














MODERATOR GREEN: Do we have any questions
for Amos at this time? You did a good job and we all
thank you. (Applause)

We have another one of those “Good Guys” from
TVA. Luther Nunnelly will discuss “TVA’s New
Granulation Process with Evaporative Cooling”. Luther
has been with TVA for 28 years. Let's give Luther a
warm welcome. (Applause)

Tennessee Valley Authority’s
New Granulation Process
With Evaporative Cooling

A. R. Shirley, Jr. — L. M. Nunnelly
R. S. Meline — F. T. Carney, ]r.

Presented by L. M. Nunnelly

Introduction

The Tennessee Valley Authority (TVA)
has developed a new melt granulation process
that uses evaporative cooling to remove a
significant portion of the heat released by the
solidification of melt in a granulation
drum!® 2 3.4.5.6]  The falling curtain-evaporative
cooling process is a direct outgrowth of the technology
that TVA developed for production of controlled
release fertilizers by spray-coating sulfur onto a
granular substrate, such as urea or other fertilizer
materiall”- & 9 10 11,12 Mych of the technology in the
new process is essentially the same as that developed for
production of controlled release fertilizers; however, in
the new process, a finely divided mist of water is
sprayed into the airstream passing through the rotary
drum. As this water evaporates into the airstream, it ab-
sorbs a significant portion of the heat released by the
solidifying melt. About two-thirds of the heat released
in the drum is removed by a combination of the
evaporation of water, the increase in the temperature of
the airstream passing through the drum, and the loss of
heat through the shell of the drum. The remaining heat
is removed from the process by fluid-bed cooling of the
granulator product.

TVA'’s first experimental work with the falling cur-
tain-evaporative cooling process was in a modified
sulfur-coated urea pilot plant in the fall of 1976. In that
work, elemental sulfur was successfully granulated in a
rotating drum at a rate of 1 ton an hour. Results of that
work enabled a private company to build and to operate
successfully a 20-ton-per-hour sulfur granulation plant.
This same company later built a three-train, 60-ton-per-
hour sulfur granulation plant that began operation in
19790131,

In December 1978, TVA further modified the
sulfur-coated urea pilot plant and tests were made to
study granulation of urea by the falling curtain-

evaporative cooling process. Granular urea with very
good physical properties was produced in this modified
pilot plant at production rates up to 1100 pounds an
hour. Results of this preliminary work were very pro-
mising, so TVA built a 2-ton-per-hour pilot plant to fur-
ther study the granulation of urea and other fertilizer
materials. Granulation of urea by the falling curtain-
evaporative cooling process in the new pilot plant was
demonstrated to industry representatives and to the
general public at TVA’s 13th Demonstration of New
Developments in Fertilizer Technology which was held
at the National Fertilizer Development Center in Muscle
shoals, Alabama, October 6 and 7, 1980114},

Process Description

A flow diagram for granulation of urea by the fall-
ing curtain-evaporative cooling process is shown in
Figure 1. The heart of the new process is a rotary drum
with specially designed internals that form a falling cur-
tain of seed granules and recycled undersize onto which
the melt is sprayed. Operation of the drum is illustrated
in Figure 2. Operation of the drum is illustrated in
Figure 2. As the drum rotates, granules are elevated
from the bed by lifting flights, and then the granules
discharge onto inclined collecting pans. The material
flowing from the collecting pans forms a dense curtain
of granules. Sprays of molten urea are directed onto this
curtain. As the melt strikes the surface of the granules, it
quickly solidifies forming a coating on the granules.
Thus, product granules of the desired size range are pro-
duced by application of successive coatings of melt onto
the seed and recycle granules, and no agglomeration oc-
curs.
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FIGURE 1

Granulation of Urea by the Falling Curtain-Evaporative Cooling Process

Figure 1
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Schematic Diagram of Granulation Drum

Figure 2

As shown in Figure 1, undersize material from the
screen and seed particles are fed to the granulator drum.
Undersize material is conveyed to a recycle surge hop-
per from which it is fed back to the granulator at a
metered rate. Seed particles are metered into the
granulator drum to replace the product taken out of the
system on a granule-to-granule basis, thus maintaining
approximately a constant number of granules in the
process streams. At present, microprills of urea are be-
ing used as seed. Test work has shown, however, that
crushed oversize or crushed product can be used for
seed if the dust is separated from the crushed material.
In recent work, oversize material has been remelted and
regranulated. Seed should be predominantly in the size

range of 20 to 35 Tyler mesh (0.84-0.42 mm dia). The
size of the product can be varied from that of large prills

to that of very large granules by changing screen sizes
and making the necessary adjustments to the seed feed
rate.

