




tion of another melt-type granulation plant using a pug 
mill. This pug mill is 6 feet wide, 4 feet 10 inches deep, 
and 17 feet 6 inches long. The 6-inch diameter shafts are 
driven at 40 rpm by a 300-horsepower motor. Changes 
in the new plant include the use of wet-process or­
thophosphoric acid and a pipe reactor. As with the 
earlier pug mill, no ammonia is added in the pug mill. 
The ammonium polyphosphate, which contains about 
20% of its P20 S as polychosphate, has a grade of 
11-55-0 and is purchased at a rate of 400 tons per day. 
Molten urea is added to this 11-55-0 melt in the pug mill 
to produce urea-ammonium phosphate grades of 
28-28-0 (400 tons per day) and 35-17-0 (300 tons per 
day). A simplified flow-sheet of the process is shown in 
Figure 9. 
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Raw materials fed to the process are urea solution 
(75% by wt.), wet-process phosphoric acid (52% 
P20 S), and ammonia vapor. The 75% urea solution 
from the urea synthesis unit is converted to a 99 % urea 
melt in an air-swept rotary-disk evaporator. The am­
monium phosphate melt is produced in a pipe reactor 
from partially ammoniated acid and ammonia vapor. 
The heat of reaction is supplemented by preheating the 
feed acid to about 150°F. to provide the extra heat 
necessary to increase the polyphosphate level of result­
ing melt at about 20 to 25%. The amount of preheating 
required varies considerably with the water content of 
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the feed phosphoric acid. There are also provisions for 
preheating the ammonia vapor, but they are seldom 
used. 

The feed streams to the pug mill granulator are am­
monium polyphosphate and urea melts, recycle, and 
heated (concentrated) scrubber liquor returned from 
recovery of dust in a wet-scrubbing system. The pug 
mill product is cooled and screened. The onsize fraction 
(-6 + 16 mesh) is further cooled and conveyed to bulk 
storage. No conditioning is required for the 28-28-0 and 
11-55-0 grades; the 35-17-0 grade may not require con­
ditioning if the moisture content is below 1 %. The 
undersize and oversize fractions are transforred to the 
recycle cooler and recycle screens. The oversize is crush­
ed and fed with the undersize to the pug mill. The 
primary granulation controls are the recycle ratio, rate 
of scrubber solution return, and the polyphosphate con­
tent of the ammonium polyphosphate melt. These 
govern the readiness with which the melt crystallizes. It 
is important to note that solid urea instead of urea melt 
can also be used in this melt-type granulation process[24]. 

Pan Granulators 

The first use of the pan granulator was for pelletiz­
ing materials, such as iron ore concentrate, and for pro­
cessing fines in cement and ceramic manufacture. When 
feeding fine solids such as these, it is usually necessary 
to add either a binder or some means of wetting or both. 
Particle size of the pelletized product generally was con­
siderably larger than is desired for granular fertilizers. 
However, the good conditions for agglomeration and its 
classifying action have led to the use of the pan for 
granulating fertilizers. The first reported use for fer­
tilizer was in Germany for granulation of ordinary 
superphosphate[16]. This use of the pan granulator now 
is practiced quite widely in other parts of the world in­
cluding Australia, Japan, Greece, and Formosa [25], 

Another use of the pan is to produce granules from hot 
concentrated solutions, such as those of ammonium 
nitrate or urea. Still the pan granulator has seen very 
limited use in the fertilizer industry in the United States. 
However, TVA has shown in its demonstration-scale 
facilities that the pan granulator can be successfully 
used in production of granular ammonium nitrate-based 
products and granular urea. It has been used success­
fully in pilot-plant studies at TVA to produce urea­
based NP and NPK products. 

