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PNEUMATIC CONCENTRATION OF MICA
by

C. E. Jordan, ! G. V. Sullivan,? and B. E. Davis?

ABSTRACT

The Bureau of Mines is conducting research into the pneumatic recovery
of coarse mica and has used this method to produce mica concentrates that
contain more than 90 percent mica. This research is being carried out pur-
suant to the Bureau's objective to develop technology that will help maintain
an adequate supply of minerals and metals to meet national economic and
strategic needs.

Researchers used a Bureau-designed system of crushers, screens, and zig-
zag air classifiers to concentrate coarse liberated mica particles from mica-
bearing materials. This pneumatic system was used to concentrate four mica
ores from Arizona, North Carolima, and South Dakota and three waste tailings
from Alabama, Georgia, and South Dakota. Using these samples, it was demon-
strated that plus 65-mesh size mica can be effectively recovered by the '
pneumatic method. Not only were the concentrates high in mica content; it
was also demonstrated that this method can be used to recover up to 78 percent
of the mica that was originally contained in the samples.

Because it is a dry concentration method, the pneumatic beneficiation
technique may be advantageous iIn areas where water resources are limited.

INTRODUCTION

As part of the Bureau of Mines program for advancing minerals technology,
the Bureau studied pneumatic processing techniques as a method for concen-~
trating coarse mica from mica ores and mica waste tallings. The pneumatic
processing method was investigated as an alternative to methods currently
used for the recovery of both sheet mica and coarse flake mica.

1Metallurgist.

2Supervisory metallurgist.

dMinerals engineer,

All authors are associated with the Tuscaloosa Research Center, Bureau of
Mines, Tuscaloosa, Ala.



Although there are two major commercial mica minerals, muscovite and
phlogopite, the research described in this report was conducted exclusively
with muscovite, Therefore, unless otherwise stated, mica is used throughout
this report to mean muscovite,

The two primary forms of commercial mica are (1) sheet mica and (2) scrap
and flake mica. Sheet mica is relatively flat and free of structural defects
and is used in the electronics and electrical industries. The American Society
for Testing and Materials (ASTM) has designated 12 quality groups for sheet
mica. These designations are based on the quantity of wvisible inclusions and
structural imperfections; they range from black- and red-stained to perfectly
clear. ASTM has also designated 12 grades based on the size of the maximum
usable rectangle that can be cut from each piece of sheet mica in the product.
Sizes range from grade 6, with one usable square inch, to grade OOEE special,
with 100 usable square inches (2).%

Scrap and flake mica generally includes any mica of a quality or size
that is not suitable for use as sheet mica (5). Most scrap and flake mica
is recovered from schists and pegmatites; occasionally, it is also recovered
as a secondary product from the beneficiation of feldspar and kaolin. Scrap
and flake mica is generally processed into ground mica for various end uses.
For example, coarse, dry-ground 5-mesh size mica is used in oil well drilling
mud to overcome mud losses when wells are drilled through porous geological
formations. Decorative finishes on concrete, stone, and brick are made with
l6-mesh size mica. In the manufacture of roll roofing and shingles, 20- and
30-mesh size mica is used to prevent sticking and for weatherproofing. Wall-
board joint cements contain 100~ and 200-mesh size mica to eliminate cracking
and reduce shrinking. Very fine mica is used in paints to improve exterior
durabilicy (6).

The domestic supply of scrap and flake mica is reported to be adequate,
although there is a short supply of high-quality scrap and flake mica for mica
paper production. For its supply of sheet mica, the United States is almost
totally dependent on imports (5). The high cost of skilled labor needed to
mine and beneficiate sheet mica is prohibitive for many U.S5. mica deposits.

Current Beneficiation Methods

Sheet mica is selectively mined and beneficiated by hand. Scrap and
flake mica can be recovered by several general methods. The simplest method
is to separate the mica from its host rock by differential crushing and
screening in washer plants. Crushing has little effect on mica because of
its platy, flexible characteristics. This method can effectively recover
plus 0.75-inch size mica . Another method utilizes screens, classifiers, and
Humphreys spirals to concentrate the mica from the ground ore. This method
permits recovery of a finer size mica than is produced by crushing and screen-
ing (6). Flotation methods can be used to recover minus 20-mesh size mica.
Mica recovery by flotation methods ranges from 70 percent to 92 percent (4).

“Underlined numbers in parentheses refer to items in the list of references at
the end of this report.



Pneumatic Concentration Methods

An alternative technique designed by the Bureau uses crushers, screens,
and zigzag air classifiers to concentrate mica. In either sheet or flake
form, mica has two dimensions many times larger than the third dimension.
After screening the ore into close size fractions, the mica sheets or flakes
are significantly lighter than the gangue particles of the same size fraction.
Air classification separates the flat, light mica particles from the heavier
gangue particles. Although air classifiers are fairly common in the minerals
processing industry, the zigzag air classifier is new to this industry. Zig-
zag air classifiers have been successfully used in the seed- and grain-
cleaning industry, and commercial equipment is now being marketed (3).

The pneumatic concentration method has several advantages over present
commercial methods for mica concentration. These advantages are listed below:

Felad

1. Crushing and grinding is
limited to the amount necessary to
liberate the mica from the host rock.

2. Process tailings are dry,
coarse particles that can be easily
handled.

3. The method can be used in
areas with limited water resources.

4. Use of this method does not
Crusher result in the water pollution problems
associated with the flotation method.

5. Finally, liberated sheet mica
particles can be recovered without
being subjected to extensive crushing.

KEY .
» ‘Efj; DESCRIPTION OF EQUIPMENT AND METHOD
~Screen

> A generalized flow diagram of the
65-Screenmesh Buresy's pneumatic concentration method
‘ 22 - for mica recovery is shown in figure 1.
-Zigzag

For this study, three types of ore

crushers were employed to liberate

5 mica: a standard jaw crusher, a roll
crusher, and a hammer mill, The

gy hammer mill unit was modified by

reducing the number of free-swinging
hammers from 80 to 10; the 10 remain-
Tailings mn&ggme ing hammers were spaced about 3 inches
FIGURE 1. - Generalized flow diagram of the apart. In addition, the crushing
Bureau's pneumatic concentration method screen or grate was removed so that
: particles received a minimum number
of impacts before leaving the unit.




