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Anstract

Through closec cooperalion with geophysical and
geological test work by Texas Gulf Sulphur Co.
in Beaufort County, the Asheville Minerals Research

Laboratory assisted in the cvaluation of North

Carolina's most waluable mincral resource, the Pungo
River phosphate deposit. After a core cvaluation
atudy, the flotation procrrs For the concentration
of llorth Carolina.phosphates was demonstratnd in a
500 lb/hr pilot nlant in aAsheville. Tonnagye samples
of phosphate concentrate werc produced for customer
evaluation in USA, Furopa and the Far East. Plans
for a larger pilot plant to be crected at the plant
site at Lee Creck were preparcd for TGS. The largexr
pilot plant was operated by TGS in conjunction with a
test dredging operation which led to the adoption of

"a dragline dry mining method to move 90,000 tons per

day of material for thc production of 10,000 tons per

. day of phosphate concentrate in an all flotation phos-

phate concentrator. <Calcining, dry grinding, and by-

- product studies complimcnted the construction of one

of the world's largest and most modern fertilizer raw
material complexes on the Eastern Horth Carolina
Sealxoard.




- KORTH CAROLINA PHOSPHATE CONCENTRATION.
THE TEXAS GULF SULPHUR COiPANY PROJECT AT THE
LSHEVILLE MINERALS RESEARCH LABORATORY

by

Immo H. Redeker

irtroduction .
In october of 126) Texas Guli Sulphur Company contacted the
isheville Minerals Research Laboratory, of the Korth Carolina State University,

r.d reguested agsistance in the dévelopment of a phosphate ore body in Beaufort

i

Ceunty. The main objectives of the work ét Asheville were defined as follows.
should try to determine cn the basis of drill core samples,
hmitied by Texas Gulf Sulphur Company, the highest grade of phosphate concen-
trate that could be obtained with high recoveries from North Carolina ore, the

¥ness of the ors hody that could be treated cconomically in one section,

thic]
ard the guantity of concentrate that could be obtained per acre. The results
chould be comparea with data obtained from the treatment of Florida ores. .It
was important to use mineral preparation methods during the initial laboratory

wory. that could be verified later by continucus pilot plant operation and

ecaled-up for a commercial plant.

[\
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The writer wag in charge of the project at the Asheville Minerals

carcn Lakoratory and participated in the develonment of one of North

Ny
W
n

clina's greatest mineral rescurces from the firest drill core examination
to ths production of the first poundage and tonnage guantities of flotation

concerntrates. The Lee Creek phosphate mine and mill was put in operation

ir zarly 1936 and can produce three million tons of phosphatce concentrate a

yeaxr. Sulfuric acid, and phosphoric acid plant, diamonium phosphate plant

and triple super phosphate plants cawe ou stream in 19¢7; at that time they
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seeme an opportune time to review developments lcading up to Lhis, cspecially
the coonerative efforts of a State suppértcd organization and private company.
for a hetter understanding of Horth Carolina phosphates, a few words pertaining
to the rhosphate industry in general, the history of North Carolina phosphates,
ard the mocerrn approach of Texas Gulf Sulphur Company to the problems of ex-~
ploration, acquisition and development of the mineral property, which went

hard in hand with test work at Asheville, shall precede the project description.

The FPhosphate Industry _

Llmost all commercially produced phosphate in the United States is of

marine sedimentary origin. The phosphate granules or pebbles arc either in
recmnecolidated matriz, containing phosphate pebble diluted by quartz sand,
ceilzium carbonate-and clay as found in Rorth Carolina, South Carolina and
solidated formations of semi-~-hard shales as in Idaho, Montana

florida, or in con

tan.

o
Ml

(9}
"

The principal phosphate-bearing mineral in the North Carolina ore has

ames R. Lehr of the Tennessee Valley Authority at

.

heen investigated by Dr. J
wileon Dam and by Dr. T. Rooney at Columbia Univcrsity.(l) The phosphate-
mearing mineral is a carbonate fluorapatitc or francolite, that is, a fluora-

atite in which an excess of fluorinc and carbonate replaces phosphate in the

Q)

J

-

erzti*e lattice. The clean ilorth Carolina phosphate pebble has around 31

percent P,0g5 content and an inherent Ca0/P50g ratio of 1.59.

Tn order to produce a commercial phosrhate product, the phosphate matrix

or ore has to be mined and separated into valuable pebble and wasted sand,

clay and calcium carbonate. A phosphate pebble with a high P,05 or BPL content,

a'low lime to phosphorus ratio (Ca0/P;0g) and a minimum of other dilutants

euch as fluorine, iron, aluminum, nagnesium and hydrocarbon is dasired.

#bout 70 percent of the phosphate pebble produced in the Unitéd States

gocs into fertilizer production. A swall part is still used to produce supcr

phosphate by reacting ground phosphate pebble with sulfuric acid followed by
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curing. The trend, though, is towards increased production of wet phosphoric
aFid and high grade super phosphoric acid from phosphate pebble and sulfuric
acid and the production of triple super phosphate by reacting ground phosphate
rebble with ghosphoric acid. Diammonium phosphate is produced by reacting
ammonia with phosphoric acid. firiple super phosphate and diammonium phosphate
aYe concentrated wroducts which are raw materials for mixed fertilizers. Texas

Gulf Sulphur Company produces all oI the above named phosphate products at Lee

Crecek, 1. C.

