
































Separation and Grinding Techniques

For those samples which required beneficiation to produce the pure minerals,
separation techniques were chosen which would adequately liberate the desired phases and
least adversely affect their purity. In order to conserve the selected minerals,
techniques were chosen which could be applied to material varying widely in size. The
preliminary size reduction necessary for beneficiation and grinding of the fibrous
amphiboles was accomplished using a rock saw with diamond-impregnated blades. For the
nonfibrous amphiboles, a large mortar and pestle were fabricated from strongly magnetic
stainless steels so that metals abraded from the equipment during crushing could be
removed from the ground material using a magnet. A1l beneficiation steps were done before
the final grinding to allow efficient use of the mineral extraction methods, which are
severely limited if the particle size is too small. To avoid chemical alteration of the
desired phases, beneficiation was generally limited to physical methods [7]. The final
grinding was designed to produce nonfibrous materials which had a mass median aerodynamic
diameter between 0.5 and 5.0 pm, and a maximum size of 10 pm. For the fibrous materials,
the desired median Tength was the range 2-10 ym, with a maximum length of 200 pm.

Beneficiation Methods

Simple, primarily physical methods of mineral extraction were employed. Three types
of hand separation were used: (1) With a mason's hammer and chisels, the available
specimen material was "high-graded" to obtain pieces with the greatest concentration of
the desired phase; from these, the larger masses of impurities were cobbed. (2) The rock
saw was used to cut cross-fiber vein materials into slabs one centimeter thick measured
along the fiber length. The slabs were then chipped into small pencils of fibers for
further beneficiation and/or preparation for milling. The saw was also used to cut wall
rock from the margins of cross-fiber vein specimens of fibrous grunerite, anthophyllite,
and crocidolite. (3) Hand picking, or for ferromagnetic minerals a powerful hand magnet,
was used to remove small quantities of obvious contaminants at any stage in the size
reduction procedure.

Only two bepeficiation techniques were used in which mineral specimens were exposed
to the risk of chemical alteration. Slow dissolution of carbonate minerals from specimens
of tremolite and actinolite was accomplished by digestion in dilute (~3 N) acetic acid.
Bromoform and tetrabromoethane were used for density separations of quartz, micas, and
other silicates from tremolite, cummingtonite and grunerite. After separation, the
samples were rinsed repeatedly, with acetone or ethanol and then distilled water, to
remove residues of the organic liquids.

Grinding Techniques

Research has shown that some grinding mechanisms degrade the crystalline structure of
minerals, particularly asbestiform species, to a considerable degree. Shearing and
cutting (in the sense of pinching) actions are reported to be very destructive to
crystallinity [8]. Initial attempts in this program to grind asbestos in ball mills
equipped with 1ifter bars confirmed this observation. Impact between air-suspended
particles and/or impact of elongate fragments on cutting edges accomplished size reduction
with much Tless reduction in crystallinity, as shown by x-ray diffraction studies.
Therefore, grinding tests were made to identify milling devices which exploit the free
impact principle and which could efficiently produce large quantities of respirable size
particles.

For size reductions of fibrous amphiboles, a fiber mill (Retsch Ultracentrifugal-mill,
Type ZM-1) was chosen. In this device a rotor with vertical pins at the periphery spins
at 10,000 or 20,000 rpm impelling fibers outward against the perforated wall of the
grinding chamber (sieve ring) on which cutting edges are angled toward the oncoming
particles. The non-fibrous amphiboles were ground using a jet mill (Micron-master Jet
Pulverizer) in which tangentially inward-directed jets of dry, filtered air (50 scfm at 90
psig) circulate the feed material in an annular grinding chamber. Size reduction is
accomplished by impact between particles; the air stream minimizes particle contact with
the walls of the grinding chamber. Additional advantages of the fiber mill and jet mill
for this work are: (1) the carrying air stream controls heat build-up in the equipment
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Discussion

I. STEWART: Both DTA and x-ray diffraction are very sensitive to packing, and, of
course, this can be related to shape. Did you do any tests to determine whether packing
or repacking would change the relative ratios of peak heights or peak positions?

J. HAARTZ: No, we haven't.
STEWART: Or spinning the sample in x-ray diffraction perhaps?

HAARTZ: The relative ratios of the peaks in x-ray diffraction were the same for
the bulk samples. For the samples that were deposited on a silver filter, that is a
very thin layer; we did see the differences in the peak ratios. This was the case not
only with samples of different origins, but with a great many replicas of the same
material.

STEWART: I see. So, it was purely the fact that it was fibrous, you think? I
didn't quite catch what you meant by your bulk sample. By bulk, I was equating that
with "massive." You mean a bulk fiber sample.

HAARTZ: By a bulk sample, I mean a milligram or more, of either the massive or
fibrous, showed the same diffraction pattern: identical. When these samples are
deposited as a thin layer on a silver membrane filter and the pattern taken, we do see
differences in the peak ratios.
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