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FLOTATION OF SILICON CARBIDE FROM WASTE SLUDGES

By C. W. Smith,' T. O. Llewellyn,? and G. V. Sullivan?

ABSTRACT

The Bureau of Mines conducted laboratory beneficiation tests on four
samples of waste granlite sludge to devise a method of recovering silicon
carbide (SiC). Froth flotation using creosote as a collector in an al-
kaline circuit resulted in concentrates containing over 91 pct SiC from
each of the samples. Recoveries ranged from 43.1 to 86.6 pct. Single-
stage flotation of sample A using a column flotation cell produced a
concentrate containing 92.0 pct SiC with a recovery of 71.4 pct. Flo~
tation using petroleum sulfonate as a collector in an acid circuit re-
sulted in a concentrate contalning 95 pet SiC from one of the waste
granite products with a recovery of 97.5 pct.

1Physical scientist.

2Metallurqist‘

3Supervisory metallurgist.

Tuscaloosa Regearch Center, Bureau of Mines, Tuscaloosa, AL.



INTRODUCTION

carbide (SiC) i1s a synthetic
commercially produced
by heating a mixture of metallurgical
coke and high-purity silica sand to
2,400° C in an electrical resistance fur-
nace. A method to produce SiC was first
discovered 1n this country by E. G.
Acheson 1in 1891 while studying the re-—
action of carbon with other materials.
The first patent on the manufacture of
S1C was 1issued to him in 1893 (5, 7).4
The principal SiC producers are Canada,
France, Germany, Italy, The Netherlands,

Silicon
compound which is

Norway, Switzerland, and the United
States.
The manufacturing of S8iC requires a

considerable amount of electrical energy.
Some estimates indicate that to produce
1 1b of the material the necessary energy
requirement is 3.5 to 5 kWeh of electri-
city (1, 3). This energy requirement
represents over 90 pct of the production
costs. The price of minus-8 —-plus 220-
mesh abrasive-grade SiC was approximately
$1,000/st in January 1986 (4). There are
no set prices, and in most cases negotia-—
tions between consumers and producers are
required to establish a price.

The appearance of SiC varies according
to 1ts impurity content. S1C abrasives
usually range from light green (plus 99.5
pet 8iC) to black (97 to 98 pet SiC) in
color. As impurity content increases (95
to 97 pet SiC), the color usually becomes
a black-gray. The green variety 1s usu-
ally harder, while the black variety is
tougher.

Approximately 30,000 tons of SiC are
used annually in the domestic dimension
stone industry. Fine SiC (minus 120-
mesh) can be used as a polishing agent
for marble and granite. Coarse SiC (plus
120-mesh) 1is used as grain in wire saw-
ing. The wire saw 1s a machine designed
to cut stone considered too large to be
cut by circular saws or simlilar equip-
mente. Hence, wire saws are particularly
used in the granite dimension stone
industry.

A wire saw can be described as similar
to a band saw, except that a twisted wire
3/16 to 1/4 in in diameter acts as the
band, while SiC particles suspended in
water are dragged between the wire and
the stone to do the actual cutting (2).
The SiC particle sizes most commonly used
for wire sawing are mesh sizes minus 30
plus 60, minus 48 plus 70, minus 48 plus
100, minus 60 plus 100, and minus 60 plus
120 (2). Coarse SiC (plus 120-mesh) can
be reclaimed by either a cyclone or grav-—
ity means and recycled. Minus 120-mesh
S1iC 1s usually discarded as waste.

A flotation method for recovering SiC
utilizing fuel o1l or creosote as the
collector was patented by Watson and
Glasser in 1966 (8). The Bureau of Mines
investigated the flotation of SiC using
oleic acid as the collector in 1975 (6).
This investigation was initiated to de-
velop improved flotation methods to pro-
cess waste SiC sludge containing both
coarse and fine material.

DESCRIPTION OF SAMPLES

Four samples of waste SiC were obtalned
for research. Samples were obtained from
one granite operation each 1n Massachu-
setts and New Hampshire and two granite
operations in Georgila. S51C was a major
constituent in each sample, comprising 30

4Underlined numbers in parentheses re-
fer to items in the list of references at
the end of this report.

to 75 pet of the materials present. Fur~-
ther description of each sample follows.

SAMPLE A

Sample A contalned approximately 55 pct
SiC. Other constituents 1in the sample
were quartz, plagloclase, orthoclase, and
mica. Minor amounts of kaolinite also



TABLE 1. - Screen and SiC analyses of Samples A-D

Size fraction A ] B | c| D
ANALYSIS, wt pet

Plus 65 mesheseesossssaes | 19.2 0.4 1.3 1.0
Minus 65 plus 100 mesh... | 10.7 o4 o3 .3
Minus 100 plus 150 mesh.. 9.5 «5 .2 .6
Minus 150 plus 200 mesh.. 9.0 1.1 oh 3.3
Minus 200 plus 270 mesh.. 8.3 2.4 «71 30.2
Minus 270 plus 400 mesh.. 8.4 3.4 1.1} 25.4
Minus 400 mesh plus 20 pm| 12.6 33.3 ) 37.8) 30.3
Minus 20 plus 10 pmeeecons 5.9 15.7 17.0 4.9
Minus 10 pmesseeeesseaees | 16,41 42.81 41,2 4.0