History of Development of Worth Carolina Phosphates

Pirst interest in Becaufort County and surrounding Pamlico and Hyde
County phosphates arése, according to Stuckey(3) in 1951 when AMCO Exploration
Iirec., a subsidiary of American Metals Company, started exploration for phos-
chate and obtained leases from the State for phosphate-bearing minerals for an
area Qnderlying the Pamlico River and tributaries from a point six miles up-
stream from the city of Washington, lorth Carolina to thirty miles downstream
In 1953 AMCO Exploration cancelled the lease with the.

sf Washington, M. C.
statement, "...have failed to make any discovery of a commercial ore body of
~hosphate-bearing minerals. ..." “In 1957 Kennecott Copper Corporation through
its suksidiary, Bear Creek Mining Company, and Sun Oil Company through its
subsidiary, General Crude 0il Compan?, acyuired leases and began to expiore
for phosghate in Beaufort County. Both companies withdrew from the area in
1958. Texas Gulf Sulphur Company looked at North Carolina phosphates in 1959
put considered the mining cost prohibitive at thét time.

The first cncouraging rcport on the phosphate potential in the area
was presented by Brown (4} in 1958, indicating a major phosphéte ore body of
ecconomic importance together with a theory of the possible origin of the

rhosphate deposit of Beaufort County, lorth Carolina.

Two main problems have beset the North Ccarolina phosphate development



from the beginning. The first problem is mining of a deposit which is below
cea lzvel and which is near an ocean-connacted water body. Tt is overlain by

) ko 200 feet of overburden and underlain by a major artesian aquifer, .the

n

[}

Castle Hayne formation. The sccond problem is the production of high-grade
rhosphate concentrate from the ore or matrix without dilution by.coquina,
shell &nd dolomitic limestone which is found in some sections of the orxe body.
The first problem was solved by TGS during an extensive test mining and test
nemping project in 1964. The second problem was solved by the Asheville

taboratory and is described in this naper.

n 1661 A. L. llach, working for Sun 0il Company, bhrought the first

LK ]

tor.nage quantity of Worth Carolina phosphate ore to the surface while trying
to develop a hydraulic mining technique especially suited to the deeper arcas
% the Beaufort County deposit north of the Pamlico River. The method was
.,azed on the hope of removing large quantities of phosphate ore from the
ie;osit'by cumping, without removing or caving the caprock and overburden.

“he coguina caprock caved in and the venture failed as an economical mining

-.c*hod. However, MNash's work was extremely helpful from another standpoint
i ?

zz it supplied ore for beneficiation studiecs at the Asheville Minerals
sezearch Laboratory, for the Texas Gulf Sulphrur pilot plant at Lee Creek in
1964, and for an FMC Corpération pilot plant in Asheville in 1965.

In 1961 interest in tlorth Carolina phosphates was rcnewed by three
companies: Tezas Gulf Sulphur Company, Magnet Cove Barium Corporation, and
tlorth Carolina Phosphate Corporation (a joint venture of Kennecott Copper
:cr;oraéion and American Agricultural Chemical Company) . The State received
bids in 1962 for leascs of State-owned river bottoms undex the Pamlico River
and under the Pungo River. Texas Gulf Sulphur Company was awarded the option
to lease 9,200 acres of river bottom north o Lee Creek. Magnet Cove Barium

Corporation was awarded options to lease blocks in the Pungo River. The various

interested companies have also acquired many thousands of acres of private



larn& adjzcent to the State leascs.

The Texas Gulf Sulphur Approach to North Carolina Phoqphateq - A Text Book
“ramnle of Scicntific Ceology

Tereae Suif Sulsnur Company's bid for the lease on'the State owned river
bottom and acguisition of surrounding land was prcceded by rapid collection of
rvrowleduye akout the orz body by meanz of yeoprhysical methods and by a comparison
with other producing phosphate deposits in the United States. A major tool in
“he: carly work éf Texas Gulf Sulphur Company was yamma ray logging of.existing

ez wells. The small amount of radioactive uranium, and possibly thorium,

m

rnrrals in the ilorth Carolina phocsrhate pebble, gives a gamma ray count pro-

toe

rortionate to the phosphate content of the ore. Gamma ray logging therefore
~howz the approzimate ore grade and also defines the contacts between the Pungo
river phosphate formation and the discordantly overlying Yorktown formation and

th2 discordantly underlying Castle Havne formation.
Throuch a one marn gamma ray logging program of about 50 existing water
we¢lls, Dr. Leo Miller of Texas Gulf Sulphur Company gained knowledge about the

of the ore kody, ecpecially south of the Pamlico River, the thickness

hosphate formation and of the overburden. By March 1962 a map with

1y
.D'
'(‘

overnsurden and ore isopachs w#s drawn and the limits of an ore body with a
minimum thickness of 40 feet, a maxiﬁum ratio of overburden to orec of 2 : 1
arné witn lesz than 200 fcet total depth could he delincated. Tt was hoéed
that a deposit meeting these requircements had possibilities for dry, open-pit

ths amount of water inflow could he determined and controlled. The

H\

3w

if

«Q

areza around Lee Creoek met the abhove requiremants and could be sccurad by Texas

‘Gulﬁ Sulphur Company partly becausc not too much was known up to then about the
cvtent of the ore bhody south of the river: Similar information was made public
iater through a gamma ray logging project by the North Carolina Department of
Conservation and Deovelopment, in cooperation with the U. S. Geological Survey.

Ghic progect srtarded in fdavch 19602, Lo beens on open File sinece 1963, and was



v ’.(‘_

punlished in 1965.{5) A map showing .overburden thickness and phosphate ore
noiy thickrness, as computed from the data given in the report, is presented
in Figure 2.

Without drilling, Texas Gulf Sulphur Company gained control over a most
weluable part of the Morth Ca;olina phosphate orc body. A rclativelyrsmall
number of drill holes, less than one hurdred, put down in 1962 provided more
zxacht veologic xnowledge and material for studies about the physical quality
of the phogphate ore, the amenability to concentration and the quality and
s.antity of concentrate that could be extracted. “These holes can now be called

i+illion dollar holes, because at lecast 100 million dollars have been expended

to mine, mill, rnrncess and ship dorth Carolina phosphate products.

