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THE PRODUCTION.OF SULFUR-COATED UREA IN TVA'S

ONE-TON-PER-HOUR PILOT PLANT

By
A. R. Shirley, Jr., and R. S. Meline

Process Engineering Branch
Division of Chemical Development

, Tennessee Valley Authority

Muscle Shoals, Alabame 35660

ABSTRACT

A process has been developed by TVA to produce sulfur-coated
urea, & controlled-release nitrogen fertilizer, by coating urea with
sulfur. ,The product has been produced on a pilot-plant scale at rates
of 1 ton or more.per hour. Sulfur-coated urea has shown significant
agronomic advantages over more conventional fertilizers when used with
certain crops or in certain climatic or soll conditions.

. In a continuous process, uree particles are preheated and thelr
surfaces are polished in & rotating drum equipped with electric radiant
heaters. :Next, the urea enters a second rotary drum where multiple, thin,
concentrically formed layers of sulfur are applied. The molten sulfur,
which is filtered to remove solid impurities, can be applied using either
pneumatic.or high-pressure hydraulic atomizing spray nozzles.

When using pneumatic nozzles, heated alr is used as the
atomizing medium. Sulfur flow is metered to each of eight nozzles by

an in-line orifice to emsure equalized flows. The nozzles are oriented
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to spray sulfufkdigegtlynohfqgtﬁé fastest. moving portiofi'of the cascading
bed. The"sulfur-coaﬁiﬁg temperature is maintained at about 165°F and
wax is applied in another rotary drum to seal imperfections in the coating.
Then the granules are quick:cooled in a fluid bed cooler and lightly
dusted with conditioner. ' By increasing the sul;ui-coating temperature
to about 200°F and decreasing £he prsduction fate to 1/2 ton per hour,
& slow-release fertilizer having only a shlfur coating can be made. Total
coating requirements are less for the wax-sealed product making the
nitrogen content of a typical product about 4o%. Sulfur-only product.
contain about 38% nitrogen. Important variables include: coating
welght of sulfur, wax, and conditioner; type and temperature of wax;
slze and condition of the urea; type, size, number, position, and orien-
tation of sulfur spray nozzles; pressure, volume, and temperature of
atomizing air; rotational speed of the sulfur-coating drum; purity-and
temperature of sulfur; and cooling conditions of the product.

When sulfur is applied by hydraulic atomizing nozzles, the
sulfur-coating drum is provided with lifting flights which discharge
urea onto a collecting pan that forms the urea at & fixed position into
a falling curtain. The sulfur is sprayed directly onto the curtain.
through eight nozzles at pressures ranging from 750 to 1500 psig. As
compared with the pneumatic spray system, process variebles are"somewhat

different in both relative importance and absolute value. ¢ Hydraulic



pressure replaces atomizing air conditions as a variable. Controlled-
release sulfur-coated urea has been made both with and without sealents.
Sulfur-coating temperatures are maintained from 165° to 185°F for both
products. Hydraulic spraying offers some mejor advantages over pneu-
matic spraying including reduction of sulfur dust and mist in the
sulfur-coating drum and doubling the production capacity of the plant
without significant reductions in the product gquality. A typical
sulfur-coated, wax-sealed product contains 38% nitrogen, while the

sulfur-only product contains 37% nitrogen.
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INTRODUCTION

For several years TVA has been encapsulating soluble fertilizer
granules' and prills.with sulfur to impart controlled-release properties
to them. These studies have been carried out on both bench and pilot scale
(1, 2, 3). Most of the work has centered on the sulfur coating of urea,
CO(NH2)2. In the pure state, urea contains 46.67% nitrogen, making it the
most- concentrated solid nitrogen fertilizer extensively produced. Further,
urea’ can be manufactured economically and has demonstrated itself to be a
good source of nitrogen for many plants, grasses, end trees. It is becom-
ing the world's' leading nitrogen fertilizer. Our research and development
effort has shown it to be a very desirable base for a slow-release fertilizer.

When ‘urea has been properly sulfur coeted, agronomists have found
that -it. possesses some significant advantages over more conventional
fertilizers .when used with certain crops or.:in certein climatic or
soll conditions (4,':5, 6). In field tests,, rice, sugarcane,. pineapple,.

and forage crops are among those crops for which sulfur-coated urea, - .
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showed advantages:ds compared with ‘uncoated ‘'urea or ammonium nitrate.
4 significant reduction in leaching losses has been observed in some
tests (7). In other tests, lvxury consumption of nitrogen has been
greatly reduced or eliminated and burning of vegetation and damage to
seedlings have been prevented. Exceptionally good results have been
obtained when sulfur-coated urea was’ used in the :t‘ertiliza.tion of

i

lawns end ornamental shrubs. In almoet all caaes these results can
be obtained at a lower appiication coet because of & reduction in the
number of fertilizer a.pplicationé required.

.« Aside' from the’ agronomic adventeges, sulfur-coated urea has
several physical adventages over conventional nitrogen fertilizers.
It is'resistant-to ceking in humid conditions. Uncoated urea must be
protected from' caking with itself by the incorporation of formaldehyde
“or the application on the solid granules:of a parting agent, such as
-& kaolinite clay. Sometimes-even these precautions are not effective
‘enough to prevent caking. ~Sulfur-coated urea 1s compatible: with other
~fertilizers such as 'superphosphates and may be used: in a wider range
'of ‘blend formulations than uncoated ures which is not compatible with
superphosphate. ’ : b

Cost estimates have indicated that sulfur-coated urea can be
produced for about one-third more per unit of nitrogen than straight .
urea. This would be much cheaper than other controlled-release prod-
ucts now marketed~=such as urea formaldehyde or isolegtxlene éiurea.

(1BDU).