The impact-crushing action of the hammer mill broke and delaminated the mica
particles. (Use of the hammer mill without modification resulted in over-
crushing of both mica and gangue.) The hammer mill was also used to erush
the zigzag tailings from the plus 4-mesh size fractions. Pieces to large to
be fed to the hammer mill were broken with a sledge hammer. Only one two-

Air Air

Cyclone Cyclone

Cleaner

! zigzag

Mica
concentrate

Rougher 7

zigzag

)

Tailings
FIGURE 2. - Diagram of two-stage zigzag
air classifier.

stage zigzag unit was available for
this study so that each size fraction
wag, of necessity, individually proc-
essed. The minus 65-mesh fraction
could not be effectively treated by
this method and was therefore regarded
as tailings.

The Bureau's pneumatic concentra-—
tion method for mica recovery is
designed to process closely sized
particles of mica ore. Two screening
units and a two-stage zigzag air
classifier are used to individually
process each size fraction. The over-
size particles of the first screen
pass through the zigrag air classifier
to separate the liberated mica from
the host rock. A diagram of the two-—
stage zigzag air classifier is shown
in figure 2. TFigure 3 shows the
classifier separating mica from gangue
minerals, and figure 4 shows a closer
view of the separating action.

The ore enters the rougher zigzag
section through a rotating air lock.
The zigzag sections have a rectangular
cross section 1.75 inches wide by
3.75 inches deep. The channel changes
direction every 2.5 vertical inches,
and the channel sides have a 60° slope
from horizontal. Airflow through the
classifier can be varied according to
the size of the particles being sepa-
rated. The gangue material falls
through the airstream of the rougher
zigzag section and is then discarded
as tailings. The mica flakes are
carried by the airstream to the cyclone
shown on the right side of figure 2,
where they are collected. This
rougher mica concentrate is fed to
the cleaner zigzag section through
another rotating air lock. The mica
particles are again carried by the



FIGURE 3. - Two-stage zigzag classifier separating mica from gangue minerals.
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FIGURE 4. - Close view of the classifier’s separating action.



airstream but they are now collected in the cyclone on the left side of fig-
ure 2. The cleaner concentrate leaves the left-gide cyclone through a third
rotating air lock and is rescreened to remove undersize material missed by the
first screening. The airflow through the cleaner zigzag section is set
slightly lower than the airflow through the rougher zigzag section. This
allows most of the gangue particles that are unintentionally carried in the
rougher section's airstream to fall through the cleaner section and rejoin the
feed to the rougher section. The final product of this pneumatic process is
generally a high-grade mica concentrate. Undersize screen products are com—
bined and fed into the screen for the next smaller size fraction and then into
the zigzag clagsifier.

In the Bureau's tests, the airflow required for pneumatic concentration
in the zigzag air classifier was largely left to the discretion of the oper-
ator., TFor each size fraction, the operator first used an airflow setting
that recovered most of the mica in the rougher section, regardless of the
amount of gangue carried by the rougher airstream. The airflow in the rougher
section was gradually reduced to minimize the gangue content of the rougher
concentrate without increasing the mica content of the final tailings. Then,
the cleaner section airflow was adjusted until a fairly clean mica concentrate
wag produced. After a few minutes of operation, the flow rate of the tailings
from the cleaner section stabilized. 1If the quantity of the cleaner tailings
did not stabilize, then the airflow tc the rougher zigzag section was gradu-
ally decreased to lessen the recirculating load. When it was determined that
airflow was properly adjusted, both the concentrate and the tailings product
were collected, and airflows of both the rougher and cleaner sections were
measured and recorded.

METHODS OF ANALYSIS

The minerals industry has not established a standard method of analysis
to determine the mica content of a sample. TFor this study, three methods
were used individually and in combinatlon to separate the various products
so that their mica contents could be determined. These methods were (1) hand
sorting, especially of coarse materials; (2) the inclined-plane, or cardboard,
method; and (3) separation in heavy liquids (l). Analyses were made by physi-
cally separating and weighing the products. Analytical products were examined
with a binocular microscope to detect any misplaced particles. Analyses of
the plus 10-mesh products were essentially 100 percent accurate. The preci-
sion of the analyses decreased as particle size decreased. A statistical
analysis of the measured mica contents of the concentrates indicated a
95-percent confidence interval of plus or minus 5 percent. The same con-
fidence interval of the measured mica content of the tailings was plus or
minus 2 percent. It should be understood that all analyses reported in this
study were within these boundaries of error.

EXPERTMENTAL RESULTS

The Bureau tested its pneumatic concentration method with four mica ores
from Arizona, North Carolina, and South Dakota and three waste tailings from
Alabama, Georgia, and South Dakota. These samples represent the major
geographical areas where mica is mined.



Arizona Mica Deposit

Description

Two samples of the same mica ore, containing about 22 percent mica, were
obtained from an Arizona mica-bearing pegmatite. Several mica sheets with
surface areas up to approximately 1.5 square inches were found in the samples,
but most of the mica grains had surface areas smaller than 1 square inch. The
first sample (ore sample A) was run-of-mine rock that was up to 12 inches in
diameter. About 60 percent by weight of this first sample was plus 8-inch
gize. The second sample {ore sample B) was a rod mill feed already crushed
to minus l-inch size. Table 1 ghows the size analysis of this second sample.
The mica in this second sample was almost completely liberated in the minus
4-mesh material. Although some of the mica was liberated in the plus 4-mesh
material, a significant amount of mica was still locked in particles of the
host rock, which was mostly quartz and plagioclase with minor amounts of
microcline.