The Concentration of North Carolina Phosphates

mecause of layers of calcitic and dolomitic limestone in the phosphate

txi the concentration of Morth Carolina phosphates presented a problem to

matrix,

earlier investigators and may have contributed to the delay in development.

o reliahnle flotation method to separate phosphate and calcite was known at

zhat time. Ecgpecially vhen the whole phosphate section was treated after

crinding by flotation apprcciable amounts of free calcite entered the concen-

trate. This made the concentrate unacceptable for the fertilizer industry

pecause of high sulfuric acid requirements in acidulation. A series of logical
csters nad to he taken to produce high grade phosphate concentrates with high

recoveries from the Pungo River phosphate formation. fThe steps are as feollows.

Step 1l: Defining of High Lime and lLow P,0c Upper and Lower Low Grade
Zections and High Grade Section for Differential iMining - 1Tn Table 1 perti-

nent analysiz data of typical drill core section: arce presented. On the basis
of high free lime content, low Pp0g content, and high optimum ratio of concen-

tration, the upper three footage sections (76'-87"') were defined as up@er low

crade to be removed from the top of the ore bed. This upper low grade section,




in average 10 to 15 feet thick, is casily recegnizoed because it contains a
nigh nercentage cf light colored coguina limestone indurated through the phos-
r.nate sand. (See rigure 3). The upper low grade to be rejected contains in the
<% hole %4, only 5.8 percent of the total P,0g in the phosphate section
Lat nas 33.2 percent free calcium carbonotc.

The footage section 87-132 has an avecrage P,0g contenf of 14.9 percent,
& low lime F,05 ratio of 1.8, a low optimum ratio of concentration of 2.1,

~cntains only 4.5 percent frec calcium carhonate and the free calcium carbonate

iz mainly in the fine =zizes an is shown later in Step 3. This 45-foot thick
section is defined as high gradc phosphate section, it contains 89.2 percent of

tne total Bylg in theo phosphate section, and is to be mined and milled for

rhnoszrate recovery.

The footage section 132-136 is lower in phosphate and again high in
free calcium carbonate, 38.7 percent, it contains also some magnesium carbonate,

rd it is to be left in the ground as a barrier against the underlying Castle

ar.c

Zayne Aguifer.

o

Step 2: Removal of Lime from High Crade Section - The high grade

smction was to be treated as one scection of approxzimately 40-foot thickness,
ir spite of a thin layer of hard dolomitic limestone in the upper 10 feet of

-niz sestion. (See footage 96-97, Table 1). It was discovercd that this
rard dolomitic limestone could he %ept out of the high grade ore matrix by
screening even when crushed to minus 1/4-inch for sample composition. The hard
lime material could be removed by wet screering on 14 mesh and rejecting of
oversize with low Py05 losses, 31.5 percent of the free lime is so removed.
(Teble 2, Stép 2). Thé large part of the free lime which is fine grained and
softer could ke removed after wet scrubbing by desliming on 200 mesh. 1In

contrast to Florida phosphate processing experience, the fine montmorillonite

type clay slimes of the liorth Carolina matrix are high in free calcium aarbonate



and contain only a very minor amount of phosphate values. Sixty to 90 percent

~f the free lime in the high grade section is removed with the fine slimes with

- -

a low P20 loss of only around three percent. The lime rejection from North

5
carclira phosphates consists of physical sizing on 14 mesh after light wet agi-

sation and removal of fine clay slimes and fine lime after scrubbing by desliming

40 mesh. The removal of 16-18 percent Ly weight of low P205 clay slimes up-

-

~)

on

;rades the mirus 14 plus 200 mesh flotation feed to about 17-18 percent P,0q.

Step 3: Removal of Quartz from Phosphate Pebble - For the upgrading of

the well cized and well deslimed winus 14 plus 200 mesh fraction of North Carolina

nigh yrade matrix, containing 85-20 percent of the P,0¢ in the high grade section

or watrix, *he zhysicchemical process of flotation separation was empléyed.

Fcr the separation of North Carolina rhosphate pebble from quartz three
fiotation methods can be employed. A) First, it is possible to condition the
ieelimed sands with an anionic, fatty acid-type collector and float the'hydro-
snhcobic phospﬁate away from the guartz. A fair-grade rougher concentrate with 26
To 29 pcrceqt PZOS and with phosphate recoveries of over 95 percent can be

.ntained. OQuartz particles which have phosphate inclusions or arc phosphate
czzined float in the fétty acid Flotation step. By multiple cleaning, a concen-
----- crade of 22 to 30 percent P;0- can be obtained with a fair recovery (80 to
58) Second, it is possible to render the guartz ﬁydrophobic and
frem the phosphate pebble with a cationic, amine-type collector;
rcceptable concentrate grades of 30 to 31 percent P205 with fair recovery of 80
to 90 percent can be obtained. The amine system is very sensitive to slimes and
reagent variations and it therefore causes oparation problems. There are also
Lroeblems involved in floating Lhe coaxner (quiarlz without losing fine phosphate
in the float waste product. C) The most geliable system for obtaining high.
:oncentraté grades, 30 to 31 pcrecent PZOS' with high flotation recoveries, 90

to 95 percent, is a combination of an anionic float followed by derecagentizing

and then a ratinnic fleat. The cavionic Moat removaes the fine silieca and
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chosphate stained quartz particles from the fatty acid concentrate with

2carse ki
This double flotation method is used extensively in

. . \ 6) . .
Tlorida wnere it was developed by Craqo()) in 19491,

Little loss of phosphate.