SULFUR-COATED UREA - PRODUCT DESCRIPTION

Conventional sulfur-coaf:ed urea consists of granules or prills
of urea t;.r;i;o::n.ly coated with a layer of sulfur. A seal coa.'bir;g of wax
is applied to the sulfur coating to fill pores, cracks, or thin spots in
the sulfur coating. For most pilot studies, TVA has used a microcrystalline
wé.'x with an oil content of about 10%. A coating of conditioner is applied
to the waxed granules to absorb this oil and thus provide good flow prop-
erties to the final product. TLe amounts of sulfur, wax, and conditioner
which are applied to the urea depend on the desired nitrogen dissolution
rate. These amounts vary with the processing conditions, with the size
end shape of the substrate urea, and with the type of wax and conditioner
used. The typical product wbich has a nominal size range of minus 6 plus
9 Tyler standard sieve size consists of 82% urea, 1% clay conditioner
(applied as a parting agent by the urea supplier), 13% sulfur, 2% wax,
and 2% diatomaceous earth. In the past, the sulfur-coated urea has also
contained 0.25% coal tar applied as a microbicide to reduce the soil
microbial attack on the wax. However, recent agronomic tests have
demonstrated the coal tar to be of very little value. It was therefore
dropped in favor of a more simplified process and better handling
characteristics of the final product.

Recently, TVA has been eble to produce a slow-release uree
coated only with sulfur (8, 9). This material, which also has a nominal
size range of minus 6 plus 9 Tyler standard sieve size, typically con-
sists of 80% urea, 1% preapplied parting agent, and 19% sulfur. Muich
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less agronomic data have' 'beenl*g‘en”eratedx'on this product than on the
oonventional product and its effectiveness as & slow-release nitrogen
r';rtilizer is not fully known.’ However, early reports are very
encouraging.

The compa.rative controlled-release characteristic of sulfur-

4t i

coated urea 1s measured by determining the percenta.ge of urea. the.t will
dissolve when a So-gra.m sa.mple of product is innnersed in 250 grams of

L water and held at a constant temperature of 100 °F for T deys. The
quelity of the coating is determined by comparing this dissolution rate
with the total coating of sulfur, wax, coal tar, and conditioner applied
to the urea. Products with 20 to 30% dissolution in 7 days and 1% or
Jess daily thereafter are usua.lly} sought. The dissolution rate can be
varied by varying the coating weight. Soil and climate conditions

and the growing season of the crop being fertilized are among other
variables that might make higher or lower dissolution rates desirable.

As might be expected, the crystalline makeup and the uniformity
of the sulfur coating are importent, but are even more so for the sulfur-
only material (10). The sulfur structure must have elasticity and the
urea must be evenly coated. Operating conditions must be controlled
to glve this structure. Dr. G. H. McClellan fully discusses the

subject of sulfur crystalline structure in Chapter 00.



. RAW.MATERIALS

s
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Urea
The physical characteristics of the substrate material are ‘

very importent in the production of any coated material and this is
Lot

especially true of sulfur-coated urea. The urea should be spherical

Y
-

a.?t?. have a )smooth surface. If thé granules or prills have sharp corners,
surfaée blips, cracks, dimples, holes, or if they are agglomerated so
that the granules have & very irregular joint, they are much more diffi-
cult to coat completely and effectively with sulfur. When the sulfur
coating is sealed with wax, most imperfections in the granules can be
overcome by using heavier coatings of sulfur and/or wax. Unfortunately,
this results in a reduction in the nitrogen content of the product and
increases the manufacturing and shipping cost per unit of nitrogen.

When the coating is only sulfur, the imperfections are much harder to
overcome. Wax can flow into dimples, cracks, holes, etc., seallng them,
where sulfur cannot because it freezes on impact with the relatively
cold substrate. For example, most prilled ures has a small dimple or
holel in the surface of the sphere. Prills have been successfully
coated with a conventional coating which includes wax, but efforts to
meke a sulfur-only product from prills have been discouraging. Prod~
uct made from prilled uree with a total coating of 25% (20% suliur, 3%
wax, 2% conditioner) had & T-day dissolution rate of 22%. Usiné thém
same prills as a raw material, the sulfur-only product with e sulfur
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coating of 35% had & T-dsy dissolution rate of 49% and date indicated
that ruz;ther increases in the sulfur coating would have little effgct
‘ on the T-dey dissolution. -

It appears that gra.nules must have about the same thickness
of coating on them regardless of thelr size to gilve the same dissolution
rates. If this is a valid observation, then the amount of sulfur a sub-
strate urea requires per unit of weight varies directly with the surface
area of the urea substrate or inversely with the square of the average
diametér of the granules provided all other variables are constant. It
is i;hus obvious that as long as agronomic benefits and handling charac-
teristics are equal, if the size of the urea particles that are coated
(increa.se, the coating needed will decrease, reducing the production costs
per unit of nitrogen and increasing the nitrogén content in the final
product. \ } | | '

The urea substrate Bhould be ha.rd. Soft granules or prills

4
",

give 1ess support to the sulfur coa.ting making it more susceptible to
fracture on ha.ndling

The uree substrate may have a precoating on it to prevent
caking during shipment end storage and. still be ;oated with sulfur
without adverse effects on the final product. In/most pilot-plant‘ su]ifur-
coa.ting tests, ’che substrate material used wa.s spray drum-gramﬂ.ated

ures supplied with a 1% kaolinite coating (Ba.rnet clay) . Kaolinite or



some other parting agent, or a chemical caking - inhibitor, "such as .°
formaldehyde, is needed in most cases to prevent: the substrate urea -
from caking unless the sulfur coeting is applied to-very recently pro-
duced urea. It has been found that a 1% coating of Barnet clay actually
may lower the sulfur requirements by as much as 2 percentage points.
However, the economics of including an extra step in the process to
precoat feed urea with kaolinite prior to sulfur coating would be
extremely questionable at best. Increasing the preconditioner kaolinite
to more than about 1% is detrimental. Urea preconditioned with formalde-
hyﬁe can be coated with sulfur without any apparent effect on the quality
of thé final product. E‘leming has developed a process where finely
d:fvid.ed powder,in particular carbonblack, is applied as a precoat on

‘the urea to substantially reduce the usage of sulfur in the final
coatir;g. No work has been done in the TVA pilot plant on this aspect

of‘ sulfur coating, and it is mentioned only for information to those

who might wish to pursue it further (11)/.

