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In recent years the mining industry has turned to by=products to
off~gset the "profit squeeze" canged by rising mnufacturing costs and
relatively stable end product prices, This trend to by=product producte
ion is noticeable in both metallic and non-metallic or industrial
mineral operations, With relatively small capital investments such
products as agriculture limestone, road aggregate and fillers have been
produced from what was formerly mine or mill wastes.

Several years ago this writer had the opportunity to take an active
Part in producing salable products from a mica plant tailing, The intent
of this paper i3 to describe the research work performed on the Kings
Mountain Mica Company’s spirsl tails at the North Carolina State Minerals
Research Laboratory under the direction of W, T. MeDaniel,

Briefly, the ore processed in the mica plant is a weathered granite,
Mining is done by self-loading Euclid gcrapers. The weathering, caused
essentially by ground water, acts first on the sodium feldspar (Albite)
which weathers to 11lite or kaolinite, The potash minerals, microline
feldspar and mica decompose under more severs weathering conditions to
kaolinite and sericite respectively. Quartz is largely unaffected and
iron bearing minerals are oxidized during weathering conditions, During
the mica processing the ore is split into three fractiona:

(1) A fine clay~like tailings from the washing classifier overflow,

(2) A course sand tailing from the Humphvrey's spirals,

(3) The mica product,

Generallya the mica product accounts for only 10 percent of the
head feed with the remaining 90 percent being equally divided between the
coarse and fine tailings, Previously, research work to market the fine

clay tailings had been completed,
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The first step in marketing the coarse tailings from the Humphrey
spirals was evalvation, It was apparent from the initial assays that
the tailings had an economic potential due to the content of high
potash feldspar, In addition to the microcline feldspar there was
also quartz, a lower grade mica and the cost of tallings disposal for
these minerals. It was also apparent in the very early stages of this
program that the major problem would be to reduce the iron content of
the feldspar concentrates to & commercial level, While some of the
initial feldspar concentrates showed 12 to 134 K0, they also contained
as mach as 0,50% Fep03.

It was also believed that due to the different degrees of weather~
ing in the mica ore body a possibility existed that the mineralogical
composition of the spiral tails and the chemical composition of the
individual minerals would vary during relatively short time intervals,
In order to determmine the extent of change a test procedure was set wp
to measure the wniforwd.ty of the spiral tails over a period of several
nmonths, Shift samples were collected by an automatic sampler during
each month of a four month period, These samples were treated by
identical bench scale float tests and screen analyses, Results of
these tests were surprisingly uniform, The 19 shift samples evaluvated
showed an average feldspar concentrate to be 17.3 percent of the head
feed and contain 12.6% K30 and a total alkali content of 13.22 percent,
At this point it was concluded that any change in the epiral tails
would not be enough to affect the operation of a flotation plant,

Of course, these analyses are quite far apart from the theorstical
analysis of pctash feldspar, In order to evaluate the flotation process
2 sample of absolutely pure feldspar was obtained by hand picking,
These feldspar particles gave the following analysis:
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K50 = 14.3 percent
Nag0 = 0,46 percent
Feg03 = 0,025 percent

Using this as a basis for a pure feldspar concentrate these

initial tests gave a concentrate of 90 percent grade with flotation
recovery in the feldspar step of plus 95 pei'centa It ;as decided at
this point to settle for a .concentrate grade of 12 percent K50, This
was based on two facts. One being that this was a reasonable goal to
expect for a flotation plant and second that this would be the highest
potash feldspar commercially available in the United §tates., This, then
would put a new plant in a compatitive position without undue demands
on the operating conditlonms,

Further work in the program indicated that the ore had more vari-
ation than was predicted by the ahove bench scale work. The variation
was caused by a change in the mining locatlon and occurred mostly- in
the soda content of the feldapar concentrate, Evaluation of the 19
different shiff; samples showed the higheét percent Naj0 in the feldspar
concentrate to be 0.9, whereas in the pilot plant the highest waa 2,56
with 1.2 percent Nas0 being common. For example, pilot plant No, 15
produced a feldspar concentrate assaying 11;6 percent K20 and 2,23 per~
cent Nay0. In this cass, the K;0 content was below 12 percent becauée
of the low K50 to NagO ratio and not because of a low grade concentrate,
Listed below are typica'l K50:Na,0 ratios during different phases of the

programs
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Total Jatio

smple Origin 220 4Maz0  Alkall  pQsiiagd
fland Picked Feldspar grains 14,3 C.46 i4.TL 3123
Average of 19 Shift Samples 12,6 0.62 13,22 2031
Pilot Plant No, 15 Concentrate  1ll.6 2,23 13,83 5.2:1

These ratios represent the extremss in the chendcal composition of the
faldspar which was the only veriable of any consecuence, A syshem of

blending the feed prior to flotation was desipgned in order to compen=

sate for these changes.