It allows more variation

ir, flotation feed and plant conditions than either the single anionic or

cingle cationic flotation procedures. The double flotation procedure was ad-

.

socated %7 the Minerals Research Laboratory and a technique was developed to

vroat tne core samples from the Texas Gulf Sulphur Company drill project vhich

izterntly gave high grade concentrates with high recoveries. It was also

TONE

r~tices that some times small amounts of frea calcite were removed in the

cacionic flotation step. The acid scrub may not completely remove fatty acid
from shells, or calcium sulfate formed on the shell surface during sulfuric

acid scrub causes it to float with amine, or possibly the shape factor effect

~ause the shell material to be removed with the amine float product which

v,
..IG‘I

ie wasted.

In Table 2, Step 3, the results of flotation separations are presented.

Step 4: Drying and Calcining of Flotation Concentrates - The flotation

concertrates are furthesr upgraded by drying to rcmove free process water and by
calcining at 1560—1750o F. under controlled conditions. Calcining removes
hydrocarbons and COp from the phosphate pebble and reduces foaming problems in
the digestor of phosphoric acid plants. Calcining also reduces the weight by
10 percent and effects a freight savings and an increase in P205 content from
30.5 to 33.0 percent. Calcining does not change the CaO/P205 ratio. The grade
of super phosphoric acid obtained when treating North Carolina calcined phos-

LRCR~N
pez:

tn eor.contrate is of such guality that animal fecd grade phosphate products

™M

can be produced from it.(7) Texas Gulf Sulphur Company operatcs now the

world's largest phosphate calciner at Lee Crcek.(s) Table 3 shows analysis

and properties of North Ccarolina phosphate concentrates before and after cal-

cining.
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Phosphate Core Evaluation Procoduxn

kepresentative core composites rrom higlhi grade and low gradc'sections
were prepared from the cores by crushing to 1/4-inch and riffling. Six-hundred
gram samples wera then used for evaluation of million dollar holes.

Fead Pronaration

Tunble.600 grams of wet samnle at 40 to 50 porcent
golids in 8" « 9" laboratory mill with 440 gram
rubber rod for 15 minutes.

Screen cut plus 14 mesh material.

Hash romainifig mud halls, if any, through scraen
with water spray.

necant minus 14 mecsh material on 200 mesh scevcen
to GO 1o 70 percent solids.

Save minus 200 mesh slimes.

Scrub ninus 14 mesi material at 60 to 70 percent
solidzs for 10 minutes with 4-bladed, 3-inch
impellor at 1200 rpm.

Screen out plés 28 mésh materxrial.

Deslime minus 28 mesh twice on 200 mesh .after
diluting to 10 percent solids.

Settle minus 28 mesh material to akout 60 to 65
rercen: solids.

Tlotaticon of pMinus 28 Plus 200 Mcesh Material

Condition at A0 Lo 65 percent solids for 5 minutes
with 4-bladed, 3-inch impeller at 700 xpm after
adding saponified fatty acid (0.3 to 0.8 1lb/ton of
feed) and fu2l oil (0.5 to 1.0 lb/ton of feed).

Float in Denver 500-gram laboratory flotation machine.
Clean float product once.

Secrub cleancd concentrate with ”7504 (2 to 4 1b/ton

of feed) at high solids for 5 minutes.

¥Wash Ltwice after diluting to about 10 percent solids.
Float remaining quarkz altor condibioning for 1%

seconds in cell with amine dccetate (0.15 Lo 0.3
lb/ton of feed). .
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Agglomeration of Minus 14 Plus 28 Mesh Material

Condition this coarse fraction with saponificd
fatty acid and fuel oil for 5 minutes.

Agyglonmerate float with water spray.

The results of a typical hole are presented in Table 4.

Comparicon of North Carolina Practicc With Florida Practice - Texas

Gulf Sulphur Company was very cncouraged when concentrate grades of up to 31
rercent P,0g with high recoveries were produced at the Asheville Laboratory
fvom the first drill core in January'1962 and from succeading drill cores during

the following month.

A compariscn of the assay procedures and flotation methods by other

1ab5ratories verified the high grade_concentratc and high recoveries obtained
&t the Asheville Laboratory?

The Asheville flotation method for Korth Carolina phosphate ores differs
from Florida.practice in that partially saponified, tall oil fatty acid of
Gefinite quality and rosin acid content is used instead of crude tall oil and
a0i. The apparent advantages over Florida practice are‘mentioned here in
order of importance.

1. Percent -solids in the conditioner can be kept lower when using
zaponified fatty acid than when using crude tall oil and NaOH, thereby saving
wear and power and minimizing slime formation.

2. Less fatty acid is necessary becauase of better dispersion and higher
fatty acid content. This moré than compensates for the higher cost of refined
tall oil of uniform uality..

3. Less NaOH is necessary and conditioning and flotation pH can be

held below 9.

4. Less H,S0, is needod in the following fatty acid removal step because

of uniformity of the Ca-fatty acid salt coating on the phosphate pebble. A



- 12 -
zpecial recagent tank farm was crected at Lee Creek and the reagent system was

found to be very reliable under varying reed conditions,

Results of Core FEvaluation = In the first phase of the drill core

program, 67 drill holes were evaluated and TGS was informed that from a large
rart of their property approximately 30,000 tons of high grade concentrate
could e recovered from each acre by treating only the 40-foot high grade ore
zong., The hard layers of high calcium carbonaéc and high magnesium carbonatc
corntent in the high grade ore body could be separated from the bulk of the
material by simnle screening, scrubbing and desliming methods. A very good
picture about the uniformity of the ore body was obtained.

The core evaluation also included calcining of the concentrates.