Sulfur
TVA uses bright sulfur having a carbon content of around 500 ppm

and an ash content of around 55 ppm. It is mined by the Frasch process.

The carbon content of the sulfur appea.rs to be a very :Important factor. '

Most of the carbon is in the form of hyd.rocarbons which react with hot
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‘sulfur to forma solid 'c':a‘rbon-sulfgr' complex, carsul. Because this "
reaction is:very siow and continuous at nc;rmal storage and usage ’tempefa-
tures, the’ carsul is aifficult to keep removed ‘from the sulfur and this
will cause extreme problems if the 'sulfur is not handled properly" or ',

 if the-hydrocarbons are exce.sive in the sulfur.

Wax
A microcrystelline wax, manufactured by one of the major U.S.
011* éompa.nies, is used to seal the sulfur coating in the conventional
éré)éess. Recently, because of the energy crisis, there have been several
\changes in product lines of many of the major oil companies. Micro-
cryst',alline wax pfoduction has been curtelled by some companies and even
eliminated by others. Tht;.s, the aveilability and cost of microcrystalline
wex 1is very uncertéin, especially for new consumers. Therefore, TVA is
continuing extensive small-scale work with sealants and has found other
waxes and organic substitutes which appear to be almost comparable in
effectiveness. At present, these latter products have been tested only
on a bench scale, but pilot-plant tests are planned in the immediate '

. future for'.the most promising ones.

Cc‘md.itioner

- i'.I’h{e ma:in functipn of the coud{.?}on§r is to absorb the oils in )
the wax and thus remove tl';e stici;ijness‘ fr:o'm ‘thei proluct. '.‘Lhere;E'oré, it
is ;zeedéd only when an oily wax is used. Pz:imarily, diatomaceous earth

has been used as the conditione:’r because of ite oil-absorbing capacity,
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1139 pounds per 1/00‘ pounds as reported by the:supplier. .Kaolinite with'
a much lower oil-absorbing capacity. of 34 pounds rer 100 pounds: proved’
o be a poor substitute, -requiring twice as much coating to provide a

final product free of, stickiness.

BASTIC PROCESS

The 'Sasic process for ﬁroduciﬁg a sulfur-coated urea with a
wa;sea‘iant is shéwn in Figure 1. The first step of TVA's continuous
prbcess involves heating granular urea in a rotating drum equipped with
an electricy radiant heater. The heat prepares the surface of the granules
.to’ accept the subsequent coating of sulfur. Sulfur is applied in a
. rota.ry drum in which urea granules are sprayed with molten sulfur. The
sulfur cen be sprayed through nozzles which use heated, compressed air
as the atomizing force, or it can be atomized by pumping the sulfur at
high pressures through hydraulic atomlzing nozzles. In either case, a
uniform coating of sulfur is built up on the individusl particles. The
material is discharged to a wax-coating drum by means of a bucket eleve-
tor. Wax (2% of total product weight) is applied to seal the imperfec-
tions in the sulfur coating. The urea is then cooled to solidify the
wax. A fluid bed cooler is used which minimizes handling problems with
the sticky, wax-coated material while cooling it efficlently. The

material is discharged from the cooler to the conditioning drum where



diatomaceous earth (2% of- total product weight)~is applied.’- The product
is screened to remove any oversize matcerial:formed in theé process. The

amount of oversize removed is usually in the range of 0.1 +0°0.5% of the

4
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total production and is in the form of agglomerates.
(Fig. 1)

When producing a controlled-release ures with only a sulfur

coa.tigg, no subs’eq}xent (processing is required, but some qp.ick cooling,

o

which is beneficial under certain operating conditions, is recommended.

DESCRIPTION OF PILOT-PLANT EQUIPMENT

The TVA pilot plant was originally designed for the production
of 1 ton per hour of sulfur-coated urea, but it 1s now capeble of produc-
ing 2 tons per hour. It consists of a urea storage hopper, urea feeder,
urea preheater, sulfur feed system, sulfur-coating drum, wax-coating
drum, fluidized bed cooler, conditioning drum, and auxiliary process
equipment. The preheater is u rotary drum about 2 feet in dlemeter and
6-1/2 feet long. Heat is provided by twelve 4lO-volt resistance radlant-
type heaters instelled inside the rotating drum. The temperature of the
urea is controlled by cycling the heaters on a timed baesis between one-
quarter and full-loed output. The shell of the preheater is smooth
ingide and insulated outside.

The sulfur-coating drum is about 4 feet in dlameter and 6 feet
long. The internals of the drum and the associated sulfur piping are

completely different depending on whether the sulfur is atomized
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‘priéumatically or hydraulically. ™ A schematic-drawing of the sulfur-
coating drum operation with the two types of sulfur spraying is shown '~
in Figure 2.

(Fig. 2)

When the pneumatic spraying system'is used, the sulfur-coating
drum has a 3-3/8-inch retaining ring at the discharge end. It contains
no flights 'and is insulated outside. It has a carryover shield to pre-
vent occasional granules from falling on the steam-heated pipe and
melting. The dripping melt causes agglomerates when it falls into the
bed of granules. The sulfur is disuributed through a steam-heated
header equipped with eight gir-atomized spray nozzles. The nozzles are
positioned to spray the sulfur directly downward at the most active part
of the rolling bed of granules. The atomizing air for the sulfur sprays
is steam heated in a shell-and-tube heat exchanger. The pneumatic
sulfur-spraying system is fully discussed later in this chapter.