A very favorable feature of the pan granulator, 
which results in closely sized granules, is its self­
classifying action which allows melts or concentrated 
solutions to be selectively sprayed on undersize particles 
which, with the proper slope and rotational speed of the 
pan, collect in the upper quadrant of the pan. Figure 10 
illustrates the operation of the pan. 
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For solution granulation, critical features for best 
operation of the pan granulator include slope; rota­
tional speed; location of sprays; concentration and 
temperature of the feed solution; and the amount, parti­
cle size, and temperature of the recycle material. For 
best operation there is a definite relationship between 
the pan diameter, pan depth, slope, and rotational 
speed. The approximate rotational speed for best results 
can be estimated from the following relationship [26J [27]. 

speed of rotation (rpm) - cos~!SiP 
were -eo 

D pan in feet 
Kl cO!1stant derived from experimental data, usually 1.0 to 1 .. 6 

The depth required for a pan granulator of a given 
diameter can be estimated by the following relation­
ship(27]. 

depth of pan (in.) KeWii) 

where K;: constant obtained from dimensions of' experimental pan, 
ucually L,':) to 1.('; 

D pan Ii iame ter :i 1) inches 

Best operation is with a pan slope of 60 to 65 degrees. 
Several advantages of the pan granulator in proper 

application have been established: 

• The inherently good classifying action in the 
pan allows solutions to be sprayed selectively 
onto undersize particles, thus producing a 
very low percentage of oversize. 

• Recycle requirement is considerably lower 
than for the same type of product in a rotary 
drum or pug mill system. 

• The granulation operation can be readily 
observed by the operator, and the effects of 
operating changes on granulation are quickly 
detected. 
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There are some disadvantages of the pan as com­
pared with the rotary drum: 

• The pan granulator is not well adapted to effi­
cient ammoniation. 

• Fumes and dust are not easily controlled and 
collected. 

• For good results, production is restricted to 
N:P20S ratios of 1:1 or higher. Best results 
are obtained when the N:P20 S ratios are 2:1 
and higher 

Pan Granulation of Ammonium 
Nitrate-Based Products 

TVA first tested the pan granulator for granulation 
of ammonium nitrate in 1956 in a pilot plant using a 
3-foot-diameter pan[1][26]. Limited tests did not con­
vince management to install a pan granulator in the 
demonstration-scale plant. However, pilot-plant studies 
of the pan process were renewed in 1958 to obtain 
design data for a demonstration-scale plant because pro­
ducts made in the pan granulator using concentrated 
solutions were found to be far superior to products 
made by granulating crystalline ammonium nitrate in a 
drum. In the early sixties, TVA began the design and in­
stallation of a demonstration-scale plant using the TVA 
pan-granulation process. A simplified flowsheet of the 
process is shown in Figure 11. The process utilizes a con­
ventional solution or melt preparation system; conven­
tional equipment for drying, cooling, and sizing the 
granular product; and a pan granulator. The pan 
granulators installed in this unit were 14 feet in diameter 
with a 20-inch side wall. They were driven by 50-horse­
power motors. The rotational speed (which was 
variable) was usually about 18 rpm. 
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The process as developed by TV A for making 
granular ammonium nitrate-based products is quite sim­
ple and inexpensive. Hot concentrated solution (92-97% 
dissolved salts) is prepared by ammoniation of acids in 
two reaction tanks with an evaporation vessel follwing 



the first reaction tank. Granulation is accomplished by 
spraying the hot solution of fertilizer salts onto a 
cascading bed of recycle material in a pan granulator. 
The sprays are directed to fall on the area in the pan in 
which the smaller particles are rolling. The granulator 
product is either cooled, or dried and cooled, and sized 
in conventional equipment. The oversize fraction from 
the screening process is crushed and returned to the pan 
granulator with the undersize fraction as recycled 
material; the onsize product is treated with an ap­
propriate conditioning agent and sent to storage. 
Critical variables for best operation of the pan 
granulator include slope; rotational speed; location of 
sprays; concentration and temperature of the feed solu­
tion; and the amount particle size, and temperature of 
the recycle material. 

