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UTILIZATION OF PHOSPHATE ROCK
FROM THE SOUTHERN EXTENSION OF THE BONE VALLEY DEPOSITS

B. M. Blythe, S. M. Janikowski and D. W. Leyshon
Jacobs Engineering Group Inc., USA

INTRODUCTION

This paper Is one of & series of papers by Jacobs dealing with the utillzation of lower grade
rock to make phosphoric acld. Jacobs other recent papers on this subject have deait with
problems related to rock from Venezuela, China and Montana (1)(3).

This paper will deal with the use of Florlda rock from the Scuthern extenslon of the Bone
Vaiiey deposits. The area involved 13 shown in the MAP, Figure 1.

The area to the North has been the source of most of the rock mined In Florida. The area to
the south roughly bounded ¢~ “he north by the Hillshorough/Polk County lines is somewhat
different In geology. The gen ‘ed geological sectlon of the Central Florida area is shown In
Figure 2. A slmilar sketch for e South Florida area Is shown In Figure 3. The layer of deep,
well defined phosphate |s missing from this proflle and the phosphate is somewhat older, less
weathered and is Interspersed with dolomite.
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SEMERALIZED GEOLOSIC SECTION IN
THE CENTRAL FLORIDA PHOSPHATE DISTRICT
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GENERALIZED GEDLOGIC SECTION M THE SOUTH FLCRIDA
AND THE HORTH FLORIDA/SOUTH CEMTRAL GEORGIA AREAS
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The work reported here iz an evaluation by Jacobs of the rock of one company, referred to
here ag Company "X". A comprehenslve multl producer study has been undertaken by the
Flerlda Institute of Phosphate Research entltled "Characterizatlon of Future Florida
Phosphate Resources". This work iz currently in its early phase of geological and

mineralogical study. The program is being done In-house by FIPR with Inltlal findings due out
In 1993. ,

Beglnning In the early 1980's, many Florlda producers began to treat rock containing more

impurities, partlcularly silica and Mg0 and began to become concerned with future even lower
grade rock.

Bauman (2) described the work by IMC in 1978 to evaluate the effect of higher magnesium on
both the phosphorie acld plant and the granulation plant.

Fresent Florlda rock, In general, is Known to be easily handled {n maklng phosphoric acld,
producing a very fllterable gypsum, a relatively strong P,0 acld, relatively high ylelds and an
acld that granulates well, It produces conditlons of low corrosivity when making acid and Is
moderate In sulfurfe acld consumption.

This paper wlill deal with pllot plant tests done on 4 rock samples. These are:

Cent 0 C e
A more or less typical Florida rock currently processed by Company "X",

Central Florlda Low Grade Pebble
A rock which could be avallable In the future by mining into the Hawthorne layer.
Known to be high In magneslum.

South Florida Pebbla

Comprlses about 45% of thls deposit’s product. It might need to be treated by ltself In
the future.

South Florida Blend
A mixture of 46% pebble, 34% concentrate - this is run-of-mine.

The fact that the pebble is as hlgh as 45% of the total indicates thls rock is not truly ke the
deposit geology shown In Flgure 3. which runs much lower In pebble. Therefore, we can say
that not all South Florida phosphate rock wlill be si{gnificantiy different compared to the past
Central Florlda material. Much of the export rock probably wlll be similar to current supplies,
at |east over the next decade and more like the present Florida rock than any other. Tt 1s
expected to malntuin the better qualities, good gypsum filtration rate, etc.. that Central
Florida rock iz known for, &% cited above. The world rock market I& declining; rock P,0, Is
being replaced by phosphoric acld and DAP, Therefore, it Is expected that Florlda will be nﬁ:lﬂ
to maintaln its quality for the 8.0 to 10.0 milllon tons of reck shipped out, but the local
producers will be called upon to consume larger quantltles of "garbage".

As we wlill see in these tests, some of the rock to be mined by Company "X" over the next 10
venrs will not be all that bad.