5

TABLE 1. ~ Size analysis of Arizona mica ore B

Size, mesh Wt—pct | Analysis, pct | Distribution, pet

Plus 4..c0vveannn 35.6 23 36

Minus 4 plus 10.. 39.1 23 39

Minus 10 plus 20. 5.1 31 7

Minus 20 plus 35. 10.6 26 12

Minus 35 plus 65. 4.2 18 3

Minus 65.....0... 5.4 11 3
Composite...... | 100.0 23 100

Procedure

Ore Sample A

The run-of-mine rock sample was crushed with a hammer mill to about l-inch
size. Rocks too large for the hammer mill (plus 6-inch) were broken with a
sledge hammer. The minus l-inch material was fed to the pneumatic concentra-
tion system shown in figure 1. The plus l-inch circuit was not used., A
hammer mill was also used as the crusher in the minus 1-inch plus 4-mesh cir-
cuit. The minus 4- plus 1l0-mesh circuit did not need a crusher because the
mica was already liberated in the minus 4-mesh material.

Qre Sample B

The rod mill feed sample was fed as-received into the pneumatic concen-
tration system shown in figure 1. The plus l-inch circuit was not used. A

°3ize-analysis tables are not provided for the Arizoma mica ore sample A, or
for the South Dakota ore and tailings samples described later in this
report. Because these samples contained significant amounts of large
rocks, and because most of these samples were crushed in the mica recovery
process, size-analysis tables for them would not be informative.



jaw crusher was used with the minus l-inch plus 4-mesh circuit. A roll
crusher was used with the minus 4~ plus 10-mesh circuit. Although the libera-
tion size was about 4 mesh, this sample was crushed through 10 mesh to deter-
mine if mica recovery could be improved by crushing it to a size slightly
smaller than the liberation size. A two-stage zigzag classifier was not
available for this sample, but the two stages were simulated with a single-
stage zigzag classifier to produce a cleaner concentrate, the rougher mica
concentrate was treated a second time at a lower airflow than was used the
first time. The tailings from the second zigzag operation were mostly gangue
particles that were unintentionally carried into the rougher concentrate. The
reduced airflow of the second pass through the zigzag classifier allowed these
gangue particles to be removed, and also permitted a significant amount of
mica to be dropped into the second zigzag tailings. This tailings product

is called a middlings product and, in a continuous operation, the middlings
product would be recirculated to the rougher zigzag feed.

Pneumatic Concentration Results

A material balance for the concentrates, middlings products, and tailings
produced from both samples of the Arizona mica ore is shown in table 2.
Table 3 shows the rate of airflow that was used in the zigzag section for
each size fraction to obtain the results shown in table 2. Tor the rod mill
feed (sample B), the 'two-product” formula® gives an approximation--but only
a rough approximation--of a continuocus operation. In a continuous operation,
the middlings product would be recirculated to the rougher feed. Eventually,
this material would go either to the concentrate or te the tailings.

The actual mica recovered in the sample B concentrate was only 56 percent
of the total mica in the ore; the middlings product contained 25 percent of
the total mica. Sample B yielded a higher grade concentrate and lower grade
tailings than did sample A, the run-of-mine rock, but a realistic comparison
of results for these two samples was difficult. Nonetheless, the results
showed that both ore samples produced high~grade concentrates and that from
both samples a substantial portion of the mica was recovered. Only 2 percent
to 5 percent of the total mica occurred in the untreated minus 65-mesh
material. The mica lost in the plus 65-mesh tailings was mostly "book" mica
with flakes that were too thick to be carried by the airstream. Like the
gangue particles, these mica books were nearly equal in all three dimensions.

6The "two-product" formula is a method for approximating the distribution of
two final products as they would be made up without a middlings product.
The formula takes into account that in a continuous operation, material
from the middlings product would ultimately go to the concentrate or the
tailings product. The formula is given below, with WP used to represent
weight-percent of concentrate:

_ 100 percent s (percent mica of feed - percent mica of tailings)

WP (percent mica of concentrate - percent mica of tailings)
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TABLE 2. - Pneumatic concentration results from two samples
of an Arizona mica ore

Product, mesh Wt-pct Analysis, pct Distribution, pct
Sample A | Sample B | Sample A | Sample B | Sample A | Sample B
Concentrate:
Plus 4,.cevenvnns 3.8 3.6 100 100 18 16
Minus 4 plus 10. 5.3 6.3 97 99 24 28
Minus 10 plus 20 5.2 2.7 82 90 20 11
Minus 20 plus 35 1.1 W2 94 91 5 1
Minus 35 plus 65 1.0 .1 78 90 4 <1
Middlings:
Minus 10 plus 20 NAp 4.3 NAp 38 NAp 7
Minus 20 plus 35 NAp 6.4 NAp 52 NAp 15
Minus 35 plus 65 NAp 2.4 NAp 25 NAp 3
Tailings:
Minus 4 plus 10. 40.4 NAp 6.2 NAp 12 NAp
Minus 10 plus 20 20.1 36.4 3.5 7 3 11
Minus 20 plus 35 6.5 17.2 14.0 3 4 2
Minus 35 plus 65 12.3 10.1 13.0 2 8 1
Minus 65...0004. 4.3 10.3 11.0 11 2 5
Composite..... 100.0 100.0 22.0 22.0 100 100
Composite mica
concentrate...... 16.4 118,2 92 97 69 78
Composite tailings 83.6 81.8 7.9 6 31 22
Total..... . 100.0 100.0 22 22 100 100

NAp Not applicable.

lweight-percent calculated from the "two-product” formula given in text

footnote 6.

TABLE 3. - Airflow through zigzag section for concentration
of Arizona mica ore, cfm

Ore size, mesh Rougher Cleaner
Sample A | Sample B | Sample A | Sample B
Plus 4...... N 160 120 120 NAp
Minus 4 plus 10... 130 115 110 NAp
Minus 10 plus 20.. 120 110 100 92
Minus 20 plus 35.. 90 105 70 46
Minus 35 plus 65.. 70 80 30 a3

NAp Not applicable.