The Fey03 apalysls of the feldspar concentaate at this point was
0.34 percent. The analysig of the pure feldspar grains, only unstained
grains were picked, a3z previcously wentioned was only 0.025% Fey03. Thils
showed that it was posaible Lo meet commercial specifications if enocugh
of the iron bearing winerals and/or iron siainad feldapar could bde
rejected in the irom float, The flotabtion procedure at this point
consisted of five steps:

(1) Scrubbing at 6G5 solids for fivs mdnubes,

(2) Desliming,

(3) Mica flotatlen with arine as the collector in an aeid eircuiv.

(4) Iron flotation with petrolews golionate as 2 collector in an
acid civenit,

(5) Feldspar flotation with the amine=HF systenm,
It was noticed that the petroieun sulvonafe used ag the iron minersl
collactor alsc had e marked hendeney %o acet as a collechor for mieas
probably due to ivon scilvablon, Thivty percent of the micz in the head
fsed vas badly iron stained. The mlez, both stained and wnstained, which
did not respond to the mica or iron fisab reported witk the feldspar

product which ecktwrimmbed to the high parcest FeyOz in that produet,
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It was decided that a mica=iron float, i.e., one that would float all
of the mica (both stained and unstained) and the iron bearing minerals
would be beneficial or even necessary to produce commercial feldspar
from this weathered feed, About four months were =pent testing variables
with petroleum ‘sulfonate as the collector, Among the most important
variable tested were pH, soluble iron concentration, quantity of the
collector, percent solids of the conditioner and effect of slimes on
the collector, Figure #1 is a graph of the percent weight floated
versus pH using a constant petroleum sulfonate addition (1.5 lbs. per
ton), It can be seen that there is a wide fluctuation over a relatively
narrow pH range. At a pH of 5.5 almost no mica was floated and there
was excess froth, In the pH range of five to three there was unselect~
ive flotation, It is believed this is due to activation by something
other than iron. Bhappu(lgtates that the aluminum ion can also cause
activation near a pH of four depending on the concentyration of the ion
and of the .cbllector. Since the concentration of the soluble Fe lons
in the flotation pulp was lower at a pH of four than at a pH of three
and that there is an ample supply of aluminum ions from the feldspar
and mica it is reasonable to expect the aluminum ion is responsible
for unselsctive flotation in this pH rangs, At a pH of below 2,9 or
sulphuric acid addition to the condition above 1.0 pounds per.ton

optinum mica~iron flotation was achieved.

(1) A,I.M.E. transactions of the Society of Mining Engineers Vol., 226,
Dec. 1963", The Role of Hydrolysis in Sulfonate Flotation of Quartz
by M. C., Fuerstenau, C, G, Martin; & R. B. Bhappu,

Page 5§



i
.
-

—_
!

e
; -
. —r .
Ao ;
! G4t
- b .
Iy

1

Q

T

R
o

e

——te

T

PO

i

[EYTOSINUBIRD I S 00

e

i
—
i

-

5

L m
RN PR

0.

L

i

- : . -\ -3 N

. Aot ' dh P

¢ . i ' , !

- - i N LEEN

5 o ! < ot
g QoY

' ! :

* : SRR
]

:,, ”
O MISEI F THLANIM
s LN e IAdA STIHIHNG 0} ¥ 2
T Z28L0 OV HWONI IHL OL Ol X OL S .. .



The soluble iron in the mica-iron flotation circuit was in the
range of 35 PPM Fep0q. To further study the effect of this ion on the
flotation circuit it’s concentratlon was increased with the addition of
ferric chloride (FeClB) and decreased with zn addition of a chelating
ageni, Verssene 1000(2)'With the addition of 0,3 pounds per ton of FeClg
the weight of the mig4diron fleat product increased from the normal 20
percent to 56 percent. With the addition of 0.5 pounds per ton Veresene
100 the weight floated decreased to 13 percent. With this 35 percent
decrease in weight the percent F9203 in the feldspar concentrate increased
seven fold from O.,1L to 0,7 percent,