The urea melt is usually sprayed onto the granules
in the granulator drum at temperatures between 275°
and 300°F., and they normally leave the cooler at
temperatures between 120° and 150°F. When melt is
sprayed at 300°F. and granules leave the cooler at
140°F., about 176 Btu of heat per pound of urea
granulated is released. This includes heat of fusion,
about 104 Btu per pound, and heat released in cooling of
melt and subsequent cooling of granules. The pilot plant
was designed so that about 68 percent (512,000 Btu/h)
of the heat released in the granulator drum is removed
by the combination of water evaporation, increase in
temperature of the airstream passing through the
granulator, and losses through the shell of the drum.
The remaining 32 percent (240,000 Btu/h) of the heat is
removed in the fluid-bed cooler. The relatively large
transfer of heat in the granulator is possible while main-
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taining relatively low airflow rates (3500 ft3/min) at the
design production rate (2 tons/h) because of the very
finely atomized water that is evaporated in the
airstream. At an air discharge temperature of 120°F.,
the water absorbs about 1068 Btu for each pound of
water evaporated. Typically, between 15 and 19 gallons
of water is evaporated in the drum for every ton of
granular urea produced.

Since urea is hygroscopic, water is sprayed in areas
of the drum that are free from falling urea to prevent
direct contact of the granules with the water mist. Also,
the humidity in the air, and consequently the propor-
tion of water spray, must be controlled to avoid ex-
ceeding the critical humidity of urea. For example,
granules discharging from the drum at 206°F. would
begin to absorb moistures from contacting air with a
relative humidity of 34 percent or 0.27 pound of water
per pound of dry air. Recycle granules entering the
drum at 140°F. would begin absorbing moisture from
contacting air at 58 percent relative humidity or 0.081
pound of water per pound of dry air. Since air absorbs
moisture as it passes through the granulator and thus ex-
its with a higher moisture concentration, the air is
directed through the drum cocurrently with the urea to
reduce chances of moisture being absorbed by the recy-
cle entering the feed end of the granulator. The pilot
plant was designed for relative humidity in the air leav-
ing the granulator to be no greater than 40 percent for
air at 120°F. (0.03 1b. water/lb dry air).

Pilot-plant work has shown that the uniformity of
size of the final product can be controlled by the ratio of
the recycle feed rate to the melt spray rate. The recycle
consists only of undersize granules, and the rate at
which recycle granules are fed to the granulator is con-
trolled by a scale-mounted belt feeded. As the amount
of recycle is increased for a given spray rate, the size of
the product becomes more uniform. Data from the pilot
plant indicate that oversize generated is about 1 percent
of the melt spray rate at a recycle-to-melt ratio of about
1:1. Higher recycle rates make the product extremely
unfirom in size, which could be undesirable for some
uses, such as for size matching with other fertilizer
materials in bulk blending. Lower recycle rates increase
oversize production. Any oversize that is not used for
seed generation must be remelted and regranulated.
This requires additional energy consumption and in-
creases biuret content of the final product; both are

undesirable.

The air leaving the granulator is washed with recy-
cle scrubber solution, and the resulting spray particles
are collected in an irrigated mist eliminator. Initial
results in the pilot plant indicate that dust formation in
the process is less that 2 percent of the urea granulation
rate. Particles emitted from the fluidized-bed cooler are
collected in a low-pressure-drop horizontal cyclone and
are fed back into the elevator. Dust collected from
miscellaneous points in the system also is washed out of
the air by a system similar to that used to remove par-



ticles in the exhaust air from the granulator.
Pilot-plant tests of urea granulation have shown
that the process can be used to consistently produce
urea that is hard and spherical. Typical minus 7 plus 8
Tyler mesh (2.8-2.4 mm dia.) product granules have a
bulk density of 48 pounds per cubic foot, a crushing
strength of 7 pounds, and a sphericity of about 90 per-
cent. The moisture content of the granules is normally
between 0.1 and 0.3 percent. The process appears to be
easy to control and manpower requirements in a large
plant should be about the same as those for other
granulation processes. Overall energy consumption and
initial capital expenditures for this process should be
lower than those for other granulation processes.

