with various quantities of
different asbhestos minerals.,
(

The use of froth flotation to concentrate asbestos
minerals from talc is so’efficientithat their detection
by the X-ray diffraction method is accurate to an order
‘or magnitude lower than in the untreated powder, i.e.:
0.13% or 1ess.. Efficient separation or 'pre—concentration
depends upon the selection of the most amenabie chemical
conditions under which the flotation separation should
be performed. The separation is made in an aqueous
environment in which both talc and asbestos are in
suspension. One of the minerals has to be hydrophobic
or made hydrpphobic.ih order to remove it from the aqueous
suspension using air bubbles..‘Talc has a well known
natural hydrophobicity and.can be improved howéver by
use of suitable cationic chemicals e.g.: amines, which
selectively adsorb onto the talc particles and improve
their hydrophcbic character. Asbestos minerals have no

natural hydrophobic character, therefore no natural

floatability and will remain in the-Iroth flotation cell

while talc is being flcated. Some care however has tpA
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be exercised in thé choice of inthing agent (which is
used to produce a fréth at the top of the-flotation

cell in which the floated mineral is'held and removed) to
ensure that it does not impart hydrophobic properties

to any asbestos mineral particles. It must also produce
a froth.which drains easily removing as low an amount of
water as possibleifrom the cell in which asbestos mineral

particles may be in suspension,

The pH of the aguecus medium is also of importance
in the separation, as this can also affe »t the efficiency
of the flotation by interfering with the properties of
the Zrothing agan» and also 1nFluen01ng the naturai,
floatablllty of the talc and asbestos mlnerals. Tbe pH

pro&ucos .
control alsg(a non flapulated syStem in which particles
of asbestos and talc are separated in suspenSLOn. The
control of pH is also d951rab1e when a chemlcal is used
" to increase the hydrophoblc nature of the talc as it can
~easily be adsorbed onto the QSDcStO: mln;rals as well,

Selection of the pH to produce minimum adsorption of

the chemical onto the asbestos should therefofe be ﬁéde.

METHODS MATERIALS AND APPARATUS.

The froth flotation tests reported here were all
performed in a modified 'Knapp and Bates' flotatio; cell
with a capacity of 2 litres‘cf mineral suspeﬂsion. An
impeller in thé flotation.bell keeps the mineral in

suspensiocn and also draws in air for flotation purposes.

It then mixes the zir with the mineral suspension to ' .

1
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promote rapid adhesion&particles to air bubbles; the
impeller was operated at 1500 r.p.m. The amount of air
drawn into the c¢ell s approximately 17 litres/minute.

The flotation cell used is illustrated by Fig: 1.

The minerzls used for experimentation were as

follows:

1) 1Italian talc, 00000 grade supplicd by Zach Cartwright Ltd.

Its general formulae Mg Sig 0z0 (OH)y.

2) Serpentine asbestés, (chrysotile) which is the most
common Qf the asbestiform minerzls. It accounts for
more than 95% of the asbestos fibre broduced today.
Its general formulae is ngg.Sig Oéo (0H),. Like
talc it is é‘sheet silicate which occurs as very fine

rolled sheets of magnesium silicate.

3) Amphibole asbestos, two varieties of which were used

these were

Crocidelite Na,Fei'rel**siso,,(on),

Actinolite Ca, (MgFe'™)s8i40,, (0H),

The chrysotile and crocidolite smples were supplied by
the M.R.C. Research Unit, Penarth, Glam, as beirg

representative of all commercial asbestiform minerals

of the serpentine and amphibole varieties.

JAZS55_000007959
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The Actinoliﬁe sample was‘includéd to represent the
type of amphibole more likely to be found associated
Qifh'£éic. Thé actinolite itself came from the same
mine as the tale used in the experimentation but was not

——— -

found in association with the talc. It occurred with

other minerals and before addition to the talc in a
powdered form it was concentrated into a pure fraction

using a Franz isodynamic magnetic separator.

The chrys@tile and cregcidolite asbestos were already
in a very finely powdered form and requiréd no size
reduction before addition to the Italian talc for separa-
tion experiménts. The actinolite Qas however first
ground to a size similar to that of the talc before

addition.

v'» Ordinary tap water was used in the flotation tests
and the pH of-the suspensions was adjusted uging sulphuric
acid and sodium hydroxide. The frothing agent used was
a commercial product Aerofroth 65 manufactured by
Cyanmide Ltd., it is essentially a poly-propylene-glycol
of high molecular weight which is totally soluble in water
and is therefore easy to add‘to the flotation cell, It
was found that a suitable concentration of{l.s ml of a 5%
weight/volume solution of the frothing agent gave ah easily
managed froth remcving very little liquid from the .flotation

cell.

Flotation geparation tests were performed with talc

i
H

samples in which asbestos was added. to represent 0.5%,

1.0% and 2.0% ashestos by weight. A series of tests with
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a mixture of amphibole and serpentine.asbestos was also
performed to investigate the concentrating action in the
presence of two forms of asbestos, The talc samples
were weighed and addéﬁ to the flotétion cell and mixed
 thoroughly with water the veighed asbestos sample wasvthen
added and also mixed thoroughly into the talg suséensicn.
-Care was taken to ensure the talc was conpletely
wetted i
redeet by mixing thoroughly, no wetting agents were used.
When the talc/asbestos"mixture was conéidered to be well
nixed the frothing agent was added and pl adJustment made.
lhe air inlet to the cell was then opened and the floated

talc removed from the top of the cell with a scraper. The

test was run until no visible talc was found to be reporting

.

to the top of thé cell, care was taken to ensure no talc
froth was sticking to the cell sides which might contamin--

ate the asbhestos material remaining in the cell as tailin

9.

