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FLUORIDE EMISSIONS FROM GRANULAR TRIPLE SUPERPHOSPHATE 
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FIGURE 13. 

fLUORIDE EMISSIONS FROM RUN·Of-PILE TRIPLE SUPERPHOSPHATE PLANTS 
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TABLE 1. 

B 

F·FF 

B 

F-FF 
v . VENTURI SCRUBBER 
f • CYCLONIC SCRUBBER 

ANNUAL PRODUCTION, EMISSIONS, AND GROWTH RATES 

PRODUCTION TOTAL 

MILLION TONS P20S/YEAR 1970 FLUORIDE ANTICIPATED 
E~ISSIONS GROWTH 

PROCESS 1970 1980 TONS/YEAR PERCENT (1) 

WET-PROCESS PHOSPHORIC ACID 11,11 7.5 90-100 70 

SUPERPHOSPHORIC ACID 0,11 1.0 20- 35 150 

'DIAMMONIUM PHOSPHATE 2.4 11,6 100-110 92 

TRIPLE SUPERPHOSPHATES 1.4 1.7 300-330 21 

(1) FOR PERIOD 1970-1980. 
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TABLE 2. 
GAS CHARACTERISTICS IN AND OUT OF THE CONTROL DEVICE 

TYPICAL INLET GAS EMISSIONS 
GAS FLOW, CONCENTRATION 

PROCESS (scf Iton P20S) (grF Isd) 

WET-PROCESS 50,000 0.02-0.1 

PHOSPHORIC ACID 

SUPERPHOSPHORIC ACID 1,500 NO DATA 

DIAMMONIUM PHOSPHATE 300,000 0.005(1) 

RUN/OF/PILE 350,000 0.3-0.6 

TRIPLE SUPERPHOSPHATE 

AND ROP-TSP STORAGE 

GRANULAR TRIPLE IJSO,OOO 0.02 

SUPERPHOSPHATE 

GTSP STORAGE 30(2) 0.001-

0.003 

(1) GAS CONCENTRATION INTO PACKED SCRUBBER. 

(2) scfm/ton P205 STORED. 

(3) lb. F/Hr. P205 STORED. 

TABLE 3. 

(grF Iscf) 

0.001-

0.002 

0.002-

0.003 

0.001 

0.003-

0.006 

0.001-

0.003 

0.0008-

0.001 

RECOMMENDED STANDARDS FOR PHOSPHATE FERTILIZER PROCESSES 

RECOMMENDED 
STANDARDS 

PROCESS (lb F/TON P20S) 

I-
WET-PROCESS PHOSpHORIC ACID 0.02 

SUPERPHOSPHORIC ACID 0.01 

DIAMMONIUM PHOSPHATE 0.06 

RUN-OF-PILE TRIPLE SUPERPHOSPHATE 0.2 
AND ROP-TSP STORAGE 

GRANULAR TRIPLE SUPERPHOSPHATE 0.2 

GTSP STORAGE O.OOOS(a) 

(a) Ib.F/Hr. P205 STORED ..... 
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IbF I ton P20S 

0.01-

0.02 

0.0005-

0.0015 

0.04 

0.2-

0, 

O.OS-

0.25 

0.0003.(3) 

0.0005 



MODERATOR LANTZ: Thank you very much Lee 
for your minute discussion covering "Federal Standards 
of Performance" and I too, am sure most of us here, 
agree with Norwood K. Talbert and you that the "Clean 
Air Act" and the "Water Pollution Standards" are very 
difficult to understand. I am sure, after we study and 
analyze what Talbert and you have outlined to us, we will 
have more understanding of "Clean Air Act, 
Enviromental, Water Pollution". etc. 