Fvaluation Program

To explore the characteristics of Company "'s" South Florida future rock, Jacobs dld =
rather substantial study Incorporating commercia!l in-plant tests and pilot plant tests for
comparison of current performance with expected future performance.
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The program used as control. the present performance of a large Prayon phosphoerlec acid
plant, and compared this with pilot plant tests using the same rock and similar operating
condltlons as run during the commerclal plant study.

Jacobs and Dorrce earlier have, over the years, done other similar fortmal and informal
studies to compare pilot plant performanhce with commercial plant performance. The tests
reported here add to that data base.

Rock Preparntion

The Central Florilda commerclal plant rock was received dry and ground as It was being fed
to the commercial plant. It was a composlte of rock samples taken over the period of time the
fllter leal tests were taken In the plant, about 66 hours.

The Central Florlda low grade pebble was recelved as 4,100 pounds (3,270 Ib dry) of matrix
as drill cores. The cores were sumpled and processed through a Jacobs pllot plant core
washer. The deslitned sample was then oven drled and rod mlll ground.

The South Florida matrlx core samples totalled 7,340 pounds wet (5,970 pounds dry) and
were pracessed through the Jacobs pllet plant ¢core washer and eplit into washed pebble and
flotation feed. The flotation feed was then put through Jacobs' float pllot plant which used
the two stage fatty acld/amine process to make a concentrate. Two samples were then
produced for acldulation tests. One conslsted of pebble only, the other was a blend of peabble
and concentrate, about 46% pebble, 54% concentrate. The two samples were also rod milll
ground so that all phosphoric acid pilot plant feeds were ground as nearly the same as we
could make them. See Table 1 for the slze analyses. As the pllot plant tests progressed, head
samples were tnken and the chemical analyses of the feed are reported In Table 2.

Flltration Tests on the Commercial Plant

Twelve flltration tests were carried out alongside the commerclal plant phosphoric acid plant
filter to provide a basls for comparison between the preduction plant and the pllot plant.
Such a eomparison makes possible the interpretation of pllot plant results in terms of
productlon plant performance.

The filtration test procedure used was similar to that used in the pllot plant. The filtration
tests were carried out In a test filter of 3.0" dlameter, using a polypropylene 260 efm fllter
cloth (N227-047-25 Natlonal Fliter Medla) and 20" vacuum. The feed slurry and the washes
were taken from the filter feeds and were used at the plant temperatures. Three weights of
slurry were used to provide a runge of cake thicknesses. The resulting feed condltions were:

Slurry Weight, g 600 760 900
Wash Acid:
Volume, mL 134 168 201
Specific Gravity 1.050 to 1.096
Temperature 61 to 69°C
Pond Water:
Volume, mL 164 205 248
Specific Gravity 1.017 to 1.028

Temperature 60 to 69°C
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The flltered eakes were repulped In clean water, refilterad and washed to extract the water
soluble P.0.. The cakes were then washed with methyl aleohol and oven dried. The wash
llguors and the dried cakes were sent to Jacobs laboratory In Lakeland for analysls. This
mathod of analysls glves true cltrate soluble and water soluble losses because no slgnificant
amount of gypsum dissolves. Plant condltions during the fliter teats are noted in Table 3.

Table 1
SIZE ANALYSES OF THE PILOT PLANT FEEDS

Compony X" Company "X"

Tyler Central FL Central FL Company "X*
Screen Commercial Low Grade South Flerlda
_No. Plant Feed Pebble Pebble Blend

% % %% %
14 02 .01 0 0
20 11 07 03 0
28 37 A7 .28 02
36 191 3.02 2.45 .36
48 6.24 8.78 7.97 277
65 13.82 16.59 16.22 0.51
100 28.29 29.88 30.11 26.51
150 39.08 39.62 40.18 38.561
200 48.26 48.61 49.61 47.80
200 51.76 51,39 50,30 220
TOTAL 1000 0% 100.0% 100.0% 100.0r%
Notes

(1) -200 fractlon obtalned by wet screening of a 200 g sample,
All other fractlons by dry Ro-tap of the remainder.

(2)  All feeds were screened through a 14 mesh screen before sampling and fesding to the
plant.,

The oversize wus 0.6% to 0.7% of the total. It was rejected in order to avold mechanlcal
problems with the rock feed system.