When the hydraulic spraying system is used, the sulfur-coating
drum has a S-inch retaining ring at the discharge end. Twenty-four
1ifting flights are installed in the drum at 15-degree intervals. The
- flighté are straight with flat surfaces 3 inches wide and 58 inches long.
They are installed parallel to the axis of the drum and, to increase thelr
“Iifting capacity, they are slanted 15 degrees forward from the perpendi-
cular with the shell of the drur. As the drum rotates, the flights

carry material out of the bed of granules and discharge it onto &
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collecting pan.. The-.pan exxendsﬁthg'length;ofjthe drum and is installed
parallel .to-the axis.of the drum and level with the .horizontal with ,
respect to its length. The pan is 20-1/2 inches wide and is sloped
counter to the direction of the rotation of the drum at an angle so that
s/the granules will cascade down it. As the granules discharge from the
pan,. they strike a deflector plate which forms them into a continuous
vertical curtain of free-falling granules on which the sulfur is sprayed.
The slope on the collecting pan and its relative position with the bed
of cascading granules can be varied. The sulfur is distributed through
& steam-heated header equipped with eight hydraulic spray nozzles.
Atomization of the sulfur is achieyed when sulfur passes through the
small orifice tips of these nozzles at high pressures.

The wax-coating drum is about 3 feet in diameter and 2 feet
long. - Wax is supplied to the wax-costing drum from a steam-heated tank
with a small submerged diaphragm-type metering pump. It is distributed
,onto the bed of material in the wax-coating drum through a "drip tube"
distributor. The material from the wax-coating drum feeds by gravity
through a rotary airlock valve into the fluidized bed cooler.

The cooler has a bed area of 10 square feet. Alr for fluidiza-
tlon and cooling is provided by a centrifugal fan located so that the air
.i8 forced through the cooler. The ductwork and damper arrangement allows
close control of airflow into the cooler. The fluidized bed unit is

very efficient, glving product temperatures that are within 5°F of the
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cooling air temperature at the l-ton~pér-hotir rate. Pressure taps and
temperature gages are positioned to permit monitoring of alr pressures
and temperatures throughout the cooler and alrflow system. Air “from the
cooler is vented through a stack. The cooled product flows by gravity
bﬂrocgh a rotary alrlock valve to the conditioning drum.

The conditioning drum is about 3 feet in diameter, 3 feet long,
and has & smooth shell. Diatomaceous earth conditioner is metered to
the conditioning drum with a vibrating screw-type feeder.

The conditioned product is discharged from the conditioning
drum onto a belt conveyor which feeds a l-mesh scalpling screen. Product
from the screen 1s fed by conveyor to a bagging hopper. Bucket elevators
are used to (1) £1l1 the urea storage hopper and (2) elevate the product
from the sulfur-coating drum to the wax-coating drum. All rotery equip-
ment is driven with electric motors. All of these units have varisble-
speed\drive except the conditioning drum. Instrumentation is provided
to obtain process dste throughout the system.

Good performance has been obtained from all of the pilot-plant

processing equipment.

SPECIFIC FROCESSES AND VARTABLES

+The process and the related variables:are dependent on.whether
the plant is producing sulfur-coated-urea with or without a sealant and
whether the sulfur is being applied with.the pneumatic or hydraulic

sulfur-spraying system.
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PNEUMATIC SULFUR-SPRAYING SYSTEM- -

Suffur-Coated: Urea With Sealant

iy i
<4

Figure 3 shows a flow diagram of the pneumatic sulfux\- spraying
system. Better atomization occurs when the sulfur is applied with this
system than with the hydraulic system, which will be discussed later.
‘wu-,h the pneumatic system less sulfur is required ma.king possible a
higher a.nalysis sulfur-coated urea fertilizer.

(Fig. 3)

The sulfur is pumped out of a steam-heated, scale-mounted tank
by means of & hydraulically operated disphragm- type metering pump. Its
head containing & stainless steel diaphragm and two ball check valves is
remotely mounted in the weigh tank. The sulfur in the tank is around
300°F. It is sucked into the pump through an 80-mesh wire cloth having
60' square inches of area to filter out any large particles of carsul or
other impurities which might cause pumping or spraying problems. The
steam-jacketed pipeline from t‘he pump to the ’spray nozzles is useEi as
the f;.ne temperature control, ad;]ustiné the temperature of the sulfur to
310°F for spraying. Sulfur is at its lowest viscosity (0.00L l'b/fb-séc)
at 310°F. The sulfur is pmgnped through two more filters before entering
the sulfur header. A 100-mesh stainless steel cone filter having 9 square
inches of filter area 'and & small 60-mesh filter having 1.8 square inches
of filter area are installed immediately prior to the sulfur header.

The larger unit is used to contain most of the particles which might
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otherwise plug the orifices or 'nozzles.  The small unit acts as. s cleanup
filter to retein anything formed in:the pipeline between the large filter
and the sulfur header or anything which might have passed the larger
filter' because of particle orientation or filter failure. Both of these
filters need cleaning after about 3000 pounds of sulfur has passed
through them. The inlet filter is self-cleaning because of the pulsation
of the pump. However, the carsul which accumulates in the bottom of the
weigh tank must be drained occasionally. Adequate filtration of the
sulfur is a must 1f the process is to work. It has shown itself to be
possibly the most important part of this process from an operational
standpoint and it is even more important in the hydraulic spreying
system.

The filtered sulfur is metered equally to each spray nozzle
by ean in-line sulfur flow control orifice prior to each atomizing nozzle.
The development of this orifice control system to ensure uniform feed
to the nozzles was & maln feature of the successful design of the pneu-
matic coating system. The nozzles (see Fig. U4) require little or no
hydraulic pressure because the heated atomizing air (% 295°F) acts as
an asperating force and pressure drops in the nozzle are minimal.
This coupled with the physical characteristics of sulfur and slight
differences between nozzles caused starvation of some nozzles and
excessive output on others when flows to the individual nozzles were
not regulated. With identical orifices installed before each nozzle,

they delivered the same sulfur flow, provided at least a 5- to lO-pound-
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per-square-inch pressure drop occurs across the orifice. 'Unless the
orifices are extremely small, approximately 0.0L8 to 0.028 inch in
dia.nieter, this pressure drop cannot be obtained. This small opening
and.the somewhat larger opening of 0.052 inch in diameter at the nozzle .
tip are the reasons for the extremely fine filtration requirements mene .
tioned ‘above. Besides providing some asperating force, the air which
passes through the annular space surrounding the liquid nozzle acts
as the force to atomize the sulfur as it expands on leaving the nozzle.
* The air to the wing tips of the nozzle serves only to shape the spray.
pa.i‘;tc'ernx'of the-atomized sulfur.and ha.s’very little atomizing or
asperating effect on.the molten sulfur being sprayed.
(Fig. 4)

Variables which affect. the :production rate and the .quality of

the coated products include.the following.