A demonstration-scale plant with a design capacity 
of 20 tons per hour was operated by TVA at Muscle 
Shoals, Alabama, from 1965 to 1973. During this 
period, the following granular fertilizers were produced 
at rates up to 23 tons per hour in one 14-foot pan 
granulator: 

Ammonium nitrate (33.5-0-0) 
Ammonium nitrate sulfate (30-0-0-5S) 
Ammonium phosphate nitrate (30-10-0 and 

25-25-0) 
The TVA pan-granulation process for ammonium 

nitrate-based products was fully developed and amply 
demonstrated during the operational period. Later the 
process was adapted to production of granular urea and 
urea-based products [26]. 

The N-Ren Corporation of Pryor, Oklahoma, has a 
pan-granulation unit for ammonium nitrate which 
began operation in December 1975. This unit, which 
uses the TVA process, replaced a prill tower that was 
shut down because of particulate pollution problems. 
The design rate of this unit is 400 tons per day. The 
operation at the N-Ren plant demonstrated that a dryer 
is not needed for the process when the feed to the pan is 
essentially anhydrous ammonium nitrate melt. 

Pan Granulation of Urea 

TVA began pilot-plant studies of pan granulation 
of urea in 1963. Operating procedures and conditions 
similar to those for pan granulation of ammonium were 
used in the beginning for these studies. Granulation 
generally was good when 96 to 98% urea solutions were 
fed to the pan. The products were of good quality, but 
drying was required for satisfactory storage properties. 
In later pilot-plant studies, the use of urea solutions of 
99.3 to 99.8% concentration was tested. The highly 
concentrated urea solution was prepared for the pilot­
plant test by melting prilled urea. The temperature of 
the urea solution was maintained at 20 0 to 30°F. above 
the melting point to prevent premature crystallization 
during spraying. Good granulation was obtained and 
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the granules were of good quality and well rounded 
when the correct operating conditions were maintained. 
No drying was required. 

A demonstration-scale plant for granular urea has 
been operated by TVA since late 1973[1][24][27][28]. 
Much of the equipment formerly used for granulation of 
ammonium nitrate-based products was reused for pro­
duction of granular urea. The capacity of the urea solu­
tion plant is only about 9 tons per hour. Therefore, it 
was considered necessary to decrease the effective pan 
diameter from 14 feet to 12 feet. The pan granulator 
rotates at about 18 rpm, and it has a variable slope. It is 
usually operated at 60 degrees from the horizontal. 
Operation of the demonstration-scale plant has 
established the feasibility of the TV A pan-granulation 
process for producing granular urea. A simplified 
flowsheet of this process is shown in Figure 12. 

C"US~RS 

lit V FIN 

AIrO'OftlUM - ..... 
SULFATE 

rr----r"t--_ "_COUCT TO 
STORAGE 

n%uAU 
SOLUTIO., 

RECYCLE 
seRUlIltNG 
SOLutION 

31U/ o FORMAlJ)(HYOE 
SOLuTION 

for Urea and Urea-Ammonium SUlfate 

Other Types of Granulators 

Other and lesser used granulators include pin mills, 
which are similar to pug mills; fluidized bed 
granulators; spouted bed granulators; spray drums 
("Spherodizers"); and graining kettles. Prilling towers 
can be considered equipment for producing granules. 
Except for the graining kettle mentioned previously, 
none of these granulators have been used to any extent 
by TVA. 
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Approximate Power Requirements for ~ Mill 

Granulation of Mixed-Grade Fertilizer 

Approximate 
Pug mill maximum a 
housing throughput, Recommended 

dimensions! ft tonsLhr. horse;(2owerb 

1.8 x 8 12 20 

1.8 x 10 15 25 

1.8 x 12 20 30 

::> x 10 40 50 

::> x 12 50 60 

4 x 10 80 75 

4 x 12 100 100 

a Performance characteristics and capacities with respect to 
sizes can be varied for specific requirements by changing 
one or more of the following: 

1. Speed (rpm) 
2. Paddle pitch, size, or shape 
3. Slope 
4. Retention volume 

b Based on approximate 60-second retention time, loaded to 
shaft centerline, and 25% safety factor for starting 
overload and process upsets. 