To test the significance of the type of ore crusher used co liberate
the mica, a small sample of the run-of-mine rock was treated with a jaw

crusher taking the place of the hammer mill in the circuit.

This modifica-

tion produced a concentrate containing 82 percent mica, and 50 percent of

the mica was recovered.

The circuit with the hammer mill produced a concen-

trate containing 92 percent mica, and 69 percent of the mica was recovered.

Figure 5 shows typical mica concentrates and tailings from the jaw
Of these two crushers,

crusher circuit and from the hammer mill circuit.
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INCHES

FIGURE 5. - Comparison of hammer mill products ond jow crusher preducts. A, The concentrate from
the hammer mill

circuit includes only o few pieces of gongue moteriols, &, The tailings from this
same circuit include only a few pieces of Mica. (7, The concentrate from the jow crusher circuit hos
many pieces of gongue minerals; they are mostly flot particles. [J, The tailings from the jow

crusher circuit contain many pieces of bock mica.

the jaw crusher tended to produce a greater number of thick mica particles.
Also, the concentrate produced from the jaw crusher circuit appeared to con-
tain a greater number of flat gangue particles; this was due to the crushing
action of the jaw crusher. These flat particles of gangue canncot be separated
from the mica by the zigzag air classifier. In the jaw crusher tailings,
there were many pieces of book mica that were not delaminated by the crusher
action. Unless this mica is delaminated, 1t cannot be recovered with the
zigzag classifier.

North Carolina Deposit A

Description

A sample of mica ore containing about 7 percent mica was obtained from a
mica and feldspar deposit in North Carolina. The sample had already been
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crushed at the mine and was nearly all minus 20 mesh. The size analysis of the ore
sample is shown in table 4. The mica was completely liberated from the host rock
and was fairly evenly distributed throughout the different size fractioms. The
gangue material was primarily quartz, plagioclase, and microcline.

TABLE 4. - Size analysis of North Carolina mica ore A

Ore size, mesh [ Wt-pct | Analysis, pct | Distribution, pct
Plus 20......... 1.6 8 2
Minus 20 plus 35 23.6 8 26
Minus 35 plus 65 53.7 7 52
Minus 65.cuvanes 2.1 7 20
Composite..... 100.0 7 100

Procedure

Since the sample was all minus 10-mesh size, only the minus 10-mesh circuit of
the pneumatic concentration system was needed for this sample. No crushing units
were used. Each size fraction was individually separated with the two-stage zigzag
classifier.

Pneumatic Concentration Results

A summary of the pneumatic concentration results for this ore sample is shown
in table 5. Table & shows the airflows used in the zigzag section to produce these
results. Only 26 percent of the mica from the sample was recovered in the mica con-
centrate, and the concentrate grade was only 80 percent mica. Examination of the
performance of each size fraction revealed that only 12 percent of the mica in the
minus 35— plus 65-mesh size fraction was recovered by the zigzag classifier. About
21 percent of the mica in the sample was too small to be recovered by this method.

TABLE 5. - Pneumatic concentration results from North Carolina mica ore A

Product, mesh Wt-pct | Analysis, pct { Distribution, pct

Concentrate:
Plus 20.....000even ereesissiseraearanren 0.1 85 1
Minus 20 plus 35..0evsvvsserseraans NP 1.8 76 15
Minus 35 plus 65........ chebrerrtEraena 5 91 é

Tailings:

Plus 20..0evvenncrannsacnas bederisrsiane 1.5 3.2 1
Minus 20 plus 35..iciiersnsnranranvennss 21.8 2.6 ]
Minus 35 plus 65....0 0csencireceansenss 53.2 5.9 44
MInus 65.. .. ccesiiisssssiosessnssansanns 21.1 7.2 21
Composite..... o I Ko o ) 7.2 100
Composite mica concentrate..cessacseesnasns 2.4 80 26
Composite tailingS...ceneencesirocsnassons 97.6 5.4 74
Total..ci.iviassuussssassnsannansnsas 100.0 7.2 100

TABLE 6. - Alrflow through zigzag section for concentration
of North Carolina mica ore A, cfm

Ore size, mesh Rougher | Cleaner
Plus 20.. ... ciiiinicosnaniaasnsnronnnss 110 110
Minus 20 plus 35.c.veerrvvoescansansnnna 80 60
Minus 35 plus 65.cciusecsnnuacsoneassnns 60 30
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North Carolina Deposit B

Description

A sample of mica ore was obtained from another mica and feldspar deposit
in North Carclina. The sample was received wet and was air dried prior to any
pneumatic processing. It contained 14 percent mica and was essentially minus
l-inch size. A size analysis is shown in table 7. Complete liberation of the
mica was observed in particles smaller than 4 mesh. Very few plus l-inch mica
particles were present in this ore. The mica was fairly evenly distributed
among the different size fractions. The gangue material was primarily quartz,
plagioclase, and kaolinite.

TABLE 7. - Size analysis of North Carolina mica ore B

Ore size, mesh | Wt—pct | Analysis, pct | Distribution, pct

Plus l.vesueeans 1.2 33 3

Minus 1 plus 4.. 14.4 10 10

Minus 4 plus 10. 17.8 12 15

Minus 10 plus 20 18.3 15 20

Minus 20 plus 35 16.2 20 24

Minus 35 plus 65 13.1 15 14

Minus 65........ 19.0 10 14
Composite..... 100.0 14 100

Procedure

The minus l-inch size circuit of the pneumatic concentration system was
used for this sample. A jaw crusher was used in the plus 4-mesh circuit. No
crushing units were used in the minus 4-mesh circuits.