Pilot-Plant Equipment

The granulation drum (Figure 2) is 7 feet in
diameter and 10 feet long; the retaining ring at the
discharge end is 5 inches high. Forty lifting flights are in-
stalled in the drum, at 9-degree intevals. The flights are
straight with flat surfaces 3 inches wide and 9 feet long.
They are installed parallel to the axis of the drum and
are canted 15 degrees forward from the perpendicular
with the shell of the drum. Two collecting pans are in-
stalled parallel to the axis of the drum. Both pans are
sloped counter to the direction of rotation of the drum
at an angle so that the granules will cascade down them.
Each pan catches some of the material discharged from
the lifting flights. All granules discharging from the top
pan fall to the bottom pan, and the granules discharging
from the bottom pan provide a curtain of falling
granules onto which the molten urea is sprayed. The
collecting pans catch the granules after only a short fall
and break their momentum before they can develop
enough force to shatter on impact and create dust. In
addition, the pans provide a large area of the granulator
in which heat transfer can occur by air-to-granule con-
tact, but without allowing the granules to pass through
the water sprays located underneath the pans. The
double-pan configuration is designed to increase airflow
between the area where most air-to-granule contact oc-
curs and the water evaporation area of the granulator.

Molten urea is distributed in the granulator atgage
pressures up to 500 pounds per square inch through a
steam-heated header which can contain up to 27 spray
nozzles. The urea melt is obtained from a single-pass
steam-heated melter and is filtered before being pumped
to the spray header to remove any particles that would
plug the spray nozzles. The purpose of the melter in the
pilot plant is to provide urea melt that simulates the
melt that would be obtained directly from a urea-plant
evaporator in a large plant. The molten urea supplied
by the melter is collected in a small tank. This tank and
the melt piping are designed to minimize biuret forma-
tion by retaining urea in the molten state less than 30
seconds. Molten urea is pumped to the header by a
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double-acting piston pump. For flexibility, the pump is
driven by a piston-type air motor. The flow rate of urea
is indicated by a turbine flowmeter and is manually con-
trolled by changes in pneumatic pressure to the air
motor. The pump and all high-pressure valves are
submerged in a constant-temperature oil bath. All
molten urea piping is jacketed, and all equipment in
contact with molten urea is made of Type 316L stainless
steel, except the pump which is made of Type 303 and
Type 304 stainless steels. The water for evaporative
cooling is metered to wide-angle pneumatic atomizing
nozzles with round spray patterns that spray in the
drum countercurrent to the air being pulled through the
drum.

Air for fluidization and cooling in the fluid-bed
cooler is provided by two centrifugal fans (a blower and
an exhauster). The damper arrangement in the ducts
allows close control of airflow through the cooler. A
horizontal cyclone removes any seed-size particles in the
air leaving the cooler, and the particles collected are
returned through an airlock to the elevator. The
elevator is a continuous-discharge-type unit that is
operated at a slow speed to prevent breakage of the
material being handled. The screen is a double-deck,
gyrating-type unit. Screen sizes are changed as
necessary to obtain the size of product desired. After
screening, the product is collected in a product hopper
and is later transported to storage. Undersize leaving the
screen is transported by a belt conveyor to the recycle
surge hopper which has a capacity of about 3.2 tons of
urea.

The seed-particle feeder and the recycle feeder have
variable-speed belt controls and are mounted on scales
for rate determination. The low-pressure-drop, wire-
mesh mist eliminators are mounted in tanks 3 and 2%
feet in diameter. The tanks, the mist eliminators, the
ceentrifugal exhaust fans, and the inline centrifugal
pump used for pumping scrubber solution are all con-
structed of stainless steel.

All rotary equipment is driven by totally enclosed
fan-cooled motors. Instruments and access points are
provided throughout the pilot plant to facilitate the tak-
ing of data and samples.

Plans

The new pilot plant has been operated only a few
times; therefore, there has been only limited opportuni-
ty to test optimum values for the various process
variables. Researchers, however, have been able to
determine that the process has considerable operational
latitude because wide fluctuations in the operating con-
ditions have caused very few product quality changes or
operational problems. TVA will continue to develop the
process by further defining and optimizing the process
variables in order to improve the product and to
minimize production costs.
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MODERATOR GREEN: Thank you Luther. Are
there any questions. (Applause)

QUESTION FROM
CHURCHMAN -BADGER-AMERICA,
big can you make the granules?

LUTHER NUNNELLY: Well, I do not know just yet
how big. We have not gotten that far. Any particular
pilot plant would determine just how large the fluid bed
cooler can fluidize and cool. The larger the particle the
harder it is to cool. We go up to four to five mesh,
however, we have not gotten beyond that.