MODERATOR WESENBERG: Thank you Byron, 
and your associates at TVA, Messrs Hicks, McCamay 
and Norton, for that most interesting discussion on 
selection of "Granulators" at TVA. Your Presentation 
was excellent. (Applause) 

Our next speaker has a Bachelor of Science Degree 
in Chemical Engineering from Mississippi State Univer­
sity. He is a registered Professional Engineer. He is cur­
rently Chairman of the Fertilizer Institute Manufactur­
ing Environmental Committee. He is Project Manager, 
Mississippi Chemical Corporation, Wauchula, Florida. 
Carey Stark, please. 

Cost Of Environmental Control 
In The 

Fertilizer Industry 
Carey Stark 

The economics of pollution control is a contradic­
tion in terms. If pollution control were economic, it 
would not have to be forced upon industry by powerful 
bureaucracies like EPA. Admittedly, industry and mun­
cipalities have in the past discharged pollutants in harm­
ful amounts. This practice needed correction, but the 
pendulum has swung far too much to the other extreme. 

Presently, a significant part of industry's operating 
costs are due to pollution control and much of the 
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available capital for industrial investment goes for new 
and ever increasingly sophisticated pollution control 
equipment. And the available capital for industrial in­
vestment is limited by our governments' "spend 
ourselves rich" policies which absorb 80% of all 
available capital. 

Since pollution control does cost some money in 
our industry, let us see what all is involved. Our in­
dustry is affected most directly by these five laws as 
amended: 

Clean Air Act 
Federal Water Pollution Control Act 
Toxic Substances Control Act 
Resosurce Conservation and Recovery Act 
Safe Drinking Water Act 

These first two laws caused us to install the equip­
ment and facilities that have cost us the most money. 
They require extensive monitoring and reporting, as do 
the other three. These last three are still early in the for­
mative stages as far as implementing regulations are 
concerned, but they have potential for costing us a lot of 
money. 

As far as the present costs of pollution control are 
concerned, I want to show you some industry-wide 
figures. Then we will look at the specifics of what our 
company has had to spend to comply. 

Lets look at five common products - Ammonia, 
Urea, Ammonium Nitrate, Phosphoric Acid, and Diam­
monium Phosphate: 

Urea 

BAT Controls - Air and Water 
Capital CostiT on-$1.64 

Operating CostiTon-$1.35 

Ammonia 

BAT Controls - Air and Water 
Capital CostiTon-$3.69 

Plant Operating CostiTon-$2.55 
Total Operating CostiTon-$3.68 

(includes ammonia plant control costs) 

Ammonium Nitrate 

BAT control Cost - Air and Water 
Capital Cost/Ton-$3.56 

Plant Operating CostiTon-$2.20 
Total Operating CostiT on-$4. 96 

(includes ammonia and nitric acid plant control costs) 

Phosphoric Acid 

BAT Control Cost - Air and Water 
Capital CostiTon-$2.08 

Plant Operating CostiTon-$l.11 
Total Operating CostiTon-$1.61 

(includes suslfuric acid plant control costs) 



Diammonium Phosphate 

BAT Control Cost - Air and Water 
Capital CostiTon-$3.12 

Plant Operating CostiTon-$3.92 
Total Operating Cost/Ton-$4.96 

(includes ammonia and phosphoric acid 
plant control costs) 

Well, these figures show the impact of control on 
each unit of fertilizer; the impact on the farmer as he 
buys each ton of fertilizer, but what about the total im­
pact on the economy1 

Ammonia 

Production-17,902,000 tons 
Control Cost-$24,200,000 

Urea 

Production-4,256,000 tons 
Control Costs-$15,700,000 

Ammonium Nitrate 

Production-5,970,000 tons 
Control Cost-$29,6OQ,000 

Phosphoric Acid 

Production-8,289,000 tons P20 S 
Control Cost-$13,300,000 

Diammonium Phosphate 

Production-8,629,000 tons 
Control Cost-$42,BOO,000 

Total- Urea, AN, DAP 

Control Cost - $88,100,000 

Mississippi Chemical Corporation operates a 
Nitrogen Fertilizer complex at Yazoo City, Mississippi 
and an NPK fertilizer complex at Pascaguola, Mississippi. 