Samples from nine Florida phosphatce pits, representing eight operating
comnanies, were processed in the Minerals Laboratory in 1962. To make com-
parisons with North Carolina results the same laboratory procedures were used
to process the Flcrida samples. The comparison of Florida and North Carolina
data looked very encouraging. The area Texas Gulf Sulphur Company was interested
in would yield more than five times the amount of phosphate concentrate pex

acre than was obtained in Florida. The amount of overburden and matrix to be

mined per ton of concentrate was the samc as in Florida. The reagent amounts

rzcessary to up-grade the ore by flotation were much less per ton of concentrate

W S

than in Florida. The Horth Carolina phosrhate pebhle is not weathered and is

Larder than Florida pebble. The amount of phosphate lost in the slimes is only

a tenth as great as the loss in Florida per ton of ore treated. Less favorable

(<3

factors are that the bulk of Nerth Carolinaz phosphate concentrate contains
only 30.5 to 31 percent P205 whercas the average Florida concentrate grade is

33 percent P,0g. North Carolina phosphate concentrate has a slightly higher

Cal to P205 ratio than Florida phosphate pchble, which means that slightly more

zulfuric acid is necessary in producing of super phosphate or phosphoric acid,

bat zome of the lime im in the form of non acid contuming caleium sulfatoe. A
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lowier alumina and iron content in the ll'orth Carolina phosphate concentrate,

about half the amount gencrally found in Plorida phosphate waterial, is favorable.
ilso,‘the reactinn rate of North Carolina phosphate with sulfuric acid in the
conversion process is faster tharn with Fleorida phosphates, and the grade of

vhosphoric acid and other fertilizer products such as diammonium phosphate,

and triple super phosphate produced now at Lee Creek compares favorably with

rlorida products.(7)

The TGS Phosphate Flotation Pilot Plant at the Asheville Minerals Research
rzhoratory - Pilot Plant Objective and Operation

Samples of concertrate weighing up to 59 poands were produced oy batch
procedares during the drill core evaluation for shipment to prospective cus-
tcmers. Tonnage quantities of concentrate werc needed for super phosphate and
phosphoric acid test work. In November 1962 Texas Gulf Sulphur Company requested
rapid erection of a pilot plant at Asheville that could produce tonnage quantitics
cf phosphate concentrate from ore which was pumped to the surface at Gum Point
on the rorthern shore of Pamlico River. The pilot plant later treated a
nunber ¢f large diameter drill cores.

A 500—pound—per~hour pilot plant was designed around the equipment
available at Asheville and was set up within cne month. In Deceimber 1962 the
first experimental run produced acceptable concentrate. By March 1963 about
35 tons of ore had Leen nrccessed. The final pilot plant run on April 3, 1983
was made on drill core material in order te verify the process on ore like that
which would be obtained by dry mining methods. Representatives of Texas Gulf
Sulphur Company were satisficd that the process could treat North Carolina
chosphate ore reliably. In all pilot plant runs acceptable concentrate grades
of plus 30 percent P205 were obtained. The recovery was very high in a few
rans, but was lower in others decpending on variables studied, such as reagent
guantities and screening methods.

The flowsheet of the Texas Gulf Sulphur Company pilot plant at Ashcville
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iz presented in Figure 4.

Filot Flant Description

reed Preparation - The ore was fed on a belt feeder at a constant rate

of 500 pounds per hour into an impeller-type scrubber, was diluted and pumped
orto a 28 mesh trommel or stationary Wedge Wire screcen. The small amount of
s~reen oversize was kept separate. The screen undersize was diluted to about
Zi—-e percent solids and deslimed in the first cyclone. The overflow from the
first eyclone contained all slimes removed. Slime samples were kept for settl-
ing characteristics and thickener reguiremcnt determinations. The cyclone
underflow was dcnsified in a scrow classifier and scrubbed at G5 percent solids
ir, a Wemco-type attrition scrubber. The scrubbed material was deslimed in a
second cyclcne after diluticn. The second cyclone overflow was recirculated to
the first cyclone. The second cyclone»undcrflow was densified to 75 to 80
-ercent solids in the sccond screw classifier.

Fatty Acid Flotation - The sized, deslimed and densified material was

fed to the fatty acid conditioner where the percent solids was adjusted by

adding water in metered guantities. The flotation feed was conditioned with
saponified fatty acid and fucl o0il. The feed was then diluted to flotation
Gersity and fed to the Denver pilot plant flotation machine. A rougher float

was followed by two cleaner steos. The tailings from the cleaners were circulated
to the rougher machine. The fatty acid tailings were sampled and discarded.
Ninety-six to ninety-eight percent of the P>0g in the flotation feed was recov-
ered in a fatty acid concentrate containing five to ten percent insolubles.

The type concentrate produced in the fatty acid float alone could be uscd for

the production of phosphoric acid in a captive plant. Open market sales would

require upgrading by the amine float.

Acid Scrub and Amine Flotation - Phe fatty acid concentrate was

conditioned in an impecller-type scrubber with sulfuric acid. The concentrate

was then washed in a fluid-bed-type, v-lox wacher to remove the fatty acid-



splfﬁfic acid reaction products. In the next float the remaining silica was
floated away from the phosphate concentrate by an amine acetate collector.
Ninety-five to ninety-six percent of the P265 in the flotation feed was recovered
in a concentrate containing 30 to 31 percent P,0g and less than three percent’
insolubles. The final concentfate was dried in a rotary dryer before shipment

to prospective customers in the United States and as far away as Japan and

Europe. }

Pilot Plant Control - All fced streams into the pilot plant, such as

ore, water, and reagents,'were metered continuocusly. The product streams out
of the pilot plant were sampled at intervals by taking timed samples on a
routine schedule. Material balances were made on the basis of sample weights
and P205 assays. The assay method employed is based on the color intensity of
molybdivanadophosphoric acid which is measured in a colorimeter. A number of

samples were sent out to other laboratories for checks and standardization of

the method.

The pilot plant circuit ran very reliably and could be operated by one

engineer, two technicians and one utility man.

