|
P . o

» 2 ¥ 2%

RECENT DEVELOPMENTS IN GRANUIATION

4

Pregented at the Seminar for Latin American Fertilizer Executives

September 1967

By
Frank P. Achorn,
Head, Process and Product Improvement Section

Division of Agricultural Development
Tennessee Valley Authority
Muscle Shoals, Alabama




RECENT DEVELOPMENTS IN GRANULATION
By Frank P. Achorn
Presented at the Seminar for Iatin American Fertilizer Executives

September 1967

The number of granulation plants in this country and in foreign countries
continues to increase. Many companies with small plants that formerly
produced pulverized mixtures have converted their batch ammoniators to batch
granulators and now produce granular products. Many producers with medium~
size granulation plants have installed preneutralizers and scrubbers so that
they now produce diammonium phosphate grades. Companies that have plants of
the latter type usually have high annual fertilizer production, and many of
them are marketing complete grades through bulk handling stations, In recent
years there has been g continuing utilization of the TVA ammoniator-granulator
for the production of diammonium phosphate grades such as 18-46-0, 16-20-0,
6-2k-2L, and 15-15-15 by large basic producers of granular products. Some
basic producers are using the TVA ammoniator-granulator to produce granular
triple superphosphate. The 18-46-0, 16-20-0, and triple superphosphate are
usually marketed through blending plants. They are mixed with potash and
other materials in these plants to produce mixtures of different nitrogen,
P>05; and Kz0 ratios.

Producers who have converted their small pulverized-mix plants to| granulation
have accomplished this conversion by cutting away some of the flights in their
batch mixer and installing ammonia snd acid distributors below the rolling bed
of material in the batch ammoniator. Figure 1 is a sketch pf a typical batch
mixer that has been converted to a batch granulator. The flights| in the first
half of the mixer have been removed, and s block or drilledrpipe Aistributor
has been installed in this section. The flights in the latter half of the
mixer are usually cut so that they are only about 6 inches deep.

Figure 2 is a flow diagram of a small batch granulation plant or a batch
granulation plant that has been changed to a simple continuous plant as
explained below. The material from the batch granulator is|usually cooled in

a rotary cooler. Coolers of this type vary in size from 6 by 12 feet to T by
50 feet. Producers with batch granulation plants of this type formerly sold
unscreened products, or they removed the oversize only and sold the product

as a semigranular fertilizer. However, with the increase in the demand for
granular products and the tightening of quality specifications for these
granular products, most of these producers have found it advisable to screen

the product from the cooler and recirculate the fines from the screen to the
batch granulator. Recently some companies have converted thelr batch ammo-
niators to continuous granulators by enlarging the discharge openings from the
ammoniators and operating on a continuous basis. Their operation|is then
essentially the same as with the conventional continucus ammoniator-granulator.
However, most of these producers that use these small converted granulation
Pplants have found that their production rate is about 10 tons per| hour. Because
of this production limitation and the need for a higher proguction rate, many
of these companies plan to construct conventional ammoniation-granulation plants.




Figure 3 is a sketch of s conventional ammoniation-grazulat
this plant superphosphate, potassium chloride; and other so
measured continuously by belt feeders, screened to remove o
discharged into the ammoniator-granmulator. The oversize fr
crushed and rescreened. Nitrogen solution, anhydrcous ammon
and phosphoric acid are metered continuously by means of me
ammoniator=-granulator through drillied-pipe or block distrib
granulation takes place, the product is dried in a robary d
from the dryer is cooled in a rotary cooler. The cooled pr
to separate product size from oversize and fi The over
rescreened for produche-size removal. The fines are recycls
bin and thence tc the ammoniator-granulator.
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This type of plant is also used by many basic producers to
triple superphosphate. Run-of-pile triple superphosphate i
a cone mixer and cured as usual. The cured triple superpho
to the granulation plant where it is granulated with the ad
rock and gphosphoric acid. Usually 7% percent of the produc
by cured run-of-pile triple superphosphate. Sometimes stes
granulation to promote granulatiocn.