Each of these facilities produce about one million 
tons per year of product. Because both of these facilities 
are located such that they discharge into water quality 
limited receiving streams, we were required to install the 
best available control technology. This means Ion­
exchange at our Nitrogen Plant and cross-flow scrub­
bers with double lime treatment for waste water at our 
NPK plant. To control air emissions and other areas, 
some very sophisticated equipment was installed. 

Altogether, this equipment cost about $52,000,000. 
The Ion-exchange system cost $8,500,000 and the NPK 
control facility cost $23,000,000. The operation of these 
and other control facilities costs about $6,500,000 an­
nually. This increases our cost of producing fertilizer 
about 4%. There is no return on this investment to our 
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company nor is there any return on this increase in cost 
to our farmer-customers. 

And the situation is getting worse. More regula­
tions are coming and more monitoring and reporting 
will be required as TSCA, RCRA, and the amendments 
to the Air and Water Acts are implemented. In addition, 
the standards for new sources are constantly being 
reviewed and each advance in technology is seen as 
license for the regulators to turn the screws a little 
tighter. 

The only relief is what we do for ourselves. We 
must cajole our lawmakers into limiting the power of 
the bureaucracies and reducing the number of new laws 
controlling our operations. We must comment and ob­
ject individually and collectively on new regulations. 
We must be willing to go into court to beat back bad 
regulations and expansive tendencies by the agencies. It 
can be done. MCA, along with TFI and others, won an 
impressive victory over EPA on Hazardous Spill 
Regulations. EPA was forced to return to Congress, hat­
in-hand, to ask for a law on which they could write 
regulations. 

You've seen how much regulations cost all of us, 
and how much it costs one particular company, so you 
see why we should reduce it. I've tried to show you 
some ways to do it, now it's up to all of us to get the job 
done. 

MODERATOR WESENBERG: Thank you Carey. 
That was very interesting. I am susre we all appreciate 
the valuable information you left with us. (Applause) 

We thank all of you die-hards that stayed to the 
end. I shall return the program back to Rodger or Frank. 
(Much Applause) 

FRANK NIELSSON: It has been a long morning. I 
want to thank all of the people who have been here. I 
want to thank all of the participants. We have had a 
fantastic 3 day - 5 session meeting - one of the best in 
years. Thank you and so-long. 
(Applause - Applause Applause) 

Comments By Albert Spillman 
Editing Chairman 

It has been my pleasure to "Ready, Assemble and 
Edit" our 1978 Proceedings, covering Our Round Table 
- 28th Annual Meeting held in Atlanta, Georgia, Tues­
day, Wednesday and Thursday, October 31st, 
November 1st and November 2nd, 1978. 

We had a very good "Registration". Our 
"Audience" seemed to be very much interested in "Our 
Programs". Each of our "Five Sessions" had an excellent 
"Attendance" . 

Our "Speakers", covered their "respective, updated 
discussions" very "dearly and most interestingly". 



I am sure you will enjoy reading the "timely, in­
teresting and valuable information" covering the many 
"phases of your daily fertilizer and chemical opera­
tions. " 

It takes much time and effort, assembling, proof 
reading, corresponding, telephoning, etc. to be sure this 
important project is finally put in print as correctly as is 
humanly possible. This I have done gladly and I hope 
you enjoy it. 

I take this opportunity to thank all of you, our 
Chairman, Directors, Moderators, Speakers, Secretary­
Treasurer Paul Prosser and his most accommodating 
"helpful Secretaries", also those in "Our Audience" ask-
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ing questions and giving answers, for helping me pro­
mptly when I called on them to dear-up many of the 
details necessary to complete" our valuable printed pro­
ceedings." 

Hope to see you at our 29th Annual Meeting to be 
held at: 

The Shoreham-American Hotel 
Washington, D.C. 

Tuesday-Wednesday- Thursday 
October 30-31 and November 1st, 1979 

Most of our attendance will be arriving in the after­
noon and evening - Monday, October 29th. 