- Figure 2 shows graphically the results of a series of tests
designed to study the effect of the percent solids in the mica=iron
(petroleum sulfonate) conditicner, In the upper curvs the minus 28 mesh
head feed was scrubbed for five minutes at 60 percent solids liberating
‘three percent slimes, In the lcver curve the minus 28 mesh head feed
was scrubbed for five minutes at 70 percent solids liberating five per
cent slimes. It is readily apparent that 60 percent solids in the
conditioner gave optlmum iron rejection. However, it was far more
interesting to note that as the perceat solids in the conditioner
approached the percent solids in the initizl scrub iron rejection
deteriorated. This implied that additional slimes wers belng created in
the conditioner, Still more important was the vastly improved results
when scrubbing took place at 70 percent solids and that still more slimes
could be liberated with additional work input,

(2) The Dow Chemical Co. Essentially a tetracodiom salt of ethylene
diameneteiracatic acid.
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Additional work was immediately done to verify the beneficial
effect of high solids scrubbing prior to flotation., Figure 3 shows
how increasing the intensity of the scrub several fold affects the
weight percent of the different products, Figure 4 gives the percent
Fe203 in the feldspar and quartz prcducts at the different intensities
of scrubbing. Following scrubbing, under conditlions indicated on the
graph; the are was deslimed and the flotation was performed under

identical conditions., The mica~iyron flotation condltions are as

follows:
Conditioning Flotation
Time (Minutes) 5 3
& Solids 60 20
pH 2,7 3.3 (end)
H,S0, 1.0 1bs/ton
Petroleum Sulfonate 1.5 lbs/ton

It can be seen from the graphs that as additional slimes are
liberated greater selectivity and better iron rejection are obtained in
the mica~iron float, For example, the percent FepOs in the feldspar
product £ell from 0,10 percent when scrubbing took place at 60 percent
gsolids for five minutes to 0,04 percent when scrubbing took place at
70 percent solids for 20 minutes. Mica removal was good throughout the
series, giving essentially a mica=free feldspar product. On the basis
of thess results all further test work was scrubbed at 70 percent solids
for five minutes prior to flotaticn, These conditions were chosen
because they can readily be duplicated in commercial practice and they

produced feldspar and aquartz products to glass grade specifications,
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-

The organic nomenclature for petroleum sulfonate is sodium alkyl
aryl sulfonate, This reagent is supplied commercially under three
trade namess

(1) American Cyanimidis 825,
(2) HMineral Oil Refining Company’s Mahogany Secap 62
(3) sShell 0il Company’s Sodium Sulfonate Regular,

When used in equal strength with relation to the sulfonate content these
three reagents gave very similar results and canld be considered egual
in both metallurgical performance and cosdb,

As the abtove work indicates the feldspar product and especially
the iron content of the feldspar concentrate had the highest priority.
However, some work was done on each of the other minerals in the feed
and on various aspects of the feldspar float before the pilot plant
phase of the program was begun,

The quartz product, which is the tailings from the other flotation
steps was quite pure throughout the research program, It wa.é always free
of mica, contained very little feldspar and was low in iron, IListed

below is an analysis of a composite sample obtained from bench scale

tests,

# Fey04 = 0.05
% K50 = 0,06
% Na0 = 0,03
% 41504 = 0%
£ Ign, Logs = 0.29
4 510, = _99.36

99.93
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Later, as shown in Figure 4 and verified in the pilot plant, the iron
content was lowered to 0,02% Fex03 by intense Scrubbing prior to
flotation, Normally, the quartz product contained less than one
percent feldspar,

The mica in the head feed was that which was rejected by the Spirals
in the mica prccessing. Early in the program it was decided to 1imit
the 8ize of the flotation feed to 28 mesh, While this was orimarily to
obtain better metallurgy a second advantage wss quickly noticed, The
Plus 28 mesh miea was of good quality and aprarently was rejected from
the spirals bacause of its size rather than the amount of delamination,
By closing the rod mily with a 28 mesh scyeen the recovery of primary
mica was increased and optinum flotation feed size was obtainad, A
mineralogical examinaiion showed the flotation feed Vo contain 7,4 pere
cent mica of which 31 percent wzs iron stained, During the initial
stages of this program the mica was floated in an acid circuit, with
amine as the collector. While excellent metallurzy was not achieved
grades of close to 90 percent ang recoveries of 70 to 80 percent were
cormon, After satisfactory iron removal W23 reached by intenss
Scrubbing and a mica-iron flgtation step tha tucestep process wag again
tried, Ipon Temoval in the separste mica and iron Scavenger floats wasg
equally satisfactory, but it appeared that the inersased Scrubbing,
which was necessary to produce high quality feldspar andg quarts, had a
dotrimental effect on the mica grade, When praceded by the high
intensity scrub, the grade of the mica concantrate dropped to 80 pere

cent or less, About this time a flotatisn procedure wag developed
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1
by the U, S, Bureau of Mines (1) and succesafully tried in the field,