The last presentation, and by no means the least, we 
have today. I believe. is probably one of the most 
important from the standpoint oflong range "Phosphate 
Activities". The Phosphate Chemicals Operation, as you 
all know, start way back with the "Phosphate Rock 
Production and Processing". One of the biggest 
problems that the Industry has encountered is in the 
disposing of "Phosphate Slimes" which are generated on 
about an equal tonnage basis, pound for pound, with 
Phosphate Rock. Consequently, we are very fortunate to 
have with us Dr. Leslie G. Bromwell, ScD., Project 
Director, Florida Phosphatic Clays Research Project, 
Lakeland, Florida. Dr. Bromwell has a Bachelor of 
Science in chemical Engineering, A Doctorate in Civil 
Engineering from M.I.T. He has been on the Faculty at 
MIT for the last five years teaching various courses in 
"Soil Mechanics", "Physical Chemical Soil Properties" 
and certain other "Consulting Projects". He has been a 
Consultant for "Nasa" and also the U.S. Army Corps of 
Engineers. Currently he is the Project Director of the 
Florida Phosphatic Clays Research Project. It is with a 
great deal of pleasure that I present Dr. Deslie G. 
Bromwell. 

The Florida Phosphatic Clays 
Research Project 

Dr. Leslie G. Bromwell 

I. INTRODUCTION 
Phosphate mining, centered around Polk county in 

Central Florida, is one of the state's major industries, 
with annual production exceeding 30 million tons of 
phosphate rock. According to a recent Bureau of Mines 
study. the industry is responsible for some 54,000 jobs in 
Florida. and contributes $1.3 billion annually to the 
state's economy. 

The phosphate ore ("matrix" occurs as shallow 
deposits of clayey sands and gravels. Separation of the 
phosphate from the ore body is accomplished by washing 
and flotation processing. When the phosphate is 
removed, the remaining components of the matrix, silica 
sand (sand tailings) and phosphatic clays (slimes) become 
waste products. 

Disposal of the sand tailings is not a problem, and in 
fact the sand is quite useful as a construction material for 
dams and as fill for land reclamation. Disposal of the 
phosphatic clays, however, is a major environmental 
problem for the industry. 
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II. PROBLEMS WITH PRESENT 
DISPOSAL METHOD 
The phosphatic clays. or slimes, leave the plant in a 

water suspension containing about 30/0 solids by weight. 
The only economically feasible means of disposing of this 
material has been in large impoundments or settling 
areas. 

In the settling areas, the clays gradually consolidate, 
releasing water which is recirculated for plant use. After 
several years of settling the clays reach an equilibrim 
solids content of about 20%. In other words, each ton of 
clay solids retains about 4 tons of intersticial water. 
When one realizes that the industry produces some 30 
million tons of these waste clays (dry basis) annually, the 
magnitude of the disposal problem is readily ap­
preciated. At the present time, some 40,000 acres of ac­
tive and inactive settling areas exist, surrounded by more 
than 300 miles of earth dams. About 2500 acres of new 
settling areas are being constructed each year. 

The most pressing problems caused by the use of 
settling areas for clay disposal are: (1) the ever-present 
threat of a dam failure releasing large quantities of semi­
fluid clays, resulting in extensive water pollution; (2) the 
unavailability of large land areas for reclamation. 
another problem that is likely to become more serious in 
the future is the loss of significant mineral values in the 
slimes. 

Earth Dam Failures 
Since 1942, twenty dam failures have been recorded 

in the industry, as shown in Figure 1. Most of these 
failures accourred prior to the existence of any 
regulations or codes regarding dam construction. 
Following the last dam break, in December 1971, a 
group of experts in earth dam construction, representing 
both government and industry, developed a com­
prehensive set of regulations to control the design, con­
struction, and operation of earth dams. This cooperative 
effort, in which the industry was commended by the State 
Department of Pollution control, is expected to minimize 
the likelihood offuture failures. 

Neverless, the possibility of another dam failure is 
ever-present. If such an unfortunate event should occur, 
the consequences to the industry in terms of restrictive 
legislation, adverse public opinion, and resistance to 
future mining, could well prove catastrophic. Hence, the 
urgent need for a clay dewatering process that will 
eliminate earth dams. 

Land Reclamation 
The florida phosphate industry has an enviable 

record of land reclamation. However, the burgeoning 
population of Central Florida coupled with increasing 
governmental concern for the environment is putting in­
creasing pressure on the industry to reclaim higher per­
centages ofthe land mined each year. 