1. . Coating weight of sulfur, wex, and conditioner (total coating

weight). If all other variables are kept constant, the
dissolution rate or slow-release characteristics of the final
product are controlled entirely by how much sulfur end wax
are applied to the urea. The graph in Flgure 5 shows the
standard quelity of product that can be produced by the
sulfur-coated urea pllot plant using a pneumatic sulfur-
spraying system. The total coating requirement for a prod-
uct with & desired dissolution rate can be estimated as, well
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as’ the nitrogen and sulfur contents. For example, a product
having a 30% dissolution rate in 7 days cen be produced with
about a 13% total coating, thus, resulting in a product

having a nitrogen content of 40% and a sulfur content of 8%.

- The graph is based on the use of excellent quality granular
'~ .feed urea, coated with a seal coating of 2% wax and 2% condi-

tioner. . The urea from which this graph was constructed had
been coated with 1% of conditioner by the manufacturer to
minimize caking.

(Fig. 5)

Size and condition of the urea. This has been previously

mentioned but is reemphasized because of its extreme impor-
tance. The substrate material graphed in Figure 5 was
spherical, smooth, and closely sized. Its Tyler screen
size is given below.
+6 mesh = 0%
-6 +7 mesh = 9%
-7 +8 mesh = T0%

-8 +9 mesh = 19%
-9 mesh = 2%

»'- Type and size of pneumatic sulfur spray nozzle. External

atomizing nozzles are used as previously described and
schematically pictured in Figure 4. The nozzles produce
& finely atomized spray in the shape of an elongated oval.
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"Depending on’ thexmake of nozzles used, various alterations
>0 -the nozzles are needed to'meximize the spraying efficiency
and eliminate operational problems associated with startup
“and shutdown.

The nozzles should be sized for maximum atomization at the
spray distance of 4-3/4 inches while discharging a sulfur
spray with a density of about 2.5 pounds per square inch per
hour at that distance.

4. Number of sulfur nozzles. Eight nozzles per ton of sulfur-

coated urea per hour are considered as the optimum number.
More than eight nozzles per ton are not desirable from the
standpoints of ease in operatlons and simplicity in design.
As the ratio of nozzles to production rate is reduced, the
quality of the product is decreased (see Fig. 6). When the
sulfur was put on with eight nozzles at the production rate
of 1 ton per hour:; a total coating of 13% (8% sulfur) gave
a material with T-day urea dissolution rate of 30%. When
four nozzles were 1115ed at the same production rate, a total
‘coating of 20% (15% sulfur) was required to give a material
with the same 7-day urea dissolution rate of 30%.

(Fig. 6)
5. 'Position and orientation of sulfur nozzles. For best

. results, the spray nozzle header is located parallel to
the axis of the sulfur-coating drum. The nozzles in the

header are 8 inches apart on centerline. The header is
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located so each nozzle is spraying vertically downward onto

the fastest moving section of the rolling bed from a 'distance

:.0f 4=3/4 inches. If the nozzles are placed farther away, the

sulfur dust loading in the drum is increased and the quality

-of the product is decreased. Increasing the spray distance

beyond about 8 inches from the bed is both impractical and
hazardous as sulfur explosions may occur if concentrations
of dust exceed 35 grams per cubic meter in alr. Reducing
the spray dilstance increases the sulfur spray density at the
impact point and decreases the area of coverage by the spray
nozzle. Both are detrimental to the quality of the coating.

Rotational speed of the sulfur-coating drum. Increasing the

interaction of particles in the sulfur-coating drum and the
speed by which they pass under the e_aplfuz: spray nozzles
increases the quality of the sulfur coating. With the lY=foot-
diameter sulfur-coating drum the best speed is 65 to 70% of
eritical speed (the speed at which centrifugal force holds

- the particles to the shell of the drum for its entire revolu-

tion). Beyond this speed, carryover of material becomes high

. and sulfur-urea buildup on the coating drum accelerates.

Normally, there is some buildup on the shell of the sulfur-
coating drum as & result of sulfur mist in the drum. In the



pilot-plant unit this buildup provides a.rough surface on
‘the drum which fadilitates the ,rollingiac‘tion ;af"the:"
-granules in the drum. The errosive action of the-granules
‘rolling and bouncing around keeps the buildup in .check.
‘However, in a full-scale plant a cleaning device may be
needed for the shell . of the drum.

T. Atomizing air volume. The atomizing air provides the force

to atomize the sulfur. The maximum avallable air pressure
of 80 pounds per square inch gage is used. The volume of
alr used at this pressure is approximately 4.7 scfm per
nozzle. -This air is split so that the ratio of air through
~the wing tips of the nozzle to that which goes through the
center opening is approximately 2.2 to 1.

8. Process temperatures. The process temperatures are critical.

Without proyer control of the temperatufes the sulfur does
. ‘not erystallize in the proper structure and the coating is
less effective. However, because there is a seal coating
- of wax applied to the product in this procees, some varia-
tion in the sulfur .structure can be tolerated and the
temperatures are somewhat less critical than' in the sulfur-
only process. , o

Temperature of preheated ures. The urea shbuld be

preheated to a temperature between 145° and 150°F.

If the urea is insufficlently preheated, the sulfur,
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'“ coating hes ‘& crusty appearance ‘and high dissolution
rates }eéﬁlétf}am‘aﬁ otﬁerwisé ﬁell—éoatéa material.
"Mach higher temperatures give trouble further along

'in the process.

