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The number of granulation plants in this country and in for ign c 
continues to increase. Many companies with small plants th t fo 
produced pulverized mixtures have converted their batch amm niato 
granulators and now produce granular products. Many produc 
size granulation plants have installed preneutralizers and 
they now produce diammonium phosphate grades. Companies th 
the latter type usually have high annual fertilizer product'on, a 
them are marketing complete grades through bulk handling st tions 
years there has been a co:J.tinuing utili.zation of the TVA a oniat 
for the production of diammonium phosphate grades such as 1 -46-o 
6-24-24 7 and 15-15-15 by large basic producers of granular roduc 
basic producers are using the TVA ammoniator-granulator to 
triple superphospha~e. The 18-46-o, 16-20-0, and triple su erpho 
usually marketed through blending plants. They are mixed w'th po 

rs so that 
plants of 

d many of 
In recent 

r-granulator 
16-20~0, 

Some 

other materials in these plants to produce mixtures of diff rent 1itrogen, 
P205 , and K20 ratios. 

Producers who have converted their small pulverized-mix pla 
have accomplished this conversion by cutting away some of t 
batch mixer and installing ammonia and acid distributors be 
of material in the batch ammoniator. Figure l is a sketch 
mixer that has been converted to a batch granulator. The f 
half of the mixer have been removed, and a block or drilled 
has been installed in this section. 'I1he flights in 
mixer are usually cut so that they are only about 6 

Figure 2 is a flow diagram of a small batch granulation pla_t or 

rolling bed 
ical batch 

in the first 
istributor 
f of the 

granulation plant that has been changed to a simple continu nt as 
explained below. The material from the batch granulator is y cooled in 
a rotary cooler. Coolers of this type vary in size from 6 eet to 7 by 
50 feet. Producers with batch granulation plants of this t erly sold 
unscreened products, or they removed the oversize only and e product 
as a semi granular fertilizer. However, 1vi th the i.ncrease i 1 the emand for 
granular products and the tightening of quality specificati ns fo these 
granular products, most of these producers have found it ad isabl' to screen 
the product from the cooler and recirculate the to the 
batch granulator. Recently some companies have converted t ammo-
niators to continuous granulators by enlarging the discharg from the 
ammoniators and operating on a continuous basis. Their ope 
essentially the same as with the conventional continuous a 
However, most of these producers that use these small conve 
plants have found that their production rate is about 10 to s per 

r-granulator. 
anulation 
hour. Because 

of this production limitation and the need for a higher pro uctio rate, many 
of these companies plan to construct conventional ammoniat:L n-gra ulation plants. 
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Figure 3 is a sketch of a convent:'Lonal am..moniation-grartulat ·on t. In 
this plant superphosphate) potassiu.<n chloride, and other so id are 
measured continuously by belt feeders, screened to remove o 
discharged into the ammoniator-granulator. The Qversize fr is 
crushed and rescreened. Nitrogen solut:i.on, a:'lhydrous ammon.i.a, sulfuric acid, 
and phosphoric acid are metered continuously by means of me ers :L to the 
ammoniator-gran~lator through drilled-pipe or block distrib·tors. After 
granulation takes place, the product is dried in a rotary d er. The product 
from the dryer :i.s cooled in a rotary cooler. The cooled pr duct is screened 
to separate product size from oversize and fines. The oversize is crushed and 
rescreened. for product-size removal. The fines are :recycled to t e recycle 
bin and thence to the ammo:uiator-granu1ator .. 

This type of plar.:.t i.s also used by :rnany basic producers to roduce gra::mlar 
triple superphosphate. Run-of-pile triple superphosphate is first produced in 
a cone mixer and cured. as usual. The cured triple superphosphate is conveyed 
to the granulation plant where i.t is granulated with the a dit:io:n of phosphate 
rock and. phosphor:tc acid. Usually 75 percent of the product 1 s P 05 is supplied 
by cured ruz2-of-pile triple superphosphate. dded during 
granulation to promote granulat:i.on. 