The major limiting factor on land reclamation in the 



industry is the need for clay settling areas. As previously 
mentioned. these areas remain semi-fluid for many years. 
and are unavailable for reclamation. Given sufficient 
time - 10 to 15 years even settling areas can be 
reclaimed. But time to handle environmental problems is 
becoming increasingly difficult for industry to obtain. 

The Acreage available for land reclamation can be in­
creased only by confining the clay into smaller areas. 
which requires that higher dams be built to provide 
adequate storage volume. Figure 2 shows the dam height 
required in order to have various percentages of the land 
that is mined available for reclamation. For a typical ore 
deposit of twenty feet depth, a reclamation ratio greater 
than 500/0 would require the construction of dams greater 
than 40 feet high, which would cause even greater con­
cern regarding possble dam failures. Clearly the only 
feasible way for the industry to achieve increased land 
reclamation is to find an alternative method of clay 
disposal. 

Loss of Mineral Values 
Appreciable phosphate values remain in the waste 

clays, which typically contain 25% to 30% apatite (i2% to 
15% P20S). In this regard, the clays are almost as high­
grade an ore as the original matrix, which typically con­
tains 15% to 20% P2PS. At the present, no feasible 
technique for recovery of the phosphate values in the clay 
exists. However, an economical dewatering process may 
well facilitate additional processing of the clays for 
phosphate recovery. Even if the major use of the 
dewatered material is as landfill in reclamation of mined­
out areas, agricultural usage will be enhanced by the 
phosphate values in the clay. 

III. OBJECTIVE AND SCOPE OF 
RESEARCH PROJECT 

In 1972 the industry initiated a joint research 
project with the U.S. Bureau of Mines to study new 
methods for dewatering phosphatic clays. The primary 
objective of the project is to eliminate the need for above­
ground storage behind earth dams. If the clays can be 
dewatered to about 35% solids, disposal can be acom­
plished below-ground in mined-out areas. Also, at 35% 
solids, the clays no longer behave as a fluid. 

Clay at 35% solids can be combined with sand 
tailings to produce excellent landfill. Therefore. 
dewatering ofthe clays would also permit additional land 
reclamation, perhaps enabling the industry to reach the 
highly desirable goal of 100% reclamation. 

Potential by-product uses of the clays. such as light­
weight aggregate, ceramic products, soil conditioners. 
etc., all await an economical process for water removal. a 
list of possible by-product uses for the clays is shown in 
Table I. Although a sufficient market for the volume of 
clays produced does not currently exist, the long-range 
projection for utilization of the dewatered clay material is 
very favorable. 
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The research now underway is along two lines: 
laboratory research. being done by the Bureau of Mines 
and university research groups; and plant testing. being 
done under my direction. the annual budget for the 
project is $540,000. with funds contributed equally by the 
Federal Government and Industry. 

Universities now participating in the research in­
clude the University of Florida. Florida State University. 
and the University of South Florida. Numerous other 
research groups and commercial firms are participating 
in the testing and avaluation of various dewatering 
methods. 

Guidance for the research is provided by a Steering 
Committee composed of 5 members form government 
and 5 industry representatives. the organizational struc­
ture of the project is designed to enhance communication 
between the industry and those doing the research, 
thereby speeding the flow of promising concepts to the 
field for testing and evaluation. 

IV CHARACTERIZA TION OF 
PHOSPHA TIC CLA YS 

One of the first objectives ofthe research project was 
to determine the chemical, mineralogical, and 
mechanical characteristics of phosphatic clays. Although 
the work is still in progress. a great deal of basic in­
formation regarding material properties has been collec­
ted. The chemical and mineralogical composition of 
phosphatic clays has been investigated using chemical 
analysis techniques, x-ray diffraction, and scanning elec­
tron microscopes. Samples from an operating mines hav­
ve been studied in order to investigate the range of 
materials involved. 