From extensive tests the most advantageous conditions

for advantageous conditions for asbestos talc separation

was found to be as follows:

Water in the cell 3 litres

PH adjusted to 2, 0 w;th sulphuric acid’
Solids concentration. 20-25 grams in 3 litre

Frothing agent 1.5 mls of 5% W/v in 3 litre.

.
¢

All flotation tests were periormed using these conditions

the only variables being the type and quantity of ashestos

mixed with ths talc.

JNJAZS55_000007961
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' To measure the separation of as estos from talc a
combination of wet‘chemical and X-~ray diffraction tech-

- nigues were used. For measuring crociddlite the iron
concentration in the floated talc and also in the tailings
was measured énd'the results compared with a standard
curve prepared from the iron analysés 6f crocidolite/talc
nmixtures. Chrysotile was measured wet chemically by

- measuring the magnesium level obtained by digestioh in
concentrated hydréchloric acid and comparing the results
with a standard curve prepared from the magnesium analyses
of cﬁrysotile/talc mixtures, fhe analysis technique for
both iron and magnesium were as follows.

-

a) Wet Chemical determination of_Céocidolite in Talc, ’ -
A small amount (0.05 -~ 0.1 gram) of the sample was

fﬁsed in a P.T.F.E. crucible at approximately 350°C

with 2 mls of (1:1) -, "XCH aﬁd water. The fused ?ellet

was then disssolved in 3 mls of. concentrated H Cl. The

solution was made up to a kncwn volume and. assayed for

'irdh using an E.E.L. 240 afomic adsorétibh spectrophoto-

meter. The amount of crodidqlite vas obtained by cherking

against a standard calibration curve as shown in Fig. 2.

b} Wet Chemical determination of Chrysotile in Talc.

’
s

Sampleé were dispersed in concertrated HCL (talc
is not affected by HC1) and heated till dry. The samples
were then retreated with dilute HC1l, The resulting
solutions were made up to a known volume and assayed for

magnesium using an A.A.$. From standard calibration.

-l N N - . I EE I BN b b S N BN I B G Ee B .

Bt
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curves the amount ol chrysotile was determined after
correction for acid soluble magnesium in the talc tailings.
due to the presence of carbonate minerals. The carbonate
magnesivm was obtained by running flotation tests with
no ashestos present and assaying the resultant tailings.

The magnesium calibration curve is shown in Fig. 3.
X-ray determination of .Chrysotile and Crocidolite.

The tailings samples were also subjected to X-ray.
aiEfraction measurements using a Siemens X-ray diffracto-
meter. Quantitative readings were obtained by_measuring
the peak intensity of the amphibole reflecticn at 10.5
degrees 29.and fﬁe chrysotile reflection at 12.5 degrees
28 and expressing these as a ratib with the main tale
reflection at approximately 9.0 degrees 286. This ratio
figure was then ccmpared with a calibration curve
conétructed from peak ratio figures obtained .from mix~
tures of talc and the various asbestos sémples these are
shown in Figs. 4 and 5. The usé of a ratio of chrysotile
to talc peak and . crccidolite to talc peak.removed the
necessity of using an internal standard for quantification

purposes.

Care was taken in the preparation of X-ray standards
to ensure good mixing and this was performed in aqqecus
suspension using the froth flotation cell as a mixér.
Xlray powcer preparations were investigated also and both

pressed and loose specimens were examined. The loose

powder preparation was preferred and used in all the

measurements. Copper radiation was used throughout the
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and 41% for the chrysotile in the same tailings fractions.

The results show that quantity of asbestos in the
tailings increases dramatically with increase in asbestos
content of the original asbestos/talc mixture. Also
the fact.that two asbestos minerals may be contained in
.the same sample has very little effect upon the recovery
of each minerdl in the tailings. The highest concentra-
tion ratios (K) obtained in these tests were with the 1%
asbestos/talc mixtures where the asbestos was concentrated

in the tailings from 1% to 35% approximately.

The téilings fractions were all subjected to X-ray
diffraction examination as well as wét chemical analysis
and the compariscn of some of the quantitative results
obtained are ‘given in Table 4. Figs.l0-12 illustrate
portions of diffractometer traces obtained from separqte&
tailings- fractions of tests performed upon.l% cfocidolite,
i% chrysotile, 1% crocidolite and chrysotile in talc

mixtures.

Tests with 0.5% additions of actinolite in télc were
also performed and Fig.13 i1illustrates the diffractometer
trace obtained from a Single stage separation of actinolite
from tale. No quantification was performed for this sample

as there was insufficient actinolite to prepare diffrac-

tion standards,
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Conclusions.

Froth flotation would.appear to be a most efficient
means of separating amphibole and serpentine asbestos
from talc for béth detection and quantification of the
asbéstéé phase. No interference.appegrs to occur wheﬁ
two asbestos minefals are present and are being separa-
ted. Two stage éeparation is slightly more efficient

than a single stage separation.

The most suitable flotation conditions for
separation were found to be pH - zfo with a solids concen-
tration of 6 - 8§ grams per litre of water in the flo#ation
cell. The most suitable frothing agent was found to be

Frother 65 produced by Cyanimide Ltd.

H . .
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