Pneumatic Concentration Results

This ore sampie did not respond well to pneumatic concentration tech-
niques. A summary of the test results is shown in table 8. Table 9 shows
the airflows used in the zigzag section to obtain these results. An
86-percent-mica concentrate was obtained, and only 53 percent of the mica
originally contained in the sample was recovered. About 14 percent of the
mica was lost to the minus 65-mesh material. The remaining mica was distrib-
uted fairly evenly throughout the tailings of the plus 65-mesh size fractions.
Much of this mica was in book form.

The North Carolina ore sample B was tested before a2 hammer mill became
available for the study. The results were similar to those obtained when the
jaw crusher was used with the run-of-mine ore sample from Arizona. In that
case, an 82-percent-mica concentrate was produced with only a 50-percent
recovery of mica., However, when a hammer mill was used on that sample, the
grade and recovery were improved. Therefore, because the feed and crusher
products of the North Carolina ore sample B and the Arizona sample were
similar, it would be expected that hammer milling the North Carolina sample B
would likewise improve its grade and recovery.
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TABLE 8. - Pneumatic concentration results from North Carolina mica ore B
Product, mesh Wt-pct | Analysis, pct | Distribution, pct
Concentrate:
Plus 4..0vesnnsceanen vesarrebasean 0.3 100 2
Minug 4 plus 10....veennerecsascens 1.2 99 9
Minus 10 plus 20.......... reseseas 1.8 94 12
Minus 20 plus 35...veescecsoanss .o 2.8 88 i8
Minus 35 plus 65....cvevvecinnennss 2.5 71 12
Tailings:
Minus 4 plus 10...ccivenvervncrnes 22.8 5.9 10
Minus 10 plus 20....0ccvunuveesnes 19.6 7.0 10
Minus 20 plus 35.......... ciaeasae 14.3 7.2 7
Minus 35 plus 65........ rrerrenane 15.7 5.6 6
Minus 65...ciiiiiinrnernersnsrneans 19.0 10.4 14
COMPOSite.vsnnsnonnncononsnonss 100.0 14,0 100
Composite mica concentrate.......... 8.6 86 53
Composite tailings..ssvasesrseronnes 91.4 7.2 47
Total.eeveoovaanne s s e 100.0 14.0 100

TABLE 9. — Airflow through zigzag section for concentration
of North Carolina mica ore B, cfm

Ore size, mesh Rougher Cleaner
Plus 4.cevvnnenn seressssaensens s nnans 120 120
Minus 4 plus 10..vuevecnvsnsesncsnnenens 120 20
Minus 10 plus 20..vsuesnecsossaassannasns 110 70
Minus 20 plus 35....vcenveennnnas casesae 100 60
Minus 35 plus 65...cucecnccannncsncrncas 60 30

South Dakota Ore Deposit

Description

A sample of mica ore containing about 30 percent mica was obtained from
a pegmatite mica deposit in South Dakota. Many of the sample pieces were as
large as 12 inches in diameter, but most were between 6 and 8 inches in diam-
eter. The sample contained large sheets of mica with surface areas as large
as 6 to 8 square inches. The liberation size of the ore was near 4 mesh.
However, a large portion of the mica was also liberated among the 2-inch
diameter particles. About 1 percent biotite was also present in this ore;
biotite flakes as large as 2 square Inches in surface area were observed.
The gangue material was mostly quartz and plagioclase and also included a
minor amount of microcline and a trace of kaolinite.

Procedure

Due to the 1.75-inch channel width of the Bureau's two-stage zigzag
classifier, only the minugs 1.5-inch material was treated in the plus l-inch
circuit by the method outlined in figure 1. A hammer mill was used as the
crushing unit in the plus l-inch and plus 4-mesh circuits. Rocks too large
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for the hammer mill (plus 6-inch) were broken with a sledge hammer. No crusher was

used in the plus 10-mesh circuit.

The plus 1.5-inch material was hand sorted rather than separated in the zigzag
classifier, but only liberated mica flakes less than 0.25 inch thick were handpicked
from the plus 1.5-inch rocks. (Since the plus 1.5-inch mica constituted only 5 per-
cent of the mica concentrate, the overall effect of this hand sorting was minor.)
The remaining plus 1.5-inch material was returned to the plus l-inch circuit and
crushed in the hammer mill. This procedure was repeated until all of the ore was
minus 1.5-inch size. The minus 1.5-inch size material was treated by the method
outlined in figure 1.

Pneumatic Concentration Results

A summary of the results of the pneumatic concentration of this ore sample is
shown in table 10. Airflows used in the zigzag section for the South Dakota ore are
shown in table 11. Concentration of this ore produced a 93-percent-mica concen-
trate, and 78 percent of the mica in the ore was recovered. Biotite flakes were
included as mica in the analysis of these products. Figure 6 shows a typical mica
concentrate from the South Dakota ore. As with the previous samples, most of the

mica lost in the tailings was teoo thick to be concentrated by the airstream. Only
1 percent of the mica was lost in the minus 65-mesh material.
TABLE 10. - Pneumatic concentration results from a South Dakota mica ore
Product, mesh Wt-pct | Analysis, pct | Distribution, pct
Concentrate:
Plus l.usecesnsreansarssnssansansssnssan 2.4 100 8
Minus 1 plus 4..vuveenaconrersnnssannens 10.1 100 34
Minus 4 plus 10.. .. cuvievrncvannsnsannns 6.0 95 19
Minus 10 plus 20....ccciciccrnnnnccanens 5.7 75 14
Minus 20 plus 35........... s esarsanesas 1.0 86 3
Minus 35 plus 65...vsnrvnranrsnnrnennans 3 86 1
Tailings:
Minus 4 plus 10........ treetrestsesnanas 371 8.3 10
Minus 10 plus 20..ieeveersnarosassassans 18.4 8.1 5
Minus 20 plus 35.iscerianssaennsnsans vaas 6.0 5.2 1
Minus 35 plus B5.viesssssennsssnssasseans 10.6 11 4
Minusg B5..veuiienrsscssanncnssesnscnannsas 2.4 =20 1
L0077 Yo 7= 1 of 100.0 30 100
Composite mica concentrate.......ccenveas . 25.5 93 78
Composite tallings...vienseevesnsncsancsne 74.5 9 22
Total.cciuveiuucorasaacssonsaaensssss | 100.0 30 100