This process also was successful on this ore 2nd was used in the pilot
plant phase of this program,

In the fall of 196, arrangements were made to conduct a pilot
plant project on the spiral tails, The object of this project was to
verify bench scale test results, obtain data and product samples to
determine the economic feasibility of a commsrcial plant and to obtain
metallurgical data for design purposes, Approximately 25 tons of spiral
tailings were processed in the pilot plant, The ore was delivered in
four=ton lots. Each lot, since it came from a different location in
the mica pit was treated separately. Each lot was "mde" shortly before
being delivered to the laboratory. The procedure consisted of pumping
the spiral tails to a 28 mesh Universal vibrating screen. The oversize
was retumrned to the rod mill ahead of the spirals. The undersize was
devatered in two Krebbs cyclones, the underflow being stacked for
shipment, The circulating load was built up for one hour bvefore the
sample was collected. The feed rate of the pilot plant was determined
by pre-weighing the feed into barrels and correcting for moisture.
Product rates or material balances were determined by taking timed
samples each hour. Chemical analyses were performed on eight hour
composites, Figure 5 is a flow sheet of the pilot plant. This discussion
of test results is divided into unit operations, with each operation
belng discussed briefly.

(1) Society of Mining Engineers of A.I.M.E. Selective Flotation of
Mica From Pegmatites. James S. Browning & Ralph B. Adair, Tusca-
loosa Metallurgy Research Center. U.S. Dept. of Interior, Tusca=

lloosz, Ala,
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FIGURE 5

Pilot Plant Flowsheet
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Scrubbing: The ore was uiformly fed by a belt feeder into a screw
which fed the scrubber. The scrubber was laboratory designed (after
Wemeo) with two compartments and a tobal volume of one cubic foot,

Each compartment had three four-bladed, reverse pitch, mubber coated
impellers of 1C-inch diameter, During the initial nilot plant runs,
iron rejection was not sufficient to produce glass grade feldspar. It
1s believed that inadequate scrubbing was the major factor. Before iron
specifications were mst several variabies were changed, The more
important omes were horsepower and impeller speed, The horsepover was
increased from a total of two to six (two 3 hp motors), At the same
tive the impeller speed was reduced from 1300 to 950 rpm. Excess

8peed created a large vortex in the pump, thus reducing retention time
and particle contact in ths impeller zone, As evidenze of this; as the
Spead was decreased power consumption increased, It was possible to
pull full load amperage at constant percent solids by decreasing the
speed when the.horsepm:er ¥ad increased, The percent solids of the
scrubber pulp was always maintained at a minimm of 70 percent solids,
From the heat generated in the pulp it was apparent that there was more
work input in continuous operation than in bench scale work. It is
believed that this was necessary due to short circuiting through the
two compartment scrubber, While it wms not feazible to correct this
in the pilot plant, it was easily corrected in commercizl operation,
Two other points of interest tested in the pilot plant are scrubber
cantrol and dispersants, Pilo: plant tests showed that 1,0 pound per
ton of NaOH increased the vercent weight of the slime fraction from
408 to 7,2 percent which, in turn; resulted in a more selective micae
iron float, (see Figure 3)., Tae scrubber was controlled, very satis-

factorily, by monltoring the amperage of the number one serubber motor,
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It was recommended thaf this be autemated in commereist practice.

Desiliminz: The scrubber dischargs wes pumped in a 4ilube nulp (35 per=
cent s0lids) to a cyslmne for primary desliming, An excellent scpara=
tion was made in the 3-~inch Dorreclone used, The cyclone overflow
accounted for 5.9 percent of the hend feed of which only 0.4 percent
was plus 325 merh material. A secondary desliming cperation was
carried out in a Denver spiral classifier, This was chosen rather
than two-stage desliming 4o present a wors uniform parcent solids te
the mica~iron conditionar. The total slime loss throughout the pilot

plant wag unifora averaging 6.5 parcent of the head feed,

Mica Flotation: In the pilot plant the mica was treated in either of
two ways: (1) It wes floated in a mica-iron flont as a waste vroduct,
(2) It was floated separately to recover wmica a3 a salable product.