Temperature of liquid sulfur. As previously mentioned,

the best sulfur temperature for spraying is approxi-
mately 31°°Ef Tests have shown that as the temperature
decreases, the effectiveness of the coating is reduced.
Temperatures up to 317°F are acceptable but at tempera-
éures of 318°F and above, the sulfur viscosity is so
great that good atomization of the sulfur is virtually
impossible. - ’

Atomizing air. Air heated to the maximum temperature

attainable in the pilot-plant system (between 290° and
300°F) is used for atomizing the sulfur with good results.
‘ Somewhat higher temperatures of around 315°F are probebly
more desirable.

Sulfur-coating drum temperature. As the material

pasees'through the sulfur-coating drum, it increases in
temperature because it receives the heat of fusion
‘released by the solidifying sulfur. When & high oil
microcrystalline wax i used, it is important that the

" vax be applied to granules with a temperature of 155° to
160°F. The urea must, however, be above the freezing

point of the wax for the roll-on distribution system
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to be effective. The wa.x gxurg(t be able fzo flow onto the
granules and into the imperfections ‘before it freezes.

. The urea &ose(s 5°to 19°F between the sulfur-coating drum
and the wax-coating drum; therefor;a, the sulfur-coating
kdrum exit tgmperature is controlled at about 165°F.

~ Temperature of liguid wax. When using the wax referred

. tf’ above, & preheat temperature of 220?F is used. The
wax tewperature does not appear critical. When applied,
the wax quickly takes on the temperature of the sulfur-
coated urea granules because of thelr 50 times grester
mass. ‘

Cooling temperatures. The liquid wax applied to the

sulfux:-coated urea must be sol‘id.'ilfied bef]’ore storage.
Using the micrpcrystalline wax with a high oiL content
requiresk cooling the product to & maximum of 105°F.
Unless thlg is done, the wax remains too sticky and
mst be coated with excessive amounts of conditioner
to prevent poor handling chara.cte?istice. As pre-
viousl?r mentioned, 8 fluid bed ’cooJ'.er does this cool-
ing -J:Ob qu:@te adequately without chilled air, provided
the bed is fluid at all ‘i:ixlxles and the material is never
e.l;Lowgd to come in contg.ct with the fluldizing screen.
It is important that the cooling air temperature be' no
lzqw{er than about §O°F. At temperatures cooler than thig,

_the wax freezes too fast and agglomerates are formed.
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Sulfur-Codted: Urea Without Sealant ;

‘s - . In-order.to make & slow-release ureé, fertilizer coated only
with sulfur,-the sulfur crystalline structure and uniformity must be
closely‘pontrolled, for there 1s nothing to seal imperfections in the
coating. However, several of the steps in the sealant process can be
eliminated and some of the other processing equipment can be substan-
tielly reduced in size. Since there is no wax or conditioner added,
all equipment associated with thelr application can be omitted. Cooling
is still important, but a substantial reduction in cooling capacity can
be made. Handling complications of the waxed product are eliminated,
greatly simplifying the englneering design of the cooler and associated
product-handling equipment. On the negative side, more preheating
capacity is needed and the sulfur-coating drum throughput capacity is
only -half of that when a sealant 1s used because of the need for
increased amounts of sulfur. A process dlagram of the pilot plant when
producing 1/2 ton per hour of.urea coated only with sulfur is shown in
Figure 7.

: (Fig. 7)
Variables 2 through T mentioned in the preceding section are
more important than when a sealant is used, but their specified values
remain the same.
- Variable l--the total coating welght-- 1s substentially
changed. ‘The dissolution rate of the product still varies with the.
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a.moul.nt of coating applied, but now the:coating is only sulfur. About, .
50% more of ‘it is required on an ‘ictual sulfur bas.;is‘tmgive a specific
dissolution rate. However, the total coating of the product is only
increased by 4-1/2 percentage points (see Fig. 5). A total coating of
18% (17% sulfur, 1% preapplied clay conditioner) gives a T-day dissolue
tion rate of 30%4. A total coating of only 13.5% is required to give a
T-day dissolution rate of 30% when wax sealant is used. The sealant
coating of 2% wax and 2% conditioner has a raw material cost of about
$19 per ton of nitrogen coated if it can be obtained. The additional
coating of sulfur in the sulfur-only product has a raw materisl cost of
ebout $9 per ton of nitrogen coated. Thus, the sulfur-only coating is
very competitive even though it does have a lower nitrogen content in
its final product, 384 as compared with 40% for sealant coating. (The
above figures were all based on using minus 6- plus 10-mesh substrate
urea, producing & product having a T-day dissolution rate of 30%, and
January 1974 costs of sulfur, wax, and conditioner f.o.b. Muscle
Shoals, Alabama.)

The process temperatures (variable 8) are very different from
those used when applying a sealant with the exception of the molten
sulfur and its atomizing ailr which are still maintained at about 310°
and 295°F, respectively. The most critical temperature is the#.of
the substrate when the sulfur is applied. At no place in the sulfur-
coating drum should the temperature of the substrate be allowed to -



~25-

exceed 204°F. Yet, the closer the temperature i1s to this vslue, 'the
better the quelity of the final product. Therefore, the preheater exit
temperature 1s regulated to glve a sulfur-coating drum exit temperature
of from 195° to 200°F, which is about as close as the temperature can
be controlled in:the pilot plant.. At a production rate of 1/2 ton per
hour in the pilot plant, the temperature of the material exiting the
preheater or entering the sulfur-coating drum is approximately 175°F.
Figure 8 shows the effect of the substrate temperature on the quality
of the final product. This figure also shows that if the temperature
of the material is allowed to exceed 204°F in the sulfur-coating drum,
then quick cooling, such as can be attained in the fluid bed cooler,
will prevent a complete degradation of the protective coating. It has
also been shown that saome quick cooling is helpful on product where

the temperature does not exceed 204°F. Therefore, use of a small
cooler is recommeaded.