TABLE 11. - Airflow through zigzag section for concentration

of a South Dakota mica ore, cfm

Ore size, mesh Rougher | Cleaner
Plus l.cusievenneoonsrsnonsonscnsanansan 160 160
Minus 1 plus d.cvviencecasscnncnnansansns 160 120
Minmis 4 plus 10. .. iieretnasanonsnnnss 140 110
Minus 10 plus 20..icievnenesarcarsassns . 120 110
Minus 20 plus 35........... Cesrariaasans 80 50
Minus 35 plus 65..uveesiencsacaanaccssns 60 30
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URE 6. - Coorse micao particles recovered

y the pneumatic concentratio

Alabe

1 and Georgia Waste Mica Tailings

Description

Alabama Tailings

A waste sample of mine tailings was obtained from an abandoned mica mine
in Alab Although the sample contained 7.0 percent mica and was nearly all
gize, the plus 10-mesh size material had a substantially larger
perc of mica than was found in the other size ranges. A size
of this ple is given in table 12. Comp.
cles was observed throughout the sample. he ~
guartz and kaolinite and also included minor amounts of microcline and
of plagioclase and gibbsite.




TABLE 12. - Size analvysis
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of Alabama mica tailings

Tailings size, mesh Wt-pct | Analysis, pct | Distribution, pct
Plus 10...cieiicverannanan 2.9 27 12
Minus 10 plus 20.....v404. 15.8 11 24
Minus 20 plus 35....00000s 46.7 4 28
Minus 35 plus 65.. 000000 22.1 9 29
Minus 65...ccnnvenesnacnae 12.5 4 7
Composite..v.ssvseansssa | 100.0 7 100

Georgia Tailings

percent mica,
rock particles.

A sample of white quartz sand was obtained from a Georgia mining opera-
The material was nearly all minus 10-mesh size and it comtained 7.5

TABLE 13, — Size analysis

The mica particles were completely liberated from the host
The size analysis of this sample is shown in table 13.
mica was fairly evenly distributed throughout the plus 65-mesh material.
gangue material was practically all quartz, but also included minor amounts
of microcline and kaolinite.

The
The

of Georgia mica tailings

Tailings size, mesh Wt—pct | Analysis, pct | Distribution, pct
Plus 10..0ievuernacannnnns 0.6 11 1
Minus 10 plus 20...c0cunnn 15.8 11 23
Minus 20 plus 35....000u-. 38.1 7 35
Minus 35 plus 65,......00.. 21.5 9 25
Minus 65. .. ciiiicnnssannss 24.0 5 16
COmMPOSiteearvnssvssnnns 100.0 3 100
Procedure

Only the minus 4-mesh circuit of the pneumatic concentration system was
used for the Alabama sample, and only the minus 10-mesh portion was used for
the Georgia tailings. No crushers were used on either sample. Since both
samples were tested before the two-stage zigzag classifier was available, a
single-stage zigzag classifier was used. In both tests, the rougher mica
concentrates were reclassified at reduced airflows to produce cleaner concen-
trates. The tailings from the second zigzag separations were middlings prod-
ucts. As with the ore samples, these products would have been recirculated to
the rougher zigzag feed if the operation had been a continuous one.

Alabama Tailings Pneumatic Concentration Results

The results of pneumatic concentration of the Alabama tailings ate shown
in table 1l4. The airflow used in the zigzag section for each size fraction
of these tailings is shown in table 15. A 97-percent-mica concentrate was
produced, and mica recovery was about 30 percent. The middlings product con-
tained 38 percent of the mica in the sample. Using the "two-product" formula,
it was determined that the approximate mica recovery for a continuous system
would be 58 percent. Most of the mica lost in the tailings was too thick to
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be concentrated by the airstream. Only 7 percent of the mica was too small te
separate by this method.

TABLE 14. — Pneumatic concentration results from Alabama mica tailings

Product, mesh Wt-pct ! Analysis, pct | Distribution, pct
Concentrate:
Plus 10, iceennnnnnnnss rrerssaraan 0.5 96 7
Minus 10 plus 20...csseennsnsssnss .8 97 11
Minus 20 plus 35..ceesvresanas reas .6 98 8
Minus 35 plus 65...c.cviinrnnes ‘e .3 94 4
Middlings:
Plus 10...c0unesnnn asresasraan . 7 36 4
Minus 10 plus 20....... cresaeraans 4.7 16 11
Minus 20 plus 35....vevenrns ernana 14,91 - 6 13
Minus 35 plus 65...4.0.. Crissenans 4.6 16 10
Tailings:
Plus I10.cisvinsveonnonsen vesesasns 1.7 3.3 1
Minus 10 plus 20...icivevenrnnnnes 10.3 1.7 2
Minus 20 plus 35........... reeaane 31.2 1.6 7
Minus 35 plus 65...c.0enes seassnes 17.2 6.0 15
Minus 65..cciivienvaasssnnnnnanacs 12.5 4.0 7
CompoSite.sivesrersnnnssnacssass 100.0 7.0 100
Composite mica concentrate.......... 14.2 97 58
Composite tailings.....ccceveeerannn 95.8 3.1 42
Total.uieeeeroaasonsassnarnasss 100.0 7.0 100

lyeight-percent calculated from the "two-product" formula given in text
footnote 6.