Pilot Plant Results - 1In Table 5 the material balances for pilot plant

runs on pumped ore are presented together with the amount of recagent used.

The Larger Pilot Plant Operated by Texas Gulf Sulphur Company at Lee Creek

In eérly 1964 Texas Gulf Sulphur Company tested the feasibility of wet,
and dry mining by experimental dredging at Lee Creek. With a conventional
cutter-head dfedge the water table could be lowered by 95 feet in a test pit
to reach the ore body. It was desirable to determine if the recommended con-
centration process would give catisfactory results with freshly-mined ore and
ore contaminated with overlying material, using local water.

Based on the experience and data ;btained in Asheville, a proposal for
a larger pilot plant was presented to Texas Gulf Sulphur Company in May 1963.

It recommended a l2-ton-per-hour feed preparation circuit, stockpiling
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facilities for the flotation feed, and a.2.7-ton~pcr—hour flotation circuit.
The proposal contained a flowsheet, cquipment size and cost, estimated con-
straction and operatiné cost, and a construction and start-up time plan. A
rgeneral layout for the larger pilot plant was also presented. It was recommended
that the equipment be ?nitized so that quick changes could be made and minimum
ecuipment needs determined. The plans presented were based on equipment avail-
able through Denver Equipment Company which specializes in flotation pilot

plant equipment. Host of the equipment used in batch work and in the smaller

7sheville pilot plant was Denver Equipment Company type.
To expedite the construction of the larger pilot plant, Denver Equipment

Company was recommended to assist in the detailed design and to furnish the

eguipment. The pilot plant was erccted at Lee Creek in the fall of 1963.

During 1964 the Lee Creek phosphate pilot plant was operated with assistance

by the Asheville Laboratory and objectives were fulfilled. In July of 1964
Texas Gulf Sulphur Company éwarded Brown and Root of Houston, Texas and Rea
Construction Corporation of Charlotte, North Carolina the contract to erect a
phosphate mill, with all supporting facilities, that can produce 3,000,000 tons
of prosphate concertrate Ler year from North Carolina ore. This plant was
designed and erccted in 1965 and it began operation in March 1966. Texas Gulf
Sulphur Company's Lee Creek phosphate mine, mill, and fertilizer plants are

. . s}
described in different mining maga21nes.( ) (10)

L3ditional Metallurgical Studies at the Asheville Laboratory

For support of the pilot plant worl at Lec Crcek, studies of important

variables in the concentraticn circuit were nmade at Asheville. The influcnce

of the different possible water sources at Lee Creck on the flotation results

was tested. The influence of dilution of high grade ore by low grade ore was

studied. Methods to up-grade the low grade ore scctions of the ore body were

worked out. Further flotation test work with saponificd fatty acid established

that a very wide range of conditions, such as conditioning percent solids,
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conditioning time, and saponification ratios, would give high concentrate

grades and recoveries. variables in the flotation feed preparation were studied

eegpeciclly with respect to amount of slimes that could be tolerated in the flo-

ration circuit. A differential grinding mcthod was tested that could recover a

fair percentage of the phosphate values in the plus 14 mesh oversize which was

rejected in earliecr work.

3y-Products of Phosphate Mining

wthen the Lee Creck pilot plant bagan to operate succossfully in 1964, the

attention of thne Acheville Labkoratory shifted from phosphate concentration

ctudies to evaluation of possible by-products. Erxcellent samples of overburden

er.éd low grade ore for use in by-product investigations had been made available

by the experimental mining.
on the basis of physical properties, chemical analysis and concentrata-
kility, the main by-product sources werc defined. Each is described below.

Tre Shells - 1In the upper 25 feet of the overburden in the upper York-

<owm formation there is a 10 to 15-foot layer of shell matrix. This layer con-
tains calcium carbonate in the form of fossil clam, oyster and coral shells.
Lakoratory tests showed that a part of the calcium carbonate material could be

obtained, free of clay and sand contamination, by simple washing and screening

methods. Since North Carolina has no commercial production of high-calcium

limestone, this possible source is of special interest.

~he ground shell was also evaluated as a calcium source in poultry feed
supplements and it proved to be cgual to material now imported into the State.
The Laboratory prepared the samples for the test work conducted by the North
Carolina State University Poultry Science Department and also the samples sent
to varinus poultry-feed mills.
a cement raw material and as aggregate .

Shell material can also be used as a

for road building and concrete block products.
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There is a potential of ahout 350,000 tons-per-year of clcan shell

rroduct at the planned phosphate production rate.

i

The Coquina - In the upper low grade section of the phosphate horizon
there are layers of hard, cemented coquina containing some phosphate. Tests
chowed that this matérial was suitable for aggregate after washing, crushing
arni sizing. A portion of the material mcects the Statc abrasion specifications.
This potential by-product is interesting because sources of hard rock for
aggregate are scarce in the coastal area. The tonnages available, in the range

of 700,000 tonz-per-ycar, make it an attractive raw material for an aggregate

rlant.

The finer, softer coquina material, containing high calcium lime and low
grade phosphate ore, can ba used for agricultural liming purposes after drying

ar.d grinding. Tonnage samples of this material were prepared by the Laboratory

Zo: testing on eastern Carolina soils.

The Dolomitic Limestone - In the upper ten feet of the high grade ore
cection there occurs an irregular layer of vory hard, aolomitic limestone which
can be used, after crushing and sizing, as an aggregate source. It also makes
a good agricultural liming material when dried and ground to bMorth Carolina
ag-lime specifications.

It isldifficult to estimate the gquantity of this material available

because of the non-uniformity of this layer.