(Fifs. 8)

HYDRAULIC SULFUR-SPRAYING SYSTEM

Bulfur-Coated Urea With Sealant

4

Figure 9 is a flow dlagram of the hydraulic epraying system
used in the l-ton-per-hour sulfur-coated urea pilot plant. Sinée nozzle
openings are smaller (0.007-0.015) than the orifices used in the pneumatic

system, the filtration of the sulfur in this system is even more important.
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A 400-mesh screen is-installed in the sulfur linefrom'the welgh tank . .
to remove-carsul,. ash, and other foreign materials.- .The sulfur then.:
flows through a 2-micron filter to remove any small particles which ..
might still be in the sulfur and which might combine to form larger:y .,
particles farther downstream. Sulfur is pumped by a.double-acting air--
driven piston pump capable of developing pressures up to.3000 psig.
Because, of the high temperatures and incompstibility of sulfur and
hydrocarbons, the pump is lubricated with a fluorocarbon lubricant.

All of the piping downstream from the sulfur pump is stainless steel
high-pressure piping which was tested at 4500 psig. A pulse eliminator
tank is located downstream from the sulfur pump. Air trapped in the
top of the tank provides a constant pressure on the sulfur spray

nozzles and thus maintains a constant flow during changes in the

stroke direction ¢f the pump. A 200-mesh filter is installed in the
pulse e¢liminstor primarily to take out trash which might get into Lihe
line during maintenance of the pump. Pump pressure is vegulated by

the amount of air pressure applied to the piston air motor. The flow
rate of sulfur is determined by the combination of this prossure and
the size and number of spray nozzles installed in the sulfur header.

The only way of reducing sulfur flow through a given spray nozzle or

set of spray nozzles is to reduce the pressure in the hydraulic
system,

(Fig. 9)
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1 g provide for depressurization of the system,’a'recycle: .
line is connected between the pump and the ‘sulfur weigh tank.- A . -
pressure relief valve is installed on the feed side of the pump to
prevent possible pressurization of this portion of the piping should
a malfunction of the puwp allow backflow from the pulse eliminator
tank. Air is provided for purging of the sulfur line and for back
cleaning the 4OO-mesh screen in the sulfur weigh tank. The sulfur
pump and all pipe fittings and valves not steam jacketed are sub-
merged in a molten sulfur bath to keep sulfur from freezing in them
during operating periods.

The spray header itself is much simpler than the spray header
of the pneumatic system. No in-line flow control orifice is needed
since each nozzle at these high pressures acts as its own flow control
orifice. Further, because no air is used, no pneumatic piping is needed.
A high-pressure union allows the header to be rotated so that the angle
of spray with reference to the bed can be easily changed. Also, the
position of the nozzles with reference to the bed of urea can be
altered:as desired by use of externally mounted adjustable hangers.

The entire header unit is steam jacketed.

Except for the absence of any pneumatic equipment, the
simplified flow diagram for the hydraulic spraying system is the same
that is showm in Figure ,7,' for the pneumatic spraying system. However,

major changes as discussed previously were-made to the internals of
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the eauifur-coating;dnun and to its operation -to provide.a,curtain of
falling urea-granules. - The s‘ul'fu.r is sprayed onto this curtain:. ,The
reéulting product is not so high in nitrogen content as that made using
pneumatic nozzles (see Fig. 5), but the process is much more operational.,
A total coating of 184 gives a product with a T-day dissolution rate.of
30% and a:nitrogen content of about 38%. . s
A primary reason for the installation of a hydraulic spraying

system was to decrease sulfur mist and dust formation in the sulfur-
coating drum. This has been accomplished. Based on an alrflow through
the sulfur-coating drum of 200 scfm, dust loading in the atmosphere of
the sulfur-coating drum ranged from 0.068 to 0.163 gram per cubic meter
per pound of sulfur sprayed when pneumatic nozzles were used. With the
use of hydraulic nozzles, the dust loading has been reduced 88 to 98%.
The dust loadings have ranged from 0.003 to 0.008 gram per cubic meter
per pound of sulfur sprayed. Problems assoclated with the dust have
been either substantially reduced or eliminated.

Safety. The minimum explosive concentration for sulfur is

35 grams per cubic meter of air. The heavliest dust loading

measured in the sulfur-coating drum while using hydraulic

atomizing nozzles was 3.2 grams per cublc meter of air, well

below the explosive range. .

. Alr pollution abatement. Dust loadings for best operating

conditions were less than 0.006 ~zam per cubic meter of

airflow per pound of sulfur sprayed. Further cleanup of
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the' disclarged air,: 1f required, appears to be quite. easy,
pf‘b’bably involving only a heated cyclone separator.
Sulfur-coating drum buildups. Such bulldups appear to have

been eliminated. A related problem, production of agglomerates,
caused by sulfur particles coalescing on the hot header piping
with subsequent dripping of molten sulfur into the bed of urea,
hags also been substantially reduced.

' Variables which affect the hydraulic process are generally the
same ones which affected the pneumatic Process with some exceptions.
However, the relative importance and optimum values of these variables
are quite different in a number of cases.

1. Coating weights of sul.fur, wax, and conditioner (total coating

welght). Provided all of the other variables are kept con-
stant, the dissolution rate or slow-release characteristics of
the final product are still controlled by how much sulfur and
wex are applied. However, slight changes in coating content
have a pronounced effect on the final product when using the
*-‘hydraulic process (see Fig. 5). When sulfur was applied by
using the pneumatic spray process, & total coating reduction
H «‘:)f 5 percentage points from 18.5 to 13.5% gave an increase in
7-day dissolution rate from 15 to 30%. With the hydraulic
process, & reductlon of only 2 percentage points, 20 to 184,

gave the same increase in T-day dissolution rate, 15 to 30%.
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Size and condition of the urea.- .‘I"hereé is, incrqag’ed mixing.

action in the sulfur-coating drum which is. a ‘result of 't;he‘
lifting flights and the falling curtain of urea. '.!.'hereh ‘:I:s,
less ‘particle segregation and thus more uniform coating
between particles. Therefore, particle size and surface )