TABLE 15. - Airflow through zigzag section for concentration
of Alabama mica tailings, cfm

Ore size, mesh Rougher | Cleaner
Plus 10, it isneennnas besceennns creeraen 140 120
Minus 10 plus 20...... beebensssusaen venas 110 80
Minus 20 plus 35...c.ccevinnn senserrreare-. 100 70
Minus 35 plus 65.ceieenasssannvas Criesaaas 60 40

Georgia Tailings Pneumatic Concentration Results

The pneumatic concentration method produced from the Georgia tailings
a mica concentrate that contained 93 percent mica. The results are shown
in table 16; airflows used in the zigzag section are shown in table 17. Only
31 percent of the mica originally contained in the sample was recovered in
this concentrate. The middlings product contained 40 percent of the mica in
the sample. Using the "two-product" formula, the approximate mica recovery
for this ore sample was 67 percent. About 17 percent of the mica in the
sample was in the untreated minus 65-mesh portion.
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TABLE 16. - Pneumatic concentration results from Georgia mica tailings

Product, mesh Wt—pct | Analysis, pct | Distribution, pet
Concentrate:
Plus 20, e niiiciicnnnneascsntnnn 0.7 97.5 9
Minus 20 plus 35...iiisteevannasen 1.0 95.5 13
Minus 35 plus 65..ccciernnerscnnsens .8 87 9
Middlings:
Plus 20....cuiivurnnniannnnnnans 6.3 14 12
Minus 20 plus 35...i.cvuvnenes . 10.8 13 19
Minus 35 Plus B5. v iinrnereneasn 2.0 33 g
Tailings:
Plus 20.. i inatrntsscsnaraassas 9.4 2.0 3
Minus 20 plus 35...ceinnnnsorasres 26.3 .8 3
Minus 35 plus B5. .0t enennnnenas 18.7 2.5 6
Minus BSeeeiinriinnnirenan crssaane 24.0 5.4 17
Composite..cccnsrrninenenss cerns 100.0 7.5 100
Composite mica concentrate....iveu.. 5 4 33 67
Composite tailings....vivviaveannens 94 .6 2.6 33
Total.eeeeerinasnvnnsnsonanans 100.0 7.5 100
Weight-percent calculated from the "two-product” formula given in text
footnote 6.

TABLE 17. - Airflow through zigzag section for concentraticmn
of Georgia mica tailings, cfm

Qre size, mesh Rougher Cleaner
Plus 20...c0inevnarsarsensanssas e rens 130 90
Minus 20 plus 35..ucecrncasessarsonassnas 100 60
Minus 35 plus 65.ciacannn Arariiiaaiasaaas 60 40

South Dakota Tailings

Description

A waste sample of mine tailings was obtained from an abandoned mica mine
in South Dakota., The sample contained 18 percent mica and was mostly minus
4-mesh size. Several large pieces of mica-bearing rock were included in this
sample. These pieces, as large as 6 to 8 inches In diameter, amounted to
about 25 percent of the sample's weight. Although these pieces could not have
been previously treated in the mica beneficiation plant, they apparently were
discarded in the tailings disposal area. Several pieces of plus l-inch size
mica were observed, but there were not enough of these pieces to be signifi-
cant. Complete liberation of the mica particles was observed in the minus
4-mesh size fractions. Besides mica, this sample also contained about 3 per-
cent biotite. The gangue material was mostly quartz and plagioclase and also
included traces of kaclinite and gypsum.
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Procedure

Only the minus l-inch circuit of the pneumatic concentration system shown
in figure 1 was used for this sample. Prior to zipzag separation, a hammer
mill was used to crush the large rocks to minus l-inch. Since the plus l-inch
size mica made up a very small portion of this sample, it was not treated
separately; it too was crushed in the hammer mill. The zigzag tailings were
also crushed by a hammer mill in the 4-mesh circuit.

Pneumatic Concentration Results

The results of pneumatic concentration of the South Dakota tailings are
shown in table 18, Airflows used in the zigzag section for these tailings are
shown in table 19. A 9l-percent-mica concentrate was produced, and 69 percent
of the mica contained in the sample was recovered. As with previous samples,
most of the mica lost In the tailings was too thick to be carried by the air-
stream. Only 7 percent of the mica from this sample was too small to be
recovered by the pneumatic method.

TABLE 18. - Pneumatic concentration results from South Dakota mica tailings

Product, mesh Wt-pct { Analysis, pet | Distribution, pct
Concentrate:
Plus 4, ivieisnerecsnannncnns ereans 4.6 100 25
Minus 4 plus 10....v0trennnennes .e 4.0 94 21
Minus 10 plus 20...0cvrrnesrnnnnns 3.5 78 15
Minus 20 plus 35...veerrnssnnnsnns 1.1 82 5
Minus 35 plus 65.. .. iceinivnnnanens .6 90 3
Tailings:
Minus 4 plus 10........... vassaas . 33.9 4.9 9
Minus 10 plus 20...... tesesnesannn 21.8 5.4 7
Minus 20 plus 35...cvrvrvrnssn reene 5.2 3.6 1
Minus 35 plug 65..iieecnenssnanns . 18.1 6.8 7
Minus 65, ...cccvieascacsansnanensa 7.2 18.0 7
Composite.....aues. cresesearanna 100.0 18.0 100
Composite mica concentrate....seeess 13.8 91 69
Composite tallingS...vecsnaesas reses 86.2 6.4 31
Total.vesssnrannsarnas tesseess 100.0 18.0 100

TABLE 19. - Airflow through zigzag section for concentration
of South Dakota mica tailings, cfm

Ore size, mesh Rougher | Cleaner
Plus d4uveveinncnnannanns esrsrssserasanns 140 120
Minus 4 plus 10.....0000000s i sanans 134 108
Minus 10 plus 20....0cvuvnaenns ternsanne 117 90
Minus 20 plus 35... e ensnsanss chearran 90 60
Minus 35 plus 65..... s e s et e s a s A nassas 61 33
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GENERAL DISCUSSION

Although the mica analyses of the seven concentrates produced by pneu-
matic concentration varied between 80 and 97 percent mica, the chemical anal-
yses of these concentrates compared favorably with commercial mica products
obtained by flotation and with Indian ruby sheet mica, as shown in table 20.
Several of the mica concentrates contained less Fe 0, (ferric oxide) contami-
nation than the typical contamination found in Ind%an ruby sheet mica, and all
the concentrates contained less Fezo3 than the commercial flotation mica
product.