Figure 4 is a sketch of a typical up-to-date continuous a oniat r-granulator. 
This ammoniator-granulator operates on a continuous basis. It s an oscillating 
scraper and a new type of distributors that can be rotated for c~eaning. The 
ammoniator-granulators vary :i.n size from 6 by 6 feet -to 12 by 24 feet, depending 
upon their use. For example, a 6- by 6-foo~~ ammoniator-gr nulat r may produce 
about 25 tons of a iow-recycle grade such as 4-12-12 per h ur an have a total 
throughput of only about 35 tons per hour. However..9 a 12- by 24-foot ammoniator­
granulator when fully loaded has a throughput capacity of ver 2 0 tons per hour, 
but it will have a production rate of only about 40 tons p r hou_ when utilized 
to produce diammonium phosphate due to the high recycle ra+e req ired. The 
oscillating scraper keeps the material from building up on the w lls of the 
ammoniator-gra.nulatcr. As it oscillates backward and fo:-w teeth dig 
away the buildup from the walls. The dri.lled pipe-ty:pe a istributor and 
the acid distributor are below the bed of the material. in he ai: oniator­
granulator. The ammonia distributor has holes that are 1/"6 of n :..nch to 1/8 
of an inch in diameter and are spaced. on l-inch cer1ters. ' ne ac~ d distributor 
is also a dri.ll.ed pi::pe. 'l'hey should be located in the dee est s ctor of the 
bed. The center of the bed. is relatively inactive and, th·refor , is not 
suitable for the ::..ocation of the distributors. They shoul be b1 ried to about 
three-fourths of the bed depth. For insta:c.c:e, :.f the bed epth is 18 inches, 
the center line of the distributors should be about 13.5 :L ches elow the 
surface of the bed or about 4. 5 L1.ches from the arnmorli.ator grar.ml a tor shell. 
The holes of the ammonia distri.butor are oriented so that the oncoming 
material. The holes in the acid distributors are pointed 

Most of the ammon:.'..ator-granulators are co::1structed of mild l'l..a:cy have 
Hastelloy or stainless steel d:i.st:r:i.butor p:i.pes. Most oper a-ve found 
that the extra cost of stair.less steel o:r. Hastelloy is wor investment. 
They report that there i.s considerab.ly less wear of the ho one of these 
materials is used. :I'herefore; the distribution of arcrnon:i.a and a id remains 
unifonn in the bed of the 111aterial in the ammoniator-granul a tor ·or longer 
periods of time. Ynis unifo~n distribution in tun1 causes the a "onia loss to 



be minimized a:::J.d the gra::J.ulation effici.ency to be good. T ese o 
report that the holes i:::t mild steel distributors quickly b come so 
that there are wet spots ]_n the ammon.tator-granulator that cause overgranu­
latio:r. a..nd high ammoni_a Josses. 

Recent observations indicate that many operators are remov ng th retaining 
ring inside the ammoniator-granulator, a':l.d this eliminates the g anulation 
section. Operators who have removed this ring have found hat i s removal 
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does not affect their granulation efficiency. They have fund a•SO that they 
can lengthen their d:istributors and that the longer distri utors are better 
for the production of high-nitrogen grades. Nitrogen loss s and the diffi­
culties encountered with overgranu.lation of the higher nit ogen rades such as 
13-13-13 are m:in:Lmized. 

There are several new devices in use that are designed to 
of material on the walls of the ammoniator-granulator. So 
rubber-lined ammm;.:i.ator-grarmlators to prevent this caking 
sketch of this ty:pe of ammonia.tor-granulator. Strips of 
wide are bolted t~o the walls of the ammor.:i.ator-granulator 
position with metal strips. As the ammoniator-granulator 
lining flexes and thus causes any buildup on the rubber to 
companies are now using ammoniator-granulators that have 
Figure 6 is a sketch of an ammoniator-granulator of this 
are usually made of 24-inch rubber belting:~ and they are 

the caking 
anies use 

Fig re 5 is a 
bber bout 3 feet 
nd ar. held in 
otate , the rubber 
fall Other 
bber inside. 

e. flaps 
that the 

belts overla:p each other when they are laid on the walls o the 
granulator. As the ammoniator-granulator revolves, the lo 

mmoniator-
s of the flaps 
flaps will 
oscillating 

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. Fi.gure 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 
type of scraper tends to wear less than a stationary scrap 
have recently installed a spiral scra:per in one of our new 
Figure 8 is a sketch showing a scraper of th:i.s type. This 
to a German design. It is driven by an electric motor thr 
As it revolves slowly, its teeth dl.g avray the caked rnateri l fro 
the ammoniator-granulator. Maroy operators still use mecha deal 
remove buildup from the walls of the ammoniator-granulator 

n the walls 
of this 
ammonia tor-

This 
TVA we 

a tor-granulators. 
r is similar 
speed reducer. 
the walls of 

Recently a company applied for a patent for a unique metho eanL'lg and 
positioning their distributors in the ammoniator-granulato • Fi, re 9 is a 
sketch illustrating this device. Many operators have repo ted d ff:i.culty with 
buildLlp and with the posi tiorl.ing of the distributors norma d in the 
ammoni.ator-granulator. Th:i.s mechanism will rotate the dis rs out of the 
bed of material in the a:tlli11on:i.ator-granulator so that they cleaned without 
shutting down the equipment. It also provides a means of djust ng the position 
of the distributGrs for optimum effictency while -l:;he ammon·ator- ranulator is 
in operation. 'I'he rota:;:l.:ccg mechaLism consists of an elect ic mo· or that drives 
a chain that causes the distributors to be rotated clockwi e or ounterclockwise. 
A brake dru.m is i.nstalled. em one end of the distributor-su port ar, and this 
drum is used to lock the di.stributor at a desired position 