-condition ‘are not as critical with this system, althougli‘

they are still extremely important.
Iype and size of hydraulic sulfur spray nozzle. The hydraulic

spray nozzles used are very simple. They have no vanes, cones,
or other inserts which can give problems. Sulfur is forced by
pressure through an elongated oval meking a highly atomized fan
pettern. The nozzle tip size is varied depending on the amount
of sulfur to be sprayed and the desired atomizing pressure.
Changes can be made quickly and easily. A final protective
filter is inserted into each nozzle assembly prior to the nozzle
tip (seg Fig. 10). The final filter, the mesh size of which
veries depending on the size of the orifice in the nozzle tip,
normally removes very little material, and thus does not present

& cleaning problem. ,
’ (Fig. 10)

Hydraulic pressure. The pilot plant has the capability of

spraylng at pressures up to 3000 psig. Theoretlcaelly, nozzle
ctomization efficlency increases with pressure thus making
the highest pressure attainable and the smellest nozzle avail-

able the most desirable for application of the sulfur.
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However, filtration problems associated with the.smallest
‘nozzles combined with the practical number of nozzles that
can be used in the process make a nozzle with a t1ip opening
of 0.011 or 0.013 the most desirable. These nozzles are
operated 1in the range between 750 to 1500 peig. Tests
‘showed that increases in pressure up to 3000 psig had very
little effect on the final product using these nozzles.

The lower operating pressures are much more desirable from
an operational standpoint.

L]

Position of the sulfur nozzles. For best results, the nozzles

are oriented to spray sulfur perpendicularly onto the falling
curtain of urea at a point 2 inches above the bottom of the
curtein. The distance between the nozzles and the curtain is
5-1/2 inches. The nozzles in the header are T-3/l inches
apart.

Number of sulfur nozzles. The number of sulfur nozzles should

be minimized. Four nozzles per ton of production appear to

* glve optimum results.

[T
L]

Rotational speed of the sulfur-coating drum. The rotational

speed of the sulfur-coating drum still affects the quality
of the coating. However, 1t has much less effect than with
the pneumatic spraying system. The density of the falling

curtain of ureea and the mixing action in the drum are
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;‘:i.ncxrea.aed by higher drum speeds; -hovever,: the speed:at
.whi’chtxtlhe‘ granules pass in front of the nozzles, (which

16 -extremely important) is not affected by enanges in
' ‘drum speed in the hydraulic process.

8. Process ‘temperatures. The imocess temperature control is

4 + less critical in the hydraulic process than in the pneumatic
Bthem. 3

Temperature of preheated urea. ' Data show that the

uree needs to be preheated only to approximately
100°F for sulfur-coating purposes.. However, material
mst be 160°F when coated with the microcryatal]:ine

- wax. Therefore, for the best product the urea should
be preheated to at least 130°F.

Liquid sulfur temperature. Best temperature for the

liquid sulfur is svill 310°F.

Sulfur-coating drum temperature. The sulfur-coating

drum temperature should not be allowed to exceed
approximately 200°F. Best results were obtained when
the exit temperature of the sulfur-coated urea was
maintained between 160° and 185°F.

Wax-coating temperature. Wax-coating temperatures do

not appear to be so critical in the hydraulic process.
Good results are obtained when the wax-coating

temperature is between 155° and 180°F.
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Other temperé.tures and conditions.not associated diréctly
with the '‘application of the sulfur and wax ‘(eig+,- cooling) remain the

same as in the pneumatic spraying process.

o

r-Coated Urea Without a Sealant

FERE
v

E

Sul

‘ When making a slow-release fertilizer coated only with sulfur
using the hydraulic spraying system, coating conditions are much diffefent
from those used with the pneumatic nozzle system. The basic flow diagrem
is the same with the exce:ption, of course, that no atomiziug air is used
(see Fig. 7). Operating variables 2, 3, 4, 5, and 7, discussed in the
previous hydraulic spraying system section, are the same when producing
& sulfur-only product. However, the use of eight instead of four nozzles
per ton of production (Item 6) will give better results. Figure 5 shows
the quality of product which can be produced at 1 ton per hour. Increas-
ing the production rate up to 2 tons per hour requires only an increase
of 2 percentage points of sulfur to maintain the same T-day dissolution
rate. As discussed previously, the same equipment when used in the
pneumatic spraying system will only produce about 1/2 ton per hour of
sulfur-only product or one-fourth the rate obtainable with the hydroulic
process. The best product with a 30% T-day dissolution rate made in Ihhe
hydraulic system (at 1 ton/hr) is not so high in nitrogen content as
the best product made with pneumatic nozzles (at 1/2 ton/hr). However,
at equal production rates of 1 ton per hour or higher, the hydraulically

produced material is much superior.
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- "Process “temperatures in:the hydraulic: system are much lower
than"those in"the pneumatic system. The ures, should be preheated to &t
'tl.east' 135°F for best results, but the temperature in the sulfur-coating
drum should not be allowed to exceed LT5°F. At operating temperatures
on eitheriside of these va.luee, the product quality falls off rapidly.

Quick cooling of the final product to about 130°F is necesaary to

prevent some degradation of the product.

SULFUR-COATED UREA IN THE FUTURE

Research work on the productjon and use of coated urea for
. controlled releasse of nitrogen is being continued. TVA hopes to be able
to reduce the ratio of nozzles to production rate and further decrease
the size of the sulfur-coating equipment. A thorough agronomic evaluation
of the material coated only with sulfur is being conducted which will
fully:indicate its potentiasls as & slow-release fertilizer.

TVA plans to initiate demonstration-scale production of
sulfur-coated urea in about 1975-T6. Production rate for this unit .

will be about 10 tons per hour.
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-FIGURE 7. FLOWSHEET OF PROCESS FOR SULFUR-COATING UREA WITHOUT SEALANT
USING EITHER THE PNEUMATIC OR HYDRAULIC SULFUR SPRAYING SYSTEM
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FISURE 9. FLOW DIAGRAM OF SYSTEM FOR SUPPLYING SULFUR TO
) HYDRAULIC SPRAY NOZZLES
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