Compositeeseeessssass [100.0 ] 100.0 | 100.0100.0

ANALYSIS, pct SiC ,

Plus 65 mesheocceessssesss | 48.2 21.4 4.6 3.4
Minus 65 plus 100 mesh... | 62.8 | 27.2 | 11.7] 33.9
Minus 100 plus 150 mesh.. | 80.2 | 36.1 13.6 60.0
Minus 150 plus 200 mesh.. | 77.5 44,8 25.5! 80,9
Minus 200 plus 270 mesh.. | 76.6 | 53,0 38.4| 91.6
Minus 270 plus 400 mesh.. | 77.4 59.2 | 57.0| 87.2
Minus 400 mesh plus 20 pym| 69.2 | 48.8 | 69.8| 69.0
Minus 20 plus 10 ymeseees | 37.7 | 26,1 | 33.2 26.9
Minus 10 pmecesecscscsees | 14,1 13.5 1 11.2 11.2

Compositessvevnvansns 56,7 1 30,2 37.7) 75.6

DISTRIBUTION, pct SiC

Plus 65 mesheesesssonceses | 16.3 0.5 0.2} 0.0
Minus 65 plus 100 mesh... | 11.8 o3 .1 .2
Minus 100 plus 150 mesh.. | 13.4 +6 .1 oh
Minus 150 plus 200 mesh.. | 12.3 1.6 2 3.4
Minus 200 plus 270 mesh.. | 11.2 4,1 +7 36.6
Minus 270 plus 400 mesh.. | 11.5 6.6 1.6, 29.3
Minus 400 mesh plus 20 ym| 15.5| 53.7 | 69.8| 27.7
Minus 20 plus 10 ymecsess 3.9 13.5, 15,0, 1.8
Minus 10 UMecsesesocsanes 4,1 19,1 12.3 .6

Compositeseseosaesss [100.0{100,0 | 100.0[100.0

Over 95 pct of the SiC was
coarser than 10 um

were present.
present as particles
diam.

SAMPLE B

Sample B contained approximately 30 pct
8iC. Other constituents 1in the sample
were quartz, plagioclase, orthoclase, and
mica. Approximately 81 pet of the SiC in
the sample was coarser than 10 um diam.

SAMPLE C

Sample C contained approximately 38 pct
8iC. Other constituents in the sample

were quartz, plagioclase, orthoclase, and
mica. Approximately 88 pct of the 8i€
was coarser than 10 ym diam.

SAMPLE D

underflow prod-
75 pet

Sample D was a cyclone
uct containing approximately
SiC. Other constltuents present were
quartz, plagioclase, orthoclase, and
mica. Over 99 pct of the SiC was
coarser than 10 um diam. Screen analy-
ses of the four samples are shown in
table 1.



BENEFICIATION STUDIES

Froth flotation was extensively ex-
plored as a method to recover the 8iC in
the samples. Prior to flotation, the
samples were attrition—-scrubbed at ap-
proximately 70 pct solids to break up any
aggregated materials and to clean the
mineral surfaces. Preliminary studies
showed 10 um to be the minimum particle
that would reasonably respond to flota-
tion; therefore, all samples were de-
slimed at this size. Optimum results for
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FIGURE 1,—Effect of scrub time on the fiotatlon grade and
racovery of o sic for each sample.

each sample were obtalned by conditioning
for 4 min at 40 pct solids using 2.0 1b
of creosote per short ton of flotation
feed as a collector, in combination with
3.0 1b/st kerosene as an extender. Pine
0lil at a rate of 0.15 1b/st was used as a
frother at a mnatural pH of 9.0. Scrub-
bing for 5 mln and desliming at 10 um,
followed by a rougher and two cleaner
flotation stages of 4 min each, using the
above reagent scheme, produced
acceptable-grade concentrates from each
sample. Grades obtalned on samples A, B,
C, and D were 95.5, 91.1, 92.3, and 98.6
pet, respectively. Attendant recoveries
were somewhat low at 44.3, 22.5, 40,2,
and 61.3 pect. Increasing scrub time had
a marked effect on flotation recovery
while affecting grade very 1little. To
determine optimum scrub time, identical
tests were conducted on samples scrubbed

for 5, 10, 20, 30, 45, 60, 90, and 120
mine. On each sample, recovery increased
with dincreasing scrub time. Table 2