The composition of phosphate slimes is quite 
variable, but the main constituents are as follows: 

1. Clay minerals, primarily montmorillonite. 
attapulgite, and kaolinite, with occasional 
small amounts of illite. 

2. Phosphate minerals (primarily fine-grained 
carbonate-fluorapatie, with smaller amoun­
ts of aluminum phosphate such as 
wavellite). 

3. Quartz, which occurs as sand or silt-size 
particles. 

In addition to the above components, minor quantities 
are found of other minerals, including dolomite, calcite, 
chert. muscovite, feldspars, and heavy minerals such as 
ilmenite. staurolite. zircon, and rutile. 

Grain size analyses indicate that approximately 50% 
of the material is in the colloid range. less tha 1 micron in 
diameter. No correlation between sedimentation 
behavior and grain size distribution has been found. 
however. 

The colloidal-sized clay particles are primarily 
responsible for the slow settling behavior and the high 
water retention of the material. Of the clay minerals. at-



tapulgite has been shown to exhibit the slowest settling 
rate and the lowest ultimate solids. A close correlation 
has been obtained between attapulgite content and set­
tling behavior. Other properties such as viscosity, 
filtration characteristics. and response to floocculants 
also appear to be strongly correlated with attapulgite 
content. 

Attapulgite particles are fibrous in appearance, 
having a length severa] times their diameter. Clusters of 
attapulgite particles have the appearance of haystacks 
under the electron microscope, and the poor settling 
behavior is caused both by the mechanical interference 
between particles (similar to "tangling" of polymers) and 
the large specific surface area of the particles. The poor 
response of the high attapilgite clays to most chemical 
flocculants is also attributable to the mechanical hin­
drance between particles, and possibly also to low surface 
charge. the fibrous character of the attapulgite appears 
to aid in filtering the material, although a practical 
process to take advantage of this characteristic has not 
yet been developed. 

V. EV ALUA TION OF POTENTIAL 
DEWATERING SCHEMES 
Table II gives a partial listing of potential 

dewatering schemes that have been considered. The list 
is not complete, and may not even prove to be accurate at 
some future date, as new concepts develop or as ad­
ditional research puts a previously unfavorable concept 
in a more favorable position. The number of schemes 
that have been shown to be technical solutions - that is, 
are capable of consistently dewatering slimes to an ac­
ceptable degree - are very few. 

A major consideration in the evaluation of any 
potential scheme is the projected unit cost of handling. 
treatment, and disposal. The present method of disposal 
costs on the order of $0.35 per ton of slimes (dry basis), 
with major cost components being dam construction and 
maintenance. and pumping costs. To be economically 
feasible for the industry. an alternative method must 
exhibit the same order-of-magnitude cost. Disposal 
schemes that result in increased land reclamation can 
justify additional expenses as the industry currently 
spends an average of about $650 per acre to reclaim 
previously-mined land. 

At the present time. three dewatering techniques 
have passed the laboratory testing stage and have been 
subjected to field tests. All of these techniques involved 
mixing the clays with tailings sands. 

One technique, developed during the past several 
years by Brewster Phosphates (partnership of american 
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Cyanamid Corp. and Kerr-McGee Corp.), involves 
natural settling of the clays to a desired consistency. and 
then spreading of sand tailings over the slimes. If the 
sand is uniformly distributed, and of the slimes have the 
proper consistency, appreciable quantities of water are 
released as the sand filters through, and is entrained 
within the clay. Uniform distribution of the sand is not 
easily achieved, and Brewster has devoted a great deal of 
effort to the development of this concept. 

Although flocculation of the clays has been tried 
numerous times over the years, significant success in ter­
ms of attaining a higher solids content than is eventually 
reached in the settling areas, has not been achieved. the 
flocculated clay settles more rapidly than the natural 
material, but the loose floc structure generally occupies a 
larger ultimate volume than the unflocculated material. 
However, flocculation does render the material more 
susceptible to other treatments - such as filtration -
and additional research on flocculated clay is underway. 