The Ilmenite =~ The top part of the Texas Gulf Sulphur Company over-

warden is a sand layer containing 0.97 percent by weight of heavy minerals,
mainly ilmenite, and it analyzed 0.47 percent TiO,. Ilmenite concentrates
coptaining 52.6 percent TiO, were produced in the Asheville Laboratory by
gravity separation followed by magnetic separation. In 1968 additional heavy
mineral test work was done by the Ashaville lahoratory on the amine flotation
tailings. There is a potential of 15,000 tons-—per-year of heavy minerals

mainly ilmenite and some zircon if the amine tailings are processed.(ll)
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Sand-Lime Bricks From Shell Lime and Flotation Tailings - One possible

yse for two of Tezas Gulf Sulphur Company's by-broducts is the manufacturing of
.sand-lime bricks. Sand-lime bricks or calcium silicate building products
consist of'high—quartz sand bonded with hydrated calcium silicates. These
hydrated calcium silicates, similar to the bonding agents in Portland cement,
are formed by the reaétion of lime and silica under steam pressure. Sand-lime
bricks can be made with high comprcssive strength, low absorption, and freeze
and thaw resistance, in col?rs of natural silver gray or colored as desired.
The colors are weather resistant and reproducible. The brick can besplit for
a textured surface.

The general manufacturing process consists of mixing of ground qguick~-
lime or hydrate with high—silica sénd, in ratios of 85 to 90 percent sand to
15 to 10 pefcent lime, and adjusting of moisture for easy préssing aﬁd forming.
The mixture is pressed at 4000 to 8000 psi and stecam-cured in autociaves at
pressures of 150 to 250 psi for four to five hours. The bricks retain their
exact dimensions during cuiing and can be shipred immediately after removal
from the pressure vessel. The saﬁd-lime brick manufacturing process can be
completely automated so tﬁat the bricks arc never touched by human hands.

guicklime produced from Texas Gulf Sulphur Company's shells and flotation
teilings sand was testgd in the Asheville Laboratory for sand-lime brick pro-
duction. FEreliminary testing showed that ar attractive silver gray sand-lime
brick can be produced from thesc by-products of phosphate mining. The test

bricks met the requirements of minimum compressive strength for individual

pricks of grade SW of ASTM C-73-51.

Summary and Conclusions

Through close cooperation with Texas Gulf Sulphur Company, the Asheville

Mirerals Rescarch Laboratory assisted in the evaluation of one of North Carolina's

most valuable mineral resourccs, lhe phosphate in Beanfor! Counlby. A procets
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for the concentration of North Cérolina phosphate ores was aeveloped at ghc
Laboratory and tonnage samples for customer evaluation were produced in a pilot
plant. Easea on the Asheville results, plans for a larger pilot plaﬁt were
rresented to Texas Gulf Sulphuxr Company. This pilot plant provided larger

samples from dredged ore using local water and it also provided design data
2 °1 g

-

for the production plant.

Studies on by-products from the phosphate mining operation.outlined
rossible uses for high—calc%um shells‘as lime raw material, coquiﬁa as aggregate,
dolomitic limestone for agricultural liming purposes or aggregate, and flotation

tailings and lime for the production of sand-lime bricks.(l2)
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“Table 1

snalyeis of Drill Core TFootage Sections (Hole No. 84)
Pungo River Formacion - 76_to_136 Ft. Depth

% ca0/ Frec % opt. % of Total Section
Pootage TP4 Py0g  P20g CaCOj pebblc®  r.c.** P50 - Designation
75-22 - 2.6 6.4 21.4 8 12.2 2.4
zZ-2E - 7.0 4.8 37.8 23 4.4 1.9 Upper lowgrade
£3-87 - 5.8 8.3 69.9 19 5.3 1.5
74-27 21,560 4.8 4.3 32.2 19 5.3 5.8 Upper lowgrade
%7-96 - 15.8 1.9 g.6 54 1.9 20.1
TE-97 - 14.6 2.2  14.5 a7 2.1 1.9
47-110 - 15.9 1.8 4.5 51 2.0 27.5
. Highgrade
112-111 - 14.3 1.6 0 46 2.2 1.9
111-124 - 13.9 1.6 0.7 45 2.2 24.1
124-132 - 12.8 1.8 3.7 41 2.4 13.6
£7-132 88,200 14.9 1.8 4.5 48 2.1 89.2 Highgrade
132-13% 7,840 9.3 4.0 _33.7 30 5.3 5.0 Lower lowgrade
7¢-138 117,600 12.5 é.l 12.0 40 2.5 100.0 Tot.Phos.Formation

*
Based on 31 % P,0g5 content

* . . . .
Optimum ratio of concentration at theoretical 100 3 recovery
of pebble '




Table 2

High Grade Core Scction Phosphate Concentration Results
Average Hole No. 5 to 25 ~ 38.8 Ft. Thickness

% of % of Total
. % Ca0/ 2 Free Total Free
Praction % Wt TPA P,0g P,0g CaCoO5 P,0g CacCO4q
Step 2 - Sizing and Desliming
+14 7.0 5,300  20.6 2.21 22.7 9.6 31.5
-14+209 76.8 58,400 17.2. 1.50 0.8 87.3 3.9
~200 16.2 12,300 2.8 5.6 20.0 3.0 64.6
Total 100.0 76,000 15.1  1.78 5.0 100.0 100.0
Step‘3 - Plotation Concentration
-14+28 Conc. 2.2 1,700  27.6 1.79 6.6 4.0 2.9
~14+28 Tail 0.8 600 2.6 1.92 1.4 0.1 0.2
-28+200 Conc. 38.4 29,200  30.4 1.59  none - 77.2 none
-2€+200 F.A.Tail 33.3 25,300 1.7 1.47 none 3.7 none
-22+200 Am. Tail 2.1 1,665 16.5  1.68 ~ 2.1 2.3 0.8
Total Conc. 40.6 30,9007 30.2 1.60 0.4 81.2 none

Total Concentrate Flotation Recovery

Tetal Concentrate Ratio of Concentration  2.46

2
2
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Table 3

Chemical & Size Analysis of Morth Carolina

Phosphate Flotation Concentrate & Calcing

% P,y0g

% Ca0

% C02

o

Fe203

AN

s 7‘.1203

F

Ly

o

S0,

op

Organic
% C1
Aéid Insoluble

' Ca0/Py0g

Size'Analysis

N. C. 67 BPL
Concentrate

-30.8
49.1

5.1

% Weight

=14 lesh Tylex

-14+435 Mesh
-35+65 Mesh
-65+100 Mesh

100+200 Mesh

i

~200 Mesh

Moisture

Bulk Wt. lb/cu ft.

tracoe

2.0 max.