BPL

CO,

Organic C ,
Other Volatftes!?
Soluble 5i0,

Acld ln:::nlu‘i)ll:t

TOTAL
Mihus O = F + I
% Accounted for

Total Si0,

Acld lnscﬁlﬁble SI02
Moisture 3

LOI 1000°C

CaO/Pzﬂﬁ

1&A/P,0,
(MgO + 1&A)/P,0

F/S0, (Acid Soguﬂble)“)

F/SI0, (Total)™

NOTES

CHEMICAL ANALYSES OF THE PHOSPHATES

Company "X" Company "X"
Central FL
Commercinl

Plant Feed

7.674
1.63
5.89

1.42
0.069
0.080

6.74

0.47
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Table 2

Central FL
Low Grade

Company "X"
South Florida

_Pebble  Pebble

(1} Other volatiles = LOT - 002 = Organlc C

%

60.87

2784
42.01
0.41

0.84
0.98
0.62
0.11

3.04
0.03
1.10

4.09
0.30
2.26
0.60

100.00

9872

13.96
13.45
0.79
6.62

1.51
0.0656
0.080

6.08

0.22

Blend
%
§4.94
29.72

43.86
0.49

0.82
1.00
0.83
0.11

3.22
0.03
1.18

422
0.31
2.41
0.56

1057
99.63

.84
929
0.96
6.94

1.48
0.066
0.081

b.8b

.33
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Phosphorlc Acid Fllot Plant Tests

The pllot plant used for the digestion and flitratlon tests Is shown dlagrammatlcally In the
illustratlon on the next page. A single stirred tank reactor made of 316L stalnless steel was
used. The liguid volume In the reactor was approximately D llters. The reactor was fed with
80% sulfurle acid, phosphate rock and return acid. Llquld feeds were by means of peristaltic
pumps. The rock was preweighed, fed by screw feeder and disperged into the reactor slurry
by means of the smuller agitator which is used for measuring corroslon/eroslon.

Flltration of the slurry for the production of product acld and return acld was done using a
Buchner fllter whlch was moved from vacuum flask to vacuum flagk wo nx to simulnte
qualltatively the osperatlion of a full scale phosphorlc acld plant fliter. The flitration rate data
reported was derlved from the same fllter test procedure used In the commerefal plant tests.
The condltions of the filter tests are described below.

Operating conditions, filtration rates and P,0, losses were plotted on a graphleal
chronclogleal log of the tests. An example s shown in Figure 5.

Test Run Conditions

The test runs were carrled out under the following conditlons:

Rock Feed:
Commerclal Plant Feed 900 g/h
Central Florida Pebble 995 g/h
South Florlda Pebble 1040 g/h
South Florlda Blend 960 g/h

The rock feed rates were calculated in each case to give approximately the same feed rate of
P,0, to the reactor.

Sulfuric acid feed: 80% H,50, at room temperature

Reactor temperature: 75 - 7'?‘“(3 (167 - 171°F)
The other controlled variables were shown on the graphical data logs for each run.

The conditions of the filtratlon tests were standardized ag follows: -

Test fllter: 3.03" diamoter, 1/20th of a ft* area
Vacuum; 20" of merecury
Welght of Slurry: 760 g
Wash Acld:
Volume 190 mL
Specific gravity 1.05
Temperature 60°C
Wash water (tap water)
Yolume 190 mL
Specific gravity 1.00
Temperature 60°C
Drying intervals between washes: 5 seconds
Drying time after last wash: 20 seconds

The graphical data log for the Central Florida Low Grade Pebble is shown on Flgure 5. Two
effects of high magnesium can be geen on the plots:
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PHOSPHORIC ACID PILOT PLANT
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o The plant was operated at first with an acid specific gravity corresponding to 28% PZDE
when using normal Central Florlda rock. Actual P,0, analyses, recelved some 50 hours
Into the run, showed a P%IO content below 27% at tﬁls speciflc gravity. The target speciflc

gravity was then adjuste ‘go give 28% P,0.. The higher specific gravity was caused by the
higher impurity level.

o At this higher impurlty level In the acld, the contro] of sulfate in the acid becomes more
difficult, and 88 hours Inte the run sulfate control was lost. A reductlon In the target
sulfate level remedied this problem for the last 40 hours of the run.