One chemical treatment that appears promising 
both from a technical and economic standpoint is a 
coagulation procedure using tailings sands and chemical 
flocculant. the mechanism of dewatering is not com­
pletely understood at present. However, mixtures of 
slimes and sand in ratios of 2 parts sand to 1 part slimes 
will dewater to greater than 50% solids by gravity 
drainage when tre~ted with modest amounts of floc­
cuI ant - on the order of 0.5 lb. of flocculant per ton of 
dry slime. Field testing of this technique is now in 
progress. 

The University of Florida has successfully dewatered 
alimes on a laboratory scale using various types of drains, 
both internal and external. and allowing natural seepage 
to reduce the water content. Previous research in filtering 
of slimes was stymied by the problem of preventing 
clogging or blinding of the filter media. However, use of 
specially designed drains may avoid this problem, and 
field testing of the concept is planned for the near future. 

In the short time the research project has been in 
existence, substantial progress has been achieved. We 
now have a much improved knowledge of the properties 
of the material that we are working with, which provides 
a rational basis for correlating observed behavior with 
material properties. also, we have been able to evaluate 
many potential dewatering concepts and select those few 
that appear most promising for intensive testing. During 
the coming year we plan to focus on those methods that 
appear to offer promise for a short-term solution. At the 
same time, laboratory research into new areas will con­
tinue in order to evaluate all possible concepts for a prac­
tical solution to the phosphatic clays dewatering 
problem. 
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Height o~ Slimes Dams Required for Varying 
Percentages of Land Reclamation 
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TABLE I 

POTENTIAL UTILIZATION OF PHOSPHATIC CLAYS 

EXTRACTION OF P, AI, Fe, U VALUES INERT FILLERS 

CERAMIC PRODUCTS EMULSIFYING AGENTS 

DESSICANTS AND ABSORBENTS MEDICINES AND COSMETICS 

SOIL CONDITIONERS CROP IRRIGATION 

LIGHT-WEIGHT AGGREGATES CROP PROTECTION 

DRILLING MUDS 

TABLE II 

POTENTIAL CLAY DISPOSAL TECHNIQUES 

A. TECHNICALLY FEASIBLE 

FREEZING 

ECONOMICS NOT SATISFACTORY 

DRYING 

SPHERICAL AGGLOMERATION 

SOLAR EVAPORATION 

B. NEITHER TECHNICALLY NOR ECONOMICALLY S~TISFACTORY AT PRESENT 

ELECTRICAL DEWATERING 

FILTERING 

ULTRASONIC VIBRATION 

EVAPO-TRANSPlRATION 

BACTERIALOGICAL DECOMPOSITION 

MAGNETIC SEPARATION 

MECHANICAL COMPRESSION 

CENTRIFUGATION 

ULTRA-FLOTATION 

DRY PROCESSING OF ORE 

CHEMICAL FLOCCULATION 

C. ~ECHNICALLY FEASIBLE -- ECONOMICS APPEAR PROMISING 

MIXING WITH TAILINGS SAND 

CHEMICAL FLOCCULATION - COAGULATION WITH TAILINGS SAND 

SEEPAGE THROUGH TAILINGS SAND 
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MODERATOR LANTZ: Thank you Dr. Bromwell for 
your detailed discussion on your "Research Project 
Florida Phosphatic Clays". You gave us the "Full 
Package". We appreciate the time and effort you gave to 
this important project. 

This completes our 3 day - six session meeting. 
On behalf of our "Chairman" Herman G. Powers. 

who has already given us his "Summary", our Directors. 
our Officers and our Members. we thank you all for at­
tending this 23rd Annual Meeting. 

As soon as you get home please make your "Reser­
vation" for our next round-Table, 24th Annual Meeting. 
to be held here. 

Shoreham-American Hotel 
Washington, D.C. 

Meeting Dates 
Tuesday, December 3,1974 

Wednesday, December 4. 1974 
Thursday, DecemberS. 1974 
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We take this opportunity to thank "The Fertilizer 
Institute" for helping us jointly to arrange the Friday 
Morning and Afternoon Discussions on "Environmental 
Control Developments". 

We had an outstanding 3 day meeting. Each session 
was fully attended. Hope to see you at our next meeting. 
Have a safe trip home. Meeting adjourned at 2:30 P.M. 

*********** 