99-104

N.

C. 72 BPL
Calcine

33.1
53.2
1.8

0.8

0.05
2.1

'1.60

% Weight

35.4
29.3
28,2
4.0
0.5

102-107
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Table 4
Flotation Test Results of Hole 23-B - 106 to 142 Ft.
% Wt % P205 % Free -P205 of Total of ‘rotal

Phosphate patrix 100.0 15.32 5.05 1.78 100.0 100.0
+14 Mech Pebble 3.4 27.49 19.] 2.06 5.1 9.1
-14428 ldesh Conc. 2.2 28.065 c.5 l.G) 4.1 0.2
~28+4200 Mesh Conc. 43.0 30.60 none 1.59 86.0 none
potal Flot. Conc. 45.2 30.4 - none  1.59 90.1 none
Wasce Tailings 32.8 1.6 1.63 3.4 none
Zlimes, =200 Mesh 18.6 1.2 24.06 13.08 1.4 90.7
Total Concentrate Flotation Recovery 96.2 %

W
o

‘Total Concentrate Ratio of Concentration 2.

* e . . .
P,0g analyses by Southern Testing & Research Laboratories
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Tahle 5

Pilot Plant Flotation of Pumped Ore From Gum Point -
Material Balance and Reagent Schedule

S P205 Flotation

Material . 3 Weight % P05 % Insol. Distr. Recovery
+28 Mesh Oversize 10.8 20.9 - 11.4 -

-28 Mesh Concentrate 55.5 30.5 3.2 82.6 96.3
Fatty Acid Tailings ) 23.8 1.1 - 1.6 -
Amine Tailings - 3.2 8.6 - 1.4 -
-200 Mesh Slimes 3.7 15.9 =~ 3.0 -
Feed éémple 100.0 19.8 - 100.0 -

Reagent Consumption
{(ibs/Ton of Feed)

Tall 0il 0.4
Fuel 0il ) 0.8
NéOH ' 0.04
82504 2.4

Amine Acetate 0.18

aiam et ¢ e ————i - 14 Sy P— —




- 27 -

TO NORFOLK

CAPE HATTERAS

“NINTRACOASTAL
N\ .WATERWAY

RN ONER Y S

NEW BERN

ATLANTIC OCEAN

CAPE LOOKOUT

-~

N
VIRGINIA
\
NORTH CAROLINA
EA w £
PHOSPHATE AR j CAPE HATTERAS
SOUTH CAROLINA

S

PAMLICO TIDEWATER ESTUARY AROUND
NORTH CAROLINAS LEE CREEK PHOSPHATE MINE

FIGURE 1



e ————

<28 -

‘¥ HI

¢ 34N9I4

001

———
cwvan
Suese

"

SSAINNJDIHL N3IGEABYIAQ — - —
NOILVYWYOD JIVHASOHd ----xeneee

‘'N ALNNOD L¥O04nvag
VIV 31VH4ISOHd

31vIS
et e o t———

SITIW S ¥ € T 1 o

satora e
* ——y ¢ ——— &
’
. .

'N NOLONIHSYM

.
‘oo
" ev e, nesur e

M Zw_><:._ .
N : _ . S /- M .
b -.o- K] i



PLIOCENE
TO RECENT

GEOLOGIC SECTION

3

e

il

50 —i4

100 =

MIOCENE

LATE

MIDDLE

PUNGO RIVER

|catvert|iower jurper YORKTOWN
X
N

é

q -~
Wlan r b 8

Piaw
e

"0,
e e

140 —

Oy

EOCENE

MIDDLE
CASTLE HAYNE

- 29 -

QUARTZ SAND
HEAVY MINERAL STREAKS

CLAYEY SAND

FOSSIL SHELLS

SANDSTONE BOULDERS

GREY, siLTY, CLAYEY SANTD

DARK, GREY WITH FOSSILS
GREV,SILTY, CLAYEY SAND
SEA URCHIN SPINES
COARSF PHOSPHATE PEBDLES
COQUINA LIMESTONE IN
PHOSPHATE SAND

PHOS PHATE SAND DARK
HARD CLAYSTONE BED

PHOSPHATE SAND DARK
DOLOMITIC LIMESTONE

DARK PHOSPHATE SAND

PHOSPHATIC SANDSTONE
PHOSPHATIC CLAYEY SAND

UPPER
LOWGRADE
ORE

N.C. PHOSPHATE AREA

POSSIBLE BYPRODUCTS

ILMENITE

CALCIUM CARBONATE
SHELLS

COQUINA AGGREGATE

TO¥

HIOGHGRADE
ORE

PLUS 10 % P205

DOLOMITIC LIMESTONE

TAILINGS SAND
HEAVY MINERALS

LOWER
LOWGRADE

HARD,GREY, SHELL LIMESTONE

FIGURE 3

IHR



- 30 -

TEXAS GULF SULPHUR COMPANY PHOSPHATE
PILOTPLANT AT ASHEVILLE MARCH 1963
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