Many manufacturers with the larger granulation plants are 
preneutralizers and scrubbers so that they can use large q 
phoric acid and ammonia to produce diammonium phosphate gr 
companies are using the TVA process for the production of 
grades. Figure 10 is a flow diagram of this process. Thi 
that is being used by most basic producers of diammonium p 
these basic producers have plants that produce as much as 
nium phosphate per day. The process involves the partial 
phoric acid in a preneutralizer and the complete ammoniati 
slurry to diammonium phosphate in the ammoniator-granulato . 
acid is ammoniated in the preneutralizer to an ammonia-to- sP04 
1.4 to 1.5. At this mole ratio there is a maximum solubil"ty of 
phosphate. Therefore, it is possible to make a concentrat d slu 
preneutralizer which has satisfactory fluidity for proper 
ammoniator-granulator. Completing the ammoniation of this slurr 
phosphate in the ammoniator-granulator decreases the solub"lity 
and this in turn results in a relatively low liquid phase "n the 
granulator. These conditions are conducive to low recycle rates 
production rates. 
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Many manufacturers have found that by converting their con entio.al granulation 
plant to this process they can use over 900 pounds of phos horic acid per ton 
of product. This quantity is far in excess of the 200 pou ds of phosphoric 
acid per ton of product that is usually considered about t e max"mum in the 
conventional plant. When this process is used, a high deg 
of the phosphoric acid can be used--9.6 pounds of ammonia 
This degree of ammoniation of phosphoric acid i.s 33 percen 
normal rate of 7.2 pounds of ammonia per unit of P2 05 used in a conventional 
plant with an ammoniator-granulator. Because of this high degre of arnmoniatton 
the economics of producing fertilizers in conventional gra ulati n plants can 
be improved. · 

The process illustrated in Figure 10 can be altered to pe production of 
granular nitric phosphate fertilizers. This alteration is y utilizing a 
reaction tank in addition to the preneutralizer. Nitric p es can then 
be produced by reacting phosphate rock with nitric acid or mixture of 
nitric acid and sulfuric or phosphoric acid, followed by p ammoniation 
in the preneutralizer and subsequent simultaneous aw~oniation an granulation 
in a TVA continuous ammoniator-granulator. Estimates indicate tat the produc-. 
tion of nitric phosphates should be more economical than t e production of 
comparable high-analysis nitrogen fertilizers by other processes. Also, in 
some developing countries where the supply of phosphoric acid rna be limited, 
the process may have other advantages, since less or no phospho ic acid is 
required. This process as used here at 'YVA requires about 60 percent of the 
sulfur required for the diammonium phosphate process. 

One of the new methods of marketing granular fertilizers is to 
through bulk-handling stations. Some companies now produce hig -analysis 
grades such as 8-24-24, 10-20-30, 12-24-24, and 20-10-10 y one of the 
previously mentioned processes and market them through bu -han ling stations. 
They have found that by producing high-analysis grades they dec their 
transportation cost, and they can market their products f rther their 



plants. A typical granulation plant that uses this handli g sys em produces 
more than 70,000 tons per year. 

A typical bulk-handling station is shown in Figure 11. tation there 
is a 6-bin storage building. Each bin is about 12 feet wi 30 feet long 
and holds about 75 tons. The total capacity of the bins, re, is about 
450 tons for all grades. These bins are usually used to s ore t iple super-
phosphate, ammonium nitrate, potash, and three manufacture fertilizer 

5 

grades. The mixed grades are usually transported from the cturing plant 
to the bulk-handling station by hopper-bottom railroad car . elt conveyor 
that fits under a hopper-bottom car is used to unload all teri ls. This 
belt conveyor empties onto a portable conveyor that convey the terial to 
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 b 

bins by means 
s mou:nted above 
ck. 

Other types of bulk-handling stations use elevated storage Figure 12 is 
a sketch of a typical station of this type. Such a statio usua ly has six 
tanks, each of which holds about 50 tons. Materials are r moved from the railway 
car by a belt conveyor and are elevated to the storage ta e materials from 
the storage tanks are weighed in a hopper scale that disch rges nto the same 
elevator that is used to load the tanks. The material is hen d scharged by 
the elevator into a bulk truck. 

Cost studies indicate that a bulk-handling station of this type an be con-
structed for a cost between $10,000 and $15,000. Cost stu dicate also 
that the high-analysis grades such as 10-20-30 can be manu d in a 
granulation plant and marketed through bulk-handling stati ns at costs that are 
competitive with the cost of bulk blending. If a granulat on p nt with a bulk­
handling system is to be competitive, it is imperative tha the otal movement 
from the granulation plant be high. Previous cost studies have hown that a 
granulation plant operating in conjunction with bulk-handl ng st tions cannot 
be competitive with bulk blending when only 30,000 tons of mater al per year is 
moved through these stations. Other calculations indicate howe er, that with 
a 70,000-ton movement the economics of this product:Lon and marke ing system may 
very closely approximate those of bulk blending. 
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