Figure Lk is a sketch of a typical up-to-date continuous amm
This ammoniator-granulator operates on a continuous basis.
scraper and a new type of distributors that can be rotated
ammonistor-granulators vary in size from 6 by 6 faet Lo 12
upon their use. For example, a 6- by 6-fooit ammonistor-gra
about 25 tons of a low=-recycle grade such as 4-12-12 per ho
throughput of only about 35 tons per hour. However, a 12~
granulator when fully loaded has a throughput capacity of g
but it will have a production rate of only about 40 tons pe
to produce diammonium phosphate due Lo the high recycle ratf
osciliating scraper keeps the material from bullding up on
ammoniator-granulator., As it oscillates backward and forws
away the bulldup from the walls. The drilled pipe~type amn
the acid distributor are below the bed of the material in 1
granulator. The ammonis distributor has holes that are 1/1
of an inch in diameter and are spaced on l-inch centers.
is also a drilled-pips. They should be located in the deeg
bed. The center of the bed is relatively inactive and, the
suitable for the location of the distributors. They should
three=-fourths of the bed depth. For instarce, if the bed d
the center line of the distributors should be about 13.5 in
surface of the bed or gbout 4.5 inches from the emmoniator-
The holes of the ammonia distributor are oriented so that 1
material. The holes in the acid distributors are pointed y
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Most of the ammoniator-granulators are comstructed of mild
Most opergthc

Hastelloy or stainless steel distributor pipes.
that the extra cost of stairless stesl or Hastelloy is wort
They report that there is congiderably less wear of the hol
materials is used. Therefore, the distribution of ammonia

uniform in the bed of the material in the ammeniabor-granul
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be minimized and the granulation efficlency to be good. These operators
report that the holes in mild steel distributors quickly b
that there are wet sgpots in the ammonlator-granulator that

lation and high ammonia losses.

Recent observations indicate that many operators are remov
ring inside the ammonigtor-granulator, and this eliminates
section. Operators who have removed this ring have found
does not affect their granulation efficiency. They have T
can lengthen their distributors and that the longer distri
for the production of high-nitrogen grades. Nitrogen loss
culties encountered with overgranulation of the higher nitr
13~1%=~13 are minimized.

There are several new devices in use that are designed to
of material on the walls of the ammoniator-granulator. So
rubber-1lined ammoniator-granulators to prevent this caking
sketch of this type of smmonistor-granulator. Strips of

wide are bolted to the walls of the smmoniator-granulator
position with metal strips. As the ammoniator-granulstor
lining flexes and thus causes any buildup on the rubber to
companies are now using ammoniator=-granulators that have r
Figure 6 is a sketch of an ammoniator-granulator of this t
are usually made of 2h-inch rubber belting, and they are in
belts overlay each other when they are laid on the walls o
granulator. As the ammonistor-granulator revolves, the lo
drop. Any material that collects on them will drop off,

remain relatively clean. Other plant operators prefer to
scraper rather than a lining to prevent this caking of mat
of the ammoniator-granulator. Figure 7 is a sketch showin
type. The scraper oscillates back and forth across the w
granulator, and its teeth dig *the caked material away from|the wa

s, the rubber
f. Other

raper of this
' the ammoniator-
1ls. This

type of scraper tends to wear less than a statlonary scraper bary, At TVA we
have recently installed a spiral scraper in one of our new| ammoniator-granulators.

Figure 8 is a sketch showing a scraper of this ftype. This|scraper is similar
to a German design. It is driven by an electric motor through a|speed reducer.
As it revolves slowly, its teeth dig away the caked material from the walls of
the ammoniator-gramulator. Many operstors still use mechanical knockers to

remove buildup from the walls of the ammoniator-granulator

Recently a company applied for a patent for a unigue method of cleaning and
positioning their distributors in the ammoniator-granulator. igure 9 is a
sketch iliustrating this device. Many operators have reported difficulty with
buildup and with the positioning of the distributors normally used in the
ammoniator-granulator. This mechanism will rotate the distributors out of the
bed of material in the ammoniator~granulstor so that they can be|cleaned without
shutting down the equipment., It slso provides a means of adjusting the position
of the distributcres for opblmum efficiency while the ammoniator=-granulator is

in operation. The rotating mecharnism consists of an electric motor that drives
a chain that causes the distributors to be rotated clockwise or couniterciockwise.
" A brake drum is installed on one end of the distributor-support bar, and this
drum is used to lock the digtributor at a desired position,




Many manufacturers with the larger granulation plants are now ingtalling

phoric acid and ammonia to produce diammonium phosphate grades.