In the second method the mica no% recovered in ihe mica float was
floatad in the mica~iron scavenger float to prevent contamination of
the feldspar product. The flotaticn procaess us=d to recover the mica
was a catlonic=anlonic iloss originally developad by the Burezu of
Mines of the Tuscalcosa Alabama Stetion, In the initial runs, not
enough conditioniag andfor roughing capacity was installed, This was
changed by insta2lling a 1.2 cubic fooi Denwvay Supaz conditione;-, four
No, 8 Galigher cslls as roughers and three No, 5 Denver cells as
cleaners, In tha2ss runs gvod mica grade and recovery were achieved,
The averags of pilot plant ruoms 23, 2% and 25 show the mice clzaaner
conceatrats &s 5.0 percent of the heac fe:d, assaying 92 percent grade

with 93 percant wica recorery.
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Mica-Iron Flotation: The mica~iron ste~ was designed to float all of the
mica and ironebearing minerals (mica=iron) or the iron hear‘ng minerals and
that mica which was not recovered in the mica float (mica=iron scavenger),
In elther case, the reagent requirements (petrolevm sulfonate and svlnhuric
acid) were the same, Flotation was carried out in a four-cell hank of No,
8 Galighers, with a junction box between the second and third cells. This
float had been extensively tested in bench scale and cont’nuous ooerat on
confirmed bench-scale findings, The froth sroduct of the mea=iron step
averaged 12,4 percent of the feed and was wasted. Slightly more petroleum
sulfonate was required than predicted by bench-scale work. It was believed
this was due to the aforementioned scrubbing variables, In one run the overcent
solids of the mica=iron float was raised from 23 to 32 vercent. This increased
both the retention time and She reagent concentration in the cells, The
petroleum sulfonate was kept constant at 1.6 bounds per ton. However, iron
rejection remained low indicating flotation volume was not the factor, Iron
rejection was sufficient to Froduce glass-grade products when the collector
was raised to 1.8 to 2.0 pounds per ton.
Feldspar Flotation: The relatively pure feldspar and quartg mixture was
Separated in a third flotation step, The reagants used were amine, hydroflvoric
acid and a frother. Few variables were run on this float during the pilot
plant, Good grades and Trecovery were conaistently obta‘ned. One variable
tested was conditioning, Three conditioning variables were tested:

(1) Nome. (Mo conditioning or dewatering orior to flotation)

(2) Conditioning at 40 percent solids

(3) conditioning at €0 percent solids,
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% K50
% No0
Z 41504

Total AJka1s
+ Alumina

% 510,

Z Fey0,
A Ca0

% Mg
Ig. Loss

Feldsnaz;concunﬁrates

PPe2sen BPollx
12,8 12,9
1.30 0,90
18,1 17.9
32,2 31,7
86,9 66,9

0,058 0,056

tr, tra
tr. T,
0,38 0.47

# Analyses after magnetic separation,

Tyler Mesh
328
=28+35
«35+48
=48465
m65@100
=100+150
=1504200
- =200+270
=270+325
=325
Total

63,3
0.064
T,

tr.

0.34

Feldsgar Goncentrafea - Pilot Piant #13

£ deipht
C.3
0.7
6.0
17,0
27,2
2,1
12,6
6.5
2.3

2.3

1C0,0

Size = Chemical Anzlyses

Cum, % Wk,
0,3
1,0
7.0
2%.0
51,2
7503
87.9
Vrody
97,7

2,3

WAt sy

100,¢

£X00
12,8
12,2
1.7
11,1
10,4
10,7
11,6
iL.5
113

o e

11.2

ZN20
0.69
1.29
1.82
2,50
2,50
2,67
2,28
2,09
1,80
2,42

No, 2%
Spar Comp,

12,1
0,77
16,8
29.7

69. 5
0,067
tr.
e
0.50



There were some ditcrepancies in the tesi vresilts ovt there aspeared to be

a tendency Ifor conditioning at 4C to 5C percent solids to produce a h'gher
grade fsldspar concentrate.

Cell Speed: The speced of the Galigher cells zu received wvas 15C0 rom or a
peripheral speed (S) of 165C fest per minute, This produced a great deal of
turbulence in the cells and the speed 'ms lowerad to 10C0 rom (S = 1100),
The Galigher Company recomrends a peripheral speesd of betireen 900 to 1320
feet per minute, depending on cell s ze.

Feed Rate: The feed rate to the pilot plant was varicd from 248 o 468 pounds
per hour, The design feed rave, vsed in the majority of tests, ranged from
330 to 350 pounds per hour., This rangs wag vsed to scals ue to a commereial
plant of 40C tpd, giving a scale-up factor of 1CO,

The table on the follewing page gives complete chamical and aize
analysis of several felcdspar concentrates produced in the pilot plant.

As a direct result of this research project and espec’ally the pilote
plant phase of the project, a commercial fletabicn nlant was buil%d by the
Kings Mountein Mica Coupany, With certain mocifications, the plant was built

with a scale=up ratio of 1CC to 1 from ko oiisteplant data. Plant performance
has been satisfaciory and hag génerally subutantiated both beschescale and

pillct~-plant rasuits,
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