TABLE 20. - Chemical analyses of pneumatically processed mica
and commercial mica

Mica sample Chemical analyses

$10, | A1,0, [K,0 [ Fe,0, | Mgo [LOI!
Arizona mica ore........vve0.a | 45.6 ] 30.5| 9.9 4.2 |0.69 5.9
North Caroclina ore A.......... 52.6 | 24,9 8.0 1.7 .67 1 3.0
North Carolina ore B.......... | 453.2 | 31.1| 7.6} 3.7 |1.00]7.1
South Dakota mica ore......... | 48.7 28,7 | 8.8 2.6 A4 5.1
Alabama tailingsS......vevoeeees | 47.7| 32.4| 9.1 | 1.7 .38 5.9
Georgia tailings........oveee. | 62,0 22,21 6.0 1.2 .33 14.1
South Dakota tailings......... | 54.1} 25.3] 6.6 | 2.7 A7 4.1
Commercial flotation mica..... | 46.0f 34.0| 9.0| 5.0 ND | 5.5
Indian ruby sheet mica........| 45.8] 35.5]10.3] 2.0 .56 | 4.7

ND Not detected.
1101 Loss on ignition at 1,000° C.

Airflows through the zigzag classifier were set by the operator and
measured for each separation. The airflows ranged from about 160 cubic feet
per minute for the minus 1-inch plus 4-mesh fractions to 30 cubic feet per
minute for the cleaner zigzag with the minus 35- plus 65-mesh fractions.
Figure 7 graphs the average rougher airflows versus the log of the smallest
particle size of each size fraction. The average difference in airflow
between each size fraction was about 25 cublc feet per minute. For the three
plus 20-mesh separations, the cleaner airflows were generally 75 percent to
85 percent of the rougher airflows. For the two minus 20-mesh separations,
the cleaner section airflows were 50 percent to 70 percent of the rougher
section airflows.

Feed rates to the zigzag classifier were also set by the operator and
ranged from about 20 pounds per hour for the 35- by 65-mesh size fraction to
150 pounds per hour for the l-inch by 4-mesh size fractiom.

In reviewing the results from the seven different samples, several gen-
eral trends were noted. It was noted that the amount of minus 65-mesh
material in the system had a negative influence on mica recovery and product
grade. This influence can be seen in table 21, which shows that both mica
recovery and the percent of mica analyzed in the product tended to decline
as the amount of minus 65-mesh material increased. Several trends were noted
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in the four major size frac-
tions between 4 mesh and

65 mesh. Generally, the
concentrate grade for each
size fraction tended to
decrease as particle sizes
decreased.  Although this
was not the case with every
| sample, the trend was sta-
tistically present, The
metallurgical efficiency’

L, of the pneumatic concentra-
tion method tended to be
between 80 percent and 85
percent for each of the
three coarse size fractions
between 4 mesh and 35 mesh.
The minus 35- plus 65-mesh
| size fraction had a signifi-
cantly lower metallurgical
efficiency of approximately
65 percent.

200 | I T T

KEY
¢ Rougher zigzag section
O Cleaner zigzag section L

150 |-

AIRFLOW, f1¥/min

50—

By limiting ore crush-
ing to the mica liberation
size, the amount of minus
65-mesh material produced by
the crushers can be mini-
mized. Also, limiting the
crushing of ore will mini-
mize energy costs.

0 | 1 l |
>150 65 35 20 10 4

SMALLEST PARTICLE SIZE IN EACH SIZE FRACTION, mesh

FIGURE 7. - Plot of airflow through the zigzag section versus
the smallest particle size in each size fraction,

TABLE 21. - Comparison of minus 65-mesh materials by product grade,
mica analysis, and mica recovery

Mica sample Minus 653-mesh | Mica analysis, | Mica recovery,

material, pct pct pct
ATizZona OTe..vcireenoscvnasrncacs 4.3 92 69
North Carolina ore A........0.: 21.1 80 27
North Carolina ore B..viiiveeos 19.0 86 53
South Dakota OTre..evecsasesnoas 2.4 93 78
Alabama tailingS....veveeseonns 12.5 97 l5g
Georgia tailings......vceevanss 24.0 93 lg7
South Dakota tailings...:seecss 7.2 91 69

lApproximated from the "two-product"” formula shown below, in which R is used
to represent recovery percent of concentrate:

100 percent s (percent mica of). (percent mica _ percent mica of

R = concentrate of feed tailings
percent mica , (percent mica of _ percent mica of
of feed concentrate tailings

7Metallurgical efficiency is the average of the product recovery in the concen-
trate and the gangue recovery in the tailings.
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In these tests, the hammer mill tended to delaminate the thick wica par-
ticles, thereby increasing the likelihood that these particles would be recov-
ered by the zigzag air classifier.

The pneumatic concentration method is a dry concentration technique that
may be advantagecus in areas where water resources are limited or where the
cost of drying a mica concentrate precludes the use of a wet mica-concentrating
process.

CONCLUSIONS

The Bureau's pneumatic concentration method for recovering mica has been
demonstrated as an effective means for coarse mica recovery. Liberated mica
as large as 1.5-inch size and as small as plus 65-mesh size was recovered by
this method. However, the Bureau's pneumatic concentration system did not
recover minus 65-mesh size mica., Therefore, the crushing circuit for this
type of system must be designed to minimize the amount of minus 65-mesh size
material if the best possible concentration results are to be achieved. When
crusher types were compared, it was found that use of a hammer mill increased
mica recovery by the zigzag classifier because the hammer mill needed to
delaminate the thick mica particles, The pneumatic concentration method
produced mica concentrates that contained 80 percent to 97 percent mica, and
up to 78 percent of the mica originally contained in the samples was recovered.
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