preneutralizers and scrubbers so that they can use large quantities of phos-

Most of these

companies are using the TVA process for the production of diammonium phosphate
grades. Figure 10 is a flow diagram of this process. This is the same process

that is being used by most basic producers of diammonium phospha
these basic producers have plants that produce as much as 1,200

te. Some of
tons of diammo-

nium phosphate per day. The process involves the partial oniation of phos-

phoric acid in a preneutralizer and the complete ammoniation of
slurry to diammonium phosphate in the ammoniator-granulator. Th

the resulting
e phosphoric

acid is ammoniated in the preneutralizer to an ammonia-to-HsPO, mole ratio of

1.% to 1.5. At this mole ratio there is a maximum solubility of
phosphate. Therefore, it 1s possible to make a concentrated slu
preneutralizer which has satisfactory fluidity for proper gdistri
ammoniator-granulator. Completing the ammoniation of this| slurr
phosphate in the ammoniator-granulator decreases the solubility
and this in turn results in a relatively low liquid phase in the
granulator. These conditions are conducive to low recycle| rates
production rates. ‘

Many manufacturers have found that by converting their conyentio
plant to this process they can use over 900 pounds of phosphoric
of product. This quantity 1s far in excess of the 200 poupds of
acid per ton of product that is usually considered about the max
conventional plant. When this process is used, a high degree of
of the phosphoric acid can be used--9.6 pounds of ammonia per un
This degree of ammoniation of phosphoric acid is 33 percent high
normal rate of 7.2 pounds of ammonia per unit of Po0s used in a
plant with an ammoniator-granulator. Because of this high degre
the economics of producing fertilizers in conventional grapulati
be improved.

The process illustrated in Figure 10 can be altered to permit th
granular nitric phosphate fertilizers. This alteration is| made
reaction tank in addition to the preneutralizer. Nitriec phospha
be produced by reacting phosphate rock with nitric acid or| with
nitric acid and sulfuric or phosphoric acid, followed by partial
in the preneutralizer and subsequent simultaneous ammoniation an
in a TVA continuocus ammoniator-granulator. Estimates indicate %
tion of nitric phosphates should be more economical than the pro
comparable high-analysis nitrogen fertilizers by other processes
some developing countries where the supply of phosphoric alcid ma
the process may have other advantages, since less or no phosphon
required. This process as used here at TVA requires about 60 pe
sulfur required for the diammonium phosphate process.

One of the new methods of marketing granular fertilizers is to m
through bulk-handling stations. Some companies now produce high
grades such as 8-24-24, 10-20-30, 12~24-24, and 20-10-10 by one
previously mentioned processes and market them through dbulk-hand
They have found that by producing high-analysis grades they decn
transportation cost, and they can market their products farther
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plants. A typical granulation plant that uses this handlin
more than 70,000 tons per year.

A typical bulk=handling station is shown in Figure 11. At
is a 6-bin storage building. Each bin is about 12 feet wid
and holds about 75 tons. The total capacity of the bins, t
450 tons for all grades. These bins are usually used to st
phosphate, ammonium nitrate, potash, and three manufactured
grades. The mixed grades are usually transportved from the
to the bulk-handling station by hopper-bottom railroad cars
that fits under a hopper-bottom car is used to unload all n
belt conveyor empties onto a portable conveyor that conveys
each of the storage bins. Materials are removed from the ¢
of a front-end loader. They are weighed in a scale hopper
an inclined portable belt conveyor that empties into the by

Other types of bulk-handling stations use elevated storage
8 sketch of a typical station of this type. Such a statior
tanks, each of which holds about 50 tons. Materials are re
car by a belt conveyor and are elevated to the storage tank
the storage tanks are weighed in a hopper scale that dischs
elevator that is used to load the tanks. The material is t
the elevator into a bulk truck.

Cost studies indicate that a bulk-handling station of this
structed for a cost between $10,000 and $15,000. Cost stud
that the high-analysis grades such ag 10-20-30 can be manuf
granulation plant and marketed through bulk-handling statig
competitive with the cost of bulk blending.
handling system is to be competitive, it is imperative that
from the granulation plant be high. Previous cost studies

granulation plant operating in conjunction with bulk-handli

be competitive with bulk blending when only 30,000 tons of
moved through these stations. Other calculations indicate,
a 70,000-ton movement the economics of this production and
very closely approximate those of bulk blending.
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TYPiCAL GRANULAR FERTILIZER PLANT
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