QUESTION FROM CHARLES CHURCHMAN:
Would you like to hazard a guess as to how large you
can make the granule before the particles stop being
spherical?

ANSWER—LUTHER NUNNELLY: Three quarter
inch. That would be a guess.

MODERATOR GREEN: Any more questions?

QUESTION FROM ANDRE KAYAERT--NSM-
HOLLAND: Just comparing processes: If you compare
this process with the NSM fluidized bed process, it oc-
curs to me that there is a basic drawback in this process
in that you evaporate urea up to 99.5% and, after that,
you use water to cool down all of the heat you have put
into it. Don’t you think that this is a very basic
drawback of this system? | hope you do not think that
we Dutch guys cross the ocean just to make nasty
remarks, but [ would like to hear your comment on this.

ANSWER—LUTHER NUNNELLY: Well, T men-
tioned that 68% of the heat that was released in the
granulator was released by the evaporation of water
and through the shell orifaces into the cooling of the air.
Of course the remainder of it is carried over into the
fluid bed cooler. How, coming out of the cooler at
about 140° is a little hot. If I understand your comment
right, about the cooling, I do not see a problem there
right now!

ANDRE KAYAERT: Perhaps 1 did not make my
point clear. In the case of the NSM process, you
evaporate only in one stage, the urea, up to 95% and
then you leave 5% of the water in the urea melt which
cools through the granulator. You do not need the
second evaporator for the urea solution up to 99%.

ANSWER-LUTHER NUNNELLY: Well, in the
pilot, we do not have a concentrator. Later on, we will
add water back to the solution just to see what concen-
tration we can work with on that. We expect that we
can flash off some water through the sprayers, but we
do not yet know how much. Just how it will affect the
cooling, whether we can reduce the water that is
sprayed into the drum, I think possibly that would just
allow us to cool it further down.

MODERATOR GREEN: Any other questions,
Thank you Luther. (Applause)

CHARLES
INC,: How



This year, as well as previous years, we owe many
thanks to the people of TVA for their time and talents
that have made the Round Table what it is. At this time
let us give a “round of applause to the Guys in TVA”.
(Much Applause). Frank Achorn will wrap up this 1980
Session — 30th Annual Meeting. (Applause)

VICE CHAIRMAN FRANK ACHORN: I want to
pay “particular respect and gratitude” to you Gentlemen
who have sat on your rear ends for this long time! For
you who are always here to the very end—we will have
our 31st Annual, at the Shoreham Americana Hotel, in
Washington, D.C., Tuesday, Wednesday and Thurs-
day, November 3-4-5, 1981. 1 assure you we will not
have any rain storms within the building in which we
are presenting the papers and we will have slide projec-
tors and all the rest of the equipment working well.

Many thanks to all of you for attending this ex-
cellent meeting and “our special thanks” to “our
Overseas Visitors”. You have come a long way and we
appreciate your “attendance” each time. For you local
people keep up the good work. We will see you next
year. (Much, much and much Applause!{)

Comments By Albert Spillman
Editing Chairman

I am sure you will find our Proceedings, covering
our 30th Annual Round Table Meeting, held in
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Washington, D.C. October 28-29-30, 1980, helpful in
“Your Day to Day Operations”.

We has an excellent, five session Program attended by
a good interested attendance. There was much applause
and much comment, “complimenting our Speakers’ discus-
sions and our well planned meeting schedule”.

I am going to repeat what I said commenting on last
year's 29th Annual Meeting. My pleasure, again, as it
has been since Our Round Table started 30 years ago, to
supervise, edit, organize and deliver to our printer ap-
proximately 450 thoroughly checked script sheets cover-
ing all of the activities, talks, slides and questions and
answers.

All of my contacts, with many of you, by “cor-
respondence, telephone, etc.”, asking for answers
necessary to permit our proceedings to be published ac-
curately as possible, sent me their replies within a
reasonable time, considering, being away from your of-
fice when necessary.

My thanks to “all of you, our Chairman, Directors,
Moderators, Speakers, Secretary-Treasurer — Paul
Prosser, Jr., his most cooperative Secretaries, our
Printer, Tom Sabia, Manager of Quickee Offset, Inc.,
Baltimore, Maryland and his most accommodating of-
fice.” To all of you I say “Much Appreciation.”.

Hope you can attend “Our 31st Annual Round
Table Meeting” to be held in Washington, D.C.,
Shoreham-Americana Hotel — Tuesday, Wednesday,
Thursday, November 3-4-5, 1981. You can register
Monday Evening, November 2, 1981. We promise you
another most interesting meeting. Thank you.