gives the grade and recovery of each sam-

ple as a function of scrub time. Figure
1 1llustrates these results. Table 3
gives the material balances for the
TABLE 2. - Effect on scrub time on the
flotatlion of samples A-D
Scrub time, min | A | B [ C [ D
ANALYSIS, pct SiC
Sesersesnenssns|95.5] 91,11 92.3 ] 98,6
10essesesnennees96.2] 91,51 91.9] 99,0
200 cnesroenanees] 95,4 ) 91.3 ] 93.1; 98.1
300eeeencensensel 96.51 92.0( 92.4 | 98.7
450000 nneseseans| 96,21 92.1] 93.5] 98.0
60ceeeesnseneeas 96,7 91.6] 93.4 98,3
G0.seesvencesees|96.3192.6] 91.3 1 98.5
12Qcsesensoeneess 97.11 93,2 92,4 | 97.4
DISTRIBUTION, pct SiC
Denesesnusnnenel 84,31 22,51 40.2 1 61.3
10sesseoeannessst 48.3 1 25.3 | 48.3 | 66.6
200 cavesenneseeej 49.4 | 35.11 48.0 | 73.5
300iecassanseess 63,4 40,9 53.9| 78.9
45.eseeeeseseass]68.3] 40.6| 53,0 82.7
Ovecovecneeneesi 7103 43.11 57.8] 86.6
90 evsenesnnease 64,21 41.41 62,3 84,1
120c0eccasenesens| 695 46,1 59.7 | 84,9




TABLE 3. —~ Material balances for the flotation of samples A-~D
using creosote as the collector

Product Wt SiC, pct Wt SiC, pet
pct | Analysis | Distribution| pct |Analysis | Distribution
Sample A Sample B
Concentrat@eiesssesscsnss 37.7 96.7 71.3 15.1 9l.6 43.1
Cleaner tailings:
2eusosasosanrscrsersan 4.0 87.5 6.8 3.4 71.1 7.6
: levesorsosvseavecennna 6.2 65.8 8.0 .11 41.0 9.0
Rougher taillingsSeesveces 32.5 l4.4 9.1 29,9 21.9 20.4
SlimeSeseoesesssonsscnce 19.6 12.6 4,8 44.5 14.3 19.9
Compositesessesesess | 100.0 51.1 100.0 100.0] 32.1 100.0
Sample C Sample D
Concentrat@esscecesessss 25.5 93.4 57.8 66.3] 98.3 86.6
Cleaner tallings:
2esssssvenssssssennnne 7.3 74.6 13.2 4ok T75.4 4.4
leeeinensossncnvecanes 9.3 42.4 9.6 7.3, 50.6 4.9
Rougher tailingS.csvenes 23.5 20.0 11.4 17.9 15.2 3.6
SlimeSecesvevsossarereas 34.4 9.6 8.0 4.1 9.6 +5
Compositessessessses | 100.0 41.2 100.0 100.0f 75.3 100.0
flotation of each sample following a  pct. Table 5 gives the material balance
60-min scrub. for this test.
Single-stage flotation of sample A was
attempted using a column flotation cell TABLE 4. - Material balance for the
measuring 3 in in diameter and 18 ft in flotation of sample A using a
height. Prior to scrubbing, the plus 35- column flotation cell
mesh material was removed from the sam-
ple. The sample was then scrubbed for 60 Product Wt S5iC, pet
min and deslimed at 10 pm. Conditioning pct | Analysis | Distribution
time was 4 min at 40 pect solids using 2.0 Concentrate| 41.3 92.0 71.4
) 1b of creosote plus 3.0 1b of kerosene Tailings...| 17.3 10.4 3.4
ﬁ per short ton of flotation feed. The Slimeseesss| 26.5 28.4 14,2
4 sample was floated for 5 min at a natural Plus 35
i pH of 9.0. The resulting concentrate mesheseeee] 14.9 | 39.5 11.0
! contained 92.0 pct SiC with a recovery of Compositej100.0 53.1 100.0
| 71.4 pct. Table 4 gives the material
balance for this test. TABLE 5. ~ Material balance for the
Flotation of S8iC using petroleum sul~ flotation of sample D using petro-
fonate 1in an acid circuit also produced leum sulfonate as the collector
an acceptable concentrate from one of the
% waste granite products (sample D). The Product Wt 8iC, pct
' sample required scrubbing for 60 min pct | Analysis | Distribution
prior to desliming for successful flota~ Concentrate! 78.8 95.0 97.5

tion. Hy804 was used to lower the pH to  Cleaner

2.5. HF at a rate of 0.5 1lb/st was used tailings:.
for silica depression, and 2.5 1b/st 2esroscssnns 1.1 36.3 .5
petroleum sulfonate was used as the col- P 4.3 10.5 .6
lector. The sample was conditioned at 40  Rougher

pet solids for 5 min. A rougher and two tailings..| 11.7 4.9 .7
cleaner stages of 4 min each were used. S1limeSeesss 4.1 13.4 .7
The  resultant  concentrate  contained Composite|100.0 76.8 100.0

95.0 pet SiC with a recovery of 97.5




CONCLUSIONS

Two flotation methods proved successful
in recovering S5iC from waste granlite wire
sawing sludge. Use of creosote as a col-
lector i1in an alkaline c¢ircuit produced
concentrates containing 91.6 to 98.3 pct
8iC with recoveries of 43.1 to 86.6 pet.

Use of petroleum sulfonate as a collector
in an acid circuit produced a concentrate
containing 95.0 pet S8iC with a recovery
of 97.5 pet, from one of the waste
granite products (sample D).
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