Tosts Results

Tables 3 and 4 are a summary of test run averages and results. One result that stands out ls
that the gypsum flitratlon rates for all rocks were relatively similar. There is logle to thls as
wlll be discussed below. However, it 1s worth mentloning here that although these tests were
very close on the basls of tons of gypmlrn/mzfdny. we have geen variations In previous tests
on other rocks of as much ag 2:1 In flltration results.

It 1s necessary to discuss some of the factors related to the losses shown In Tables 3 and 4.

The normal eitrate soluble loss for pilot plant tests 18 about 2.6% of the P,0, fed due to the
confliguration of the reactor vessel. The Prayon commercial plant conflguration Is such that
cltrate soluble losses are anbout 3.6%. The tests Indicate that the South Florlda pebble and
Sough Florlda blend glve a simllar C.5. loss when compared to Central Florida rock. The high
magnesium Central Floridn low grade pebble, however, gave very high C.5. losges. This seems
ta be a characteristie of high magnezium rock and Is similar to results obtained by Bauman

(2}-

The hlgh meagnesium rock alse shows abnormally high eltrate Ingzoluble loza. Normal weter
soluble losses for pllot plant teats are about 0.3% to 0.5% of the P, 0. fed. Because of the
inefflelencies of a commercial plant fliter compared to the test leaf‘.l plant logses would be
about 1.5% P,0. or higher on the basis of repulped slurry samples. Cake samples from
commerclal flifers always understate true water soluble losses by at least 1%. Therefore, It 1s
likely that the commercial plant losses for the Central Florlda low grade pebble would be
about 4% or possibly more above current plant levels. 1.0% Is Increased Insoluble P205 (c.B. +
c.i.) and 2.0% is predicted as extra water soluble loss.

For this particular owner, the bulk of future rock supplies will come from the South Florida
reserves that compares favorably with thelr previous Central Florida rock.
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Table 3

Run Averages

Company "X"
Company "X" Central FL Company "X"
Central Florida Low Grade Soyth Florida
Commerclgl Plant Feed Pebble FPebble Blend
Plent Site Pllot Plant

Duration of Run 96 hrs 118 hrs 98 hrs 04 hra
Perlod Averaged 2 days 13-95 80-117.5 hrs  50-98 hrs  50-84 hrs
% P, 0. in Rock 31.68 3168 28.89 27.86 29.72
Operating Conditions
Retentlon, hrs. 3.5(1) 4.2 3.6 a7 4.0
Renctlon Volume

cu. m/mtpd P,0,  1.30(1) 1.62 1.55 1.49 1.51
Plant Analyses:

% H,50, 26 2.50 2.62 2,79 2.66

Acid s.g. 1.34 1.326 1.368 1.3561 1.340

% Sollds In slurry 40 39 as a9 38
Lok Analyses:

% H,50, 2.5 2,38 2.51 2.39 2.00

% P,0. 27.75 27.49 27.82 29.15 28.18
Filter Tests

W Solids In slarry 355 371 359 6.8 35.6

% Solids In cake 76.3 794 75.4 77.0 76.2
3 Tons Gy;‘xsgurn/ftzf’day

(mt/m*/day) 6.26(51.5) 4.98(48.7) 6.11(60.0) 5.12(50.1) b5.08(49.7)
3 Tons Pzﬂﬁ,fftz,/day

(mt/m*/day) 1.06(10.4)  1.02(10.0) 0.90(8.80) 0.93(9.1) 1.03(10.1)
NoTE (P

The retention time and the reectlon volume per ton of P,0. shown for the commerclal
plant are based on a production rate of 860 stpd P,0.. Tﬁa rock feed rate to the plant
varled during the test perfod. This varlatlon was equlvalent to Instantaneous
production rates of about 700 to 900 stpd P,0.
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